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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7751 Group. After
reading this manual, the users will be able to
understand the functions, so that they can utilize their
capabilities fully.

For details concerning the software, refer to the 7751
Series Software Manual. For details concerning the
development support tools (assembler, emulation
pods), refer to the respective user’s manuals.
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DESCRIPTION

The 16-bit single-chip microcomputers 7751 Group is suitable for office, business, and industrial equipment
controllers that require high-speed processing of large amounts of data.

These microcomputers develop with the M37751M6C-XXXFP as the base chip. This manual describes the
functions about the M37751M6C-XXXFP unless there is a specific difference and refers to the
M37751M6C-XXXFP as “M37751.”

Notes 1: About details concerning each microcomputer’s development status of the 7751 Group, inquire of
“CONTACT ADDRESSES FOR FURTHER INFORMATION” described last.
2: How the 7751 Group’s type name see is described below.

w
\‘
|~
ol
1=

Mitsubishi integrated prefix
Represent an original single-chip microcomputer
Series designation using 2 digits
Circuit function identification code using 2 digits
Memory identification code using a digit

M: Mask ROM

E: EPROM

F: Flash memory

S: External ROM
Memory size identification code using a digit
Difference of electrical characteristics identification code
using a digit
Mask ROM number
Package style

FP: Plastic molded QFP

FS: Ceramic QFN
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DESCRIPTION

1.1 Performance overview

1.1 Performance overview

Table 1.1.1 shows the performance overview of the M37751.

Table 1.1.1 M37751 performance overview

Parameters

Functions

Number of basic instructions

109

Instruction execution time

100 ns (the minimum instruction at f(Xw) = 40 MHz)

Operating clock frequency f(Xi)

40 MHz (maximum at high-speed running)

Memory size ROM 49152 bytes
RAM 2048 bytes
Programmable Input/Output PO-P2, P4-P8 8 bits O 8
ports P3 4 bits 0 1
Multifunction timers TAO-TA4 16 bits 0 5
TBO-TB2 16 bits O 3
Serial 1/0 UARTO, UART1 (UART or clock synchronous serial 1/0) O 2

A-D converter

10-bit successive approximation method O 1 (8 channels)

Watchdog timer

12 bits 0 1

Interrupts

3 external, 16 internal (priority levels 0 to 7 can
be set for each interrupt with software)

Clock generating circuit

Built-in (externally connected to a ceramic
resonator or a quartz-crystal oscillator)

Supply voltage

5V 10 %

Power dissipation

125 mW (at f(Xin) = 40 MHz frequency, typ.)

Port Input/Output

Input/Output withstand voltage

5V

characteristics Output current

5 mA

Memory expansion

Maximum 16 Mbytes

Operating temperature range

—20°C to 85°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

Note: All of the 7751 Group microcomputers are the same except for the package type, memory type,

memory size, and electric characteristics.
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DESCRIPTION

1.2 Pin configuration

1.2 Pin configuration
Figure 1.2.1 shows the M37751 pin configuration.

P70/ANo
P67/TB2IN
P66/TB1IN
P65/TBOIN

P64/INT2

P63/INT1

P62/INTo
P61/TA4IN

P60/TAdouT
P57/TA3IN
P56/TA30uT
P55/TA2IN
P54/TA20ut
P53/TALIN
P52/TAlout
P51/TAOIN
P50/TAOouT
P47
P4s
P4s
P44
P43

P42/qu
P41/RDY

<>[1]
<>[2_|
<>[z_|
<>[4_|
<>[5_|
<> |
<>[7]
<>[s |
<>[o |
<>[u0 ]
<>[u1 |
<>[12 |
<>[13 |
<>[u4 |
<>[i5 |
<>[16 |
<>[17 |
<>[1s |
<>9 |
<>[20 |
<>|(21

<>»|22

<>|23

<>(24

0

[ S]l<> p7y/AN:
| Z]<> pP72AN2
| 3]<> P73/AN3

[ J]<> P74/AN4

Vss
AVss
E|<— VREF
AVcc
Vcc

[ 3]
H

1

[ 3 ]<> P80/CTS0/RTSo

[ ¥]<> P77/AN7/ADTRG
| 2]<> P81/CLKo

[ 3]

| 3]<> P76/AN6
H

| 5 ]<> P75/ANs

[ $]<> P82/RxDo
3 1<> P83/TxDo

J

\\

O

O

daAXXX-O9INTSLLEN

O,

[ 64] <>
63| <>
62| <>
61| <>
60 | <>
59 | <>
[ 58] <>
57 | <>
56 | <>
55| <>
54| <>
53 | <>
52 | <>
51 | <>
50 | «>
49 | <>
48 | €«>
47 | <>
46 | <>
45 | €<>
44| <>
43| <>
42| <>
41| <>

s

ER
B
[~ ]

& ]

Vss
P33/HLDA <>[& |

P32/ALE <>[2 |

XOLLI' <

RESET —>[3_|

CNVss

P40o/HOLD <>
BYTE —>

Outline :

XN —>[B |
El

E <[
[8

P31/BHE <>

P30/R/W <>[3 |
P27/A23/D7 <>[Z |
P26/A22/Ds <>[3 |
P25/A21/Ds <>[g |
P24/A20/D4 <>[5 |

80P6N-A

P84/CTS1/RTS1
P85/CLK1
P86/RxD1
P87/TxD1
P0Oo/Ao
P0O1/A1
P02/A2
PO03/A3
P04/Aa
PO0s/As
POs/As
PO7/A7
P1o/As/Ds
P11/A9/Dg
P12/A10/D10o
P13/A11/D11
P14/A12/D12
P15/A13/D13
P16/A14/D14
P17/A15/D15
P20/A16/Do
P21/A17/D1
P22/A1s8/D2
P23/A19/D3

Fig. 1.2.1 M37751 pin configuration (top view)

1-4

7751 Group User’'s Manual




DESCRIPTION

1.3 Pin description

1.3 Pin description
Tables 1.3.1 to 1.3.3 list the pin description.

Table 1.3.1 Pin description (1)

Pin

Name

Input/Output

Functions

Vce, Vss

Power supply

Supply 5 V £10 % to Vcc pin and 0 V to Vss pin.

CNVss

CNVss

Input

This pin controls the processor mode.

[Single-chip mode] [Memory expansion mode]
Connect to Vss pin.

[Microprocessor mode]
Connect to Vcc pin.

RESET

Reset input

Input

The microcomputer is reset when supplying “L” level
to this pin.

Xin

Clock input

Input

Xout

Clock output

Output

These are I/O pins of the internal clock generating
circuit. Connect a ceramic resonator or quartz-crystal
oscillator between Xiv and Xout pins. When using an
external clock, the clock source should be input to Xin
pin and Xour pin should be left open.

mi

Enable output

Output

This pin outputs E signal.
Data/instruction code read or data write is performed
when output from this pin is “L” level.

BYTE

External data bus width
selection input

Input

[Memory expansion mode] [Microprocessor mode]
Input level to this pin determines whether the external
data bus has a 16-bit width or 8-bit width. The width
is 16 bits when the level is “L”, and 8 bits when the
level is “H.”

AVcc

AVss

Analog supply input

The power supply pin for the A-D converter. Externally
connect AVcc to Vcc pin.

The power supply pin for the A-D converter. Externally
connect AVss to Vss pin.

VRer

Reference voltage input

Input

This is a reference voltage input pin for the A-D converter.

7751 Group User's Manual
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DESCRIPTION

1.3 Pin description

Table 1.3.2 Pin description (2)

Pin Name Input/Output Functions
P0o—PO~ /O port PO /O [Single-chip mode]
Port PO is an 8-bit CMOS |/O port. This port has an
I/O direction register and each pin can be programmed
for input or output.
Ac-Ar | Output | [Memory expansion mode] [Microprocessor mode]
Low-order 8 bits (Ac—A7) of the address are output.
Plo—P1- /O port P1 /O [Single-chip mode]
Port P1 is an 8-bit I/O port with the same function as
PO.
‘Ae/De— | TMEmEry_ ex_paEsEn_ mgde_] [T/Iiao;rtfegsa ana]__
Ai1s/D1s e External bus width = 8 bits (When the BYTE pin is
“H” level)
Middle-order 8 bits (As—Aus) of the address are output.
e External bus width = 16 bits (When the BYTE pin is
“L” level)
Data (Ds to Dis) input/output and output of the middle-
order 8 bits (As—Ais) of the address are performed
with the time sharing system.
P2,-P27 I/O port P2 110 [Single-chip mode]
Port P2 is an 8:bit 1O port with the same function as PO.
‘Aw/Do— | [Memory expansion mode] [Microprocessor mode]
A23/D7 Data (Do to D7) input/output and output of the high-
order 8 bits (Aws—Az23) of the address are performed
with the time sharing system.
P30—P33 I/0 port P3 1/0 [Single-chip mode]
Port P3 is a 4-bit 1/0 port with the same function as PO.
RW, | Output | [Memory expansion mode] [Microprocessor mode]
BHE, P30—P3: respectively output R/W, BHE, ALE, and HLDA
ALE, signals.
HLDA o R/IW

The Read/Write signal indicates the data bus state.
The state is read while this signal is “H” level, and
write while this is “L” level.

e BHE
“L” level is output when an odd-numbered address is
accessed.

e ALE
This is used to obtain only the address from address
and data multiplex signals.

e HLDA
This is the signal to externally indicate the state when
the microcomputer is in Hold state.
“L” level is output during Hold state.

7751 Group User's Manual



DESCRIPTION

1.3 Pin description

Table 1.3.3 Pin description (3)
Pin Name Input/Output Functions
P4o—P47 I/O port P4 110 [Single-chip mode]
Port P4 is an 8-bit I/O port with the same function as
PO. P4: can be programmed as the clock ¢ output pin.

HOLD, Input [Memory expansion mode]
RDY, Input P4o functions as the HOLD input pin, P4: as the RDY
P4.—P4; I/0 input pin. The microcomputer is in Hold state while “L”

level is input to the HOLD pin.

The microcomputer is in Ready state while “L” level is
input to the RDY pin.

P4.—P47 function as 1/O ports with the same functions

as PO.
___________ P42 can be programmed for the clock ¢ output pin.
HOLD, Input [Microprocessor mode]
RDY, Input P40 functions as the HOLD input pin, P4: as the RDY
@, Output input pin. P42 always functions as the clock @ output
P4s—P4; 170 pin.
P4s:—P47 function as 1/O ports with the same functions
as PO.
P50—P57 I/O port P5 I/0 Port P5 is an 8-bit I/O port with the same function as
PO. These pins can be programmed as I/O pins for
Timers AO-AS3.
P60—P67 I/O port P6 I/0 Port P6 is an 8-bit I/O port with the same function as

P0O. These pins can be programmed as I/O pins for
Timer A4, input pins for external interrupt and input
pins for Timers BO-B2.

P70—P77 I/O port P7 1/10 Port P7 is an 8-bit I/O port with the same function as
PO. These pins can be programmed as input pins for
A-D converter.

P80—P87 I/O port P8 110 Port P8 is an 8-bit I/O port with the same function as
P0O. These pins can be programmed as I/O pins for
serial 1/0.

7751 Group User’'s Manual 1-7



DESCRIPTION

1.4 Block diagram

1.4 Block diagram

Figure 1.4.1 shows the M37751 block diagram.
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Fig. 1.4.1 M37751 block diagram
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1 Central processing unit
The CPU (Central Processing Unit) has the ten registers as shown in Figure 2.1.1.

b15 b8 b7 b0
AH AL Accumulator A (A)
b15 b8 b7 bo
BH BL Accumulator B (B)
b15 b8 b7 b0
XH XL Index register X (X)
b15 b8 b7 b0
YH YL index register Y (Y)
b15 b8 b7 bo
SH SL Stack pointer (S)
b7 b0
DT Data bank register (DT)
b23 b16 b15 b8 b7 bO
PG PCH PCL Program counter (PC)
b7 : b0
''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Program bank register (PG)
b15 b8 b7 b0
DPRH DPRL Direct page register (DPR)
b15 b8 b7 b0
PSH PSL Processor status register (PS)
b15 ~ b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO:
0 010]0 IPL N|{VIm|x|DfI|Z]C
|— Carry flag
Zero flag

Interrupt disable flag
Decimal mode flag

Index register length flag

Data length flag

Overflow flag
Negative flag

Processor interrupt priority level

Fig. 2.1.1 CPU registers structure
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

2.1.1 Accumulator (Acc)
Accumulators A and B are available.

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. The transaction of data such as calculation,
data transfer, and input/output are performed mainly through accumulator A. It consists of 16 bits,
and the low-order 8 bits can also be used separately. The data length flag (m) determines whether
the register is used as a 16-bit register or as an 8-bit register. Flag m is a part of the processor status
register which is described later. When an 8-bit register is selected, only the low-order 8 bits of
accumulator A are used and the contents of the high-order 8 bits is unchanged.

(2) Accumulator B (B)
Accumulator B is a 16-bit register with the same function as accumulator A. Accumulator B can be
used instead of accumulator A. The use of accumulator B, however except for some instructions,
requires more instruction bytes and execution cycles than that of accumulator A. Accumulator B is
also controlled by the data length flag (m) just as in accumulator A.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the low-order 8 bits can also be used separately. The index register
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. Flag x
is a part of the processor status register which is described later. When an 8-bit register is selected, only
the low-order 8 bits of index register X are used and the contents of the high-order 8 bits is unchanged.
In an addressing mode in which index register X is used as an index register, the address obtained by
adding the contents of this register to the operand’s contents is accessed.

In the MVP or MVN instruction, a block transfer instruction, the contents of index register X indicate the
low-order 16 bits of the source address. The third byte of the instruction is the high-order 8 bits of the
source address.

In the RMPA instruction, a Repeat MultiPly and Accumulate instruction, the contents of index register X
indicate the low-order 16 bits of address in which multiplicands are stored.

Note: Refer to “7751 Series Software Manual” for addressing modes.

2.1.3 Index register Y (Y)

Index register Y is a 16-bit register with the same function as index register X. Just as in index register
X, the index register length flag (x) determines whether this register is used as a 16-bit register or as an
8-bit register.

In the MVP or MVN instruction, a block transfer instruction, the contents of index register Y indicate the
low-order 16 bits of the destination address. The second byte of the instruction is the high-order 8 bits of
the destination address.

In the RMPA instruction, a Repeat MultiPly and Accumulate instruction, the contents of index register Y
indicate the low-order 16 bits of address in which multipliers are stored.
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2.1 Central processing unit

2.1.4 Stack pointer (S)

The stack pointer (S) is a 16-bit register. It is used for a subroutine call or an interrupt. It is also used when
addressing modes using the stack are executed. The contents of S indicate an address (stack area) for
storing registers during subroutine calls and interrupts. Bank 016 is specified for the stack area. (Refer to
“2.1.6 Program bank register (PG).” )

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) at the address indicated by the contents of S and decrements the contents of S by 1. Then the
contents of the program counter (PC) and the processor status register (PS) are stored. The contents of
S after accepting an interrupt request is equal to the contents of S decremented by 5 before the accepting
of the interrupt request. (Refer to Figure 2.1.2.)

When completing the process in the interrupt routine and returning to the original routine, the contents of
registers stored in the stack area are restored into the original registers in the reverse sequence (PS-PC - PG)
by executing the RTI instruction. The contents of S is returned to the state before accepting an interrupt
request.

The same operation is performed during a subroutine call, however, the contents of PS is not automatically
stored. (The contents of PG may not be stored. This depends on the addressing mode.)

The user should store registers other than those described above with software when the user needs them
during interrupts or subroutine calls.

Additionally, initialize S at the beginning of the program because its contents are undefined at reset. The
stack area changes when subroutines are nested or when multiple interrupt requests are accepted. Therefore,
make sure of the subroutine’s nesting depth not to destroy the necessary data.

Note: Refer to “7751 Series Software Manual” for addressing modes.

Stack area
Address

S-5

S—4 | Processor status register’s low-order byte (PSL)

S—3 | Processor status register’s high-order byte (PSH)

S-2 Program counter’s low-order byte (PCL)
S-1 Program counter’s high-order byte (PCH)
S Program bank register (PG)

/\/

e “S” is the initial address that the stack pointer (S)
indicates at accepting an interrupt request.
The S’s contents become “S-5" after storing the
above registers.

Fig. 2.1.2 Stored registers of the stack area
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2.1.5 Program counter (PC)

The program counter is a 16-bit counter that indicates the low-order 16 bits of the address (24 bits) at
which an instruction to be executed next (in other words, an instruction to be read out from an instruction
gueue buffer next) is stored. The contents of the high-order program counter (PCv) become “FFis,” and the
low-order program counter (PC.) becomes “FEis” at reset. The contents of the program counter becomes
the contents of the reset’s vector address (addresses FFFE1s, FFFF16) immediately after reset.

Figure 2.1.3 shows the program counter and the program bank register.

(b23) (b16)
b7 b0 b15 b8 b7 b0

PG PCH PCL

Fig. 2.1.3 Program counter and program bank register

2.1.6 Program bank register (PG)

The program bank register is an 8-bit register. This register indicates the high-order 8 bits (bank) of the
address (24 bits) at which an instruction to be executed next (in other words, an instruction to be read out
from an instruction queue buffer next) is stored. These 8 bits are called bank.

When a carry occurs after adding the contents of the program counter or adding the offset value to the
contents of the program counter in the branch instruction and others, the contents of the program bank
register is automatically incremented by 1. When a borrow occurs after subtracting the contents of the
program counter, the contents of the program bank register is automatically decremented by 1. Accordingly,
there is no need to consider bank boundaries in programming, usually.

In the single-chip mode, make sure to prevent the program bank register from being set to the value other
than “0016” by executing the branch instructions and others. It is because the access space of the single-
chip mode is the internal area within the bank Ozs.

This register is cleared to “001” at reset.
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2.1 Central processing unit

2.1.7 Data bank register (DT)

The data bank register is an 8-bit register. In the following addressing modes using the data bank register,
the contents of this register is used as the high-order 8 bits (bank) of a 24-bit address to be accessed.
Use the LDT instruction to set a value to this register.

In the single-chip mode, make sure to fix this register to “0016". It is because the access space of the
single-chip mode is the internal area within the bank Ous.
This register is cleared to “0016” at reset.

e Addressing modes using data bank register
*Direct indirect
*Direct indexed X indirect
*Direct indirect indexed Y
*Absolute
*Absolute bit
*Absolute indexed X
*Absolute indexed Y
*Absolute bit relative
eStack pointer relative indirect indexed Y
*Multiplied accumulation

2.1.8 Direct page register (DPR)

The direct page register is a 16-bit register. The contents of this register indicate the direct page area
which is allocated in bank 0is or in the space across banks 0is and 1lis. The following addressing modes
use the direct page register.

The contents of the direct page register indicate the base address (the lowest address) of the direct page
area. The space which extends to 256 bytes above that address is specified as a direct page.

The direct page register can contain a value from “0000:6” to “FFFF1s.” When it contains a value equal to
or more than “FF011s,” the direct page area spans the space across banks 0is and lis.

When the contents of low-order 8 bits of the direct page register is “001s,” the number of cycles required
to generate an address is 1 cycle smaller than the number when its contents are not “001.” Accordingly,
the access efficiency can be enhanced in this case.

This register is cleared to “00001s” at reset.

Figure 2.1.4 shows a setting example of the direct page area.

e Addressing modes using direct page register
*Direct
*Direct bit
*Direct indexed X
*Direct indexed Y
*Direct indirect
*Direct indexed X indirect
*Direct indirect indexed Y
«Direct indirect long
«Direct indirect long indexed Y
*Direct bit relative
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2.1 Central processing unit

— 016 016
Direct page area when DPR = “000016”
______________________________________ FFis __|
""""""""""""""""""" 12316 |
Direct page area when DPR = “012316"
Bank 026 | | 22216 (Note 1)
"""""""""""""""""""""""" FF1016
. FFFF16 Direct page area when DPR = “FF1016"
______________________________________ 1000F16
Bank 116
I

Notes 1: The number of cycles required to generate an address is 1 cycle smaller when the
low-order 8 bits of the DPR are “0016.”
2. The direct page area spans the space across banks 0is and 1is when the DPR is
“FF0116" or more.

Fig. 2.1.4 Setting example of direct page area
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2.1.9 Processor status register (PS)
The processor status register is an 11-bit register.
Figure 2.1.5 shows the structure of the processor status register.

bl5 bl4 bl3 b12 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
Processor status

o|lo|lo|lOo|oO IPL Nl VIim|x|D|I|Z]|C]| register (PS)

Note: Fix bits 11-15 to “0.”

Fig. 2.1.5 Processor status register structure

(1)

(2)

3

(4)

®)

Bit 0: Carry flag (C)

It retains a carry or a borrow generated in the arithmetic and logic unit (ALU) during an arithmetic
operation. This flag is also affected by shift and rotate instructions. When the BCC or BCS instruction
is executed, this flag’s contents determine whether the program causes a branch or not.

Use the SEC or SEP instruction to set this flag to “1,” and use the CLC or CLP instruction to clear
it to “0.”

Bit 1: Zero flag (2)

It is set to “1” when a result of an arithmetic operation or data transfer is “0,” and cleared to “0” when
otherwise. When the BNE or BEQ instruction is executed, this flag’s contents determine whether the
program causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode addition (the ADC instruction).

Bit 2: Interrupt disable flag (I)

It disables all maskable interrupts (interrupts other than watchdog timer, the BRK instruction, and
zero division). Interrupts are disabled when this flag is “1.” When an interrupt request is accepted,
this flag is automatically set to “1” to avoid multiple interrupts. Use the SEI or SEP instruction to set
this flag to “1,” and use the CLI or CLP instruction to clear it to “0.” This flag is set to “1” at reset.

Bit 3: Decimal mode flag (D)

It determines whether addition and subtraction are performed in binary or decimal. Binary arithmetic
is performed when this flag is “0.” When it is “1,” decimal arithmetic is performed with each word
treated as two or four digits decimal (determined by the data length flag). Decimal adjust is automatically
performed. Decimal operation is possible only with the ADC and SBC instructions. Use the SEP
instruction to set this flag to “1,” and use the CLP instruction to clear it to “0.” This flag is cleared
to “0” at reset.

Bit 4: Index register length flag (x)

It determines whether each of index register X and index register Y is used as a 16-bit register or
an 8-bit register. That register is used as a 16-bit register when this flag is “0,” and as an 8-bit
register when it is “1.” Use the SEP instruction to set this flag to “1,” and use the CLP instruction
to clear it to “0.” This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB, and TXS
instructions. Refer to “7751 Series Software Manual” for details.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit

Bit 5: Data length flag (m)

It determines whether to use a data as a 16-bit unit or as an 8-bit unit. A data is treated as a 16-
bit unit when this flag is “0,” and as an 8-bit unit when it is “1.”

Use the SEM or SEP instruction to set this flag to “1,” and use the CLM or CLP instruction to clear
it to “0.” This flag is cleared to “0" at reset.

Note: When transferring data between registers which are different in bit length, the data is transferred
with the length of the destination register, but except for the TXA, TYA, TXB, TYB, and TXS
instructions. Refer to “7751 Series Software Manual” for details.

Bit 6: Overflow flag (V)

It is used when adding or subtracting with a word regarded as signed binary. When the data length
flag (m) is “0,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the
range between -32768 and +32767, and cleared to “0” in all other cases. When the data length flag
(m) is “1,” the overflow flag is set to “1” when the result of addition or subtraction exceeds the range
between —128 and +127, and cleared to “0” in all other cases.

The overflow flag is also set to “1” when a result of division exceeds the register length to be stored
in the DIV or DIVS instruction, a division instruction with unsigned or signed; and when a result of
addition exceeds the range between —2147483648 and +2147483647 in the RMPA instruction, a
Repeat MultiPly and Accumulate instruction.

When the BVC or BVS instruction is executed, this flag’s contents determine whether the program
causes a branch or not.

Use the SEP instruction to set this flag to “1,” and use the CLV or CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bit 7: Negative flag (N)

It is set to “1” when a result of arithmetic operation or data transfer is negative. (Bit 15 of the result
is “1” when the data length flag (m) is “0,” or bit 7 of the result is “1” when the data length flag (m)
is “1.”) It is cleared to “0” in all other cases. When the BPL or BMI instruction is executed, this flag
determines whether the program causes a branch or not. Use the SEP instruction to set this flag to
“1,” and use the CLP instruction to clear it to “0.”

Note: This flag is invalid in the decimal mode.

Bits 10 to 8: Processor interrupt priority level (IPL)

These three bits can determine the processor interrupt priority level to one of levels 0 to 7. The
interrupt is enabled when the interrupt priority level of a required interrupt, which is set in each
interrupt control register, is higher than IPL. When an interrupt request is accepted, IPL is stored in
the stack area, and IPL is replaced by the interrupt priority level of the accepted interrupt request.
There are no instruction to directly set or clear the bits of IPL. IPL can be changed by storing the
new IPL into the stack area and updating the processor status register with the PUL or PLP instruction.
The contents of IPL is cleared to “0002" at reset.
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2.2 Bus interface unit
A bus interface unit (BIU) is built-in between the central processing unit (CPU) and memory+l/O devices.

BIU’s function and operation are described below.
When externally connecting devices, refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”

2.2.1 Overview
Transfer operation between the CPU and memory+l/O devices is always performed via the BIU.
Figure 2.2.1 shows the bus and bus interface unit (BIU).

0 The BIU reads an instruction from the memory before the CPU executes it.

O When the CPU reads data from the memory+l/O device, the CPU first specifies the address from which
data is read to the BIU. The BIU reads data from the specified address and passes it to the CPU.

O When the CPU writes data to the memory«l/O device, the CPU first specifies the address to which data
is written to the BIU and write data. The BIU writes the data to the specified address.

0 To perform the above operations [0 to [, the BIU inputs and outputs the control signals, and control the
bus.
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Fig. 2.2.1 Bus and bus interface unit (BIU)

2-11

7751 Group User's Manual



CENTRAL PROCESSING UNIT (CPU)
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2.2.2 Functions of bus interface unit (BIU)
The bus interface unit (BIU) consists of four registers shown in Figure 2.2.2. Table 2.2.1 lists the functions
of each register.

b23 b0
PA | Program address register
b7 b0
[}
- - -Instruction queue buffer
1
b23 b0
| DA | Data address register
b15 b0
[ DB+ | DBL | Data buffer

Fig. 2.2.2 Register structure of bus interface unit (BIU)

Table 2.2.1 Functions of each register
Name

Functions

Program address register

Indicates the storage address for the instruction which is next taken into the
instruction queue buffer.

Instruction queue buffer

Temporarily stores the instruction which has been taken in.

Data address register

Indicates the address for the data which is next read from or written to.

Data buffer

Temporarily stores the data which is read from the memory+l/O device by the
BiU or which is written to the memoryl/O device by the CPU.
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2.2 Bus interface unit

The CPU and the bus send or receive data via BIU because each operates based on different clocks
(Note). The BIU allows the CPU to operate at high speed without waiting for access to the memory ¢ I/O
devices that require a long access time.

The BIU’s functions are described bellow.

Note: The CPU operates based on ¢cru. The period of gcpu is normally the same as that of ¢ The internal

1)

()

3

bus operates based on the E signal. The period of the E signal is twice that of ¢ at a minimum.

Reading out instruction (Instruction prefetch)

When the CPU does not require to read or write data, that is, when the bus is not in use, the BIU
reads instructions from the memory and stores them in the instruction queue buffer. This is called
instruction prefetch.

The CPU reads instructions from the instruction queue buffer and executes them, so that the CPU
can operate at high speed without waiting for access to the memory which requires a long access
time.

When the instruction queue buffer becomes empty or contains only 1 byte of an instruction, the BIU
performs instruction prefetch. The instruction queue buffer can store instructions up to 3 bytes.
The contents of the instruction queue buffer is initialized when a branch or jump instruction is
executed, and the BIU reads a new instruction from the destination address.

When instructions in the instruction queue buffer are insufficient for the CPU’s needs, the BIU
extends the pulse duration of clock ¢cpu in order to keep the CPU waiting until the BIU fetches the
required number of instructions or more.

Reading data from memory«l/O device

The CPU specifies the storage address of data to be read to the BIU’s data address register, and
requires data. The CPU waits until data is ready in the BIU.

The BIU outputs the address received from the CPU onto the address bus, reads contents at the
specified address, and takes it into the data buffer.

The CPU continues processing, using data in the data buffer.

However, if the BIU uses the bus for instruction prefetch when the CPU requires to read data, the
BIU keeps the CPU waiting.

Writing data to memory«i/O device

The CPU specifies the address of data to be written to the BIU’s data address register. Then, the
CPU writes data into the data buffer. The BIU outputs the address received from the CPU onto the
address bus and writes data in the data buffer into the specified address.

The CPU advances to the next processing without waiting for completion of BIU’s write operation.
However, if the BIU uses the bus for instruction prefetch when the CPU requires to write data, the
BIU keeps the CPU waiting.

7751 Group User’'s Manual 2-13



CENTRAL PROCESSING UNIT (CPU)
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(4) Bus control

Table 2.2.2 Bus cycle at accessing internal area

To perform the above operations (1) to (3), the BIU inputs and outputs the control signals, and
controls the address bus and the data bus. The cycle in which the BIU controls the bus and accesses
the memoryel/O device is called the bus cycle. Table 2.2.2 shows the bus cycle at accessing the
internal area.
Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES " about the bus cycle at accessing

the external devices.

In low-speed running (f(Xin) < 25 MHz)

In high-speed running (f(Xin) < 40 MHz)

RAM

ROM

SFR

1 bus cycle = 20
<>

o_[LILT
e [ L[

Internal address bus m

Internal data bus >< Data

1 bus cycle = 2¢
<>

o _[L] LI
E
Internal address bus

Internal data bus >< Data

1 bus cycle = 3¢

< >

o LI LI LI
o I e
Internal address bus X Address X

Internal data bus >< Data
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2.2 Bus interface unit

2.2.3 Operation of bus interface unit (BIU)

Figure 2.2.3 shows the basic operating waveforms of the bus interface unit (BIU).

About signals which are input/output externally when accessing external devices, refer to “Chapter 12.
CONNECTION WITH EXTERNAL DEVICES.”

(1) When fetching instructions into the instruction queue buffer

(2)

O

g

When the instruction which is next fetched is located at an even address, the BIU fetches 2 bytes
at a time with the timing of waveform (a).

However, when accessing an external device which is connected with the 8-bit external data bus
width (BYTE = “H"), only 1 byte is fetched.

When the instruction which is next fetched is located at an odd address, the BIU fetches only 1
byte with the timing of waveform (a). The contents at the even address are not taken.

When reading or writing data to and from the memoryl/O device

O

When accessing a 16-bit data which begins at an even address, waveform (a) is applied. The 16
bits of data are accessed at a time.

When accessing a 16-bit data which begins at an odd address, waveform (b) is applied. The 16
bits of data are accessed separately in 2 operations, 8 bits at a time. Invalid data is not fetched
into the data buffer.

When accessing an 8-bit data at an even address, waveform (a) is applied. The data at the odd
address is not fetched into the data buffer.

When accessing an 8-bit data at an odd address, waveform (a) is applied. The data at the even
address is not fetched into the data buffer.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation [0 or 00 is applied when flag m or x = “0”; operation O or O is applied when flag m or x

“1.”
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(@)
E \ /
Internal address bus (Ao tO A23) >< Address ><
Internal data bus (Do t0 D7) >< Data (Even address)
Internal data bus (Ds tO D1s) >< Data (Odd address)
(b)

e N/ N/

Internal address bus (Ao tO A23) >< Address (Odd address) >< Address (Even address) X

Internal data bus (Do t0 D7) >< Invalid data >< Data (Even address)

Internal data bus (Ds tO D1s) X Data (Odd address) >< Invalid data

Fig. 2.2.3 Basic operating waveforms of bus interface unit (BIU)
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2.3 Access space

2.3 Access space

Figure 2.3.1 shows the M37751’s access space.

By combination of the program counter (PC), which is 16 bits of structure, and the program bank register
(PG), a 16-Mbyte space from addresses 016 to FFFFFF1s can be accessed. For details about access of an
external area, refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”

The memory and 1/O devices are allocated in the same access space. Accordingly, it is possible to perform
transfer and arithmetic operations using the same instructions without discrimination of the memory from
I/O devices.

00000016
SFR area

00007F16
00008016

Internal RAM area
00087F 16

' ' Bank O16
00400016

Internal ROM area
O0OFFFF16
01000016 '

E I Bank 11
02000016 77T e .~
FE00001 |~~~ TTTTTTTTTT N

Bank FE16

. .S 4+_ : Indicates the memory assignment of
FF000016 + the internal areas.

i , BankFFus t % Indicates that nothing is assigned
FFFFFFis | 0o i | P 1+ Indicates that nothing is assigned.
Note : Memory assignment of internal area varies according to the type of microcomputer. This

figure shows the case of the M37751M6C-XXXFP.
Refer to “Appendix 1. Memory assignment” for other products.

SFR : Special Function Register

Fig. 2.3.1 M37751’s access space
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2.3 Access space

2.3.1 Banks

The access space is divided in units of 64 Kbytes. This unit is called “bank.” The high-order 8 bits of
address (24 bits) indicate a bank, which is specified by the program bank register (PG) or data bank
register (DT). Each bank can be accessed efficiently by using an addressing mode that uses the data bank
register (DT).

If the program counter (PC) overflows at a bank boundary, the contents of the program bank register (PG)
is incremented by 1. If a borrow occurs in the program counter (PC) as a result of subtraction, the contents
of the program bank register (PG) is decremented by 1. Normally, accordingly, the user can program
without concern for bank boundaries.

SFR (Special Function Register), internal RAM, and internal ROM are assigned in bank 016. For details,
refer to section “2.4 Memory assignment.”

2.3.2 Direct page

A 256-byte space specified by the direct page register (DPR) is called “direct page.” A direct page is
specified by setting the base address (the lowest address) of the area to be specified as a direct page into
the direct page register (DPR).

By using a direct page addressing mode, a direct page can be accessed with less instruction cycles than
otherwise.

Note: Refer also to section “2.1 Central processing unit.”
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2.4 Memory assignment

This section describes the internal area’s memory assignment. For more information about the external
area, refer also to section “2.5 Processor modes.”

2.4.1 Memory assignment in internal area
SFR (Special Function Register), internal RAM, and internal ROM are assigned in the internal area. Figure
2.4.1 shows the internal area’s memory assignment.

(1) SFR area
The registers for setting internal peripheral devices are assigned at addresses 0is to 7F1. This area
is called SFR (Special Function Register). Figure 2.4.2 shows the SFR area’s memory assignment.
For each register in the SFR area, refer to each functional description in this manual.
For the state of the SFR area immediately after a reset, refer to section “13.1.2 State of CPU, SFR
area, and internal RAM area.”

(2) Internal RAM area
The M37751M6C-XXXFP (See Note) assigns the 2048-byte static RAM at addresses 8016 to 87Fus.
The internal RAM area is used as a stack area, as well as an area to store data. Accordingly, note
that set the nesting depth of a subroutine and multiple interrupts’ level not to destroy the necessary
data.

(3) Internal ROM area
The M37751M6C-XXXFP (See Note) assigns the 48-Kbyte mask RAM at addresses 400016 to FFFFis.
Its addresses FFD61s to FFFF1s are the vector addresses, which are called the interrupt vector table,
for reset and interrupts. In the microprocessor mode where use of the internal ROM area is inhibited,
assign a ROM at addresses FFD61s to FFFFie.

Note : Refer to “Appendix 1. Memory assignment " for other products.
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00000016
00007F s SFR area = Refer toFigure 2.4.2.
00008016
Internal RAM area
00087F16
Interrupt vector table
00400015 II,’I FFD61s | A-D conversion h—
I,'I FFD81s | UART1 transmit h—
I.’I FFDAs L yaRT1 receive h—
,"‘ FEDC1s L yarTO transmit h—
,’/ FFDE16 | yaARTO receive h—
FFEOL L TimerB2 H
FFE216 | Timer B1 h—
FFE416 " Timer BO h—
Internal ROM area FFEGIS L Timer A4 h—
FFE81 | Timeras H
FFEA® L Timera2  F
FFECe L Timeral E
FFEE® L TimerA0 fr
FFFO1s | INT2 h_
FFF216 | INT2 h_
FFF41s | NTa L
00FED61s [~~7 "~ """ommmeeees l FFF6is | Watchdog timer h—
FFF81s | DBC (Note 1) h_
FFFA1s | BRK instruction h—
FFFCi6 L Zero divide h—
OOFFFFwe | FFFElG [ RESET h_

M37751M6C-XXXFP

|:| : The internal memory is not assigned.

Notes 1: DBC is an interrupt only for debugging; do not use this interrupt.
2: Access to the internal ROM area is disabled in the microprocessor mode.
(Refer to section “2.5 Processor modes.” )
3: Memory assignment of internal area varies according to the type of microcomputer.
Refer to “Appendix 1. Memory assignment” for other products.

Fig. 2.4.1 Internal area’s memory assignment
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2.4 Memory assignment

Address Address
016 4016 | Count start register
116 4116
216 | Port PO register 4216 | One-shot start register
316 | Port P1 register 4316
416 | Port PO direction register 4416 | Up-down register
516 | Port P1 direction register 4516
616 | Port P2 reg!ster 4616 Timer AO register
716 | Port P3 register 4716
816 | Port P2 d!rect!on reg!ster 4816 Timer A1 register
916 | Port P3 direction register 4916
A16 | Port P4 reg!ster 4A16 Timer A2 register
B16 | Port P5 register 4B16
C16 | Port P4 d?rectfon reg?ster 4C16 Timer A3 register
D16 | Port P5 direction register 4D16
E16 | Port P6 reg!ster 4E16 Timer A4 register
F16 | Port P7 register 4F16
1016 | Port P6 d?rectfon reg?ster 5016 Timer BO register
1116 | Port P7 direction register 5116
1216 | Port P8 register 5216 Timer B1 register
1316 5316
1416 | Port P8 direction register 5416 Timer B2 register
1516 5516
1616 5616 | Timer AO mode register
1716 5716 | Timer A1 mode register
1816 5816 | Timer A2 mode register
1916 5916 | Timer A3 mode register
1A16 5A16 | Timer A4 mode register
1B16 5B16 | Timer BO mode register
1C16 5C16 | Timer B1 mode register
1D16 5D16 | Timer B2 mode register
1E16 | A-D control register 0 5E16 | Processor mode register 0
1F16 | A-D control register 1 5F16 | Processor mode register 1
2016 A-D register 0 6016 | Watchdog tl_mer register .
2116 6116 | Watchdog timer frequency select register
2216 A-D register 1 6216
2316 6316
2416 . 6416
A-D register 2
2516 9 6516
2616 . 6616
A-D register 3
2716 9 6716
2816 . 6816
A-D register 4
2916 9 6916
2A16 A-D register 5 6A16
2B16 6B16
2C16 . 6C16
A-D register 6
2D16 9 6D16
2E16 A-D register 7 6E16
2F16 6F16
3016 | UARTO transmit/receive mode register 7016 | A-D conversion interrupt control register
3116 | UARTO baud rate register (BRGO) 7116 | UARTO transmit interrupt control register
3216 . . 7216 | UARTO receive interrupt control register
UARTO transmit buffer regist — -
3316 gister 7316 | UARTL transmit interrupt control register
3416 | UARTO transmit/receive control register 0 7416 | UARTL receive interrupt control register
3516 | UARTO transmit/receive control register 1 7516 | Timer AO interrupt control register
3616 UARTO receive buffer register 7616 T!mer Al !nterrupt control reg!ster
3716 7716 | Timer A2 interrupt control register
3816 | UART1 transmit/receive mode register 7816 | Timer A3 interrupt control register
3916 | UART1 baud rate register (BRG1) 7916 | Timer A4 interrupt control register
Al i i i
3A16 UARTL transmit buffer register TA16 T!mer BO !nterrupt control reg!ster
3B16 7B16 | Timer B1 interrupt control register
3C16 | UART1 transmit/receive control register 0 7C16 | Timer B2 interrupt control register
3D16 | UART1 transmit/receive control register 1 7D16 | INTo interrupt control register
E1 INT1 interrupt control register
SE16 UART1 receive buffer register 7E16 — = g'
3F16 7F16 | INT2 interrupt control register
Fig. 2.4.2 SFR area’s memory map
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2.5 Processor modes

2.5 Processor modes
The M37751 can operate in 3 processor modes: single-chip mode, memory expansion mode, and microprocessor
mode. Some pins’ functions, memory assignment, and access space vary according to the processor modes.
This section describes the differences between the processor modes. Figure 2.5.1 shows a memory assignment

in each processor mode

Single-chip mode

00000016
SFR area
00008016
Internal
RAM area
00087F16
Not used
00400016
Internal
ROM area
OO0FFFF16

Memory expansion mode

SFR area
Internal
RAM area
" 700088016 o
_003FFF1e
Internal
ROM area
© 01000016
FFFFFF16 .

Microprocessor mode Memory expansion mode
Microprocessor mode

SFRarea 00000216
______ | 00000916
Internal \
RAM area N

@ : External area; Accessing this area make it possible to access external connected devices.

Notes 1: Addresses 216 to 916 become a external area in the memory expansion mode and microprocessor mode.
2: Refer to “Appendix 1. Memory assignment

" for products other than M37751M6C—XXXFP.

(Note 1)

Fig. 2.5.1 Memory assignment in each processor mode for M37751M6C-XXXFP
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2.5 Processor modes

2.5.1 Single-chip mode

Use this mode when not using external devices. In this mode, ports PO to P8 function as programmable
I/O ports (when using an internal peripheral device, they function as its 1/O pins).

In the single-chip mode, only the internal area (SFR, internal RAM, and internal ROM) can be accessed.

2.5.2 Memory expansion and microprocessor modes

Use these modes when connecting devices externally. In these modes, an external device can be connected
to any required location in the 16-Mbyte access space. For access to external devices, refer to “Chapter
12. CONNECTION WITH EXTERNAL DEVICES.”

The memory expansion and microprocessor modes have the same functions except for the following:

¢In the microprocessor mode, access to the internal ROM area is disabled by force, and the internal ROM
area is handled as an external area.
«In the microprocessor mode, port P42 always functions as the clock ¢1 output pin.

In the memory expansion and microprocessor modes, PO to P3, P40, and P41 function as the 1/0 pins for
the signals required for accessing external devices. Consequently, these pins cannot be used as programmable
I/O ports.

If an external device is connected with an area with which the internal area overlaps, when this overlapping
area is read, data in the internal area is taken in the CPU, but data in the external area is not taken in.
If data is written to an overlapping area, the data is written to the internal area, and a signal is output
externally at the same timing as writing to the internal area.

Figure 2.5.2 shows a pin configuration in each processor mode. Table 2.5.1 lists the functions of PO to P4
in each processor mode.

For the function of each pin, refer to section “1.3 Pin description,” “Chapter 3. INPUT/OUTPUT PINS,”
and “Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”
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2.5 Processor modes

e Single-chip mode

@
&
P28
QO
SEBHESSSSSESSE S dd SIdadadaddddAd
Pa Y2 Mo WY a Y o I WY o W Y o T T WY Y Y o O Yo Y Y Y o O Y M Y MY 0
A A A A A A A
PIIIRLLTI0IR L8008t
(" \
P83/TxDo «—» [65 | (O ) [40]«—> P24
P82/RxDo <+ [66 | [39]« > P25
P81/CLKo < » [67] L8]« P26
P80/CTSo/RTS0+* [68] [s7]«—> P27
Vee 69 [36]« > P3o
AVcc [70] [35 ]« p3;
Vrer > [71] [3a]«—> P32
AV
ve 2l M37751ME6C-XXXFP |& @
P77/AN7/ADTRG > [74] [s1]—> E
P76/AN6s <> [75 | [30]—»> Xour
P75/ANs <+ [16] [29]+— xi
P74/AN4 +—> |77 | 28 |[«— RESET
P73/AN3 <78 [27] CNVss 01
P72/AN2 <> [79 | [26]« — BYTE
P71/AN1 «—»[go O O 25 |« > Pdo
> <)
@HMMMMMMMMMM@MMMMMMQMQM I%l 1 Connect this pin to Vss pin in the single-chip
A A A A A A O A mode.
czzz|VIKC 2525252525588 328 3 X . . :
SHEEEEE 39322 SRITITE i These o haveatron tuncions ptheen e
Ea@&%{ﬁﬁsgaga;agag cessor modes.
oaaQ [aTS s Yo e MY o MY Y MY}
o o o o o

e Memory expansion/Microprocessor mode

@
=
4
R
0N X
2529 EFEEEEETY Y
voge 8888000808868
FBBOcaumswens333 393388583
AL d<LCLCLCLCLCLCLCLCLCLCLCLCLCLCCCCCC
A A A A A A A A A A A A
v 1 i v ‘ T 1 | T T T 1 I \ B I v I v v I
izl 2lclalz)zfalalaafelalalalalaloia/elala aloly
e N
P83/TxDo « > Ls5 | |40 j<«—>  A20/Da
P82/RxDo +* [66 | [s8]«> A21/Ds
P81/CLKo > L67 | 13814 A2/Ds
P80/CTSo/RTSo * > L68] | 371« > A2s/D7
Vec  Leo] 1361— RIW
Avce  [10] [35]> BHE
VRer > L71] |34]—> ALE
e Hl M37751MBC-XXXFP  [[ - =
Vss L] - | 32] Vss
P77/AN7/ADTRG * > |74/ 31— E
P76/AN6 + > 75 | | 30]—*> Xout
P75/AN5 <> |76 | | 29 |« XN
P74/ANs <> [17] [28]+— RESET
P73/AN3 «»| 78 27 CNVss
P72IAN2 <> [79] O O [25]«  BYTE
P72/ANL «» [a0] | ') [zs]«— HoLD
N\ J/
|%| %l %l%”%”%”?”%l %l %l@l%l%l%lhfl %l %l@l%l@l%l%l%l%l 02 This pin functions as 1 in the microprocessor
v v v v v v v mode.
o N[ | O [ = = = E N~ © v S o
Z &3 5‘5‘5 g e 3 & 3 & 3 E 3 5 3acasy % a : These pins have different functions between the
3 g g g E E E E 'z_:' E g E g é E‘ é 'g_:’ F 5 single—chipdand the memory expansion/micropro-
o588 s hE8ESESE cessor modes.
e =B - - = ]
o o a a o

Fig. 2.5.2 Pin configuration in each processor mode (top view)
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2.5 Processor modes

Table 2.5.1 Functions of ports PO to P4 in each processor mode

Processor
modes Single-chip mode Memory expansion/Microprocessor mode
Pins
PO x [=] X X Ao — A7 x
P: Functions as a programmable
I/O port.
P1 :X P X: » When external data bus width is 16 bits (BYTE = “L")
P: Functions as a programmable X As— Ais X D(odd) X
I/O port.
por D (odd): Data at odd address
» When external data bus width is 8 bits (BYTE = “H")
x As — Ais ><
P> :X P X: » When external data bus width is 16 bits (BYTE = “L")
P: Functions as a programmable :X AR X D(even) X:
/O port. D (even): Data at even address
» When external data bus width is 8 bits (BYTE = “H")
X Ais — Az X D x
D : Data
P3 X P X P33 X HLDA x
P: Functions as a programmable P3, ALE
1/O port.
P _ X BHE X_
P30 _ X RIW X
P4 X P X P43 — P47 X P X

P: Functions as a programmable
I/O port. (Note 1)

P: Functions as a programmable I/O port.

S e H e T
Par _ X RDY X
Pao _X Hoo X

Notes 1: P42 also functions as the clock ¢1 output pin. (Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. )
2: P4 functions as a programmable 1/O port in the memory expansion mode, and that functions as the clock ¢1 output pin by software
selection. (Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. )
3: This table lists a switch of pins’ functions by switching the processor mode. Refer to the following section about the input/output

timing of each signal:

*“Chapter 12. CONNECTION WITH EXTERNAL DEVICES. "
*“Chapter 15. ELECTRICAL CHARACTERISTICS. ”
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2.5 Processor modes

2.5.3 Setting processor modes
The voltage supplied to the CNVss pin and the processor mode bits (bits 1 and 0 at address 5Eis) set the
processor mode.

e When Vss level is supplied to CNVss pin
After a reset, the microcomputer starts operating in the single-chip mode. The processor mode is switched
by the processor mode bits after the microcomputer starts operating. When the processor mode bits are
set to “012,” the microcomputer enters the memory expansion mode; when these bits are set to “102,”
the microcomputer enters the microprocessor mode.
The processor mode is switched at the rising edge of signal E after writing to the processor mode bits.
Figure 2.5.3 shows the timing when pin functions are switched by switching the processor mode from the
single-chip mode to the memory expansion or microprocessor mode with the processor mode bits.
When the processor mode is switched during the program execution, the contents of the instruction
queue buffer is not initialized. (Refer to “Appendix 9. Q & A.” )

e When Vcc level is supplied to CNVss pin
After a reset, the microcomputer starts operating in the microprocessor mode. In this case, the microcomputer
cannot operate in the other modes. (Fix the processor mode bits to “102.”)

Table 2.5.2 lists the methods for setting processor modes. Figure 2.5.4 shows the structure of processor
mode register 0 (address 5E16).

Written to processor mode bits

mi

POo Programmable 1/O port P0Oo ><Externa| address bus Ao

Note: Functions of pins P01 to P07, P1 to P3, P40 to P42 are switched at the same timing shown above.
Function of pin P42 is, however, switched only when the processor mode is switched to the
microprocessor mode.

Fig. 2.5.3 Timing when pin functions are switched
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2.5 Processor modes

Table 2.5.2 Methods for setting processor modes

Processor mode

CNVss pin level

Processor mode bits

bl b0
Single-chip mode Vss (0 V) (Note 1) 0
Memory expansion mode Vss (0 V) (Note 1) 0 1
Microprocessor mode Vss (0 V) (Note 1) 1 0

Vce (5 V) (Note 2)

Notes 1. The microcomputer starts operating in the single-chip mode after a reset. The microcomputer can

be switched to the other processor modes by setting the processor mode bits.

2: The microcomputer starts operating in the microprocessor mode after a reset. The microcomputer
cannot operate in the other modes, so that fix the processor mode bits as follows:
bl = “1” and b0 = “0.”

b7 b6 b5 b4 b3 b2 bl bo

| |0| | | |0| | | Processor mode register 0 (Address 5E16)

Bit Bit name Functions Atreset [ RW
. bl b0
0 Processor mode bits 00 : Single-chip mode 0 RW
0 1: Memory expansion mode
1 1 0 : Microprocessor mode 0 RW
11 : Not selected (Note 1)
2 Fix this bit to “0.” 0 RW
3 Software reset bit The microcomputer is reset by 0 WO
writing “1” to this bit. The value is
“0” at reading.
4 Interrupt priority detection time | 25b4 0 RW
select bits 00:7cycles of @
01:4cyclesof @
5 10: 2 cycles of @ 0 RW
11: Not selected
6 Fix this bit to “0.” 0 RW
7 | Clock @t output select bit 0: Clock @ output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock @ output enabled
(P42 functions as a clock ¢ out-
put pin.)
Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1”
after a reset. (Fixed to “1.”)
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)

: Bits 7 to 2 are not used for setting of the processor mode.

Fig. 2.5.4 Structure of processor mode register 0
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2.5 Processor modes

[Precautions when operating in single-chip mode]
The bus cycle select bits (bits 4 and 5 at address 5Fis) is not used in the single-chip mode. However, do
not make those bits state of not selected in all cases. Especially in low-speed running, rewrite both bits

at the same time to “012,” “102" or “112." These bits are cleared to “002" at reset.

b7 b6 b5 b4 b3 b2 bl bo

| 0 I 0 I I | | | 0 | 0 | Processor mode register 1 (Address 5F16)
P Bit Bit name Functions Atreset | RW
A A Y R 1,0 (Fix these bits to “0.” 0 RW
: : : : : : Clock source for peripheral 0 : ¢ divided by 2
e 2 | devices select bit (Note) 1:0 Y 0 RW
: : : : : 3 CPU running speed select bit 0 : High-speed running 0 RW
P T (Note) 1 : Low-speed running
L LLLE P 4 | Bus cycle select bits In high-speed running 0 RW
. b5 b4
E - 00 : 5¢ access in high-speed running
: : : 01 : 40 access in high-speed running
Yo 1 0 : 3¢ access in high-speed running
P 11 : Not selected
E : L 5 In low-speed running 0 RW
E : b5 b4
o 0 0 : Not selected
: : 01: 46 access in low-speed running
E : 1 0: 3¢ access in low-speed running
: : 11: 20 access in low-speed running
S S | 7 6 |Fix these bits to “0.” 0 RW

Note: Fix this bit to “0” when f(Xi) > 25 MHz.

Fig. 2.5.5 Structure of processor mode register 1
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INPUT/OUTPUT PINS

3.1 Programmable 1/O ports

This chapter describes the programmable I/O ports in the single-chip mode. For PO to P4, which change
their functions according to the processor mode, refer also to the section “2.5 Processor modes " and
“Chapter 12. CONNECTION WITH EXTERNAL DEVICES.”

3.1 Programmable 1/O ports

The 7751 Group has 68 programmable 1/O ports, PO to P8.

The programmable 1/O ports have direction registers and port registers in the SFR area. Figure 3.1.1 shows
the memory map of direction registers and port registers.

P4. and P5 to P8 also function as the I/O pins of the internal peripheral devices. For the functions, refer
to the section “3.2 /O pins of internal peripheral devices " and relevant sections of each internal peripheral
devices.

Addresses
216 | Port PO register

316 | Port P1 register

416 | Port PO direction register

516 | Port P1 direction register

616 | Port P2 register
716 | Port P3 register

816 | Port P2 direction register

916 | Port P3 direction register

A1s | Port P4 register

B1s | Port P5 register

Cie | Port P4 direction register

Die | Port P5 direction register

E1s | Port P6 register

F1e | Port P7 register

1016 | Port P6 direction register

1116 | Port P7 direction register

1216 | Port P8 register

1316
1416 | Port P8 direction register

Fig. 3.1.1 Memory map of direction registers and port registers
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3.1 Programmable 1/O ports

3.1.1 Direction register

This register determines the input/output direction of the programmable 1/O port. Each bit of this register

corresponds one for one to each pin of the microcomputer.

Figure 3.1.2 shows the structure of port Pi (i = 0 to 8) direction register.

b7 b6 b5 b4 b3 b2 bl bo

Port Pi direction register (i = 0 to 8)
(Addresses 416, 516, 816, 916, C16, D16, 1016, 1116, 1416)

A Bit Bit name Functions Atreset] RW
oo t----1 0 | PortPi direction bit 0 : Input mode 0 RW
N - (Functions as an input port)

A 1 Port Pix direction bit 1: Output mode 0 RW
E E E : E R ELLEEEE 2 Port Pi2 direction bit (FUnCtIOI’]S as an output port) RW
E E E E ER e EEEEEE 3 Port Piz direction bit 0 RW
S EEEEEEEEEEEEE 4 Port Pis direction bit 0 RwW
e 5 Port Pis direction bit 0 RW
R R EEEEEEEEEEEE D 6 Port Pis direction bit 0 RW
e 7 Port Piz direction bit 0 RW

Bit b7 b6 b5 b4 b3 b2 bl b0
Corresppignding Piz Pis Pis Pia Pis Pi2 Pi1 Pio

Note: Bits 7 to 4 of the port P3 direction register cannot be written and are fixed to “0” at reading.

Fig. 3.1.2 Structure of port Pi (i = O to 8) direction register
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3.1 Programmable 1/O ports

3.1.2 Port register

Data is input/output to/from externals by writing/reading data to/from the port register. The port register
consists of a port latch which holds the output data and a circuit which reads the pin state. Each bit of the
port register corresponds one for one to each pin of the microcomputer. Figure 3.1.3 shows the structure
of the port Pi (i = 0 to 8) register.

e When outputting data from programmable 1/O ports set to output mode
O By writing data to the corresponding bit of the port register, the data is written into the port latch.
O The data is output from the pin according to the contents of the port latch.

By reading the port register of a port set to output mode, the contents of the port latch is read out,
instead of the pin state. Accordingly, the output data is correctly read without being affected by an
external load. (Refer to Figures 3.1.4 and 3.1.5.)

e When inputting data from programmable I/O ports set to input mode
O The pin which is set to input mode enters the floating state.
O By reading the corresponding bit of the port register, the data which is input from the pin can be
read out.

By writing data to the port register of a programmable 1/O port set to input mode, the data is only
written into the port latch and is not output to externals. The pin retains floating.
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3.1 Programmable /O Eorts

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Port Pi register (i=0to 8)
(Addresses 216, 316, 616, 716, A1s, Bis, E1s, F16, 1216)

P Bit Bit name Functions Atreset | RW
S t----1 0 | PortPio Data is input/output to/from a pin by | Undefined[ RW
R - reading/writing from/to the corres- _
ey 1 Port Pi1 ponding bit. Undefined| RW
iRt 2 | PortPi2 0:“L” level Undefined| RW
T 1:“H" level

L ettt 3 Port Pi3 Undefined| RW
e  GLELELEELT T 4 Port Pi4 Undefined [ RW
S 5 Port Pis Undefined[ RW
L e 6 | port Pis Undefined| RW
CEEEEEE PP EPEEEEEPP 7 Port Pi7 Undefined| RW

Note: Bits 7 to 4 of the port P3 register cannot be written and are fixed to “0” at reading.

Fig. 3.1.3 Port Pi (i = 0 to 8) register structure
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3.1 Programmable 1/O ports

Figures 3.1.4 and 3.1.5 show the port peripheral circuits.

[Inside dotted-line not included]

Ports PQo to P07, Plo to P17, P20 to P27,
P30 to P33, P4z to P4s

[Inside dotted-line included] Data bus

Ports P4o, P41, P47, P51/TAO N, P53/TALn,
P5s/TA2 in, P57/TA3 N, P61/TA4 N,
P62/INTo to P64/INT2, P6s/TBOn to P67/TB2,
P82/RxDo, P8s/RxD1

(There is no hysteresis for P82/RxDo and P8¢/RxD:1.)

[Inside dotted-line not included. ]
Ports P42/¢1, P83/TxDo, P87/TxD1

[Inside dotted-line included. ]

Ports P50o/TAOour, P52/TAlour, P54/TA20ur,
P56/TA3out, P60/TA4out

Data bus

[Inside dotted-line not included]

Ports P70/ANo to P7s/ANs

[Inside dotted-line included]

Port P77/AN7/AD1re Data bus

7" Port latch

Output
74 Port latch i ﬁz\o;

4“' Port latch

Direction register

bl
~N

71T

wpn
A ‘:;Ko—
N

W

Direction register

d
~N

ZXW AT

Analog input ———¢

Fig. 3.1.4 Port peripheral circuits (1)
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INPUT/OUTPUT PINS

3.1 Programmable 1/O ports

Ports P80/CTSo/RTSo, P81/CLKo,
P84/CTS1/RTS:, P8s/CLK1

E output pin

L

wp
“g
—| Direction register l—
!
N
Data bus —| Port latch

O i

Output—g |

0

>

wfw

&,
i

Fig. 3.1.5 Port peripheral circuits (2)
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3.2 1/0 pins of internal peripheral devices

3.2 1/O pins of internal peripheral devices (P4 2, P5-P8)
P4. and P5 to P8 also function as the 1/O pins of the internal peripheral devices. Table 3.2.1 lists 1/O pins
for the internal peripheral devices.

For their functions, refer to relevant sections of each internal peripheral device. For the clock @ output pin,
refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES. "

Table 3.2.1 1/0 pins for internal peripheral devices

Port I/0 pins for internal peripheral devices
P4, Clock @ output pin
P5 I/O pins of Timer A
P6o, P61
P62 to P64 Input pins of external interrupts
P6s to P67 Input pins of Timer B
P7 Input pins of A-D converter
P8 I/O pins of Serial 1/0
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INTERRUPTS

4.1 Overview

The suspension of the current operation in order to perform another operation owing to a certain factor is
referred to as “Interrupt.” This chapter describes the interrupts.

4.1 Overview

The M37751 has 19 interrupt sources to generate interrupt requests.

Figure 4.1.1 shows the interrupt processing sequence.

When an interrupt request is accepted, a branch is made to the start address of the interrupt routine set
in the interrupt vector table (addresses FFD61s to FFFF16). Set the start address of each interrupt routine
at each interrupt vector address in the interrupt vector table.

Executing routine

Interrupt routine

Process interrupt
Accept interrupt request —m=

Resume processing

RTI instruction

Fig. 4.1.1 Interrupt processing sequence
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4.1 Overview

When an interrupt request is accepted, the contents of the registers listed below immediately preceding the
acceptance of the interrupt request are automatically saved to the stack area in order of registers 0 - [0 - [.

O Program bank register (PG)
O Program counter (PCc, PCr)
O Processor status register (PS., PSh)

Figure 4.1.2 shows the state of the stack area just before entering the interrupt routine.

Execute the RTI instruction at the end of this interrupt routine to return to the routine that the microcomputer
was executing before the interrupt request was accepted. As the RTI instruction is executed, the register
contents saved in the stack area are restored in order of registers 0 - [0 - [, and a return is made to the
routine executed before the acceptance of interrupt request and processing is resumed from it.

When an interrupt request is accepted and the RTI instruction is executed, the only above registers 0 to
O are automatically saved and restored. When there are any other registers of which contents are necessary
to be kept, use software to save and restore them.

Stack area
Address

[S] -5

[S] -4 Processor status register’s low-order byte (PSL)

[S]-3 Processor status register’s high-order byte (PSH)

[S]-2 Program counter’s low-order byte (PCL)
[S]-1 Program counter’s high-order byte (PCH)
[S]D Program bank register (PG)

L

O [S]is an initial value that the stack pointer (S) indicates at
accepting an interrupt request. The S’s contents become
[S] — 5 after saving the above registers.

Fig. 4.1.2 State of stack area just before entering interrupt routine
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4.2 Interrupt sources

4.2 Interrupt sources

Table 4.2.1 lists the interrupt sources and the interrupt vector addresses. When programming, set the start
address of each interrupt routine at the vector addresses listed in this table.

Table 4.2.1 Interrupt sources and interrupt vector addresses

Interrupt source Interrupt vector address Remarks
High-order Low-order
address address
Reset FFFF1s FFFE1s Non-maskable
Zero division FFFDz1s FFFCus Non-maskable software interrupt
BRK instruction FFFB1s FFFAs Non-maskable software interrupt
DBC (Note) FFF9:6 FFF8:s  |Not used usually
Watchdog timer FFF71s FFF61s Non-maskable interrupt
INTo FFF516 FFF41s External interrupt due to INTo pin input signal
INT: FFF31s FFF21s External interrupt due to INT: pin input signal
INT2 FFF116 FFFOus External interrupt due to INT2 pin input signal
Timer AO FFEF1s6 FFEE:s Internal interrupt from Timer AO
Timer Al FFED1s FFECis Internal interrupt from Timer Al
Timer A2 FFEB:s6 FFEAus6 Internal interrupt from Timer A2
Timer A3 FFE916 FFE8:1s Internal interrupt from Timer A3
Timer A4 FFE716 FFEG1s Internal interrupt from Timer A4
Timer BO FFE51s FFE41s Internal interrupt from Timer BO
Timer B1 FFE31s FFE21s Internal interrupt from Timer B1
Timer B2 FFE1lis FFEOQ1s internal interrupt from Timer B2
UARTO receive FFDFus FFDEis Internal interrupt from UARTO
UARTO transmit FFDDas FFDCis
UART1 receive FFDBu1s FFDA1s Internal interrupt from UART1
UART1 transmit FFD91s6 FFD8:1s
A-D conversion FFD716 FFD61s Internal interrupt from A-D converter

Note: The DBC interrupt source is used exclusively for debugger control.
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4.2 Interrupt sources

Table 4.2.2 lists occurrence factors of internal interrupt request, which occur due to internal operation.

Table 4.2.2 Occurrence factors of internal interrupt request

Interrupt Interrupt request occurrence factors
Zero division Occurs when “0” is specified as the divisor for the DIV instruction (Division instruction).
interrupt (Refer to “7751 Series Software Manual.” )
BRK instruction Occurs when the BRK instruction is executed.
interrupt (Refer to “7751 Series Software Manual.” )

Watchdog timer
interrupt

Occurs when the most significant bit of the watchdog timer becomes “0.”
(Refer to “Chapter 9. WATCHDOG TIMER.” )

Timer Ai interrupt

Differs according to the timer Ai's operating modes.

(i=0to 4) (Refer to “Chapter 5. TIMER A." )
Timer Bi interrupt |Differs according to the timer Bi’'s operating modes.
(i=0to 2) (Refer to “Chapter 6. TIMER B.” )

UARTI receive
interrupt (i = 0, 1)

Occurs at serial data reception. (Refer to “Chapter 7. SERIAL 1/0.” )

UARTI transmit
interrupt (i = 0, 1)

Occurs at serial data transmission. (Refer to “Chapter 7. SERIAL 1/0.” )

A-D conversion
interrupt

Occurs when A-D conversion is completed. (Refer to “Chapter 8. A-D CONVERTER.” )
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4.3 Interrupt control

4.3 Interrupt control
The enabling and disabling of maskable interrupts are controlled by the following :

Interrupt request bit

eInterrupt priority level select bits
*Processor interrupt priority level (IPL)
Interrupt disable flag ()

The interrupt disable flag (I) and the processor interrupt priority level (IPL) are assigned to the processor
status register (PS). The interrupt request bit and the interrupt priority level select bits are assigned to the
interrupt control register of each interrupt.

Figure 4.3.1 shows the memory assignment of the interrupt control registers, and Figure 4.3.2 shows their
structure.

e Maskable interrupt: An interrupt of which request’s acceptance can be disabled by software.

e Non-maskable interrupt (including Zero division, BRK instruction, Watchdog timer interrupts):
An interrupt which is certain to be accepted when its request occurs. These interrupts do not have their
interrupt control registers and are independent of the interrupt disable flag (l).

Address

7016 A-D conversion interrupt control register
7116 UARTO transmit interrupt control register
7216 UARTO receive interrupt control register
7316 UARTL1 transmit interrupt control register
7416 UART1 receive interrupt control register
7516 Timer AO interrupt control register

7616 Timer Al interrupt control register

7716 Timer A2 interrupt control register

7816 Timer A3 interrupt control register

7916 Timer A4 interrupt control register

7A16 Timer BO interrupt control register

7B16 Timer B1 interrupt control register

7C16 Timer B2 interrupt control register

7D16 INTo interrupt control register

7E16 INTz interrupt control register

7F16 INT2 interrupt control register

Fig. 4.3.1 Memory assignment of interrupt control registers
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4.3 Interrupt control

b7 b6 b5 b4 b3

...............

b2 bl b0
A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers AO to A4, timers BO to B2
interrupt control registers (Addresses 7016 to 7Cus)
P Bit Bit name Functions Atreset| RW
H . :_ _____ A i b2 bl bo
b 0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
- 001:Levell Low level
. 010:Level2
R S 1 011:Level3 0 RW
. 100:Level 4
. 101:Level5
! 110:Level6
"""""" 2 111:Level7 High level 0 RW
............. 3 Interrupt request bit 0 : No interrupt request 0 RW
1 : Interrupt request
------------- 7 to 4 | Nothing is assigned. Undefined| —
b2 bl b0
| | | INTo to INT2 interrupt control registers (Addresses 7D1es to 7F16)
E : : Bit Bit name Functions Atreset | RW
Pl Lo Interrupt priority level select bits | b2b1b0 .
Lo 0 | Interrupt priority [evel SEIeCt BILS | 5 5 0+ Level 0 (Interrupt disabled) 0 | RW
- 001:Levell Low level
o 010:Level2
L R 1 011:Level3 0 RW
i 100:Level 4
. 101:Level5
! 110:Level6
"""""" 2 111:Level?7 High level 0 RwW
------------- 3 Interrupt request bit (Note) 0 : No interrupt request 0 RW
1 : Interrupt request
............. 4 Polarity select bit 0 : Set the interrupt request bit at 0 RW
“H” level for level sense and at
falling edge for edge sense.
1: Set the interrupt request bit at
“L” level for level sense and at
rising edge for edge sense.
------------- 5 | Level sense/Edge sense select | O:Edge sense 0 RW
bit 1: Level sense
------------- 7, 6 | Nothing is assigned. Undefined| —

Note: The INTo to INT2 interrupt request bits are invalid when selecting the level sense.

Fig. 4.3.2 Structure of interrupt control register
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4.3 Interrupt control

4.3.1 Interrupt disable flag ()

All maskable interrupts can be disabled by this flag. When this flag is set to “1,” all maskable interrupts
are disabled; when the flag is cleared to “0,” those interrupts are enabled. Because this flag is set to “1”
at reset, clear the flag to “0” when enabling interrupts.

4.3.2 Interrupt request bit

When an interrupt request occurs, this bit is set to “1.” The bit remains set to “1” until the interrupt request
is accepted, and it is cleared to “0” when the interrupt request is accepted.

This bit also can be set to “0” or “1” by software.

For the INT: interrupt request bit (i = 0 to 2), when using the INT: interrupt with level sense, the bit is
ignored.

4.3.3 Interrupt priority level select bits and processor interrupt priority level (IPL)

The interrupt priority level select bits are used to determine the priority level of each interrupt. Use the SEB
or CLB instruction to set these bits.

When an interrupt request occurs, its interrupt priority level is compared with the processor interrupt priority
level (IPL). The requested interrupt is enabled only when the comparison result meets the following condition.
Accordingly, an interrupt can be disabled by setting its interrupt priority level to 0.

Each interrupt priority level > Processor interrupt priority level (IPL)

Table 4.3.1 lists the setting of interrupt priority level, and Table 4.3.2 lists the interrupt enabled level
corresponding to IPL contents.

All the interrupt disable flag (I), interrupt request bit, interrupt priority level select bits, and processor
interrupt priority level (IPL) are independent of one another; they do not affect one another. Interrupt
requests are accepted only when the following conditions are satisfied.

Interrupt disable flag (I) = “0”
eInterrupt request bit = “1”
Interrupt priority level > Processor interrupt priority level (IPL)
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4.3 Interrupt control

Table 4.3.1 Setting of interrupt priority level

Interrupt priority level select bits Interrupt priority level Priority

b2 bl b0

0 0 0 Level O (Interrupt disabled) —

0 0 1 Level 1 Low
0 1 0 Level 2

0 1 1 Level 3

1 0 0 Level 4

1 0 1 Level 5

1 1 0 Level 6

1 1 1 Level 7 High

Table 4.3.2 Interrupt enabled level corresponding to IPL contents

IPL2 IPL1 IPLo Enabled interrupt priority level

0 0 0 Enable level 1 and above interrupts.

0 0 1 Enable level 2 and above interrupts.

0 1 0 Enable level 3 and above interrupts.

0 1 1 Enable level 4 and above interrupts.

1 0 0 Enable level 5 and above interrupts.

1 0 1 Enable level 6 and level 7 interrupts.

1 1 0 Enable only level 7 interrupt.

1 1 1 Disable all maskable interrupts.

IPLo: Bit 8 in processor status register (PS)
IPL:: Bit 9 in processor status register (PS)
IPL2: Bit 10 in processor status register (PS)
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4.4 Interrupt priority level

4.4 Interrupt priority level

When two or more interrupt requests are detected at the same sampling timing, at which whether an
interrupt request exists or not is checked, in the case of the interrupt disable flag (I) = “0” (interrupts
enabled); they are accepted in order of priority levels, with the highest priority interrupt request accepted
first.

Among a total of 19 interrupt sources, the user can set the desired priority levels for 16 interrupt sources
except software interrupts (zero division and BRK instruction interrupts) and the watchdog timer interrupt.
Use the interrupt priority level select bits to set their priority levels. Additionally, the reset, which is handled
as one that has the highest priority of all interrupts, and the watchdog timer interrupt have their priority levels
set by hardware. Figure 4.4.1 shows the interrupt priority levels set by hardware.

Note that software interrupts are not affected by interrupt priority levels. Whenever the instruction is executed,
a branch is certain to be made to the interrupt routine.

16 interrupt sources except software interrupts

. : |
Priority levels determined by hardware and watchdog timer interrupt

Reset > WatChdog > | > 000000000000 00%000 > |
timer |

I

I

L e S QY — — — — — —
The user can set the desired priority levels inside of the dotted line.
€ >
High Priority level Low

Fig. 4.4.1 Interrupt priority levels set by hardware
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4.5 Interrupt priority level detection circuit

4.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit selects the interrupt having the highest priority level when more
than one interrupt request occurs at the same sampling timing. Figure 4.5.1 shows the interrupt priority level

detection circuit.

Level O (initial value)
Interrupt priority level

I A-D conversion

I UART1 transmit

I UART1 receive

I UARTO transmit

I UARTO receive

I Timer B2
I Timer B1
I Timer BO

The highest priority level interrupt¢

Interrupt O _)7
disable flag (1)

Interrupt priority level

I

Timer A4 I |

|

I

I

- |

Timer A3 I |

I

|

I

Timer A2 I :

I

I

|

Timer Al I :

|

I

I

Timer AO I |

I

I

|

I

INT2 | |

|

I

I

|

INT2 | |

I

I

I

— I

INTo | |

I

_________ _|
IPL |

Processor interrupt priority level

Watchdog timer interrupt

| >
Reset J

Accepting of interrupt request

Fig. 4.5.1 Interrupt priority level detection circuit
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4.5 Interrupt priority level detection circuit

The following explains the operation of the interrupt priority detection circuit using Figure 4.5.2.

The interrupt priority level of a requested interrupt (Y in Figure 4.5.2) is compared with the resultant priority
level sent from the preceding comparator (X in Figure 4.5.2); whichever interrupt of the higher priority level
is sent to the next comparator (Z in Figure 4.5.2). (Initial comparison value is “0.”) For interrupts for which
no interrupt request occurs, the priority level sent from the preceding comparator is forwarded to the next
comparator. When the two priority levels are found the same by comparison, the priority level sent from the
preceding comparator is forwarded to the next comparator. Accordingly, when the same priority level is set
by software, the interrupt requests are subject to the following relation about priority:

A-D conversion > UART1 transmit > UART1 receive > UARTO transmit > UARTO receive > Timer B2

> Timer B1 > Timer BO > Timer A4 > Timer A3 > Timer A2 > Timer A1 > Timer AO > INT2 > INT1 > INTo

Among the multiple interrupt requests sampled at the same time, one that has the highest priority level is
detectedd by the above comparison.

Then this highest interrupt priority level is compared with the processor interrupt priority level (IPL). When
this interrupt priority level is higher than the processor interrupt priority level (IPL) and the interrupt disable
flag (1) is “0,” the interrupt request is accepted. A interrupt request which is not accepted here is retained
until it is accepted or its interrupt request bit is cleared to “0” by software.

The interrupt priority is detected when the CPU fetches an op code, which is called the CPU’s op-code fetch
cycle. However, when an op-code fetch cycle is generated during detection of an interrupt priority, new
detection of that does not start. (Refer to Figure 4.6.1.) Since the state of the interrupt request bit and
interrupt priority levels are latched during detection of interrupt priority, even if the bit state and priority
levels change, the detection is performed on the previous state before it has changed.

Interrupt source Y

Comparator | X : Resultant priority level sent from the preceding
(Priority level comparator (Highest priority at this point)
comparison) | Y : Priority level of interrupt source Y

Z : Highest priority at this point

eWhen X = YthenZ=X
eWhenX < YthenZ=Y

Fig. 4.5.2 Interrupt priority level detection model
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4.6 Interrupt priority level detection time

4.6 Interrupt priority level detection time

After sampling had started, an interrupt priority level detection time has elapses before an interrupt request
is accepted. The interrupt priority level detection time can be selected by software. Figure 4.6.1 shows the
interrupt priority level detection time.

As the interrupt priority level detection time, normally select “2 cycles of internal clock ¢

(1) Interrupt priority detection time select bits

b7 b6 b5 b4 b3 b2 bl bO

0 Processor mode register 0 (Address 5E16
T
! L — L. Processor mode bits

|

—————— Fix to “0.”
Software reset bit

——————————— Interrupt priority detection time select bits

00 |7cyclesof ¢ [(a) shown below]
01 |4cycles of & [(b) shown below]

10 [2cycles of & [(c) shown below]
11 | Not selected
——————————————— Fix to “0.”

- s Clock 91 output select bit

(2) Interrupt priority level detection time

Op code fetch cycle [ ] [ ]
Sampling pulse [] =2 (Note)
E) 7cycles | [
ety | )4 yces | |
ﬁ:) 2cycles [ ] [ 1

Note: Pulse exists when “2 cycles of @” is selected.

Fig. 4.6.1 Interrupt priority level detection time
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

The sequence from the acceptance of interrupt request to the execution of the interrupt routine is described
below.

When an interrupt request is accepted, the interrupt request bit which corresponds to the accepted interrupt
is cleared to “0,” and then the interrupt processing starts from the next cycle of completion of the instruction
which is being executed at accepting the interrupt request. Figure 4.7.1 shows the sequence from acceptance
of interrupt request to execution of interrupt routine.

After execution of an instruction at accepting the interrupt request is completed, an INTACK (Interrupt
Acknowledge) sequence is executed, and a branch is made to the start address of the interrupt routine
allocated in addresses 0is t0 FFFFis.

The INTACK sequence is automatically performed in the following order.

O The contents of the program bank register (PG) just before performing the INTACK sequence are stored

to stack.

O The contents of the program counter (PC) just before performing the INTACK sequence are stored to
stack.

O The contents of the processor status register (PS) just before performing the INTACK sequence is stored
to stack.

O The interrupt disable flag (1) is set to “1.”

O The interrupt priority level of the accepted interrupt is set into the processor interrupt priority level (IPL).

O The contents of the program bank register (PG) are cleared to “001s,” and the contents of the interrupt
vector address are set into the program counter (PC).

Performing the INTACK sequence requires at least 15 cycles of internal clock @. Figure 4.7.2 shows the
INTACK sequence timing.

Execution is started beginning with an instruction at the start address of the interrupt routine after completing
the INTACK sequence.
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

Interrupt request is accepted.
Interrupt request occurs%}

@

/ 4} <@>1 -~ e Tme,

Instruction | Instruction INTACK sequence Instructions in interrupt routine
1 2

/ 0| o 0 . /

Interrupt response time

level

»| @ : Duration for detecting interrupt priority

O Time from the occurrence of an interrupt request until the completion of executing an instruction

which is being executed at the occurrence.

O Time from the instruction next to 0 (Note) until the completion of executing an instruction which is

being done at the end of priority detection
Note : At this time, interrupt priority detection starts.
O Time required to execute the INTACK sequence (15 cycles of @ at minimum)

Fig. 4.7.1 Sequence from acceptance of interrupt request to execution of interrupt routine

e When 2¢ access in low-speed running and stack pointer(S)’s content is even

o PP EL L R L

RS N I I B D ] [ H

Ar(cru) Undefined >< 00 >< 00 >< 00 >< 00 >< 00 >< 00 >< 00 >< 00

00

|
AwmALCPU) Undefined >< 0000 ><0000>< 0000>< [S] >< [S]-2 >< [S]-4 >< [S]—4>< FFXX16 ><

ADwm. ADL

DATAw(cPu) Undefined >«< IPL >< — >< — >< — >< PCH >< PSH >< — >« ADwm ><Nextinstruction

DATALcPu) Undefined mv?fg%?,?gﬁfsx — >< — >< PG >< PCL >< PSL >< — >« ADL

><Next instruction

£ L] N s e

[

INTACK sequence

[S] : Contents of stack pointer (S)
FFXXis : Vector address

Fig. 4.7.2 INTACK sequence timing (at minimum)
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the processor interrupt priority level (IPL) is replaced with the
interrupt priority level of the accepted interrupt. This results in easy control of multiple interrupts. (Refer
to section “4.9 Multiple interrupts.” )

When at reset or the watchdog timer or the software interrupt is accepted, the value shown in Table 4.7.1
is set in the IPL.

Table 4.7.1 Change in IPL at interrupt request acceptance

Interrupt source Change in IPL
Reset Level 0 (“0002") is set.
Watchdog timer Level 7 (“1112") is set.
Zero division No change
BRK instruction No change
Other interrupts Interrupt priority level of the accepted interrupt request is set.
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4.7 Sequence from acceptance of interrupt request to execution of interrupt routine

4.7.2 Storing registers

The register storing operation performed during INTACK sequence depends on whether the contents of the
stack pointer (S) at accepting interrupt request are even or odd.

When the contents of the stack pointer (S) are even, the contents of the program counter (PC) and the
processor status register (PS) are stored as a 16-bit unit simultaneously at each other. When the contents
of the stack pointer (S) are odd, they are stored with twice by an 8-bit unit for each. Figure 4.7.3 shows
the register storing operation.

In the INTACK sequence, only the contents of the program bank register (PG), program counter (PC), and
processor status register (PS) are stored to the stack area. The other necessary registers must be stored
by software at the beginning of the interrupt routine.

Using the PSH instruction can store all CPU registers except the stack pointer (S).

(1) Content of stack pointer (S) is even

Address //\/

[S] - 5 (odd)

Storing order

[S] -4 (even) Low-order byte of processor status register (PSt) ] ]
[J Stores 16 bits at a time.
[S] — 3 (odd) | High-order byte of processor status register (PSH)

[S] — 2 (even) Low-order byte of program counter (PCt) _ .
[J Stores 16 bits at a time.
[S] -1 (odd) High-order byte of program counter (PCh)
[S] (even) Program bank register (PG) -« [

/\_/

(2) Content of stack pointer (S) is odd

Address //\/

Storing is completed with 3 times.

[S] — 5 (even) Storing order
[S] — 4 (odd) Low-order byte of processor status register (PSt) - []\
[S] — 3 (even) | High-order byte of processor status register (PSk) - []
[S] - 2 (odd) Low-order byte of program courter (PC.) - [ > Stores by each 8 bits.
[S] -1 (even) High-order byte of program counter (PC) - []
[S] (odd) Program bank register (PG) - ] )

|

O [S]is an initial value that the stack pointer (S) indicates at accepting an interrupt
request. The S’s contents become [S] — 5 after storing the above registers.

Storing is completed with 5 times.

Fig. 4.7.3 Register storing operation
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4.8 Return from interrupt routine 4.9 Multiple interrupts

4.8 Return from interrupt routine

When the RTI instruction is executed at the end of the interrupt routine, the contents of the program bank
register (PG), program counter (PC), and processor status register (PS) immediately before performing the
INTACK sequence, which were saved to the stack area, are automatically restored, and control returns to
the routine executed before the acceptance of interrupt request and processing is resumed from it left off.
For any register that is saved by software in the interrupt routine, restore it with the same data length and
same register length as it was saved by using the PUL instruction and others before executing the RTI
instruction.

4.9 Multiple interrupts

When a branch is made to the interrupt routine, the microcomputer becomes the following situation:

Interrupt disable flag (I) = “1” (interrupts disabled)
Interrupt request bit of the accepted interrupt = “0”
*Processor interrupt priority level (IPL) = interrupt priority level of the accepted interrupt

Accordingly, as long as the IPL remains unchanged, the microcomputer can accept the interrupt request that
has higher priority than the interrupt request being executed now by clearing the interrupt disable flag (1)
to “0” in the interrupt routine. This is multiple interrupts.

Figure 4.9.1 shows the multiple interrupt mechanism.

The interrupt requests that have not been accepted owing to their low priority levels are retained. When the
RTI instruction is executed, the interrupt priority level of the routine that the microcomputer was executing
before accepting the interrupt request is restored to the IPL. Therefore, one of the interrupt requests being
retained is accepted when the following condition is satisfied at next detection of interrupt priority level:

Interrupt priority level of interrupt request being retained > Processor interrupt priority level (IPL)
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4.9 Multiple interrupts

Request Nesting —»

Main routine

Time Reset ™

Interrupt 1

0

Interrupt priority level=3

Interrupt 2 5

Multiple interrupt

1

Interrupt priority level=5

Interrupt 3 N

1

Interrupt priority level=2

!

This request cannot be accepted
because its priority level is lower
than interrupt 1's.

<—— The instruction of main routine is not
executed then.

| : Interrupt disable flag
IPL : processor interrupt priority level
[=] : They are set automatically.
[ : Set by software.

Fig. 4.9.1 Multiple interrupt mechanism
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4.10 External interrupts (INT i interrupt)

4.10 External interrupts (INT i interrupt)

An external interrupt request occurs by input signals to the INT: (i = 0 to 2) pin. The occurrence factor of
interrupt request can be selected by the level sense/edge sense select bit and the polarity select bit (bits
5 and 4 at addresses 7Dis to 7F1s) shown in Figure 4.10.1. Table 4.10.1 lists the occurrence factor of INT;
interrupt request.

When using P62/INTo to P64/INT2 pins as input pins of external interrupts, set the corresponding bits at
address 106 (port P6 direction register) to “0.” (Refer to Figure 4.10.2.)

The signals input to the INT: pin require “H” or “L” level width of 250 ns or more independent of the f(X).
Additionally, even when using the pins P62/INTo to P64/INTz as the input pins of external interrupt, the user
can obtain the pin’s state by reading bits 2 to 4 at address Eis (port P6 register).

Note: When selecting an input signal’s falling or “L” level as the occurrence factor of an interrupt request,
make sure that the input signal is held “L” for 250 ns or more. When selecting an input signal’s rising
or “H” level as that, make sure that the input signal is held “H” for 250 ns or more.

Table 4.10.1 Occurrence factor of INT i interrupt request
b5 b4 INT: interrupt request occurrence factor
0 0 Interrupt request occurs at falling of the signal input to the INT: pin (edge sense).
0 1 Interrupt request occurs at rising of the signal input to the INT: pin (edge sense).
1 0 Interrupt request occurs while the INT: pin level is “H” (level sense).
1 1 Interrupt request occurs while the INTi pin level is “L” (level sense).

The INT; interrupt request occurs by always detecting the INT: pin’s state. Accordingly, when the user does
not use the INT: interrupt, set the INT: interrupt’s priority level to level 0.
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4.10 External interrupts (INT i interrupt)

b7 b6 b5 b4 b3 b2 bl bo
| | | INTo to INT2 interrupt control registers (Addresses 7Dis to 7F16)

Bit Bit name Functions Atreset| RW

------ Interrupt priority level select bits | b2b100 _
0 nierrupt priority levet select bits 000 : Level O (Interrupt disabled) 0 RW

001:Levell Low level

010:Level2

R S — 1 011:Level3 0 RW

! 100:Level 4

! 101:Level5
! 110:Level6

1 mmmmemmmees 2 111:Level7 High level 0 RW

: No interrupt request 0 RW
. Interrupt request

R S 3 | Interrupt request bit (Note)

[l ]

------------------ 4 Polarity select bit 0 : Set the interrupt request bit at 0 RW
“H” level for level sense and at
falling edge for edge sense.

1: Set the interrupt request bit at
“L” level for level sense and at
rising edge for edge sense.

: Edge sense 0 RW
: Level sense

e e 5 | Level sense/Edge sense select bit

= O

---------------------------- 7,6 | Nothing is assigned. Undefined | —

Note: The INTo to INT2 interrupt request bits are invalid when selecting the level sense.

Fig. 4.10.1 Structure of INT i (i=0 to 2) interrupt control register
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4.10 External interrupts (INT i interrupt)

b7

b6 b5 b4 b3 b2 bl bo

Port P6 direction register (Address 1016)

Bit Corresponding pin Functions Atreset| RW
""" 0 TA4our pin 0 : Input mode 0 RW
1: Output mode
e 1 TA4n pin 0 RW
] When using pins as external interrupt
e 2 INTo pin input pins,set the corresponding bits RwW
_ to “0.”
---- 3 INT1 pin 0 RW
m--- 4 INT2 pin 0 RW
——-- ® TBO pin 0 RW
----- 6 TB1i pin 0 RW
----- 7 TB2 pin 0 RW

: Bits 0, 1 and bits 5 to 7 are not used for external interrupts.

Fig. 4.10.2 Relationship between port P6 direction register and input pins of external interrupt

4-22

7751 Group User’'s Manual




INTERRUPTS

4.10 External interrupts (INT i interrupt)

4.10.1 Function of INT i interrupt request bit

(1) Selecting edge sense mode
The interrupt request bit has the same function as that of internal interrupts. That is, when an
interrupt request occurs, the interrupt request bit is set to “1.” The bit remains set to “1” until the
interrupt request is accepted; it is cleared to “0” when the interrupt request is accepted. By software,
this bit also can be set to “0” in order to clear the interrupt request or “1” in order to generate the
interrupt request.

(2) Selecting level sense mode
The INT: interrupt request bit becomes ignored.
In this case, the interrupt request occurs continuously while the level of the INTi pin is valid level™.
When the INT: pin level changes from the valid level to the invalid level®™ before the INT interrupt
request is accepted, this interrupt request is not retained. (Refer to Figure 4.10.4.)

Valid level ': This means the level which is selected by the polarity select bit (bit 4 at addresses 7D1s
to 7Fus).
Invalid level "2; This means the reversed level of a valid level.

Data bus

Level sense/Edge sense
i “0” _select bit
INTi pin O Edge detection

9= Interrupt request bit
circuit
o » Interrupt request
o

wpn

Fig. 4.10.3 Circuit of INT i Interrupt
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4.10 External interrupts (INT i interrupt)

When the INTi pin’s level changes to an
invalid level before an interrupt request is
Interrunt request is accented accepted, the interrupt request is not
ptreq pted. retained.
Y Return to main routine.
Valid O O \
INTi pin level |_|
Invalid O
————— >« -
Main routine Main routine
First interrupt routine Second interrupt Third interrupt
routine routine

Fig. 4.10.4 Occurrence of INT interrupt request in level sense mode
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4.10 External interrupts (INT i interrupt)

4.10.2 Switch of occurrence factor of INT i interrupt request

To switch the occurrence factor of INT: interrupt request from the level sense to the edge sense, set the
INT: interrupt control register in the sequence shown in Figure 4.10.5 (1). To change the polarity, set the
INT: interrupt control register in the sequence shown in Figure 4.10.5 (2).

(1) Switching from level sense to edge sense (2) Changing polarity

'

Set the interrupt priority level to level 0 Set the interrupt priority level to level 0
( Disable INTi interrupt ) ( Disable INTi interrupt )

Clear level sense/edge sense select bit to “0” C Set polarity select bit )
( Select edge sense ) :

( Clear interrupt request bit to “0” )

( Clear interrupt request bit to “0”

Set the interrupt priority level to level 1-7
(Enable acceptance of INTi interrupt request)

Set the interrupt priority level to level 1-7
(Enable acceptance of INTi interrupt request)

'

Note: Follow the above procedure each. Do not perform 2 or more setting at the same
time, with 1 instruction.

Fig. 4.10.5 Switching flow of occurrence factor of INT i interrupt request
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4.11 Precautions when using interrupts

4.11 Precautions when using interrupts

To change the interrupt priority level select bits (bits 0 to 2 at addresses 701 to 7F16), 2 to 7 cycles of ¢
are required after executing an write-instruction until completion of the interrupt priority level’s change.
Accordingly, it is necessary to reserve enough time by software when changing the interrupt priority level
of which interrupt source is the same within a very short execution time consisting of a few instructions.
Figure 4.11.1 shows a program example to reserve time required for changing interrupt priority level. The
time for change depends on the interrupt priority detection timer select bits (bits 4 and 5 at address 5Eus).
Table 4.11.1 lists the relation between the number of instructions to be inserted with program example of
Figure 4.11.1 and the interrupt priority detection time select bits.

LDM.B #0XH, 007XH ; Write to interrupt priority level select bits
NOP ; Insert NOP instruction (Note)

NOP ;

NOP ;

LDM.B #0XH, 007XH ; Write to interrupt priority level select bits

Note: All instructions (other than instructions for writing to address 7X16) which have the
same cycles as NOP instruction can also be inserted. Confirm the number of
instructions to be inserted by Table 4.11.1.

Fig. 4.11.1 Program example to reserve time required for changing interrupt priority level

Table 4.11.1 Relation between number of instructions to be inserted with program example of Figure
4.11.1 and interrupt priority detection time select bits

Interrupt priority detection time select bits (Note) Interrupt priority level Number of inserted
b5 b4 detection time instructions
0 0 7 cycles of ¢ NOP instruction 4 or more
0 1 4 cycles of ¢ NOP instruction 2 or more
1 0 2 cycles of ¢ NOP instruction 1 or more
1 1 Do not select.

Note: We recommend [b5 = “1”, b4 = “0"].
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TIMER A

5.1 Overview

Timer A is used primarily for output to externals. It consists of five counters, timers A0 to A4, each equipped
with a 16-bit reload function. Timers A0 to A4 operate independently of one another.

5.1 Overview

Timer Ai (i = 0 to 4) has four operating modes listed below. Except for the event counter mode, Timers AO
to A4 all have the same functions.

e Timer mode
The timer counts an internally generated count source. Following functions can be used in this mode:
*Gate function
*Pulse output function

e Event counter mode
The timer counts an external signal. Following functions can be used in this mode:
*Pulse output function
*Two-phase pulse signal processing function (Timers A2, A3, and A4)

e One-shot pulse mode
The timer outputs a pulse which has an arbitrary width once.

e Pulse width modulation (PWM) mode
Timer outputs pulses which have an arbitrary width in succession. The timer functions as which pulse
width modulator as follows:
*16-bit pulse width modulator
«8-bit pulse width modulator
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5.2 Block description

5.2 Block description

Figure 5.2.1 shows the block diagram of Timer A. Explanation of relevant registers to Timer A is described
below.

Count source Data bus (odd)
select bits
foffa S0 1R
fieffaa o '\ Data bus (even)
fealf128 — o
f512/f 1024 o (Low-order 8 bits) (High-order 8 bits)

Timer mode | Timer Ai reload register (16) |47

One-shot pulse mode

PWM mode

Dmo v~ N/ Timer A

Gate function i i '—‘ imerrup
(¢ ) Timer Ai counter (16) '—D request bit

. Polarity Event counter mode
TAin O switching

—— Trigger

Up-count/down-count

switching

(Always down-count except
for event counter mode)

Count start bit

Down-count T
0
Up-down bit o) \—

-

Pulse output
function select bit
TAiour O d

Toggle
F.F.

Fig. 5.2.1 Block diagram of Timer A
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5.2 Block description

5.2.1 Counter and reload register (timer Ai register)

Each of timer Ai counter and reload register consists of 16 bits.

The counter down-counts each time the count source is input. In the event counter mode, it can also
function as an up-counter.

The reload register is used to store the initial value of the counter. When the counter underflows or
overflows, the reload register’s contents are reloaded into the counter.

Values are set to the counter and reload register by writing a value to the timer Ai register. Table 5.2.1
lists the memory assignment of the timer Ai register.

The value written into the timer Ai register when counting is not in progress is set to the counter and reload
register. The value written into the timer Ai register when counting is in progress is set to only the reload
register. In this case, the reload register’s updated contents are transferred to the counter at the next
reload time. The value got when reading out the timer Ai register varies according to the operating mode.
Table 5.2.2 lists reading and writing from and to the timer Ai register.

Table 5.2.1 Memory assignment of timer Ai register

Timer Ai register High-order byte Low-order byte
Timer AO register | Address 4716 Address 4616
Timer Al register | Address 491 Address 4815
Timer A2 register | Address 4Bas Address 4Ass
Timer A3 register | Address 4Dis Address 4Cis
Timer A4 register | Address 4Fis Address 4Eis

Note: When reset, the contents of the timer Ai
register are undefined.

Table 5.2.2 Reading and writing from and to timer Ai register

Operating mode Read Write
Timer mode Counter value is read out. <During counting> _
Event counter mode (Note 1) Written to only re_load register.
. _ <When not counting>
One-shot pulse mode Undefined value is read out. Written to both counter and
Pulse width modulation (PWM) mode reload register.
Notes 1: Also refer to “[Precautions when operating in timer mode]” and “[Precautions when oper-

ating in event counter mode].”
2: When reading and writing to/from the timer Ai register, perform them in a unit of 16 bits.
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5.2 Block description

5.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds to each timer. Figure
5.2.2 shows the structure of the count start register.

b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | Count start register (Address 401s)

Bit Bit name Functions Atreset | RW
Lo---- 0 Timer AO count start bit 0 : Stop counting 0 RW
R R S SR 1: Start counting

Rt 1 Timer AL count start bit 0 RW
i : : : : R 2 Timer A2 count start bit 0 RW
i E E E SRR 3 Timer A3 count start bit 0 RW
i : : P PP 4 Timer A4 count start bit 0 RW
i E R 5 Timer BO count start bit 0 RW
i R CEEEERRRRERRRRRRRE 6 Timer B1 count start bit 0 RW
R REELEELEELEEELEELER 7 Timer B2 count start bit 0 RW

E] : Bits 7 to 5 are not used for Timer A.

Fig. 5.2.2 Structure of count start register
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5.2 Block description

5.2.3 Timer Ai mode register

Figure 5.2.3 shows the structure of the timer Ai mode register. Operating mode select bits are used to
select the operating mode of timer Ai. Bits 2 to 7 have different functions according to the operating mode.
These bits are described in the paragraph of each operating mode.

| | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5Az16)

Bit Bit name Functions Atreset| RW

[ 0 Operating mode select bits b1bo 0 RW
0 0 : Timer mode

. 0 1 : Event counter mode
U 1 1 0 : One-shot pulse mode 0 RW
11 : Pulse width modulation (PWM) mode

e 2 These bits have different functions according to the operating mode. 0 RW

o mmmmeeee e m 3 0 RW
e —— 4 0 RW
RRREELEEEEEEEREEE 5 0 RW
] 6 0 | rRw

e e 7 0 RW

Fig. 5.2.3 Structure of timer Ai mode register
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5.2 Block description

5.2.4 Timer Ai interrupt control register
Figure 5.2.4 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai interrupt control registers (i = 0 to 4) (Addresses 7516 to 7916)

Bit Bit name Functions Atreset [ RW
A R e Interrupt priority level select bits | b2b1b0 .

- 0 ptprionty 000 : Level 0 (Interrupt disabled) 0 RW
A 001:Levell Low level

R T R 010:Level 2

I et 1 011:Level3 0 RW
A 100: Level 4

L 101:Level5

A 110:Level 6

e 2 111:Level 7 High level 0 RW
E ol e 3 | Interrupt request bit 0 : No interrupt request 0 RW
o 1 : Interrupt request

R e E e LChEr 7 to 4 | Nothing is assigned. Undefined | —

Fig. 5.2.4 Structure of timer Ai interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Ai interrupt’'s priority level. When using timer Ai interrupts, select priority
levels 1 to 7. When a timer Ai interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL), so that the requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To
disable timer Ai interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when the timer Ai interrupt request occurs. This bit is automatically cleared to
“0” when the timer Ai interrupt request is accepted. This bit can be set to “1” or “0” by software.
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5.2 Block description

5.2.5 Port P5 and port P6 direction registers

The 1/O pins of Timers AO to A3 are shared with port P5, and the I/O pins of Timer A4 are shared with
port P6. When using these pins as Timer Ai’'s input pins, set the corresponding bits of the port P5 and port
P6 direction registers to “0” to set these ports for the input mode. When used as Timer Ai’s output pins,
these pins are forcibly set to output pins of Timer Ai regardless of the direction registers’s contents. Figure
5.2.5 shows the relationship between the port P5 and port P6 direction registers and the Timer Ai’'s I/O
pins.

b6

b5 b4 b3 b2 bl bO

| | | | | | | |Port P5 direction register (Address Das)

PRpSp R ——

b6

b5 b4 b3 b2 bl bO

PRpSpR——

Bit Corresponding pin name Functions Atreset| RW
0 TAOout pin 0: Input mode 0 RW
1: Output mode
1 | TAON pin 0 RW
When using these pins as
2 TAlout pin Timer Ai's input pins, set the 0 RW
corresponding bits to “0.”
3 TALN pin 0 RW
4 TA2out pin 0 RW
5 TA2IN pin 0 RW
6 TA3out pin 0 RW
7 TA3IN pin 0 RW
| | | | | | | | Port P6 direction register (Address 1016)
Bit Corresponding pin name Functions Atreset| RW
0 TA4ourt pin 0: Input mode 0 RW
- 1: Output mode
1 TA4IN pin 0 RW
When using these pins as
2 INTo pin Timer Ai's input pins, set the 0 RW
corresponding bits to “0.”
3 | INT1 pin 0 RwW
4 | INT2 pin o [ RW
5 | TBOm pin 0 RwW
6 TB1N pin 0 RW
7 | TB2iN pin 0 RW

E] : Bits 7 to 2 are not used for Timer A.

Fig. 5.2.5 Relationship between port P5 and port P6 direction registers and Timer Ai’s 1/O pins
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5.3 Timer mode

5.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to Table 5.3.1.) Figure 5.3.1
shows the structures of the timer Ai mode register and timer Ai register in the timer mode.

Table 5.3.1 Specifications of timer mode

Item

Specifications

Count source

folfa, fi16/f32, fea/f128, or f512/f1024

Count operation

* Down-count
* When the counter underflows, reload register’'s contents are reloaded
and counting continues.

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TAIIN pin function

Programmable 1/O port or gate input

TAiouT pin function

Programmable 1/O port or pulse output

Read from timer Ai register

Counter value can be read out.

Write to timer Ai register

e While counting is stopped
When a value is written to timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to timer Ai register, it is written to only
reload register. (Transferred to counter at next reload timing.)
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Timer mode

b7 b6 b5 b4 b3 b2 bl bO

| | | 0 | | | | 0 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
A A Bit Bit name Functions Atreset | RW
i : i i i i i E. - i I b1 b0
S 0 Operating mode select bits 00 : Timer mode 0 RW
I 1 0o | RW
A 2 Pulse output function select bit | 0 : No pulse output 0 RW
- (TAiour pin functions as a programmable
A 1/0 port.)
oo 1: Pulse output
T R (TAiout pin functions as a pulse output
A pin.)
T T SO 3 Gate function select bits b4 b3 0 RW
A 00:) No gate function
o 01:) (TAiw pin functions as a prog-
O rammable 1/O port.)
oo 10 : Gate function
e 4 (Qqumer counts o_nl}‘/ \{}/h|le TAIN 0 RW
S pin’s input signal is “L” level.)
. 11 : Gate function
o (Counter counts only while TAin
: : : pin’s input signal is “H” level.)
b tTmmmmmmmmmmmmemneees 5 | Fix this bit to “0” in the timer mode. 0 RW
T RROEEEECEEEECEE 6 Count source select bits 7 6
: 00 : fo/fa 0 | RW
E 01: fiel/f2
--------------------------- 7 10: fea/f12s 0 RW
11: fs12/fi024
(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7 b0 b7 b0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bz1s, 4A16)
Timer A3 register (Addresses 4Di6, 4C16)
' Timer A4 register (Addresses 4F1e, 4E16)
; Bit Functions Atreset | RW
C e 15 to O [ These bits can be set to “000016” to “FFFF16.” |Undefined | RW

Assuming

that the set value = n, the counter

divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

Fig. 5.3.1 Structures of timer Ai mode register and timer Ai register in timer mode
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5.3 Timer mode

5.3.1 Setting for timer mode

Figures 5.3.2 and 5.3.3 show an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “Chapter 4.
INTERRUPTS.”

/ Selecting timer mode and each function \
b7 bo
| | [o] | | [o]o] TimerAimode register (i = 0 to 4) (Addresses 5616 to 5Aus)

Selection of timer mode

Pulse output function select bit
0: No pulse output.
1: Pulses output.

Gate function select bits
b4 b3

8 (1) } No gate function

1 0: Gate function (Counter counts only while TAin pin’s input signal is “L” level.)
1 1: Gate function (Counter counts only while TAi pin’s input signal is “H” level.)

Count source select bits
b7 b6

0 0: foffa

0 1: f1e/f32

1 0: feaff12s

1 1: fs12/f1024

/ Setting divide ragjo Timer AO register (Addresses 4716, 4616)
(bb175) (Eg) b7 po Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B16, 4A16)

| | Timer A3 register (Addresses 4D1s, 4C16)
Timer A4 register (Addresses 4F16, 4Ez16)

\— Can be set to “000016” to “FFFF16” (n).

= /

Note : Counter divides the count source frequency by n + 1.

Continue to Figure 5.3.3 on next page.

Fig. 5.3.2 Initial setting example for registers relevant to timer mode (1)
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5.3 Timer mode

From preceding Figure 5.3.2 .

b7

-

Setting interrupt priority level

:

Timer Ai interrupt control register (i =0 to 4)

(Addresses 7516 to 7916)

Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0. /

Setting port P5 and port P6 direction registers

b7 b0
| | | | | | | | | Port P5 direction register (Address Dis)
TAOIN pin
TALIN pin
TA2IN pin
TA3IN pin
b7 b0

\—TA4|N pin

| | | | | | | | |PortP6direction register (Address 1016)

When gate function is selected, set the bit corresponding to the TAi pin to “0.”

~

b7

Setting count start bit to “1.”

b0

| | | | | | | | |Countstart register (Address 4016)

LTimer AO count start bit
Timer Al count start bit
Timer A2 count start bit
Timer A3 count start bit
Timer A4 count start bit

Count starts

~

Fig. 5.3.3 Initial setting example for registers relevant to timer mode (2)
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5.3 Timer mode

5.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select the count
source. Table 5.3.2 lists the count source frequency.

Table 5.3.2 Count source frequency

f(Xin) = 25 MHz f(Xin) = 40 MHz
Count source -
select bits Clock source for peripheral Clock source for peripheral Clock source for peripheral
devices select hit = “0” devices select bit = “1" devices select hit = “0”
b7 b6 Count source | Frequency | Count source | Frequency Count source| Freguency
0 0 fa 6.25 MHz f2 12.5 MHz fa 10 MHz
0 1 fa2 781.25 kHz fie 1.5625 MHz fa2 1.25 MHz
1 0 f12e 195.3125 kHz fea 390.625 kHz fi28 312.5 kHz
1 1 f1024 24.4141 kHz fs12 48.8281 kHz f1024 39.0625 kHz

Clock source for peripheral devices select bit : bit 2 at address 5Fis
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5.3 Timer mode

5.3.3 Operation in timer mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When the counter underflows, the reload register’s contents are reloaded and counting continues.

O The timer Ai interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit remains set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0”
by software.

Figure 5.3.4 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting. Stops counting

Restarts counting. .
N :

'
'
-
'
'
'
]
'
1
'
'
'
'
'
i
'
'
'
'
'
'
]
'
'
'
'
'
'

I

'
n TTaTTTTTo
'

Counter contents (Hex.)

000016

: Time

'
'
'
'
'
'
'

Set to “1” by software. Cleared to “0” by software. " Set to “1” by software.

L

i
AN

wqn

I
t start bit
Count start bi w0

N\

Timer Ai interrupt  “1” |—| ’—|
request bit g~

fi = frequency of count source ? f

(foffa, f16/fs2, foalfizs, fs12/fr024) Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 5.3.4 Example of operation in timer mode (without pulse output and gate functions)
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5.3 Timer mode

5.3.4 Select function
The following describes the selective gate and pulse output functions.

(1) Gate function
The gate function is selected by setting the gate function select bits (bits 4 and 3 at addresses 5615
to 5A16) to “102” or “112.” The gate function makes it possible to start or stop counting depending on
the TAin pin’s input signal. Table 5.3.3 lists the count valid levels.
Figure 5.3.5 shows an example of operation selecting the gate function.
When selecting the gate function, set the port P5 and port P6 direction registers’ bits which correspond
to the TAiw pin for the input mode. Additionally, make sure that the TAin pin’s input signal has a pulse
width equal to or more than two cycles of the count source.

Table 5.3.3 Count valid levels

Gate function select bits Count valid level (Duration when counter counts)
b4 b3
1 0 While TAIIN pin’s input signal is “L” level
1 1 While TAIIN pin’s input signal is “H” level

Note: The counter does not count while the TAin pin’s input signal is not at the count valid level.
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5.3 Timer mode

FFFF16

Counter contents (Hex.)

000016

Count valid
TAiN pin’'s level
input signal  nyaiig level

Timer Ai interrupt “1”
request bit “Q”

level.

counter value is retained.

n = Reload register's contents
0 Starts counting.

--, , [ Stops counting.

L
Count start bit w0

Set to “1" by software.

o

Time

L
[

0 The counter counts when the count start bit = “1” and the TAin pin’s input signal is at the count valid

O The counter stops counting while the TAin pin’s input signal is not at the count valid level, and the

A

Cleared to “0” when
interrupt request is
accepted or cleared
by software.

Fig. 5.3.5 Example of operation selecting gate function
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5.3 Timer mode

(2) Pulse output function
The pulse output function is selected by setting the pulse output function select b
5616 to 5A16) to “1.” When this function is selected, the TAiour pin is forcibly set

it (bit 2 at addresses
for the pulse output

pin regardless of the corresponding bits of the port P5 and port P6 direction registers. The TAiour pin

outputs pulses of which polarity is inverted each time the counter underflows.

When the count start bit (address 401s6) is “0” (count stopped), the TAiour pin outputs “L” level. Figure

5.3.6 shows an example of operation selecting the pulse output function.

n = Reload register’s contents

FFFFi6
Starts counting. Starts counting.
¥ >
" _—Ll """""""" —l_l """""""" —I_l """"""""" L,

counter contents (Hex.)

p Restarts —I_|_‘
counting.
A

Lol sl

| Set to “1” by software.

74 ! 5 VTS

Cleared to “0” by software. : © Set to “1” by software.

. Time

Count start bit “1”

Pulse output from “H” ' I |
TAiout pin «_» ! I

Timer Ai interrupt  «q»
request bit “g |—|

I

\ # /

Cleared to “0” when interrupt request is accepted or cleared by software.

Fig. 5.3.6 Example of operation selecting pulse output function
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5.3 Timer mode

[Precautions when operating in timer mode]

By reading the timer Ai register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Ai register is read at the reload timing shown in Figure 5.3.7, the value
“FFFFi6" is read out. When reading the timer Ai register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value is read out correctly.

Reload

4

Counter value
(Hex.) 2 1 0 n (n-1

Read value
(Hex) 2 | 1| o |FFFF[n-1

n = Reload register’s contents

Fig. 5.3.7 Reading timer Ai register
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5.4 Event counter mode

5.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to Tables 5.4.1 and 5.4.2.) Figure 5.4.1 shows the
structures of the timer Ai mode register and timer Ai register in the event counter mode.

Table 5.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing
function)

Item Specifications
Count source e External signal input to the TAIIN pin
e The count source’s valid edge can be selected between the falling
and the rising edges by software.
Count operation e Up-count or down-count can be switched by external signal or software.
e When the counter overflows or underflows, reload register’s contents
are reloaded and counting continues.

Count start condition When count start bit is set to “1.”

Count stop condition When count start bit is cleared to “0.”

Interrupt request occurrence timing When the counter overflows or underflows.

TAin pin function Count source input

TAiour pin function Programmable 1/0O port, pulse output, or up-count/down-count switch
signal input

Read from timer Ai register Counter value can be read out.

Write to timer Ai register e While counting is stopped

When a value is written to timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to timer Ai register, it is written to only reload
register. (Transferred to counter at next reload time.)
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Table 5.4.2 Specifications of event counter mode (when using two-phase pulse signal processing
function with timers A2, A3, and A4)

Item

Specifications

Count source

External signal (two-phase pulse) input to the TAjIN or TAjouT pin (j =
2 to 4)

Count operation

e Up-count or down-count can be switched by external signal (two-
phase pulse).

e When the counter overflows or underflows, reload register’'s contents
are reloaded and counting is continued.

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter overflows or underflows.

TAjin, TAjour (j = 2 to 4) pin function

Two-phase pulse input

Read from timer Aj register

Counter value can be read out.

Write to timer Aj register

e While counting is stopped
When a value is written to timer A2, A3, or A4 register, it is written
to both reload register and counter.

e While counting is in progress
When a value is written to timer A2, A3, or A4 register, it is written
to only reload register. (Transferred to counter at next reload time.)
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b7 b6 b5 b4 b3 b2 bl bo

|D |D | 0 | | | | ol 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
Bit Bit name Functions Atreset| RW
' E R T Operating mode select bits b1 b0
oo e - 0 P g 0 1 : Event counter mode 0 RW
s 1 0 RW
E E E E E b 2 Pulse output function select bit | 0 : No pulse output (TAiout pin 0 RW
oY functions as a programmable 1/O
ol port.)
oY 1 : Pulse output (TAiout pin functions
b as a pulse output pin.)
' ' : .. 3 | Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
Vo 1 : Counts at rising edge of external signal
: E L CEEEEEEEE 4 Up-down switching factor select | 0 : Contents of up-down register 0 RW
o bit 1 : Input signal to TAiout pin
E E R GLLECETTTEEEE 5 Fix this bit to “0” in event counter mode. 0 RW
E R R EEEE LR 6 | These bits are ignored in event counter mode. 0 RwW
E R EEEEE L L PR 7 0 RW

O : It may be either “0” or “1.”
(%175) “g?)) b7 po  Timer AQO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4C1s)
Timer A4 register (Addresses 4Fis, 4E16)

Bit Functions Atreset | RW

----------------------- 15 to O] These bits can be set to “000016” to “FFFF16.”| Undefined] RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1
when down-counting, or by FFFFis —n + 1
when up-counting.

When reading, the register indicates the
counter value.

Fig. 5.4.1 Structures of timer Ai mode register and timer Ai register in event counter mode
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5.4.1 Setting for event counter mode
Figures 5.4.2 and 5.4.3 show an initial setting example for registers relevant to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

\

/Selecting event counter mode and each function \
b7 b0
| 0 I 0 | 0 I | I | ol1 | Timer Ai mode register (i = 0 to 4)

(Addresses 5616 to 5A16)

u Selection of event counter mode
— Pulse output function select bit
0: No pulse output
1: Pulse output

Count polarity select bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.

Up-down switching factor select bit
0: Contents of up-down register
1: Input signal to TAiout pin
[0 : It may be either “0” or “1.”

- /

-

Setting up—down register

b7 b0
| | | | | | | | | Up—down register (Address 44 16)
Timer AO up—down bit Set the corresponding up—down bit when the contents of
— Timer Al up—down bit the up—down register are selected as the up—down
Timer A2 up—down bit switching factor.
Timer A3 up—down bit 0: Down-count
1: Up—count

Timer A4 up—down bit

Timer A2 two—phase pulse signal processing select bit
Timer A3 two—phase pulse signal processing select bit

Timer A4 two—phase pulse signal processing select bit

Set the corresponding bit to “1” when the two—phase pulse
signal processing function is selected for timers A2 to A4.

0: Two—phase pulse signal processing
function disabled

1: Two—phase pulse signal processing
function enabled

Setting divide ratio i ]
(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7

b0 b7 b0 Timer Al register (Addresses 4916, 4816)
| Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4Dis, 4C16)

Timer A4 register (Addresses 4Fis, 4E16)

\— Can be set to “000016” to “FFFF16” (n).

0 The counter divides the count source frequency by n + 1
when down-counting, or by FFFF 16 — n + 1 when up-
counting.

Continue to Figure 5.4.3 on next page.

Fig. 5.4.2 Initial setting example for registers relevant to event counter mode (1)
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From preceding Figure 5.4.2 .

/Setting interrupt priority level \
b7 b0

Timer Ai interrupt control register (i = 0 to 4)
_:IE (Addresses 7515 to 7910
Interrupt priority level select bits

When using interrupts, set these bits
to level 1-7.

When disabling interrupts, set these
bits to level 0.

- /

Setting port P5 and port P6 direction registers
b7 b0
| | | | | | | | | Port P5 direction register (Address Dis)

L TAOOUT pin

— TAOIN pin
TAlout pin
——TAlinpin
—————TA2out pin
— _TA2npin

TA3ouT pin
TA3IN pin

b7 b0
| | | | I | | I |Port P6 direction register (Address 1016)

L TA4ouT pin
L—— TA4N pin

Clear the bit corresponding to the TAiN pin to “0.”

When selecting the TAiour pin’s input signal as up-down switching factor, set the
bit corresponding to the TAi out pin to “0.”

When selecting the two—phase pulse signal processing function, set the bit
corresponding to the TAjour (j = 2 to 4) pin to “0.”

/

Setting the count start bit to “1”
b7 b0

| | | | | | | | Count start register
(Address 4016)

Timer AO count start bit

— Timer Al count start bit

—— Timer A2 count start bit

—— Timer A3 count start bit

\ t———————— Timer A4 count start bit /

Count starts

Fig. 5.4.3 Initial setting example for registers relevant to event counter mode (2)
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5.4.2 Operation in event counter mode
0 When the count start bit is set to “1,” the counter starts counting of the count source.
O The counter counts the count source’s valid edges.

O When the counter underflows or overflows, the reload register’'s contents are reloaded and counting

continues.

O The timer Ai interrupt request bit is set to “1” when the counter underflows or overflows in O.

The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request

bit is cleared to “0” by software.

Figure 5.4.4 shows an example of operation in the event counter mode.

000016

n = Reload register’s contents
[ ST ittt ittt ittt

Starts counting.

Counter contents (Hex.)
=}

Count start bit “1”

Up-down bit “1”

Set to “1” by software.

i

Time

i

Setto “1” by software.

Timer Ai interrupt “1”
request bit «g»

[

\ ?

/4

Cleared to “0” when interrupt request is accepted or cleared by software.

Note: The above applies when the up-down bit's contents are selected as the up-down switching factor (i.e., up-down
switching factor select bit = “0").

Fig. 5.4.4 Example of operation in event counter mode (without pulse output function and two-phase
pulse signal processing function)
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(1) Switching between up-count and down-count
The up-down register (address 4416) or the input signal from the TAiour pin is used to switch the up-
count from and to the down-count. This switching is performed by the up-down bit when the up-down
switching factor select bit (bit 4 at addresses 561s to 5A16) is “0,” and by the input signal from the
TAiout pin when the up-down switching factor select bit is “1.”
When switching the up-count/down-count, this switching is actually performed when the count source’s

next valid edge is input.

e Switching by up-down bit

The counter down-counts when the up-down bit is “0,” and up-counts when the up-down bit is “1.”
Figure 5.4.5 shows the structure of the up-down register.

e Switching by TAi our pin’s input signal
The counter down-counts when the TAiour pin’s input signal is at “L” level, and up-counts when the
TAiour pin’s input signal is at “H” level.
When using the TAiour pin input signal to switch the up-count/down-count, set the port P5 and P6
direction registers’ bits which correspond to the TAiour pin for the input mode.

| | | | Up-down register (Address 4416)

Bit Bit name Functions Atreset| RW
. 0 Timer AO up-down bit 0 : Down-count 0 RW
o 1 : Up-count
R 1 | Timer Al up-down bit 0 RW
T This function is valid when the
R T T T T 2 Timer A2 up-down bit contents of the up-down register are 0 RW
oo selected as the up-down switching
HE LT T 3 Timer A3 up-down bit factor. 0 RW
E E E b e e 4 | Timer A4 up-down bit 0 RW
T EGEEEEE L EELLEEE 5 | Timer A2 two-phase pulse signal | 0 : Disabled Two-phase pulse signal | ¢ WO
[ processing select bit (Note) processing function )
N 1 : Enabled Two-phase pulse signal
Y Y | 6 | Timer A3 two-phase pulse signal| ~ Processing function 0 WO
! processing select bit (Note) .
.. V' 4 When not using the two-phase pulse

7 Timer A4 two-phase pulse signal zl?rgatlopggfiﬁs'gg Igngnon make 0 \WYe]

processing select bit (Note) The value is “0 at reading.

Note: Use the LDM or STA instruction when writing to bits 5to 7.

Fig. 5.4.5 Structure of up-down register

7751 Group User's Manual
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5.4.3 Select functions
The following describes the selective pulse output, and two-phase pulse signal processing functions.

(1) Pulse output function

The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 to 5A16) to “1.” When this function is selected, the TAiour pin is forcibly set for the pulse output
pin regardless of the corresponding bits of the port P5 and port P6 direction registers. The TAiour pin
outputs pulses of which polarity is inverted each time the counter underflows or overflows. (Refer to
Figure 5.3.6.)

When the count start bit (address 4016) is “0” (count stopped), the TAiour pin outputs “L” level.
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(2) Two-phase pulse signal processing function (Timers A2 to A4)
For timers A2 to A4, the two-phase pulse signal processing function is selected by setting the two-
phase pulse signhal processing select bits (bits 5 to 7 at address 4416) to “1.” (Refer to Figure 5.4.5.)
Figure 5.4.6 shows the timer A2, A3, and A4 mode registers when the two-phase pulse signal
processing function is selected.
With timers selecting the two-phase pulse signal processing function, the timer counts two kinds of
pulses of which phases differ by 90 degrees. There are two types of the two-phase pulse signal
processing: normal processing and quadruple processing. In timers A2 and A3, normal processing
is performed; in timer A4, quadruple processing is performed.
For some bits of the port P5 and P6 direction registers correspond to pins used for two-phase pulse
input, set these bits for the input mode.

b7 b6 b5 b4 b3 b2 bl bo

(o] oo tfofofo]1]

Timer A2 mode register (Address 5816)
Timer A3 mode register (Address 5916)
Timer A4 mode register (Address 5Az16)

[ : It may be either “0” or “1.”

Fig. 5.4.6 Timer A2, A3, and A4 mode registers when two-phase pulse signal processing function is
selected

e Normal processing
The timer up-counts the rising edges to the TAkn pin when the phase has the relationship that the
TAkn pin’s input signal level goes from “L” to “H” while the TAkour (k = 2 and 3) pin’s input signal
is “H” level.
The timer down-counts the falling edges to the TAkin pin when the phase has the relationship that
the TAki pin’s input signal level goes from “H” to “L” while the TAkour pin’s input signal is “H” level.
(Refer to Figure 5.4.7.)

“H"
TAkour J L

“L”
“H”

TAKIN :I\ L

(k=2,3) ‘L |
Up- Up- Up- Down- Down- Down-
count count gount count count count
+1 +1 +1 1 1 1

Fig. 5.4.7 Normal processing
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e Quadruple processing
The timer up-counts all rising and falling edges to the TA4our and TA4w pins when the phase has
the relationship that the TA4n pin’s input signal level goes from “L” to “H” while the TA4our pin’s
input signal is “H” level.
The timer down-counts all rising and falling edges to the TA4our and TA4in pins when the phase
has the relationship that the TA4w pin’s input signal level goes from “H” to “L” while the TA4our
pin’s input signal is “H” level. (Refer to Figure 5.4.8.)
Table 5.4.3 lists the input signals to the TAdour and TA4w pins when the quadruple processing is
selected.

g ,
TA4out LJ L

~— N~
éUp-dount all edges Downj—counjt all édges'
+1 41 41 +1 +1 BEPN, A R R |
“H"
TAdN
L N~ | — : :
' Up-count all edges Down-count all edges
+1 +1 +1 41 +1 T R R |

Fig. 5.4.8 Quadruple processing

Table 5.4.3 TAdour and TA4w pins’ input signals when
quadruple operation is selected

Input signal to TA4out pin |Input signal to TA4IN pin
Up-count “H” level Rising
“L” level Falling
Rising “L" level
Falling “H” level
Down-count “H” level Falling
“L" level Rising
Rising “H” level
Falling “L" level
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[Precautions when operating in event counter mode]

1. By reading the timer Ai register, the counter value can be read out at any timing while counting is in
progress. However, when the timer Ai register is read at the reload timing shown in Figure 5.4.9, a value
“FFFF16” (at the underflow) or “00001” (at the overflow) is read out. When reading the timer Ai register
after setting a value to the register while counting is not in progress and before the counter starts
counting, the set value is read out correctly.

(1) For down-count (2) For up-count
Reload Reload

Counter value Counter value

(Hex.) 2 1 0 n (n-1 (Hex) |FFFD|FFFE[FFFF[ n |n+1
Read value I | I I I I Read value

(Hex,) 2 | 1| 0 |FFFF[n-1 (Hex) |FFFD|FFFE|FFFF|0000(n + 1

1 .
Time Time
n = Reload register's contents n = Reload register’s contents

Fig. 5.4.9 Reading timer Ai register

2. The TAiout pin is used for all functions listed below. Accordingly, only one of these functions can be
selected for each timer.
*Switching between up-count and down-count by TAiour pin’s input signal
*Pulse output function
*Two-phase pulse signal processing function for timers A2 to A4
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5.5 One-shot pulse mode

In this mode, the timer outputs a pulse which has an arbitrary width once. (Refer to Table 5.5.1.) When a
trigger occurs, the timer outputs “H” level from the TAiour pin for an arbitrary time. Figure 5.5.1 shows the
structures of the timer Ai mode register and timer Ai register in the one-shot pulse mode.

Table 5.5.1 Specifications of one-shot pulse mode

Item

Specifications

Count source

falf4, f16/f32, fea/f128, or fs12/f1024

Count operation

e Down-count

e When the counter value becomes “000016,” reload register’s con-
tents are reloaded and counting stops.

e If a trigger occurs during counting, reload register's contents are
reloaded then and counting continues.

Count start condition

When a trigger occurs. (Note)
Internal or external trigger can be selected by software.

Count stop condition

When the counter value becomes “000016™
When count start bit is cleared to “0”

Interrupt request occurrence timing

When counting stops.

TAIIN pin function

Programmable 1/O port or trigger input

TAIouT pin function

One-shot pulse output

Read from timer Ai register

An undefined value is read out.

Write to timer Ai register

e While counting is stopped
When a value is written to timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to timer Ai register, it is written to only
reload register. (Transferred to counter at next reload time.)

Note: The trigger is generated with the count start bit = “1.”
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b7 b6 b5 b4 b3 b2 bl bo

mmable I/O port.)
bommmmmmmmmmm e 4 1 0: Falling edge of TAin pin’s input signal 0 RW
11 : Rising edge of TAin pin’s input signal

------------------- 5 Fix this bit to “0” in one-shot pulse mode. 0 RW

| | | 0| | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

A Bit Bit name Functions Atreset| RW
; Pl : : + ~--1 0 | Operating mode select bits T b One-shot pulse mode 0 RW
A L o | RW
: ; ; bbb 2 | Fix this bit to “1” in one-shot pulse mode. 0 RW
R : . b4 b3

v T 3 | Trigger select bits 0 0 :] Writing “1” to one-shot start bit 0 RW
o 0 1 :/(TAin pin functions as a progra-

b7 b6

! 00 : f2/fa 0 RW
! 01 : fie/f32

L e mmmmmmmmmmean- 7 10 fea/f128 0
11 : fs12/f1024

L 6 Count source select bits

RW

(b15) (b8) Timer AO register (Addresses 4716, 4616)
b7 b0 b7 0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4D1s, 4C1s)
Timer A4 register (Addresses 4F1s6, 4E16)

Bit Functions Atreset | RW

---------------------- 15 to 0| These bits can be set to “000016” to “FFFF1e.” | Undefined] WO
Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAiour pin is expressed as follows : n/ fi.

fi. Frequency of count source (f2/fs, fie/fs2, fealf12s, or fs12/foz4)

Fig. 5.5.1 Structures of timer Ai mode register and timer Ai register in one-shot pulse mode
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5.5.1 Setting for one-shot pulse mode
Figures 5.5.2 and 5.5.3 show an initial setting example for registers relevant to the one-shot pulse mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

Y

Selecting one-shot pulse mode and each function

b7 b0
| | | 0 | | | 1 | 1 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Selection of one-shot pulse mode

Trigger select bits
b4 b3

8 2 E}Writing “1” to one-shot start bit: Internal trigger

10 : Falling of TAin pin’s input signal: External trigger
11 : Rising of TAi pin’s input signal: External trigger

Count source select bits
b7 b6

00 : fo/fa

01 : fie/f32

10 : fea/fr28
11:fs12/f1024

Setting “H” level width of one-shot pulse Y .
(b15) 9 8) P Timer AO register (Addresses 4716, 4616)
b7

b0 b7 po  Timer Al register (Addresses 4916, 4816)
| Timer A2 register (Addresses 4Bis, 4A1s)

Timer A3 register (Addresses 4Dz1s, 4C1s)

Timer A4 register (Addresses 4Fis, 4E16)

Can be set to “00001¢” to “FFFF16” (n).

Note. “H” level width = -1

fi: Frequency of count source

However, if n = “000016", the counter does not
operate and the TAiouT pin outputs “L” level. At this
time, no timer Ai interrupt request occurs.

Setting interrupt priority level
b7 b0 . . .
Timer Ai interrupt control register (i = 0 to 4)
_:IEl (Addresses 7516 to 7916)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

Continue to Figure 5.5.3 .

Fig. 5.5.2 Initial setting example for registers relevant to one-shot pulse mode (1)
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From preceding Figure 5.5.2 .

When external trigger
is selected

-

Setting port P5 and port P6 direction registers

\
b7 b0

| | | | | | | | |PortP5directi0n register
(Address D1i6)

L

TAOIN pin
TALIN pin
TA2IN pin
TA3IN pin

|b7 | | | | | | | bol Port P6 direction register
(Address 1016) \
TA4IN pin
\ Set the corresponding bit to “0.” /

-~

Setting count start bit to “1”
b7 b0

| | | | | | | | |Countstart register (Address 4016)

B

~

Timer AO count start bit

Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

\ ——Timer A4 count start bit /

Trigger input to TAiN pin

When internal trigger
is selected

Setting count start bit to “1”
b7 b0

[TTTTTTT]
_

Count start register (Address 4016)

Timer AO count start bit
Timer Al count start bit
Timer A2 count start bit

Timer A3 count start bit

Timer A4 count start bit j

~

/Setting one-shot start bit to “1”

b7 b0

One-shot start register (Address
4216)

Timer AO one-shot start bit
Timer Al one-shot start bit
Timer A2 one-shot start bit
Timer A3 one-shot start bit
Timer A4 one-shot start bit

~

Trigger generated

starts

Count

S EsEEEEEEEEEEEEEEEEEEREEERDN

Fig. 5.5.3 Initial

setting example for registers relevant to one-shot pulse mode (2)
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5.5.2 Count source

In the one-shot pulse mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select
the count source. Table 5.5.2 lists the count source frequency.

Table 5.5.2 Count source frequency

f(Xiw) = 25 MHz f(Xin) = 40 MHz
Count source -
select bits Clock source for peripheral Clock source for peripheral Clock source for peripheral
devices select bit = “0” devices select bit = “1" devices select hit = “0”
b7 b6 Count source | Frequency | Count source | Frequency Count source| Frequency
0 0 fa 6.25 MHz f 12.5 MHz fa 10 MHz
0 1 fa2 781.25 kHz fie 1.5625 MHz fa2 1.25 MHz
1 0 f1o8 195.3125 kHz fea 390.625 kHz f1o8 312.5 kHz
1 1 f1024 24.4141 kHz fs12 48.8281 kHz f1024 39.0625 kHz

Clock source for peripheral devices select bit : bit 2 at address 5Fis
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5.5.3 Trigger

The counter is enabled for counting when the count start bit (address 401¢) is set to “1.” The counter starts
counting when a trigger is generated after it has been enabled. An internal or an external trigger can be
selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5A16) are “002"
or “012"; an external trigger is selected when the bits are “102" or “11..”

If a trigger is generated during counting, the reload register’'s contents are reloaded and the counter
continues counting. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previous generated trigger and
a new generated trigger.

(1) When selecting internal trigger
A trigger is generated when writing “1” to the one-shot start bit (address 42i6). Figure 5.5.4 shows
the structure of the one-shot start register.

(2) When selecting external trigger
A trigger is generated at the falling of the TAin pin’s input signal when bit 3 at addresses 5616 to 5A16
is “0,” or at its rising when bit 3 is “1.”
When using an external trigger, set the port P5 and P6 direction registers’ bits which correspond to
the TAin pins for the input mode.

b7 b6 b5 b4 b3 b2 bl b0
One-shot start register (Address 4216)

I Bit Bit name Functions Atreset | RW
o : : : : S 0 Timer A0 one-shot start bit 1 : Start outputting one-shot pulse 0 \Ye}
P (valid when selecting internal

- et 1 Timer A1 one-shot start bit trigger.) 0 \'e}
R GGRREEEEE 2 | Timer A2 one-shot start bit The value is “0” at reading. 0 WO
L L LET e 3 | Timer A3 one-shot start bit 0 WO
N Ry . S 4 | Timer A4 one-shot start bit 0 WYe)
N R S— 9 7 to 5 [Nothing is assigned. Undefined | —

Fig. 5.5.4 Structure of one-shot start register
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5.5.4 Operation in one-shot pulse mode

0O When the one-shot pulse mode is selected with the operating mode select bits, the TAiour pin outputs
“L" level.

O When the count start bit is set to “1,” the counter is enabled for counting. After that, counting starts when
a trigger is generated.

O When the counter starts counting, the TAiour pin outputs “H” level. (However, if the timer Ai register has
a value “000016” set in it, the counter does not operate and the output from the TAiour pin remains “L.”
The timer Ai interrupt request does not occur.)

O When the counter value becomes “00001s,” the output from the TAiour pin becomes “L” level. Additionally,
the reload register’s contents are reloaded and the counter stops counting there.

O Simultaneously at [, the timer Ai interrupt request bit is set to “1.”

This interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

Figure 5.5.5 shows an example of operation in the one-shot pulse mode.

When a trigger is generated after 0 above, the counter and TAiour pin perform the same operations
beginning from O again. Furthermore, if a trigger is generated during counting, the counter down-counts
once after this generated new trigger, and it continues counting with the reload register’s contents reloaded.
If generating a trigger during counting, make sure that a certain time which is equivalent to one cycle of
the timer’s count source or more has passed between the previous generated trigger and a new generated
trigger.

The one-shot pulse output from the TAiour pin can be disabled by clearing the timer Ai mode register’s bit
2 to “0.” Accordingly, timer Ai can be also used as an internal one-shot timer that does not perform the
pulse output. In this case, the TAiour pin functions as a programmable I/O port.
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. Stops counting.

Set to “1” by software.

FFFF16 n = Reload register’s contents Stops

Si Starts counting. , counting. . Starts counting.
ey <+“—r > :
%) n T e I [ E
e |
2 '
S I .., Reloaded A .., Reloaded A
& ! : :
c 1 i | ==
> ! 1 [
o 1
© |

000116 .

Time

o \4
0 Count start bit
“”

TAinN pin “H”
input signal « » 4

O Trigger during counting

1/fi0(n)

170 (n+1)

One-shot pulse “H”
output from « »
TAiour pin

Timer Ai interrupt “1”
request bit «g»

—

fi = Frequency of count source
or cleared by software.

0 When the count start bit = “0” (counting stopped), the TAiout pin outputs “L” level.

(f2lfa, fr6/fa2, fealfizs, Or fs12/f1024) Cleared to “0” when interrupt request is accepted

U When a trigger is generated during counting, the counter counts the count source n + 1 times after a new trigger is generated.

Note: The above applies when an external trigger (rising of TAin pin’s input signal) is selected.

Fig. 5.5.5 Example of operation in one-shot pulse mode (selecting external trigger)
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[Precautions when operating in one-shot pulse mode]

1. If the count start bit is cleared to “0” during counting, the counter stops counting and the TAiour pin’s
output level becomes “L.” At the same time, the timer Ai interrupt request bit is set to “1.”

2. A one-shot pulse is output synchronously with an internally generated count source. Accordingly, when
selecting an external trigger, there will be a delay equivalent to one cycle of count source at maximum
from when a trigger is input to the TAin pin till when a one-shot pulse is output.

Trigger input
TAin pin's “H”
input signal « » *

Count
source

One-shot pulse
output from
TAiour pin

Starts outputting of one-shot pulse

, Output delay :

Note: The above applies when an external trigger (falling of TAin pin’s input signal) is selected.

Fig. 5.5.6 Output delay in one-shot pulse output

3. When setting the timer’s operating mode in one of the followings, the timer Ai interrupt request bit is set
to “1.”
e When the one-shot pulse mode is selected after a reset
e When the operating mode is switched from the timer mode to the one-shot pulse mode
e When the operating mode is switched from the event counter mode to the one-shot pulse mode

Therefore, when using the timer Ai interrupt (interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after above setting.
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5.6 Pulse width modulation (PWM) mode

In this mode, the timer continuously outputs pulses which have an arbitrary width. (Refer to Table 5.6.1.)
Figure 5.6.1 shows the structures of the timer Ai mode register and timer Ai register in the PWM mode.

Table 5.6.1 Specifications of PWM mode

Item

Specifications

Count source

fa/f4, f16/f32, fea/f128, or fs12/f1024

Count operation

e Down-count (operating as an 8-bit or 16-bit pulse width modulator)

e Reload register’s contents are reloaded at rising of PWM pulse and
counting continues.

e A trigger generated during counting does not affect the counting.

Count start condition

e When a trigger is generated.
e Internal or external trigger can be selected by software.

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

At falling of PWM pulse

TAIIN pin function

Programmable 1/O port or trigger input

TAiouT pin function

PWM pulse output

Read from timer Ai register

An undefined value is read out.

Write to timer Ai register

e While counting is stopped
When a value is written to timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to timer Ai register, it is written to only
reload register. (Transferred to counter at next reload time.)
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b7 b6 b5 b4 b3 b2 bl bo

| | | 1 | 1 | 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Bit Bit name Functions Atreset | RW
S A . : ko
E oo E ; 0 Operating mode select bits 11: PWM mode 0 RW
Db e 1 o | rw
i 2 | Fix this bit to “1” in PWM mode. 0 RW
A . _ b4t
A 3 | Trigger select bits 00 : | Writing “1” to count start bit 0 RW
E : E E 01: | (TAin pin functions as a pro-
oo grammable 1/O port.)
LR 4 1 0 : Falling edge of TAin pin's input signal 0 RW
o 11 : Rising edge of TAin pin's input signal
S 5 | 16/8-bit PWM mode select bit |0 : As a 16-bit pulse width modulator 0 RW
P 1: As an 8-bit pulse width modulator
L e Count source select bits b7bs
Pt 6 00: folfa 0 | RW
! 0 1:fie/f32
B LR CEEE L L P L LT 7 10: fealf128 0 RW
11: fs12/f1024
<When operating as a 16-bit pulse width modulator>
(b15) (08) Timer AO register (Addresses 4716, 4616)
b7 b0 b7 b0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
' Timer A3 register (Addresses 4Dzs, 4C1s)
Timer A4 register (Addresses 4Fis, 4E16)
Bit Functions Atreset | RW
SRR 15 to 0| These bits can be set to “000016” to “FFFE16.”| undefined| WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAiour pin is expressed as follows: rf]—
1
fi: Frequency of count source (f2/fa, fie/faz, fea/fizs, Or fs12/f1024)
<When operating as an 8-bit pulse width modulator>
(b15) 0 & bo  Timer AQ register (Addresses 4715, 4615)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
: ' Timer A3 register (Addresses 4Dzs, 4C16)
! ' Timer A4 register (Addresses 4Fis, 4E16)
Bit Functions Atreset | RW
[ 7 to 0 | These bits can be set to “0016” to “FF1s.” Undefined| WO
! Assuming that the set value = m, PWM
: pulse’s period output from the TAiour pin is
' expressed as follows; _(M+1)(28-1)
: fi
---------------------------------------- 15 to 8| These bits can be set to “0016” to “FE1s.” Undefined| \WO
Assuming that the set value = n, the “H” level
width of the PWM pulse output from the
TAiour pin is expressed as follows:
n(m+ 1)
fi

fi: Frequency of count source (f2/fs, fie/faz, fea/fizs, Or fs12/f1024)

Fig. 5.6.1 Structures of timer Ai mode registers and timer Ai registers in PWM mode
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5.6.1 Setting for PWM mode

Figures 5.6.2 and 5.6.3 show an initial setting example for registers relevant to the PWM mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

/Selecting PWM mode and each function
b7 b0

L[

—— Trigger select bits
b4 b3
00:
01:

b7 b6
00:
01:
10:
11:

fo/fa
f1e/f32
fea/f128
fs12/f1024

(S

| l | | | | 1 | 1 | 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Selection of PWM mode

}Writing “1” to count start bit: Internal trigger
1 0 : Falling of TAin pin’s input signal : External trigger
11 : Rising of TAim pin’s input signal : External trigger

——————————— 16/8-bit PWM mode select bit
0 : Operates as 16-bit pulse width modulator
1 : Operates as 8-bit pulse width modulator

Count source select bits

%

/ Setting PWM pulse’s period and “H” level width

® When operating as 16-bit pulse width modulator

(b15) (b8)
b7 b0 b7

~

Timer AO register (Addresses 4716, 4616)

po Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Buis, 4A16)
Timer A3 register (Addresses 4Dis, 4C16)

Timer A4 register (Addresses 4F1e, 4Ez16)

® \When operating as 8-bit pulse width modulator
(b15) (b8)
b7 b0 b7

\— Can be set to “000016” to “FFFE16” (n)

Timer AO register (Addresses 47, 4616)
po Timer Al register (Addresses 4916, 4816)

| Timer A2 register (Addresses 4Bus, 4A16)
Timer A3 register (Addresses 4Dis, 4C16)

Timer A4 register (Addresses 4F1e, 4E16)

\— Can be set to “0016” to “FF16” (m)

(S

Can be set to “0016” to “FE16” (n)

%

Note: When operating as 8-bit pulse width modulator
(m+1) (28 -1)
fi
n(m+1)
fi
fi : Frequency of count source
However, if n = “0016”, the pulse width modulator

does not operate and the TAiour pin outputs “L”
level. At this time, no timer Ai request occurs.

Period =

“H” level width =

Continue to

Note: When operating as 16-bit pulse width modulator
(216 -1)

fi

Period =

“H” level width =

fi

fi : Frequency of count source
However, if n = “000016”, the pulse width modulator does
not operate and the TAiour pin outputs “L” level. At this time,
no timer Ai request occurs.

Figure 5.6.3 .

Fig. 5.6.2 Initial setting example for registers relevant to PWM mode (1)
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When external
trigger is selected

From preceding Figure5.6.2.

\_

Setting interrupt priority level

b7

Timer Ai interrupt control register (i = 0 to 4)
_IE (Addresses 7516 o 7915)
Interrupt priority level select bits

~

b0

When using interrupts, set these bits to
level 1 -7.

When disabling interrupts, set these bits to
level 0.

/

/S
b7 b0
|

etting port P5 and port P6 direction registers

TAOIN pin
TALIN pin
TA2IN pin
TA3IN pin

0 Port P6 direction
| | | | | | | | |register(Addre55101s)

TA4N pin

~

Port P5 direction register
(Address Dais)

\\ Clear the corresponding bit to “0.” /

Setting count start bit to “1”
b7 b0

LTimer A0 count start bit
Timer Al count start bit
Timer A2 count start bit

Timer A3 count start bit

\\ ——— Timer A4 count start bit

| | | | | | | | |Countstart register (Address 4016)

~

Trigger input
to TAiN pin

J

= When internal trigger is selected

Setting count start bit to “1”
b7 bo
| | | | | | | | | Count start register (Address 4016)

LTimer A0 count start bit

Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

\ L Timer A4 count start bit

~

AN NN NN RN NN NN NN NN NN NN NN NN NN NN NN NN NEN NN NERRNNENNNEE

Trigger generated
Count starts

Fig. 5.6.3 Initial setting example for registers relevant to PWM mode (2)
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5.6.2 Count source
In the PWM mode, the count source select bits (bits 6 and 7 at addresses 5616 to 5A16) select the count

source. Table 5.6.2 lists the count source frequency.

Table 5.6.2 Count source frequency

Count source .f(XIN) = 25 MHz f(Xin) = 40 MHz

select bits Clock source for peripheral Clock source for peripheral Clock source for peripheral
devices select bit = “0” devices select bit = 1" devices select bit = “0”

b7 b6 Count source | Frequency | Count source | Frequency | Count source| Frequency

0 0 fa 6.25 MHz f2 12.5 MHz fa 10 MHz

0 1 fs2 781.25 kHz fis 1.5625 MHz fa2 1.25 MHz

1 0 fi2s 195.3125 kHz foa 390.625 kHz fi28 312.5 kHz

1 1 f1024 24.4141 kHz fs12 48.8281 kHz fi024 39.0625 kHz

Clock source for peripheral devices select bit : bit 2 at address 5Fis

5.6.3 Trigger

When a trigger is generated, the TAiour_pin starts outputting PWM pulses. An internal or an external trigger
can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5A16) are “002"
or “01."; an external trigger is selected when the bits are “102" or “112.”

A trigger generated during outputting of PWM pulses is ignored and it does not affect the pulse output
operation.

(1) When selecting internal trigger
A trigger is generated when writing “1” to the count start bit (at address 40ss).

(2) When selecting external trigger
A trigger is generated at the falling of the TAin pin’s input signal when bit 3 at addresses 5616 to 5A1s
is “0,” or at its rising when bit 3 is “1.” However, the trigger input is accepted only when the count
start bit is “1.”
When using an external trigger, set the port P5 and P6 direction registers’ bits which correspond to
the TAin pins for the input mode.
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5.6.4 Operation in PWM mode

O When the PWM mode is selected with the operating mode select bits, the TAiour pin outputs “L” level.

O When a trigger is generated, the counter (pulse width modulator) starts counting and the TAiour pin
outputs a PWM pulse (Notes 1 and 2).

O The timer Ai interrupt request bit is set to “1” each time the PWM pulse level goes from “H” to “L.”
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O Each time a PWM pulse has been output for one period, the reload register’s contents are reloaded and
the counter continues counting.

The following explains operation of the pulse width modulator.

[16-bit pulse width modulator]
When the 16/8-bit PWM mode select bit is set to “0,” the counter operates as a 16-bit pulse width
modulator. Figures 5.6.4 and 5.6.5 show operation examples of the 16-bit pulse width modulator.

[8-bit pulse width modulator]
When the 16/8-bit PWM mode select bit is set to “1,” the counter is divided into 8-bit halves. Then, the
high-order 8 bits operate as an 8-bit pulse width modulator, and the low-order 8 bits operate as an 8-bit
prescaler. Figures 5.6.6 and 5.6.7 show operation examples of the 8-bit pulse width modulator.

Notes 1: If a value “000016" is set into the timer Ai register when the counter operates as a 16-bit pulse
width modulator, the pulse width modulator does not operate and the output from the TAiour
pin remains “L" level. The timer Ai interrupt request does not occur. Similarly, if a value “001s”
is set into the high-order 8 bits of the timer Ai register when the counter operates as an 8-
bit pulse width modulator, the same is performed.

2: When the counter operates as an 8-bit pulse width modulator, the TAiour pin outputs “L” level
of the PWM pulse which has the same width as set “H” level of the PWM pulse after a trigger
generated. After that, the PWM pulse output starts from the TAiour pin.
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1/ 0216 - 1)

»'
>
|
|
|

JUUUTUUT

Count source

%1

TAiN pin’s input signal A
"R

A\

Trigger is not generated by this signal

. 1/fi0(n)

PWM pulse output R
from TAiour pin L

Timer Ai interrupt S
request bit
o ______ Y
fi: Frequency of count source \ /

(faffa, f16/fs2, fealfr2s, or fs12/f1024) Cleared to “0” when interrupt request is accepted
or cleared by software.

Note: The above applies when reload register (n) = “000316” and an external trigger (rising of TAiN
pin’s input signal) is selected.

Fig. 5.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

(1/f) 0 (@216 -1) et (1/) 0 (16 -1)

FFFE16f ~i=-"""--"""--""---"---------- ‘I_l
A -

200016} -
(216 -1)—n|-

n__Lﬁ 7 ;Lllij E
000116 :_l : :_l ?

Counter contents (Hex.)

Stops
counting.

TAin pin’s “H”
input signal « » J

PWM pulse

output from H i t
TAiour pin “L” y ) . L:

“FFFE6” is set to timer Ai “000016” is set to timer Ai “200016” is set to timer Ai
register. register. register.

L I
i

fi: Frequency of count source
(folfa, fr6/fs2, fealfizs, Or fs12/f1024)

[0 When an arbitrary value is set to the timer Ai register after setting “000016” to it, the timing at which the PWM pulse goes “H”
depends on the timing at which the new value is set.

Note: The above applies when an external trigger (rising of TAin pin’s input signal) is selected.

Fig. 5.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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1 1/fi0(m+1) O (28 -1)

|

|
[y >
[l bl
| |
I I

0 Count source

TAin pin's “H” !
input signal W |

—>————4— 1/ 0 (m+1)

O 8-bit prescaler's “H’ —
underflow signal . . |_| |_| |_| |_| H |_| —l |_| |-| |-|_

e —

1/fi0(m+1) O (n)
- |

PWM pulse output ‘H

from TAiout pin "E e —_ =2 | L
Timer Ai interrupt E r
request bit 00000000 o _ ______

fi: Frequency of count source

(folfs, foffez, fosffze, OF foralfaons) Cleared to “0” when interrupt request is accepted or cleared by software.

0 The 8-bit prescaler counts the count source.
O The 8-bit pulse width modulator counts the 8-bit prescaler’'s underflow signal.

Note: The above applies when the reload register’s high-order 8 bits (n) = “0216”
and low-order 8 bits (m) = “0216” and an external trigger (falling of TAim pin input
signal) is selected.

Fig. 5.6.6 Operation example of 8-bit pulse width modulator
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[Precautions when operating in PWM mode]

1. If the count start bit is cleared to “0” while outputting PWM pulses, the counter stops counting. When the
TAiout pin was outputting “H” level at that time, the output level becomes “L” and the timer Ai interrupt
request bit is set to “1.” When the TAiour pin was outputting “L” level, the output level does not change
and the timer Ai interrupt request does not occur.

2. When setting the timer’s operating mode in one of the followings, the timer Ai interrupt request bit is set
to “1.”
e When the PWM mode is selected after a reset
e When the operating mode is switched from the timer mode to PWM mode
e When the operating mode is switched from the event counter mode to the PWM mode

Therefore, when using the timer Ai interrupt (interrupt request bit), be sure to clear the timer Ai interrupt
request bit to “0” after the above setting.
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TIMER B

6.1 Overview 6.2 Block description

Timer B consists of three counters (Timers B0 to B2) each equipped with a 16-bit reload function. Timers
BO to B2 have identical functions and operate independently with each other.

6.1 Overview
Timer Bi (i = 0 to 2) has three operating modes listed below.

e Timer mode
The timer counts an internally generated count source.

e Event counter mode
The timer counts an external signal.

e Pulse period/pulse width measurement mode
The timer measures an external signal’s pulse period or pulse width.

6.2 Block description
Figure 6.2.1 shows the block diagram of Timer B. Explanation of registers relevant to Timer B is described
below.

Data bus (odd)

Count source select bits
folffa—© | {}
fieffzga——0° \O Data bus (even)
f 64/f 1208 ——o PN
f512/f 1024 ——— o (Low-order 8 bits) (High-order 8 bits)
Timer mode
. . N2 N~
Pulse period/Pulse width measurement mode | Timer Bi reload register (16)
Event counter J) . .
Polarity switching mode '\/'_ ‘ N2 Tltrwwer Bt|
TBiinO—] and edge pulse 4T70 Timer Bi counter (16) |_<._|:| lr?e eL:;USIi i
generating circuit q
‘ Timer Bi
—1 overflow
‘ flag
[

| Counter reset circuit li

Fig. 6.2.1 Block diagram of Timer B
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6.2 Block description

6.2.1 Counter and reload register (timer Bi register)
Each of timer Bi counter and reload register consists of 16 bits and has the following functions.

(1) Functions in timer mode and event counter mode

The counter down-counts each time count source is input. The reload register is used to store the
initial value of the counter. When the counter underflows, the reload register’'s contents are reloaded
into the counter.

Values are set to the counter and reload register by writing a value to the timer Bi register. Table
6.2.1 lists the memory assignment of the timer Bi register.

The value written into the timer Bi register when the counting is not in progress is set to the counter
and reload register. The value written into the timer Bi register when the counting is in progress is
set to only the reload register. In this case, the reload register’'s updated contents are transferred to
the counter when the counter underflows next time. The counter value is read out by reading out the
timer Bi register.

Note: When reading and writing from/to the timer Bi register, perform them in a unit of 16 bits. For
more information about the value got by reading the timer Bi register, refer to “[Precautions
when operating in timer mode]” and “[Precautions when operating in event counter
mode].”

(2) Functions in pulse period/pulse width measurement mode
The counter up-counts each time count source is input. The reload register is used to retain the pulse
period or pulse width measurement result. When a valid edge is input to the TBiw pin, the counter
value is transferred to the reload register. In this mode, the value got by reading the timer Bi register
is the reload register’s contents, so that the measurement result is obtained.

Note: When reading from the timer Bi register, perform it in a unit of 16 bits.

Table 6.2.1 Memory assignment of timer Bi registers

Timer Bi register | High-order byte | Low-order byte
Timer BO register | Address 5116 Address 5016
Timer B1 register | Address 5316 Address 5216
Timer B2 register | Address 5516 Address 5416

Note: When reset, the contents of the timer Bi reg-
ister are undefined.
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6.2.2 Count start register
This register is used to start and stop counting. Each bit of this register corresponds each timer.

Figure 6.2.2 shows the structure of the count start register.

b7

b4 b3 b2 bl bo

| Count start register (Address 401s)

Bit Bit name Functions Atreset| RW
0 Timer AO count start bit 0 : Stop counting 0 RW
1: Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW

E] : Bits 0 to 4 are not used for Timer B.

Fig. 6.2.2 Structure of count start register
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6.2 Block description

6.2.3 Timer Bi mode register

Figure 6.2.3 shows the structure of the timer Bi mode register. The operating mode select bits are used
to select the operating mode of Timer Bi. Bits 2 and 3 and bits 5 to 7 have different functions according
to the operating mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl b0

| | | . | | | | Timer Bi mode register (i = 0 to 2) (Addresses 5B 16 to 5D1s)
Bit Bit name Functions Atreset | RW
S - : o0
oo 0 Operating mode select bits 00 : Timer mode 0 RW
: . A 0 1 : Event counter mode
A 10 : Pulse period/Pulse width
e 1 measurement mode 0 RW
N 11 : Not selected
E . ' ' ' ememeenee] 2 These bits have different functions according to the operating mode. 0 RW
S T 3 0o | RrRw
P ECEREEREEEEEEEE 4 | Nothing is assigned. Undefined | —
E : R ESECELEELLILERY 5 These bits have different functions according to the operating mode. Undefined ( RO |
[ Note
R 6 0o | Rw
f e eeeeeemeneneas 7 0 RW

Note: Bit 5 is ignored in the timer mode and event counter mode; its value is undefined at reading.

Fig. 6.2.3 Structure of timer Bi mode register
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6.2 Block description

6.2.4 Timer Bi interrupt control register
Figure 6.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

Timer Bi interrupt control register (i = 0 to 2) (Addresses 7A16 to 7Czs6)

Bit Bit name Functions Atreset| RW
------ Interr riority level sel i b2b1b0 .
0 terrupt priority level select bits 00 0: Level O (Interrupt disabled) 0 RW
001:Levell Low level
010:Level 2
--------- 1 011:Level3 0 RW
100:Level4
101:Level5
110:Level6
"""""" 2 111:Level 7 High level 0 | RW
--------------- 3 | Interrupt request bit 0 : No interrupt request 0 RW
1 : Interrupt request
------------------------- 7 to 4 | Nothing is assigned. Undefined | —

Fig. 6.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select a timer Bi interrupt’'s priority level. When using timer Bi interrupts, select priority
levels 1 to 7. When the timer Bi interrupt request occurs, its priority level is compared with the
processor interrupt priority level (IPL), so that the requested interrupt is enabled only when its priority
level is higher than the IPL. (However, this applies when the interrupt disable bit (I) = “0.”) To disable
timer Bi interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when the timer Bi interrupt request occurs. This bit is automatically cleared to
“0” when the timer Bi interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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6.2 Block description

6.2.5 Port P6 direction register

Timer Bi’'s input pins are shared with port P6. When using these pins as Timer Bi’'s input pins, set the
corresponding bits of the port P6 direction register to “0” to set these pins for the input mode. Figure 6.2.5
shows the relationship between port P6 direction register and Timer Bi’'s input pins.

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |PortP6direction register (Address 10 1e)

Bit Corresponding pin hame Functions Atreset| RW
b E P E --{ o | TAdour pin 0: Input mode 0 RW
e - 1: Output mode

A 1 TA4N pin 0 RW
oo i b When using these pins as

 RRRhi 2 INTo pin Timer Bi's input pins, set the 0 RW
oo ' ' corresponding bits to "0."

P R 3 | INTLpin 0 | RW
S REELEEEEEEE 4 | INTzpin 0 RW
T CLEEETELTEEEREPEE, 5 | TBOm pin 0 RW
L i 6 | TB1w pin 0 RW
e 7 TB2iN pin 0 RW

E] : Bits 0 to 4 are not used for Timer B.

Fig. 6.2.5 Relationship between port P6 direction register and Timer Bi's input pins
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6.3 Timer mode

6.3 Timer mode

In this mode, the timer counts an internally generated count source. (Refer to Table 6.3.1.) Figure 6.3.1
shows the structures of the timer Bi mode register and timer Bi register in the timer mode.

Table 6.3.1 Specifications of timer mode

Item

Specifications

Count source

f2/fa, f1e/f32, fea/f128, or f512/f1024

Count operation

*Down-count
*When the counter underflows, reload register’s contents are reloaded
and counting continues.

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TBIiIN pin function

Programmable 1/O port

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written to only
reload register. (Transferred to counter at next reload time.)

6-8
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6.3 Timer mode

b7 b6 b5 b4 b3 b2 bl bO

| | | O O | O | 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bi16 to 5D1s)
R Bit Bit name Functions Atreset| RW
1 1 1 1 1 1 1 1 . . b1l b0
P E : E E ! ---] O Operating mode select bits 00 - Timer mode 0 RW
s 1 0 | RW
Rk 2 These bits are ignored in timer mode. 0 RW
it 3 o |RrRw
E E E b e e 4 | Nothing is assigned. Undefined| —
E E EEEECEEEEE R 5 | This bit is ignored in timer mode. Undefined| —
E '= ---------------------- Count source select bits b7 b6 RW
; 6 00: falfe 0
! 01 : fie/fs2
e LT LR 7 10 : feafr28 0 RW

1 1: fs12/f1024

(b15) (b8)
b7 b0 b7 b0

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

----------------------- 15 to 0| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

Fig. 6.3.1 Structures of timer Bi mode register and timer Bi register in timer mode
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6.3 Timer mode

6.3.1 Setting for timer mode
Figure 6.3.2 shows an initial setting example for registers relevant to the timer mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

(s

electing timer mode and count source

b7 2 Timer Bi mode register (i = 0 to 2
EEE BEDORe AR
]

Selection of timer mode

Count source select bits
b7 b6

00 : f2/fa
01 : fie/f32

10: fealf1zs O: It may be either “0” or “1.”

\ 11:fs12/f1024 /

Setting divide ratio
(b15) (b8)
b7 b0 b7 bo  Timer BO register (Addresses 5116, 5016)
| Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

\— Can be set to “000016" to “FFFF16” (n).

Note: The counter divides the count source by n + 1.

Setting interrupt priority level

b7 b0 - ) )
Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7A16 to 7Cuis6)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

~

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 4016)

-

Timer BO count start bit

Timer B1 count start bit

\ Timer B2 count start bit /

Count starts

Fig. 6.3.2 Initial setting example for registers relevant to timer mode
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6.3 Timer mode

6.3.2 Count source

In the timer mode, the count source select bits (bits 6 and 7 at addresses 5B16 to 5D16) select the count
source. Table 6.3.2 lists the count source frequency.

Table 6.3.2 Count source frequency

Count source .f(XIN) = 25 MHz f(Xin) = 40 MHz
select bits Clock source for peripheral Clock source for peripheral Clock source for peripheral
devices select bit = “0” devices select bit = “1” devices select bit = “0”
b7 b6 Count source | Frequency | Count source | Frequency Count source |  Frequency
0 0 fa 6.25 MHz f2 12.5 MHz fa 10 MHz
0 1 fa2 781.25 kHz fie 1.5625 MHz fa2 1.25 MHz
1 0 f128 195.3125 kHz foa 390.625 kHz f12s 312.5 kHz
1 1 f1024 24.4141 kHz f512 48.8281 kHz f1024 39.0625 kHz

Clock source for peripheral devices select bit : bit 2 at address 5Fis
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6.3 Timer mode

6.3.3 Operation in timer mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When the counter underflows, the reload register’s contents are reloaded and counting continues.

O The timer Bi interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request
bit remains set to “1” until the interrupt request is accepted or the interrupt request bit is cleared to “0”
by software.

Figure 6.3.3 shows an example of operation in the timer mode.

n = Reload register's contents

FFFF16 Starts counting. Stops counting

, 1/1i0 (n+1) ,
« N

Restarts counting.

I
R
I
1
!

N e T

Counter contents (Hex.)

000016

I
I
I
I
1
i
'
I
I
I
I
1
1
I
I
I
I
I

E Time

Set to “1” by software.

v

Cleared to “0” by softw;alre. Set to “1” by software.

N
||

d
4
I
[l
I
I
|
T
I
I
I
1
1
'
I
I
'
I
I
[l
I
'
I
I
'
I
I
I
[l
'
'
I

wqn

Ll
Count start bit ey

Timer Bi interrupt  “1” I—‘—,—| ’—
request bit «g»

fi = frequency of count source ? ?

(foffa, Taaffsz, fou/fizgifsaz/fiong) Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 6.3.3 Example of operation in timer mode
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6.3 Timer mode

[Precautions when operating in timer mode]
By reading the timer Bi register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Bi register is read at the reload timing shown in Figure 6.3.4, the value
“FFFF16” is read out. When reading the timer Bi register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value can be read out correctly.

Reload

Counter(\éaelzg 2 1 0 n ln-1
el | 2| 1 | o |FRRR|n-1

n = Reload register’'s contents Time

Fig. 6.3.4 Reading timer Bi register
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6.4 Event counter mode

6.4 Event counter mode

In this mode, the timer counts an external signal. (Refer to Table 6.4.1.) Figure 6.4.1 shows the structures
of the timer Bi mode register and the timer Bi register in the event counter mode.

Table 6.4.1 Specifications of event counter mode

Item

Specifications

Count source

eExternal signal input to the TBIIN pin
*The count source’s valid edge can be selected from the falling edge, the rising edge,
or both of the falling and rising edges by software.

Count operation

Down-count
*When the counter underflows, reload register’s contents are reloaded
and counting continues.

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When the counter underflows.

TBIiIN pin function

Count source input

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written to only
reload register. (Transferred to counter at next reload time.)

6-14
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6.4 Event counter mode

b7 b6 b5 b4 b3 b2 bl b0

|D |D |D . | | 0| 1 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)
R Bit Bit name Functions Atreset| RW
. Operati de select bit b1 b0
ooy e 0 perating mode select bits 0 1 : Event counter mode 0 RW
el 1 0 RW
E E E E E beeeas 2 Count polarity select bit b3 b2 0 RW
oo 00: Count at falling edge of external signal
H 01: Count at rising edge of external signal
- 10: Counts at both falling and rising edges
- A 3 of external signal 0 RW
o 11: Not selected
R LLEETEEERRRE 4 |Nothing is assigned. Undefined, —
E I R 5 This bit is ignored in event counter mode. Undefined —
E el 6 | These bits are ignored in event counter mode. 0 RW
L e e e e 7 0 RW
(b15) (b8)
b7 b0 b7

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

----------------------- 15 to 0| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

Fig. 6.4.1 Structures of timer Bi mode register and timer Bi register in event counter mode
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6.4 Event counter mode

6.4.1 Setting for event counter mode
Figure 6.4.2 shows an initial setting example for registers relevant to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to section “Chapter 4.

INTERRUPTS.”

Selecting event counter mode and count polarity

~

b7 b0
| 0 | 0 |D . | |0 | 1 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bu16 to 5D16)

Selection of event counter mode

Count polarity select bits

b3 b2

0 0: Counts at falling of external signal.

0 1: Counts at rising of external signal.

1 0: Counts at both of falling and rising of external signal.
1 1:Not selected.

\ O: It may be either “0” or “1.” /

Setting divide ratio

(b15) (b8)
b7 b0 b7 b0 Timer BO register (Addresses 5116, 5016)

| Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

\— Can be set to “000016” to “FFFF16” (n).

Note: The counter divides the count source by n + 1.

Setting interrupt priority level
b7 b0

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7A16 to 7Cus)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

Setting port P6 direction register

b7 b0
| | | | | | | | |Port P6 direction register (Address 1016)

\—TBO\N pin

TB1n pin Clear the corresponding bit to “0.”

TB2n pin

~

Setting count start bit to “1”

b7 b0
| | | | | | | | |Countstartregister(Address401e)

\— Timer BO count start bit _COU nt Starts

Timer B1 count start bit

Timer B2 count start bit

= %

Fig. 6.4.2 Initial setting example for registers relevant to event counter mode
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6.4 Event counter mode

6.4.2 Operation in event counter mode

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter counts the count source’s valid edges.

0 When the counter underflows, the reload register’s contents are reloaded and counting continues.
O The timer Bi interrupt request bit is set to “1” when the counter underflows in O.
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request

bit is cleared to “0” by software.

Figure 6.4.3 shows an example of operation in the event counter mode.

n = Reload register’s contents

FFFF16 Starts counting.

1R

Counter contents (Hex.)

000016

Stops counting.

1
[ R i
I I
I ]
! 1

Restarts counting . |
==

L '

Cleared to “0”

Set to “1” by software. software.

Time

Set to “1” by software.

L
Count start bit w0

Timer Bi interrupt 1
request bit “0”

M

!

a/
L

—

?

Cleared to “0” when interrupt request is accepted or cleared by software.

Fig. 6.4.3 Example of operation in event counter mode
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6.4 Event counter mode

[Precautions when operating in event counter mode]
By reading the timer Bi register, the counter value can be read out at any timing while counting is in
progress. However, if the timer Bi register is read at the reload timing shown in Figure 6.4.4, the value
“FFFF16” is read out. When reading the timer Bi register after setting a value to the register while counting
is not in progress and before the counter starts counting, the set value can be read out correctly.

Reload

Counter(\ﬁa;l:?) 2 1 0 n |[n-1
Read val
eal (Laeig 2 1 0 |FFFF(n-1

n = Reload register's contents Time

Fig. 6.4.4 Reading timer Bi register
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6.5 Pulse period/pulse width measurement mode

6.5 Pulse period/pulse width measurement mode

In these mode, the timer measures an external signal’s pulse period or pulse width. (Refer to Table 6.5.1.)
Figure 6.5.1 shows the structures of the timer Bi mode register and timer Bi register in the pulse period/
pulse width measurement mode.

e Pulse period measurement
The timer measures the pulse period of the external signal that is input to the TBiw pin.

e Pulse width measurement
The timer measures the pulse width (“L” level and “H” level widths) of the external signal that is input
to the TBim pin.

Table 6.5.1 Specifications of pulse period/pulse width measurement mode
Iltem Specifications

Count source folf4, f1e/f32, fealf128, or fs512/f1024

Count operation e Up-count

e Counter value is transferred to reload register at valid edge of mea-
surement pulse, and counting continues after clearing the counter
value to “000016.”

Count start condition When count start bit is set to “1.”

Count stop condition When count start bit is cleared to “0.”

Interrupt request occurrence timing | ¢ When valid edge of measurement pulse is input (Note 1).

e When counter overflows (Timer Bi overflow flag™ is set to “1” simultaneously).

TBiIN pin function Measurement pulse input

Read from timer Bi register The value got by reading timer Bi register is the reload register’s
contents, measurement result (Note 2).

Write to timer Bi register Impossible.

Timer Bi overflow flag™ The bit used to identify the source of an interrupt request occurrence.
Notes 1: This interrupt request does not occur when the first valid edge is input after the timer starts
counting.
2: The value read out from the timer Bi register is undefined until the second valid edge is input after
the timer starts counting.
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6.5 Pulse period/pulse width measurement mode

b7 b6 b5 b4 b3 b2 bl b0
| I | . | | 1 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)
Lo P Bit Bit name Functions Atreset | RW
[ i i i E_ . . b1 b0
E N --1 0 Operating mode select bits 0 : Pulse period/Pulse width 0 RW
. 1 measurement mode o RW
i : : ' i :_ __________ M t d lect bit b3 b2
A 2 easurement mode select bits 0 0 : Pulse period measurement 0 RW
: : : : . (Interval between falling edges
oo : of measurement pulse)
i Vo 01 : Pulse period measurement
A (Interval between rising edges
: : : : . of measurement pulse)
e 3 1 0 : Pulse width measurement 0 RW
i o (Interval from falling edge to rising
o edge, and from rising edge to falling
: : : : edge of measurement pulse)
oo 11: Not selected
Dol e 4 | Nothing is assigned. Undefined | —
T SR 5 | Timer Bi overflow flag 0 : No overflow Undefined| RO
i ' (Note) 1: Overflow
e f b7 b6
E 6 Count source select bits 00 - folfa 0 RW
. 01 : fie/f32
LR CEEEP R PR EPEPEE 7 10 : fealf12s 0 RW
11 : fs12/fr024
Note: The timer Bi overflow flag is cleared to “0” by writing to the timer Bi mode register with the
count start bit = “1.”
(b15) (b8)
o7 bo b7 0 Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
: Timer B2 register (Addresses 5516, 5416)
Bit Functions Atreset [ RW
s YA 15 to O | The measurement result of pulse period or Undefined | RO
pulse width is read out.

Fig. 6.5.1 Structures of timer Bi mode register and timer Bi register in pulse period/pulse width

measurement mode
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6.5 Pulse period/pulse width measurement mode

6.5.1 Setting for pulse period/pulse width measurement mode

Figure 6.5.2 shows an initial setting example for registers relevant to the pulse period/pulse width measurement
mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “Chapter 4. INTERRUPTS.”

7751 Group User’'s Manual 6-21



TIMER B

6.5 Pulse period/pulse width measurement mode

{

Selecting pulse period/pulse width measurement mode and each function

~

b7 b0
| | | . I | 1 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5Bis to 5D1s)

| LT

Selection of pulse period/pulse width measurement mode

Measurement mode select bits

b3 b2

0 0: Pulse period measurement (Interval between falling edges

of measured pulse)

0 1: Pulse period measurement (Interval between rising edges
of measured pulse)

0 : Pulse width measurement

1

1
1 1: Not selected.

Timer Bi overflow flag (Note)
0: No overflow
1: Overflow

Count source select bits
b7 b6
0 0:foffa
0 1:fie/f32
1 0: fea/f128
1 1:fs12/f1024

A /

Setting interrupt priority level
b7 b0 N ) i
Timer Bi interrupt control register (i = 0 to 2)
_:IE (Addresses 7A16 to 7Cus)
Interrupt priority level select bits

When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

Setting port P6 direction register

b7 b0
| I | | | | | | |PortP6directi0n register (Address 1016)

\—TBOIN pin

TB1in pin  Clear the corresponding bit to “0.”
TB2N pin /

~

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register (Address 401e)

\— Timer BO count start bit Count starts

Timer B1 count start bit

Timer B2 count start bit

& /

Note: The timer Bi overflow flag is a read-only bit. This bit is undefined after reset. This bit is cleared to “0” by writing to the timer Bi mode

register with the count start bit = “1.”

Fig. 6.5.2 Initial setting example for registers relevant to pulse period/pulse width measurement mode
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6.5 Pulse period/pulse width measurement mode

6.5.2 Count source

In the pulse period/pulse width measurement mode, the count source select bits (bits 6 and 7 at addresses
5B1s to 5D16) select the count source.
Table 6.5.2 lists the count source frequency.

Table 6.5.2 Count source frequency

c

ount source

f(Xiw) = 25 MHz

f(Xin) = 40 MHz

Clock source for peripheral

Clock source for peripheral

Clock source for peripheral

select bits ) ]
devices select hit = “0” devices select bit = “1” devices select bit = “0”
b7 b6 Count source | Frequency | Count source | Frequency Count source |  Frequency
0 0 fa 6.25 MHz fa 12.5 MHz fa 10 MHz
0 1 fa2 781.25 kHz fie 1.5625 MHz fa2 1.25 MHz
1 0 f128 195.3125 kHz fea 390.625 kHz f128 312.5 kHz
1 1 f1024 24.4141 kHz fs12 48.8281 kHz f1024 39.0625 kHz

Clock source for peripheral devices select bit : bit 2 at address 5Fis
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6.5 Pulse period/pulse width measurement mode

6.5.3 Operation in pulse period/pulse width measurement mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter value is transferred to the reload register when an valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/pulse width measurement.” )

O The counter value is cleared to “0000:¢” after the transfer in O, and the counter continues counting.

O The timer Bi interrupt request bit is set to “1” when the counter value is cleared to “000016¢” in [0 (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or the interrupt request
bit is cleared to “0” by software.

O The timer repeats operations 0 to [0 above.

Note: The timer Bi interrupt request does not occur when the first valid edge is input after the timer starts
counting.

(1) Pulse period/pulse width measurement
The measurement mode select bits (bits 2 and 3 at addresses 5Bis to 5D16) specify whether the pulse
period of an external signal is measured or its pulse width is done. Table 6.5.3 lists the relationship
between the measurement mode select bits and the pulse period/pulse width measurements.
Make sure that the measurement pulse interval from the falling to the rising, and from the rising to
the falling are two cycles of the count source or more. Additionally, use software to identify whether
the measurement result indicates the “H” level or the “L” level width.

Table 6.5.3 Relationship between measurement mode select bits and pulse period/pulse width measurements

b3 | b2 | Pulse period/pulse width measurement | Measurement interval (Valid edges)

o ' o [Pulse period measurement From falling to falling (Falling)

o 1 From rising to rising (Rising)

1 i 0 | Pulse width measurement From falling to rising, and from rising to falling
| (Falling and rising)

1 | 1 |Not selected
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6.5 Pulse period/pulse width measurement mode

(2) Timer Bi overflow flag

The timer Bi interrupt request occurs when the measurement pulse’s valid edge is input or the
counter overflows. The timer Bi overflow flag is used to identify the cause of the interrupt request,

that is, whether it is an overflow occurrence or an effective edge input.

The timer Bi overflow flag is set to “1” by an overflow. Accordingly, the cause of the interrupt request
occurrence is identified by checking the timer Bi overflow flag in the interrupt routine. When a value
is written to the timer Bi mode register with the count start bit = “1,” the timer Bi overflow flag is

cleared to “0” at the next count timing of the count source
The timer Bi overflow flag is a read-only bit.

Use the timer Bi interrupt request bit to detect the overflow timing. Do not use the timer Bi overflow

flag to do that.

Figure 6.5.3 shows the operation during pulse period measurement. Figure 6.5.4 shows the operation

during pulse width measurement.

Count source | -- |

“
Measurement pulse , |

! Transferred

Transferred !
//'(measured value)'

Reload register «— counter ﬂundefmed value)

transfer timing | |_|

|
|
L
[
|
|
[
|

Timing at which counter is
cleared to “000016”

Count start bit
o a
Timer Bi interrupt «1” : ‘
request bit - l—l__

Cleared to “0” when interrupt request is accepted or ‘
aqn cleared by software. I_

Timer Bi overflow flag

g —

O Counter is initialized by completion of measurement.
O Counter overflow.

Note: The above applies when measurement is performed for an interval from one falling to the next falling
of the measurement pulse.

/vD

Fig. 6.5.3 Operation during pulse period measurement
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6.5 Pulse period/pulse width measurement mode

Count source --

o ! : ! ﬁ
Measurement pulse “L"_Li—{_-‘i-m‘:— TransferredY.

| (undefined | | Transferred (measured ! Transferred

| Avalue) | X (measured value): X (measured

|—/l' ﬁ, value) |_/|' |_/|' value)
0 !

T
A /

Reload register «+— counter
transfer timing

Timing at which counter is
cleared to “000016”

1 n o n

T : —
Count start bit w0 ! |

Timer Bi interrupt “1” ’_|
request bit «o”
Cleared to “0” when interrupt request is accepted or
“1” cleared by software. |—

Timer Bi overflow flag

O Counter is initialized by completion of measurement.
O Counter overflow.

Fig. 6.5.4 Operation during pulse width measurement
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TIMER B

6.5 Pulse period/pulse width measurement mode

[Precautions when operating in pulse period/pulse width measurement mode]

1. The timer Bi interrupt request occurs by the following two causes:
e Input of measured pulse’s valid edge
e Counter overflow

When the overflow is the cause of the interrupt request occurrence, the timer Bi overflow flag is set to
“1.11

2. After reset, the timer Bi overflow flag is undefined. When writing to the timer Bi mode register with the
count start bit = “1,” this flag can be cleared to “0” at the next count timing of the count source.

3. An undefined value is transferred to the reload register when the first valid edge is input after the counter
starts counting. In this case, the timer Bi interrupt request does not occur.

4. The counter value at start of counting is undefined. Accordingly, the timer Bi interrupt request may occur
by the overflow immediately after the counter starts counting.

5. If the contents of the measurement mode select bits are changed after the counter starts counting, the
timer Bi interrupt request bit is set to “1.” When writing the same value which has been set yet to the
measurement mode select bits, the timer Bi interrupt request bit is not changed, that is, the bit retains
the state.

6. If the input signal to the TBiwn pin is affected by noise, etc., the counter may not perform the exact
measurement. We recommend to verify, by software, that the measurement values are within a constant
range.
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6.5 Pulse period/pulse width measurement mode

MEMORANDUM
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SERIAL 1/0

7.1 Overview

This chapter describes the Serial I/0.
The Serial I/O consists of 2 channels: UARTO and UART1. They each have a transfer clock generating timer
for the exclusive use of them and can operate independently. UARTO and UART1 have the same functions.

7.1 Overview
UARTI (i = 0 and 1) has the following 2 operating modes:

e Clock synchronous serial /0 mode
Transmitter and receiver use the same clock as the transfer clock. Transfer data has the length of 8 bits.

e Clock asynchronous serial 1/0 (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The user can select a 7-bit, 8-bit, or 9-bit
length as the transfer data length.

e Clock synchronous serial /O mode —: Transfer data length of 8 bits (LSB first)
Transfer data length of 8 bits (MSB first)

¢ UART mode Transfer data length of 7 bits
——— Transfer data length of 8 bits
—— Transfer data length of 9 bits

Fig. 7.1.1 Transfer data formats in each operating mode
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SERIAL 1/0

7.2 Block description

7.2 Block description

Figure 7.2.1 shows the block diagram of Serial I/0O. Registers relevant to Serial 1/0 are described below.

RxDi O

Data bus (odd)

Data bus (even)

4>

UARTI receive
|0|0|0|0‘0‘0‘0 Ds| D7| Dé| Ds| D4/ D3| D2 | D1| Do buffer register

T

1 UARTI receive register |

Transfer clock

BRG count source \r o Receive
o select bits A Clock ! control circuit
olfa ) . synchronous [~
fie/fs2 —0 \o—o BRGi |—| ': !
UART,
fealfros ——o 1/ (n+1) 1/16 Q. .
ts10/f1024 o ~o Transr_mt c_omrol
—o Clock circuit
synchronous

Transfer clock

Clock synchronous
(internal clock selected)
o)

O

Clock synchronous
(internal clock selected)

Clock synchronous
(external clock selected)

CLKi O———

cTsi/RTSi O

n: Values set in UARTI baud rate register (BRGi)

| UARTI transmit register |—OTXDi

UARTI transmit

D1 buffer register

Do

Data bus (odd)

Data bus (even)

Fig. 7.2.1 Block diagram of Serial I/O
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SERIAL 1/0

7.2 Block description

7.2.1 UARTI transmit/receive mode register

Figure 7.2.2 shows the structure of UARTI transmit/receive mode register. The serial /0 mode select bits
is used to select UARTI's operating mode. Bits 4 to 6 are described in the section “7.4.2 Transfer data
format ,” and bit 7 is done in the section “7.4.8 Sleep mode.”

| I | | | | | | | UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

Bit Bit name Functions Atreset | RW
1 . . b2 bl b0
E : ------ 0 Serial /0 mode select bits 000 - Serial /O disabled 0 RW
P (P8 functions as a programmable
P /0 port.)
i : 00 1 : Clock synchronous serial I/O
. mode
__________ 1 010 : Not selected 0 RW

011 :Notselected
100 : UART mode

(Transfer data length =7 bits)
101 : UART mode
HE R T T 2 (Transfer data length = 8 bits) 0 RW
: 110 : UART mode
; (Transfer data length = 9 bits)
' 111 : Notselected

R RGLEECCEEEr 3 | Internal/External clock select bit | O : Internal clock 0 RW
' 1: External clock
L] 4 | Stop bit length select bit 0 : One stop bit o | rw
; (valid in UART mode) (Note) |1 : Two stop bits
D 5 | Odd/Even parity select bit 0: Odd parity o | rw
; (Valid in UART mode when 1 : Even parity
! parity enable bit is “1") (Note)
B RERLEEEEEEEELEEEEEEE 6 | Parity enable bit 0 : Parity disabled o | rw
! (Valid in UART mode) (Note) 1 : Parity enabled
S £ 7 Sleep select bit 0 : Sleep mode cleared (ignored) 0 RW
(Valid in UART mode) (Note) 1 : Sleep mode selected

Note: Bits 4 to 6 are ignored in the clock synchronous serial I/O mode. (They may be either “0”
or “1.”) Additionally, fix bit 7 to “0.”

Fig. 7.2.2 Structure of UARTI transmit/receive mode register
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SERIAL 1/0

7.2 Block description

(1) Internal/External clock select bit (bit 3)
[Clock synchronous serial 1/O mode]

By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the count source of
BRGi (described later). The BRGi output of which frequency is divided by 2 becomes the transfer
clock. Additionally, the transfer clock is output from the CLKi pin.

By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the transfer clock.

[UART mode]
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the count source of
the BRGi (described later). Then, the CLKi pin functions as a programmable 1/O port.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the count source of BRGi.
Always in the UART mode, the BRGi output of which frequency is divided by 16 is the transfer
clock.
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SERIAL 1/0

7.2 Block description

7.2.2 UARTI transmit/receive control register O
Figure 7.2.3 shows the structure of UARTI transmit/receive control register 0. For bits 0 and 1, refer to

“7.2.

1 (1) Internal/External clock select bit.” For bit 7, refer to “7.2.2 transfer data format.”

b7 b6 b5 b4 b3 b2 bl b0

UARTO transmit/receive control register O (Address 341s)
UART1 transmit/receive control register O (Address 3Cis)

Bit Bit name Functions Atreset| RW
E I I I ' I I benees 0 BRG count source select bits b1 b0 0 RW
. 00:f2/fa

e 01:fie/f32

 enRtt 1 10:fea/ f128 0 RW

11 :fs12/f1024

E . . . . AR 2 CTS/RTS select bit 0 : CTS function selected. 0 RW
- I 1: RTS function selected.

. b men] 3 Transmit register empty flag 0 : Data present ig'transmit register. 1 RO
- (During transmitting)

N 1 : No data present in transmit register.
A (Transmitting,completed)

LR L LLEEEE LT 6 to 4 | Nothing is assigned. Undefined —
L e e e 7 Transfer format select bit 0 : LSB (Least Significant Bit) first 0 RW
(Used in clock synchronous 14 MSB"(Most Significant Bit) first

serial /O mode) (Note)

Note: Fix bit 7 to “0” in the UART mode,or when Serial I/O is ignored.

Fig. 7.2.3 Structure of UARTI transmit/receive control ‘regis ter O

(1)

(2)

CTSIRTS select bit (bit 2)

By clearing this bit to “0” in order to_seleét.the CTS function, pins P8 and P8. function as CTS input
pins, and the input signal of “L” level tor these pins becomes one of the transmission conditions.
By setting this bit to “1” in order to select the RTS function, pins P80 and P8: become RTS output
pins. When the receive enable bit«(bit 2 at addresses 3515, 3D1s) is “0” (reception disabled), the RTS
output pin outputs “H” devel:

The output level of this\pin/becomes “L” when the receive enable bit is set to “1.” It becomes “H”
when reception startshand it becomes “L” when reception is completed.

Transmit register empty flag (bit 3)

This flag is cleared to “0” when the UARTI transmit buffer register’'s contents are transferred to the
UARTI transmit register. When transmission is completed and the UARTI transmit register becomes
empty, this flag is set to “1.”

7—-6
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SERIAL 1/0

7.2 Block description

7.2.3 UARTI transmit/receive control register 1
Figure 7.2.4 shows the structure of UARTI transmit/receive control register 1. For bits 4 to 7, refer to each
operation mode’s description.

b7 b6 b5 b4 b3 b2 bl bo

| UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW
AR EEEED 0 Transmit enable bit 0 : Transmission disabled 0 RW
! 1: Transmission enabled
(AR 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO
register.

1: No data present in transmit
buffer register.

LR R PP E P 2 Receive enable bit 0 : Reception disabled 0 RW
1: Reception enabled

................. 3 Receive complete flag 0 : No data present in receive 0 RO
buffer register.
1: Data present in receive buffer

register.

-------------------- 4 Overrun error flag (Note 1) | O : No overrun error 0 RO

1: Overrun error detected
I EEEELEEEEEEEEEEEE R 5 Framing error flag (Notes 1, 2) | 0 : No framing error 0 RO

! (Valid in UART mode) 1: Framing error detected
' R ELEEEEEEEEEEEEEEEY 6 Par‘ity‘error flag (Notes 1, 2) | 0 : No parity error 0 RO

(Valid in UART mode) 1 : Parity error detected
L e e 7 Error sum flag (Notes 1, 2) | 0: No error 0 RO
(Valid in UART mode) 1: Error detected

Notes 1: Bit 4 is cleared to “0” when clearing the receive enable bit to “0.”
Bits 5 and 6 are cleared to “0” when one of the following is performed:
eclearing the receive enable bit to “0.”
ereading the low-order byte of the UARTI receive buffer register (addresses 3616, 3E16) Out.
Bit 7 is cleared to “0” when all of bits 4 to 6 become “0.”
2: Bits 5 to 7 are ignored in the clock synchronous serial I/O mode.

Fig. 7.2.4 Structure of UARTI transmit/receive control register 1
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SERIAL 1/0
7.2 Block descrietion

(1)

(2)

3)

4)

Transmit enable bit (bit 0)
By setting this bit to “1,” UARTI enters the transmission enable state. By clearing this bit to “0” during
transmission, UARTI enters the transmission disable state after the transmission which is performed
at that time is completed.

Transmit buffer empty flag (bit 1)

This flag is set to “1” when data set in the UARTI transmit buffer register is transferred from the
UARTI transmit buffer register to the UARTI transmit register. This flag is cleared to “0” when data
is set in the UARTI transmit buffer register.

Receive enable bit (bit 2)
By setting this bit to “1,” UARTI enters the reception enable state. By clearing this bit to “0” during
reception, UARTI quits the reception then and enters the reception disable state.

Receive complete flag (bit 3)

This flag is set to “1” when data is ready in the UARTI receive register and that is transferred to the
UARTI receive buffer register (i.e., when reception is completed). This flag is cleared to “0” when the
low-order byte of the UARTI receive buffer register is read out or when the receive enable bit (bit 2)
is cleared to “0.”
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SERIAL 1/0

7.2 Block description

7.2.4 UARTI transmit register and UARTI transmit buffer register

Figure 7.2.5 shows the block diagram of transmit section; Figure 7.2.6 shows the structure of UARTI

transmit buffer register.

Data bus (odd)

Data bus (even)

A
| Ds | | D7 Deé Ds Da Daé D2 D1§ Do glﬁfglrggigfglt

SP : Stop bit
PAR : Parity bit

8-bit UART
9-bit UART
Clock sync.

Parity 9-bit UART

enabled UART

2SP

O 0}
Parity

1sP G ed | Clock sync.
“gr

TxDi

7-bit UART
8-bit UART

Clock sync.

7-bit UART UARTI transmit register

Fig. 7.2.5 Block diagram of transmit section

(b15) (b8)
b7 b0 b7 b0
— | UARTO transmit buffer register (Addresses 3316, 3216)
. . UART1 transmit buffer register (Addresses 3B1s, 3A16)
E I ' Bit Functions Atreset [ RW
E . P R 8to 0 | Transmit data is set. Undefined| WO
Y A . S 15 to 9| Nothing is assigned. Undefined | —

Fig. 7.2.6 Structure of UARTI transmit buffer register
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SERIAL 1/0

7.2 Block description

The UARTI transmit buffer register is used to set transmit data. Set the transmit data into the low-order
byte of this register when operating in the clock synchronous serial I/O mode or when a 7-bit or 8-bit length
of transfer data is selected in the UART mode. When a 9-bit length of transfer data is selected in the UART
mode, set the transmit data into the UARTI transmit buffer register as follows:

*Bit 8 of the transmit data into bit O of high-order byte of this register.

*Bits 7 to 0 of the transmit data into the low-order byte of this register.

The transmit data which is set in the UARTI transmit buffer register is transferred to the UARTI transmit
register when the transmission conditions are satisfied, and then it is output from the TxDi pin synchronously
with the transfer clock. The UARTI transmit buffer register becomes empty when the data which is set in
the UARTI transmit buffer register is transferred to the UARTI transmit register. Accordingly, the user can
set next transmit data.

When selecting the “MSB first” in the clock synchronous serial /0O mode, the data of which bit position was
reversed is written, as a transmit data, into the UARTI transmit buffer register. (Refer to section “7.3.2
Transfer data format.” ) Transmission operation itself is the same whichever format is selected, “LSB first”
or “MSB first.”

When quitting the transmission which is in progress and setting the UARTI transmit buffer register again,
follow the procedure described bellow:

O Clear the serial 1/0 mode select bits (bits 2 to 0 at addresses 3015, 3816) to “0002" (Serial I/O disabled).

O Set the serial /0O mode select bits again.

00 Set the transmit enable bit (bit 0 at addresses 3516, 3D1s) to “1” (transmission enabled) and set transmit
data in the UARTI transmit buffer register.
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SERIAL 1/0

7.2 Block description

7.2.5 UARTI receive register and UARTI receive buffer register
Figure 7.2.7 shows the block diagram of receive section; Figure 7.2.8 shows the structure of UARTI receive
buffer register.

Data bus (odd)

ﬁ

Data bus (even)

lofofofofJofJolo ps|] [orfpsfps|pefpe]De]bs]D0] piferregoer

SP : Stop bit 8-bit UART
PAR : Parity bit paiity 9-bit UART
9-bit UART Clock sync.

2P eabled UAR Y

RxDi O—

———oO
Clock syne. ;:g:: 8221 7-bit UART UARTI receive register
Clock sync.
Fig. 7.2.7 Block diagram of receive section
(b15) (b8)
b7 b0 b7 b0
— | UARTO receive buffer register (Addresses 3716, 3616)
r . UART1 receive buffer register (Addresses 3Fis, 3E1s)
E E E Bit Functions Atreset| RW
; . N U 8 to 0 | Receive data is read out from here. Undefined| RO
R 4. . AN 15 to 9| Nothing is assigned. 0 —
The value is “0” at reading.

Fig. 7.2.8 Structure of UARTI receive buffer register
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SERIAL 1/0

7.2 Block description

The UARTI receive register is used to convert serial data which is input to the RxDi pin into parallel data.
This register takes in the input signal to the RxDi pin synchronously with the transfer clock, one bit at a
time.

The UARTI receive buffer register is used to read out receive data. When reception is completed, receive
data which is taken in the UARTI receive register is automatically transferred to the UARTI receive buffer
register. The contents of UARTI receive buffer register is updated when the next data is ready before
reading out the data which has been transferred to the UARTI receive buffer register (i.e., an overrun error
occurs).

When selecting the “MSB first” in the clock synchronous serial I/0O mode, bit position of data in the UARTI
receive buffer register is reversed, and then the data of which bit position was reversed is read out, as
receive data. (Refer to section “7.3.2 Transfer data format.” ) Reception operation itself is the same
whichever format is selected, “LSB first” or “MSB first.”

The UARTI receive buffer register is initialized by setting the receive enable bit (bit 2 at addresses 35,
3D1s) to “1” after clearing it to “0.”

Figure 7.2.9 shows the contents of UARTI receive buffer register when reception is completed.

High-order byte Low-order byte
(addresses 3716, 3F16) , (addresses 3616, 3E16)
b7 b0 1 b7 b0

In UART mode
(Transfer data length : 9 bits)

o] oJoo]o]o]o] |

Receive data (9 bits)
In clock synchronous '

serial /O mode | | | I l | | | |

In UART mode 0|0|0|O0|OjO]O

(Transfer data length : 8 bits) Same value as bit ;
7 in low-order byte

Receive data (8 bits)

In UART mode
(Transfer data length : 7 bits) | 0 | 0 | 0 | 0 | 0 | 0 | 0 | | |

Same value as bit ] ]
6 in low-order byte Receive data (7 bits)

Fig. 7.2.9 Contents of UARTI receive buffer register when reception is completed
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SERIAL 1/0

7.2 Block description

7.2.6 UARTI baud rate register (BRGi)

The UARTI baud rate register (BRGi) is an 8-bit timer exclusively used for UARTI to generate a transfer
clock. It has a reload register. Assuming that a value set in the BRGi is “n” (n = “0016” to “FF16"), the BRGiI
divides the count source frequency by n + 1.

In the clock synchronous serial I/O mode, the BRGi is valid when an internal clock is selected, and a clock
of which frequency is the BRGi output’s frequency divided by 2 becomes the transfer clock. In the UART
mode, the BRGi is always valid, and a clock of which frequency is the BRGi output’s frequency divided by
16 becomes the transfer clock.

The data which is written to the addresses 3116 and 3916 is written to both the timer register and the reload
register whether transmission/reception is stopped or in progress. Accordingly, writing to their addresses,
perform it while that is stopped.

Figure 7.2.10 shows the structure of the UARTi baud rate register (BRGi); Figure 7.2.11 shows the block
diagram of transfer clock generating section.

b7 b0

UARTO baud rate register (Address 3116)
UART1 baud rate register (Address 3916)

Bit Functions Atreset [ RW

"""""""" 7100 | Can be set to “0016” to “FF16.” Undefined]| WO
Assuming that the set value = n, BRGi
divides the count source frequency by n + 1.

Fig. 7.2.10 Structure of UARTI baud rate register (BRGI)

<Clock synchronous serial I/O mode>

fi BRGiI [172}—o - :
\o Transfer clock for transmit operation
fexT (O | @I—» Transfer clock for receive operation

<UART mode>

Transmit control circuit

1/16|—| Receive control circuit |—> Transfer clock for receive operation

Transfer clock for transmit operation

fi : Clock selected by BRG count source select bits (f2/fa, fie/f32, fea/f12s, or fs12/f1024)
fext : Clock input to CLKi pin (external clock)

Fig. 7.2.11 Block diagram of transfer clock generating section
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SERIAL 1/0

7.2 Block description

7.2.7 UARTI transmit interrupt control and UARTI receive interrupt control registers

When using UARTI, 2 types of interrupts, which are UARTI transmit and UARTI receive interrupts, can be
used. Each interrupt has its corresponding interrupt control register. Figure 7.2.12 shows the structure of
UARTI transmit interrupt control and UARTI receive interrupt control registers.

For details about interrupts, refer to “Chapter 4. INTERRUPTS.”

b7 b6 bS5 b4 b3 b2 bl bO UARTO transmit interrupt control register (Address 711s)
UARTO receive interrupt control register (Address 721e)
UART1 transmit interrupt control register (Address 731s)
UART1 receive interrupt control register (Address 741e)

; A Bit Bit name Functions Atreset | RW
T i ; b2 b1 b0

L 0 | Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
R 001:Levell Low level

T 010:Level 2

A - A TR T TP 1 011:Level3 0 RW
R R 100:Level 4

S 101:Level5

- R 110:Level 6

- 2 111:Level7 High level 0 RW
E Rt 3 | Interrupt request bit 0 : No interrupt request 0 RW
o 1 Interrupt request

P TRCEEPEEPE 7 to 4 | Nothing is assigned. Undefined | —

Fig. 7.2.12 Structure of UARTI transmit interrupt control and UARTI receive interrupt control registers
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(2)

SERIAL 1/0

7.2 Block description

Interrupt priority level select bits (bits 0 to 2)

These bits select the priority level of the UARTI transmit interrupt or UARTI receive interrupt. When
using UARTI transmit/receive interrupt, select priority levels 1 to 7. When the UARTI transmit/receive
interrupt request occurs, its priority level is compared with the processor interrupt priority level (IPL),
so that the requested interrupt is enabled only when its priority level is higher than the IPL. (However,
this applies when the interrupt disable flag (I) = “0.”) To disable the UARTI transmit/receive interrupt,
set these bits to “0002" (level 0).

Interrupt request bit (bit 3)

The UARTI transmit interrupt request bit is set to “1” when data is transferred from the UARTiI
transmit buffer register to the UARTI transmit register. The UARTI receive interrupt request bit is set
to “1” when data is transferred from the UARTI receive register to the UARTI receive buffer register.
However, when an overrun error occurs, it does not change.

Each interrupt request bit is automatically cleared to “0” when its corresponding interrupt request is
accepted. This bit can be set to “1” or “0” by software.
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SERIAL 1/0

7.2 Block description

7.2.8 Port P8 direction register

I/0 pins of UARTI are shared with port P8. When using pins P82 and P8s as serial data input pins (RxDj),
set the corresponding bits of the port P8 direction register to “0” to set these pins for the input mode. When
using pins P8o, P81, P8: to P8s and P87 as 1/0 pins (CTS/RTSi, CLKi, TxDi) of UARTI, these pins are forcibly
set as I/0 pins of UARTI regardless of port P8 direction register’'s contents. Figure 7.2.13 shows the

relationship between the port P8 direction register and UARTI’s I/O pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P8 direction register (Address 1416)

Bit Corresponding pin

Functions Atreset| RW
: E E ; b . 0 CTSo/RTSo pin 0 : Input mode 0 RW
oLy 1 : Output mode

T 1 CLKo pin 0 RW
R , R 2 | When using pins P8z and P8s as

oo RxDo pin serial data input pins (RxDo, RxDz), RW
oo ) set the corresponding bits to “0.”
T 3 TxDo pin P 9 0 RW
S RGLIITLLE 4 ‘CTSY/RTS1 pin 0 RW
E E e 5 CLK:1 pin 0 RW
P CCEEEEETPEPEPPEEERRPY 6 RxD1 pin 0 RW
e L 7 TxD1 pin 0 RW

Fig. 7.2.13 Relationship between port P8 direction register and UARTI’s I/O pins
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SERIAL 1/0

7.3 Clock synchronous serial /O mode

7.3 Clock synchronous serial 1/0 mode
Table 7.3.1 lists the performance overview in the clock synchronous serial /O mode, and Table 7.3.2 lists
the functions of 1/O pins in this mode.

Table 7.3.1 Performance overview in clock synchronous serial I/0 mode

Item Functions
Transfer data format Transfer data has a length of 8 bits.
LSB first or MSB first can be selected by software.
Transfer rate | When selecting internal clock | Clock which is BRGi output’s divided by 2.
When selecting external clock | Maximum 5 Mbps
Transmit/Receive control CTS function or RTS function can be selected by software.

Table 7.3.2 Functions of 1/O pins in clock synchronous serial /0O mode

Pin name Functions Method of selection

TxDi (P83, P87) Serial data output Fixed
(Dummy data is output when performing only reception.)
RxDi (P82, P8s) Serial data input Port P8 direction register”™'s corresponding bit = “0”
CLKi (P81, P8s) |Transfer clock output [Internal/External clock select bit?? = “0”
Transfer clock input | Internal/External clock select bit = “1”

CTS/RTS: CTSinput | CTS/RTS select bit* =0
(P8o, P84) RTS output CTS/RTS select bit = “1”

Port P8 direction register™: Address 141
Internal/External clock select bit™: bit 3 at addresses 3016, 3816
CTS/RTS select bit™: bit 2 at addresses 3416, 3Cis

Notes 1: The TxDi pin outputs “H” level until transmission starts after UARTI’s operating mode is selected.
2: The RxDi pin can be used as a programmable 1/O port when performing only transmission.
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SERIAL 1/0

7.3 Clock synchronous serial I/0 mode

7.3.1 Transfer clock (synchronizing clock)

Data transfer is performed synchronously with the transfer clock. For the transfer clock, the user can select
whether to generate the transfer clock internally or to input it from an external.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, set the transmit enable bit to “1,” and set dummy data in the UARTI transmit buffer register
in order to make the transmit control circuit active.

(1)

(2)

Generating transfer clock internally

The count source selected with the BRG count source select bits is divided by the BRGi, and its
BRGi output is further divided by 2. This is the transfer clock. The transfer clock is output from the
CLKi pin.

[Setting relevant registers]

*Select an internal clock (bit 3 at addresses 3015, 3816 = “0").

*Select the BRGi’'s count source (bits 0 and 1 at addresses 3415, 3Cuis)

*Set “divide value — 1” (= n; 0016 to FFis) to the BRGi (addresses 3115, 391s).

fi

Transfer clock frequency = ————
g y 2 (n+1) fi: Frequency of BRGi's count source (fafs, fiefaz, feafios, forzifioas)

*Enable transmission (bit 0 at addresses 3516, 3D1s = “1").
*Set data to the UARTI transmit buffer register (addresses 3215, 3Azs)

[Pin’s state]
A transfer clock is output from the CLKi pin.
«Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)

Inputting transfer clock from an external
A clock input from the CLKi pin is the transfer clock.

[Setting relevant registers]

*Select an external clock (bit 3 at addresses 3015, 3816 = “1").
*Enable transmission (bit 0 at addresses 3516, 3D1s = “1").

*Set data to the UARTI transmit buffer register (addresses 3215, 3Aus).

[Pin’s state]
A transfer clock is input from the CLKi pin.
*Serial data is output from the TxDi pin. (Dummy data is output when performing only reception.)
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7.3 Clock synchronous serial I/0 mode

7.3.2 Transfer data format

LSB first or MSB first can be selected as the transfer data format. Table 7.3.3 lists the relationship between
the transfer data format and writing/reading to and from the UARTI transmit/receive buffer register.

The transfer format select bit (bit 7 at addresses 3416, 3C16) selects the transfer data format. When this
bit is cleared to “0,” the set data is written to the UARTI transmit buffer register as the transmit data as
it is. Similarly, the data in the UARTI receive buffer register is read out as the receive data as it is. (Refer
to the upper row in Table 7.3.3.)

When this bit is set to “1,” each bit’s position of set data is reversed, and the resultant data is written to
the UARTI transmit buffer register as the transmit data. Similarly, each bit's position of data in the UARTI
receive buffer register is reversed, and the resultant data is read out as the receive data. (Refer to the
lower row in Table 7.3.3.)

Note that only the method of writing/reading to and from the UARTI transmit/receive buffer register is
affected by selection of the transfer data format, and that the transmit/receive operation is unaffected by
it.

Table 7.3.3 Relationship between transfer data format and writing/reading to and from UARTI transmit/
receive buffer register

Transfer format Transfer data format | Writing to UARTI transmit buffer | Reading from UARTI receive
select bit register buffer register
Data bus UARTI transmit | Data bus UARTI receive
buffer register buffer register
DB7 —» D7 DB7 44— D~
LB DB6 —#» Do DB6 -—— Ds
0 (Least Significant Bit) DB & Ds DB5 <&— Ds
first DB4 ——» D4 DB4 -&—— D
DB3 —» D3 DB3 -a—— Ds
DB2 —p» D2 DB2 -&—— D>
DB1 —» D1 DBl -a— D
DBO —» Do DBO -&—— Do
Data bus UARTiI transmit | Data bus UARTI receive
buffer register buffer register
DB7 D7 DB7 D7
DB6 Ds DB6 Ds
MSB DB5 Ds DB5 Ds
1 (Most Significant Bit) DB4 Da DB4 D4
first DB3 D3 DB3 Ds
DB2 D2 DB2 D2
DB1 D1 DB1 D1
DBO Do DBO Do
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7.3 Clock synchronous serial I/0 mode

7.3.3 Method of transmission

Figures 7.3.1 shows an initial setting example for relevant registers when transmitting. Transmission is
started when all of the following conditions (O to [0) are satisfied. When an external clock is selected,
satisfy conditions [0 to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is “H” level
Note: When an internal clock is selected, above precondition is ignored.

<Transmission conditions>

O Transmission is enabled (transmit enable bit = “1").

O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)
O CTSi pin’s input is “L” level (when CTS function selected).

Note: When the CTS function is not selected, this condition is ignored.

When using interrupts, it is necessary to set the relevant register to enable interrupts. For details, refer to
“Chapter 4. INTERRUPTS.”

Figure 7.3.2 shows writing data after start of transmission, and Figure 7.3.3 shows detection of transmission’s
completion.
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7.3 Clock synchronous serial I/0 mode

/ UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 3816)

b7 bo
lofofo]o] Jolof1]

UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)
b7 b0

.

Clock synchronous serial I/O mode

Internal/External clock select bit
0: Internal clock
1: External clock

\ O: It may be either “0” or “1.” /

Set transmit data here.

/ UARTO transmit/receive control register O (Address 3416) \
YRR iensmlitieeve eeriie g O (ess dei) UARTO transmit/receive control register 1 (Address 3516)
b7 b0 UART1 transmit/receive control register 1 (Address 3D16)
b7 b0
LIT T T [
BRG count source select bits L
"5‘3’ < folfa Transmit enable bit
01: fie/fs2 1: Transmission enabled

10: fea/f12s
11 : fs12/fi024

CTS / RTS select bit
0: CTS function selected.
1: RTS function selected (CTS function disabled).

Transfer format select bit
0: LSB first

\ 1: MSB first

Transmission starts.

(In the case of selecting the CTS function, transmission starts
when the CTSi pin’s input level is “L.”)

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b7 b0

T— Set to “0016” to “FF16."

[ Necessary only when internal clock is
selected.

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)
b7 b0

g Interrupt priority level select bits

When using interrupts, set these bits to
level 1-7. When disabling interrupts, set
these bits to level 0.

. /o 2\

Fig. 7.3.1 Initial setting example for relevant registers when transmitting
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7.3 Clock synchronous serial /0 mode

[When not using interrupts]

[When using interrupts]

The UARTI transmit interrupt request
occurs when the UARTI transmit buffer
register becomes empty.

/C

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)
b7 b0

LI LTI Jaf
—

Transmit buffer empty flag

0: Data present in transmit buffer register

1: No data present in transmit buffer register
\\ (Writing of next transmit data is possible.)

hecking state of UARTIi transmit buffer register

\

UARTI transmit interrupt

J

-

Writing of next transmit data

UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)

b7 b0

| |
r

\\ Set transmit data here./

Note : This figure shows the bits and registers required

for processing.
Refer to Figure 7.3.5 about the change of flag state
and the occurrence timing of an interrupt request.

Fig. 7.3.2 Writing data after start of transmission
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7.3 Clock synchronous serial I/0 mode

[When not using interrupts]

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7 b0

__BEES

N

Interrupt request bit
0: No interrupt request
1: Interrupt request

(Transmission has started.) /

[When using interrupts]

The UARTI transmit interrupt request
occurs when the transmission starts.

UARTI transmit interrupt

(c

UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register O (Address 3C16)

b7 b0

s E=ss

hecking completion of transmission

Transmit register empty flag
0: During transmitting
1: Transmitting completed

S

~

( Processing at completion of transmission >

Note : This figure shows the bits and registers required
for processing.
Refer to Figure 7.3.5 about the change of flag state
and the occurrence timing of an interrupt request.

Fig. 7.3.3 Detection of transmission’s completion
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7.3 Clock synchronous serial /0O mode

7.3.4 Transmit operation
When the transmit conditions described in page 7-20 are satisfied, the following operations are automatically
performed simultaneously.

*The UARTI transmit buffer register’'s contents are transferred to the UARTI transmit register.
8 transfer clocks are generated (when an internal clock is selected).

*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

*The UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below.

O Data in the UARTI transmit register is transmitted from the TxDi pin synchronously with the falling of the
transfer clock.

O This data is transmitted bit by bit sequentially beginning with the least significant bit.

O When 1-byte data has been transmitted, the transmit register empty flag is set to “1,” indicating completion
of the transmission.

Figure 7.3.4 shows the transmit operation.

In the case of an internal clock is selected, when the transmit conditions for the next data are satisfied at
completion of the transmission, the transfer clock is generated continuously. Accordingly, when performing
transmission continuously, set the next transmit data to the UARTI transmit buffer register during transmission
(when the transmit register empty flag = “0”). When the transmit conditions for the next data are not
satisfied, the transfer clock stops at “H” level.

Figures 7.3.5 shows an example of transmit timing (when selecting an internal clock).
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7.3 Clock synchronous serial /O mode

b7 bo

UARTI transmit buffer register | Transmit data |
2

MSB LSB

UARTI transmit register| D7| D6| D5| D4| D3| D2| D1| Do|

Transfer clock

| | 7| Ds| Ds| D4| D3| 2| D1 = Do

| | |D7|D6|D5|D4|D3|Dz|—>D1

L] |D7|D6|D5|D4|D3|—>Dz

£

SRR ARAR RN D O Y B =

Fig. 7.3.4 Transmit operation

Tc

Transfer clock ||||||||||||||||||||||||||||| |||||||||||||||

| r\l

agn
Transmit enable bit J
“0" Data is set in UARTI transmit buffer register.

Transmit buffer 1"
empty flag “Q"

UARTI transmit register «~UARTI transmit buffer register.

LT -

Stopped because CTSi = “H.”

L

Stopped because transmit enable bit = “0.”

- o T
N 000 ¢ 200 a C.0.0e o0 C.amm o 0o e e Coa

Transmit register ‘1

empty flag o_l I_I I_l l_

UARTi transmit “1" | | l—l |_|
interrupt request bit .,

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies to Tenbi: Next transmit conditions are examined when this signal level is “H.”

the following conditions: (Tenpi is an internal signal. Accordingly, it cannot be read from an external.)
e Internal clock selected Tc = Tewk = 2(n+1) ffi

e CTS function selected. fi: BRGi count source frequency (f2/f4, fi6/f32, fea/f128, fs12/f1024)

n: Value set to BRGi

Fig. 7.3.5 Example of transmit timing (when selecting internal clock)
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7.3 Clock synchronous serial I/0 mode

7.3.5 Method of reception

Figures 7.3.6 and 7.3.7 show initial setting examples for relevant registers when receiving. Reception is
started when all of the following conditions (O to [0) are satisfied. When an external clock is selected,
satisfy conditions O to O with the following precondition satisfied.

<Precondition>
The CLKi pin’s input is “H” level.
Note: When an internal clock is selected, above precondition is ignored.

<Reception conditions>

O Reception is enabled (receive enable bit = “1").

O Transmission is enabled (transmit enable bit = “1").

O Dummy data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)

When using interrupts, it is necessary to set the relevant register to enable interrupts. For details, refer to
“Chapter 4. INTERRUPTS.”
Figure 7.3.8 shows processing after reception’s completion.

7-26 7751 Group User's Manual



SERIAL 1/0

7.3 Clock synchronous serial I/0O mode

/ UARTO transmit/receive mode register (Address 301s) \

UART1 transmit/receive mode register (Address 3816)
b7 b0

Lofofolo] Jofo]1]

Clock synchronous serial I/O mode

— Internal/External clock select bit
0: Internal clock
1: External clock

\ O: It may be either “0” or “1.” j

/ UARTO transmit/receive control register O (Address 34is) \
UART1 transmit/receive control register 0 (Address 3Cis)
b7 b0

E-:Dg

BRG count source select bits
b1 bO

00 : fo/fa

01 : fie/fz2

10 : fea/f128

11 : fs12/fi024

—— CTS/RTs select hit
0: cTs function selected (RTS function disabled).
1: RTS function selected.

Transfer format select bit
0: LSB first

\ 1: MSB first j

UARTO baud rate register (BRGO) (Address 31i6)

UART1 baud rate register (BRG1) (Address 3%s)
b7 b0

T— Set to 0016 to FF16 .

O Necessary only when an internal clock is selected.

Continued to Figure 7.3.7 on next page.

Fig. 7.3.6 Initial setting example for relevant registers when receiving (1)
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7.3 Clock synchronous serial /0 mode

From preceding Figure 7.3.6

Port P8 direction register (Address 1416)
b7 b0
L lof [ [ Jof []
RxDo pin
RxDz1 pin

~

b7

UARTO receive interrupt control register (Address 7216)
UART1 receive interrupt control register (Address 7416)

S 11T

b0

Interrupt priority level select bits
When using interrupts, set these bits to level 1-7.
When disabling interrupts, set these bits to level 0.

UARTO transmit buffer register (Address 3216) \
UART1 transmit buffer register (Address 3A16)

b7 b0

| |
| I

Set dummy data here.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

b7 b0

LTI Jal [a]

Transmit enable bit
1 : Transmission enabled

L Receive enable bit
1: Reception enabled

%

Note: Set the receive enable bit and the transmit enable bit
to “1” simultaneously.

Reception starts.

Fig. 7.3.7 Initial setting example for relevant registers when receiving (2)
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7.3 Clock synchronous serial /0 mode

[When not using interrupts] [When using interrupts]

The UARTI receive interrupt request
occurs when reception is completed.

~

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3D16) UARTI receive interru pt

b7 b0

LI T T Jaf faf
—

Receive complete flag
0: Reception not completed

K 1: Reception completed j

Y

~

Reading of receive data

UARTO receive buffer register (Address 3616)
UART1 receive buffer register (Address 3Ez16)

\ Read out receive data.

~

Checking error

~

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D 16)

b7 b0

LL T T T Jaf Juf
[ ¥ 4

Overrun error flag
0: No overrun error o . . .
\ 1: Overrun error detectedj Note : This figure shows the bits and registers required

for processing.

Refer to Figure 7.3.11 about the change of flag

state and the occurrence timing of an interrupt
> request.

< Processing after reading out receive data

Fig. 7.3.8 Processing after reception’s completion
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7.3.6 Receive operation
When the receive conditions listed on page 7-26 are satisfied, the UARTI enters the receive enable state.

The receive operations are described below.

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the rising of the transfer clock.

O The contents of the UARTI receive register are shifted by 1 bit to the right.

O Steps O and O are repeated at each rising of the transfer clock.

00 When 1-byte data is prepared in the UARTI receive register, the contents of this register are transferred
to the UARTI receive buffer register.

O Simultaneously with step 0, the receive complete flag is set to “1,” and the UARTI receive interrupt
request occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 7.3.10 shows the receive operation, and Figure 7.3.11 shows an example of receive
timing (when selecting an external clock).

When the transfer format select bit = “1” (MSB first), each bit’s position of this register’'s contents is
reversed and the resultant data is read out.

Transmitter side Receiver side
TxDi T TxDi
RXDi |- 1 RXxDi
CLKi | CLKi

Fig. 7.3.9 Connection example
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MSB LSB

Transfer clock UARTI receive register

f
T

phihig _
LRSI —~ Bl el

U

b7 b0
Receive data

UARTI receive buffer register

Fig. 7.3.10 Receive operation
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Receive enable bit

Transmit enable bit

Transmit buffer
empty flag

RTSi

CLKi

RxDi

Receive complete flag

UARTI receive

interrupt request bit «q»

Dummy data is set to UARTIi transmit buffer register.

UARTI transmit register”— UARTI transmit buffer register

Received data taken in

XX RXeXoXEHeNe XoXoXoXXeX)

UARTI receive register -~ UARTI receive buffer register  UARTI receive buffer register is read out.

up
uqy

N v

up

The above timing diagram applies to the following

Cleared to “0" when interrupt request is accepted or
cleared by software.

: When the CLKi pin’s input level is “H,” satisfy the

setting conditions:
e External clock selected.
e RTS function selected.

fext: Frequency of external clock

following cinditions:

¢ Transmit enable bit - “1”

e Receive enable bit - “1”

o Writing of dummy data to UARTI transmit
buffer register

Fig. 7.3.11 Example of receive timing (when selecting external clock)

7-32

7751 Group User’'s Manual




SERIAL 1/0

7.3 Clock synchronous serial I/0 mode

7.3.7 Process on detecting overrun error

In the clock synchronous serial 1/0 mode, an overrun error can be detected.

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
complete flag = “1” (data is present in the UARTI receive buffer register) and that is transferred to the
receive buffer register, in other words, when the next data is prepared before reading out the contents of
the UARTI receive buffer register. When an overrun error occurs, the next receive data is written into the
UARTI receive buffer register, and the UARTI receive interrupt request bit is not changed.

An overrun error is detected when data is transferred from the UARTI receive register to the UARTI receive
buffer register and the overrun error flag is set to “1.” The overrun error flag is cleared to “0” by clearing
the receive enable bit to “0.”

When an overrun error occurs during reception, initialize the overrun error flag and the UARTI receive
buffer register before performing reception again. When it is necessary to perform retransmission owing to
an overrun error which occurs in the receiver side, set the UARTI transmit buffer register again before
starting transmission again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial /0O mode select bits to “0002” (serial 1/O ignored).
O Set the serial /O mode select bits to “0012” again.
O Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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7.3 Clock synchronous serial I/0 mode

[Precautions when operating in clock synchronous serial 1/0O mode]

1.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when
performing only reception, transmit operation (setting for transmission) must be performed. In this case,
dummy data is output from the TxDi pin.

. When receiving, simultaneously set the receive enable bit and the transmit enable bit to “1.”

. When selecting an external clock, satisfy the following 3 conditions with the input to CLKi pin = “H” level.

<When transmitting>
O Set the transmit enable bit to “1.”
O Write transmit data to the UARTI transmit buffer register.
O Input “L” level to the CTSipin (when selecting the CTS function).

<When receiving>
0 Set the receive enable bit to “1.”
O Set the transmit enable bit to “1.”
O Write dummy data to the UARTI transmit buffer register.

. When receiving data, write dummy data to the low-order byte of the UARTI transmission buffer register

for each reception of 1-byte data.

. The output level of the RTSi pin becomes “L” simultaneously at setting the receive enable bit to “1.” The

output level of this pin becomes “H” when receive starts, and it becomes “L” when receive is completed.
The output level of this pin changes regardless of the contents of the transmit enable bit, the transmission
buffer empty flag, and the receive complete flag.
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7.4 Clock asynchronous serial 1/0 (UART) mode

7.4 Clock asynchronous serial /O (UART) mode

Table 7.4.1 lists the performance overview in the UART mode, and Table 7.4.2 lists the functions of I/O pins

in this mode.

Table 7.4.1 Performance overview in UART mode

Item Functions
Transfer data Start bit 1 bit
format Character bit (Transfer data) | 7 bits, 8 bits, or 9 bits
Parity bit 0 bit or 1 bit (Odd or even can be selected.)
Stop bit 1 bit or 2 bits
Transfer rate When selecting internal clock Clock of BRGi output divided by 16
When selecting external clock Maximum 312.5 kbps

Error detection

4 types (Overrun, Framing, Parity, and Summing)

Presence of error can be detected only by checking error sum flag.

Table 7.4.2 Functions of 1/O pins in UART mode

Pin name

Functions

Method of selection

TxDi (P83, P87)

Serial data output

Fixed

RxDi (P82, P8s)

Serial data input

Port P8 direction register™’s corresponding bit = “0”

CLKi (P81, P8s)

BRGi’'s count source

Internal/External clock select bit™ = “1”

input
CTS/RTS: (P80, P8s) [CTSinput |« CTS/RTS select bit*=*"
RTS output CTSIRTS select bit = “1”

Port P8 direction register™: Address 1416
Internal/External clock select bit": bit 3 at addresses 3016, 3816
CTS/RTS select bit™: bit 2 at addresses 341, 3C1s

Notes 1:

The TxDi pin outputs “H” level while not transmitting after selecting UARTI’s operating mode.

2: The RxDi pin can be used as a programmable 1/O port when performing only transmission.

3: The CLKi pin can be used as a programmable I/O port when selecting internal clock.

4: The CTS/RTS: pin can be used as a input port when performing only reception and not using RTS
function (when selecting CTS function).

7751
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7.4.1 Transfer rate (frequency of transfer clock)

The transfer rate is determined by the BRGi (addresses 31is, 391s).

When setting “n” into BRGi (n = “001¢” to “FF16"), BRGi divides the count source frequency by n + 1. The
divided clock by BRGi is further divided by 16 and the resultant clock becomes the transfer clock. Accordingly,
the value “n” is expressed by the following formula.

_ F n: Value set into BRGi (0016 to FFis)
“160B F: BRGi's count source frequency
B: Transfer rate (bps)

n

An internal clock or an external clock can be selected as the BRGi’s count source with the internal/external
clock select bit (bit 3 at addresses 3016, 3815). When an internal clock is selected, the clock selected with
the BRG count source select bits (bits 0 and 1 at addresses 341s, 3C16) becomes the BRGi’'s count source.
When an external clock is selected, the clock input to the CLKi pin becomes the BRGi's count source.
Tables 7.4.3 to 7.4.5 are list the setting examples of transfer rate. Set the same transfer rate between the
transmitter and the receiver.

Table 7.4.3 Setting examples of transfer rate (1)

f(Xiw) = 25 MHz
Transfer Clock source for peripheral devices select bit = “1” Clock source for peripheral devices select bit = “0”
rate (bps) | BRGi count | BRGi setting Actual time BRGi count| BRGi setting Actual time
source value : n (bps) source value : n (bps)
150 fes 162 (A216) 149.78 fi28 80 (501s) 150.70
300 fes 80 (5016) 301.41 fa2 162 (A216) 299.56
600 fie 162 (A216) 599.12 fa2 80 (501s) 602.82
1200 fie 80 (5016) 1205.63 fa2 40 (28u1s) 1190.93
2400 fie 40 (28a1s) 2381.86 fa 162 (A216) 2396.47
4800 f2 162 (A216) 4792.94 fa 80 (501s) 4822.53
9600 f2 80 (5016) 9645.06 fa 40 (28as) 9527.44
19200 f2 40 (281s) 19054.88
31250 f2 24 (1816) 31250.00

Clock source for peripheral devices select bit : bit 2 at address 5Fis
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Table 7.4.4 Setting examples of transfer rate (2)

f(Xin) = 24.576 MHz

Transfer Clock source for peripheral devices select bit = “1” Clock source for peripheral devices select hit = “0”
rate (bps) | BRGi count | BRGi setting Actual time BRGi count| BRGi setting Actual time
source value : n (bps) source value : n (bps)
150 foa 159 (9Fus) 150.00 fi28 79 (4F1s) 150.00
300 foa 79 (4F1s) 300.00 fa2 159 (9Fus) 300.00
600 fie 159 (9Fs) 600.00 faz 79 (4Fu6) 600.00
1200 fie 79 (4Fu6) 1200.00 fa2 39 (271s) 1200.00
2400 fie 39 (271s) 2400.00 fa 159 (9Fze) 2400.00
4800 f2 159 (9Fs) 4800.00 fa 79 (4F1s) 4800.00
9600 f2 79 (4Fi6) 9600.00 fa 39 (271s) 9600.00
19200 f2 39 (2716) 19200.00 fa 19 (1316) 19200.00
31250 T I
Clock source for peripheral devices select bit : bit 2 at address 5Fs )
Table 7.4.5 Setting examples of transfer rate (3)
Clock source for peripheral devices select bit = “0”
Transfer f(Xin) = 39.3216 MHz f(Xiw) = 40 MHz
rate (bps) | BRGi count | BRGi setting Actual time BRGi count| BRGi setting Actual time
source value : n (bps) source value : n (bps)
150 fi28 127 (7Fus) 150.00 f128 129 (8116) 150.24
300 fa2 255 (FFis) 300.00 f128 64 (4016) 300.48
600 fa2 127 (7F1s) 600.00 fa2 129 (8116) 600.96
1200 fa2 63 (3Fu6) 1200.00 faz 64 (4016) 1201.92
2400 fa 255 (FFus) 2400.00 faz 32 (201s) 2367.42
4800 fa 127 (7F1s) 4800.00 fa 129 (811s) 4807.69
9600 fa 63 (3F1s) 9600.00 fa 64 (4016) 9615.38
19200 fa 31 (1Fus) 19200.00 fa 32 (201s) 18939.39
31250 T NSsE fa 19 (1316) 31250.00
Clock source for peripheral devices select bit : bit 2 at address 5Fis
7751 Group User's Manual 7-37



SERIAL 1/0

7.4 Clock asynchronous serial 1/0 (UART) mode

7.4.2 Transfer data format

The transfer data format can be selected from formats shown in Figure 7.4.1. Bits 4 to 6 at addresses 301s
and 3816 select the transfer data format. (Refer to Figure 7.1.1.) Set the same transfer data format for both
transmitter and receiver sides.

Figure 7.4.2 shows an example of transfer data format. Table 7.4.6 lists each bit in transmit data.

Transfer data length of 7 bits —7— 1ST—7DATA — 1SP
—— 1ST—7DATA ——2SP
—— 1ST—7DATA—1PAR—1SP
—— 1ST—7DATA—1PAR—2SP

Transfer data length of 8 bits —5— 1ST—8DATA — 1SP
— 1ST—8DATA ——2SP
— 1ST—8DATA—1PAR—1SP
— 1ST—8DATA—1PAR—2SP

Transfer data length of 9 bits ~——— 1ST—9DATA —— 1SP _
L 1ST—I9DATA 2SP ST . Start bit
L 1ST—9DATA—1PAR—1SP DATA : Character bit (transfer data)
— 1ST—9DATA—1PAR—2SP PAR : Parity bit

SP . Stop bit

Fig. 7.4.1 Transfer data format
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*Example of 1ST-8DATA-1PAR-1SP

«———— Transmit/Receive data ————{ => Next transmit/receive data

— Time

(When continuously

~<«——— DATA (8 bits) ——> ¢
: transferring)

s [Ls8] [ ] [msB|PAR] sP | ST | |

Fig. 7.4.2 Example of transfer data format

Table 7.4.6 Each bit in transmit data

Name Functions

ST “L” signal equivalent to 1 character bit which is added immediately before the

Start bit character bits. It indicates start of data transmission.

DATA Transmit data which is set in the UARTI transmit buffer register.

Character bit

PAR A signal that is added immediately after the character bits in order to improve data

Parity bit reliability. The level of this signal changes according to selection of odd/even parity
in such a way that the sum of “1”s in this bit and character bits is always an odd
or even number.

ST “H” level signal equivalent to 1 or 2 character bits which is added immediately after

Stop bit the character bits (or parity bit when parity is enabled). It indicates finish of data

transmission.
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7.4.3 Method of transmission

Figure 7.4.3 shows an initial setting example for relevant registers when transmitting.

The difference due to selection of transfer data length (7 bits, 8 bits, or 9 bits) is only that data length.
When selecting a 7- or 8-bit data length, set the transmit data into the low-order byte of the UARTI transmit
buffer register. When selecting a 9-bit data length, set the transmit data into that low-order byte and bit
0 of that high-order byte.

Transmission is started when all of the following conditions (0 to [0) are satisfied:

O Transmit is enabled (transmit enable bit = “1").

O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0").
O CTSi pin’s input is “L” level (when CTS function selected).

Note: When the CTS function is not selected, this condition is ignored.

When using interrupts, it is necessary to set the corresponding register to enable interrupts. For details,
refer to “Chapter 4. INTERRUPTS.”

Figure 7.4.4 shows writing data after start of transmission, and Figure 7.4.5 shows detection of transmission’s
completion.
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/UARTO transmit/receive mode register (Address 3016) \
UART1 transmit/receive mode register (Address 3816)

b:

1)
o

1 b0

1 0 0: UART mode (7 bits)
1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity disabled
1: Parity enabled

k

Sleep select bit
0: Sleep mode cleared (ignored)
1: Sleep mode selected /

b0

ﬂJARTO transmit/receive control register O (Address 3416) \
UART1 transmit/receive control register O (Address 3C16)
b7

BRG count source select bits
b1 b0

0 0: falfa

0 1: fie/fs2

1 0: fea/fr28

1 1: fs12/f1024

CTS/RTS select bit

0: CTS function selected

1: RTS function selected (CTS
function disabled)

/

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7

b0

T— Set to 0016 to FFus.

-

/UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7

Elmerrupt priority level select bits

When using interrupts, set these bits to

b0

level 1-7.

When disabling interrupts, set these

bits to level 0.

\

%

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)
7 b0

b8 b
1]

Set transmit data here.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

b7

b0

LTI TT Jaf

L

Transmit enable bit
1: Transmission enabled

Transmission starts.

(In the case of selecting the CTS function, transmission

starts when the CTSi pin’s input level is “L.”)

Fig. 7.4.3 Initial setting example for relevant registers when transmitting
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[When not using interrupts]

[When using interrupts]

The UARTI transmit interrupt request
occurs when the UARTI transmit buffer
register becomes empty.

(c

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs6)

b7 b0

HEEEEENE
C—

Transmit buffer empty flag

0: Data present in transmit buffer register

1: No data present in transmit buffer register
(Writing of next transmit data is possible.)

hecking state of UARTI transmit buffer register

~

UARTI transmit interrupt

)

£ N

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)
b15 b8 b7 b0

Set transmit data here. /

riting of next transmit data

-

Note :

This figure shows the bits and registers
required for processing.

Refer to Figures 7.4.6 and 7.4.7 about the
change of flag state and the occurrence
timing of an interrupt request.

Fig. 7.4.4 Writing data after start of transmission

7-42 7751 Group User’'s Manual




SERIAL 1/0

7.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts]

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

b7 b0

i

Interrupt request bit
0: No interrupt request
1: Interrupt request

S

(Transmission has started.)/

[When using interrupts]

The UARTI transmit interrupt request
occurs when the transmission starts.

UARTI transmit interrupt

Y

-

Checking completion of transmission.

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3C16)

b7

Transmit register empty flag
0: During transmitting
1: Transmitting completed

S

~

/

< Processing at completion of transmission >

Note : This figure shows the bits and registers required
for processing.
Refer to Figures 7.4.6 to 7.4.7 about the
change of flag state and the occurrence timing
of an interrupt request.

Fig. 7.4.5 Detection of transmission’s completion
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7.4.4 Transmit operation
Simultaneously when the transmit conditions listed on page 7-40 are satisfied, the following operations are
automatically performed.

*The UARTI transmit buffer register’s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

*The UARTI transmit interrupt request occurs and the interrupt request bit is set to “1.”

The transmit operations are described below.

O Data in the UARTI transmit register is transmitted from the TxDi pin.

0 This data is transmitted bit by bit sequentially in order of ST - DATA (LSB) - s .DATA (MSB) - PAR
- SP according to the set transfer data format.

O When the stop bit has been transmitted, the transmission register empty flag is set to “1,” indicating
completion of transmission.

When the transmit conditions for the next data are satisfied at completion of transmission, the start bit is
generated following the stop bit, and the next data is transmitted. When performing transmission continuously,
set the next transmit data in the UARTI transmit buffer register during transmission (when the transmit
register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the TxDi pin
outputs “H” level.

Figures 7.4.6 shows example of transmit timing when the transfer data length is 8 bits, and Figure 7.4.7
shows an example of transmit timing when the transfer data length is 9 bits.
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Tc

Transfer clock | | | || | | | | | | | |||||| | | |||||||| | | | | | |
wqn
Transmit enable bit w0 | |

Data is set in UARTI transmit buffer register. \

wqn
Transmit buffer | a)/ (ﬁ |
empty flag g~ \

. N \
e UARTI transmit register <~ UARTIi transmit buffer register
CTSi

\
r| )

. — : Stopped because transmit enable bit = “0”
Start bit Parity bit  Stop bit Y
XD STADK DX XXX KKK Y SP\STADNLX DX DK KKK oK 2 5
Transmit register T Ii
empty flag «g» |

UARTI transmit E

interrupt request bit "o | | |

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies to Tenpi: Next transmit conditions are examined when this signal level is “H.”
the following conditions: (TENDi is an internal signal. Accordingly, it cannot be read from an external.)
e Parity erjabled

e 1stop bit Tc: 16(n + 1)/fi or 16(n + 1)/fexT

e CTS function selected fi: BRGi count source frequency (f2/f4, f16/f32, fealf128, f512/f1024)

fexT: BRGi count source frequency (external clock)
n: Value set to BRGi

Fig. 7.4.6 Example of transmit timing when transfer data length is 8 bits (when parity enabled,
selecting 1 stop bit)

Tc

Transfer clock | | | | | | I I | | | | | | | | | | | | | | | | | | | |

pn

nO'J Data is set in UARTI transmit buffer register. |
Transmit buffer 1 | <|D (5 | \ |
Y\

empty flag  «g» > . - T
UARTI transmit register <~ UARTI transmit buffer register

TEeNDI I_l

Transmit enable bit

Stopped because transmit enable bit = “0”

Start bit Stop bit  Stop bit Y
TXDI STAPNCXDKON DN OKDHKOKD 5P SPASTADN DX DK ON DN KKK 5P 5P
= AN [
UARTI transmit v —| —l
interrupt request bit g~ |

N /

Cleared to “0” when interrupt request is accepted or cleared by software.

The above timing diagram applies to TenDpi: Next transmit conditions are examined when this signal level is “H.”
the following conditions: (Tenpi is an internal signal. Accordingly, it cannot be read from an external.)
e Parity disabled

e 2 stop bits Tc: 16(n + 1)/fi or 16(n + 1)/fexT

e CTS function disabled fi: BRGi count source frequency (f2/fa, f16/f32, fea/f128, f512/f1024)

fexT: BRGi count source frequency (external clock)
n: Value set to BRGi

Fig. 7.4.7 Example of transmit timing when transfer data length is 9 bits (when parity disabled,
selecting 2 stop bits)
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7.4.5 Method of reception
Figure 7.4.8 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (O and 0O) are satisfied:

O Reception is enabled (receive enable bit = “1”).
O The start bit is detected.

When using interrupts, it is necessary to set the corresponding register to enable interrupts. For details,
refer to “Chapter 4. INTERRUPTS.”
Figure 7.4.9 shows processing after reception’s completion.
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/UARTO transmit/receive mode register (Address 3016) \ PRRREENERENEEREREINRRRRENRRREES
UART1 transmit/receive mode register (Address 3816) -
b7 bo =
| | | | | I 1 | I | UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b2 b1 b0

b7 b0

T— Set to 0016 to FF16.

1 0 0: UART mode (7 bits)
10 1: UART mode (8 bits)
11 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit

0: 1 stop bit Port P8 direction register (Address 1416)
1: 2 stop bits b7 bo
Odd/Even parity select bit | | 9 | | | I 9 | | |

0: Odd parity RxDo pin
1: Even parity RxD1. pin

Parity enable bit
0: Parity disabled
1: Parity enabled

Sleep select bit
0: Sleep mode cleared (ignored)

\ 1: Sleep mode selected /

Note: Set the transfer data format in
the same way as set on the
transmitter side.

UARTO receive interrupt control register (Address 7216)
UART1 receive interrupt control register (Address 7416)
b7 b0

E Interrupt priority level select bits

When using interrupts, set these bits to
level 1-7.
When disabling interrupts, set these bits

\ to level 0.

ﬂJARTO transmit/receive control register O (Address 3416) \
UART1 transmit/receive control register 0 (Address 3C16)
b7 b0

BRG count source select bits
b1b0

00 : falfa

01 : fie/fa2

10 : fealf128

11 : fs12/f1024

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

b7 b0
| |

HEEEEE

Receive enable bit
1: Reception enabled

CTSIRTS select bit
0 : CTS function selected (RTS
function disabled)

L
\ 1 : RTS function selected /
Reception starts when the start
bit is detected.

Fig. 7.4.8 Initial setting example for relevant registers when receiving
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[When not using interrupts]

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

Receive complete flag
0 : Reception not completed
1 : Reception completed /

[When using interrupts]

The UARTI receive interrupt request
occurs when reception is completed.

UARTI receive interrupt

'

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

~

/Checking error

Framing error flag

Parity error flag

Error sum flag
0 : No error
1 : Error detected

Reading of receive data

UARTO receive buffer register (Addresses 3716, 3616)
UARTL1 receive buffer register (Addresses 3Fi6, 3E16)

b15 b8 b7

[ofoofofofo]o] |

T—Read out receive data.

~

/Checking error

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

Overrun error flag
0 : No overrun error
1 : Overrun error detected /

< Processing after reading out receive data )

Note : This figure shows the bits and registers required
for processing.
Refer to Figure 7.4.11 about the change of flag
state and the occurrence timing of an interrupt
request.

Fig. 7.4.9 Processing after reception’s completion
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7.4.6 Receive operation
When the receive enable bit is set to “1,” the UARTI enters the reception enabled state and reception starts
at detecting ST. The receive operation is described below.

O The input signal of the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the transfer clock’s rising.

O The contents of UARTI receive register are shifted by 1 bit to the right.

O Steps O and O are repeated at each rising of the transfer clock.

O When one set of data has been prepared, in other words, the shift according to the selected data format
has been completed; the UARTI receive register’s contents are transferred to the UARTI receive buffer
register.

0 Simultaneously with step 0, the receive complete flag is set to “1,” and the UARTI receive interrupt
request occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 7.4.11 shows an example of receive timing when the transfer data length is 8 bits.

Transmitter side Receiver side

TxDi T TxDi
RXDi |-t - RXDi

Fig. 7.4.10 Connection example
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BRGi count |||||||||”|||||||||||||||||||||||”|||||”|I I||||||||||||||||||||||||||

source

ulu ------
Receive enable bit “O,J
| . Stop bit
Starf\ bit A DO; XE ______ @ \—

Sampled “L”

RxDi

[ S

Reception started at falling of start bit UARTI receive register = UARTI receiveibuffer register

Transfer clock

Receive “1" '
complete flag o -

\
ars " I
—
A

UARTi receive interrupt “1”
request bit “0”

The above timinig diagram applies to Cleared to “0” when interrupt request is accepted
the following conditions: or cleared by software.

e Parity disabled

e 1 stop bit

e RTS function selected

Fig. 7.4.11 Example of receive timing when transfer data length is 8 bits (when parity disabled,
selecting 1 stop bit)
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7.4.7 Process on detecting error
Errors listed below can be detected in the UART mode:

e Overrun error

An overrun error occurs when the next data is prepared in the UARTI receive register with the receive
completion flag = “1” (that is, data present in the UARTI receive buffer register) and that data is transferred
to the UARTI receive buffer register. In other words, when the next data is prepared before the contents
of the UARTI receive buffer register is read out, an overrun error occurs. When an overrun error occurs,
the next receive data is written into the UARTI receive buffer register, and the UARTI receive interrupt
request bit is not changed.

e Framing error
A framing error occurs when the number of detected stop bits does not match the number of stop bits set.
(The UARTI interrupt request bit becomes “1.”)

e Parity error
A parity error occurs when the sum of “1”s in the parity bit and character bits does not match the number
of “1"s set. (The UARTI interrupt request bit becomes “1.”)

Each error is detected when data is transferred from the UARTI receive register to the UARTI receive buffer
register, and the corresponding error flag is set to “1.” Furthermore, when any of the above errors occurs,
the error sum flag is set to “1.” Accordingly, the error sum flag informs the user whether any error has
occurred or not.

The overrun error flag is cleared to “0” by clearing the receive enable bit to “0.”

The framing error flag and the parity error flag are cleared to “0” by reading the contents of the UARTI
receive buffer register low-order byte or clearing the receive enable bit to “0.” The error sum flag is cleared
to “0” by clearing the all error flags, which are overrun, framing, and parity.

When errors occur during reception, initialize the error flags and the UARTI receive buffer register, and
then perform reception again. When it is necessary to perform retransmission owing to an error which
occurs in the receiver side, set the UARTI transmit buffer register again, and then starts transmission
again.

The method of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial /O mode select bits to “0002” (serial 1/O ignored).
O Set the serial /0 mode select bits again.
0 Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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7.4.8 Sleep mode

This mode is used to transfer data between the specified microcomputers, which are connected by using
UARTI. The sleep mode is selected by setting the sleep select bit (bit 7 at addresses 3016, 3815) to “1” when
receiving.

In the sleep mode, receive operation is performed when the MSB (Ds when the transfer data length is 9
bits, Dz when it is 8 bits, Ds when it is 7 bits) of the receive data is “1.” Receive operation is not performed
when the MSB is “0.” (The UARTI receive register’'s contents are not transferred to the UARTI receive
buffer register. Additionally, the receive complete flag and error flags do not change and the UARTI receive
interrupt request does not occur.)

The following shows an usage example of sleep mode when the transfer data length is 8 bits.

O Set the same transfer data format for the master and slave microcomputers. Select the sleep mode for
the slave microcomputers.

O Transmit data, which has “1” in bit 7 and the address of the slave microcomputer with which communicates
in bits 0 to 6, from the master microcomputer to all slave microcomputers.

O All slave microcomputers receive data of step 0. (At this time, the UARTI receive interrupt request
occurs.)

O In all slave microcomputers, check in the interrupt routine whether bits 0 to 6 in the receive data match
their addresses.

O In the slave microcomputer of which address matches bits 0 to 6 in the receive data, clear the sleep
mode. (Do not clear the sleep mode for the other slave microcomputers.)
By performing steps O to O, “specification of the microcomputer performing transfer” is realized.

O Transmit data, which has “0” in bit 7, from the master microcomputer. (Only the microcomputer specified
in steps [0 to O can receive this data. The other microcomputers do not receive this data.)

O By repeating step O, transfer can be performed between the same microcomputers continuously. When
communicating with another microcomputer, perform steps O to O in order to specify the new slave
microcomputer.

Transfer data between the master
Master microcomputer and one slave microcomputer
selected from multiple slave microcomputers.

———————————————————————————————————————————————————————————————

Slave A Slave B Slave C Slave D

Fig. 7.4.12 Sleep mode
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A-D CONVERTER

8.1 Overview

8.1 Overview
The A-D converter has the performance specifications listed in Table 8.1.1.

Table 8.1.1 Performance specifications of A-D converter

Item Performance specifications
A-D conversion method Successive approximation conversion method
Resolution Either 8 bits or 10 bits can be selected by software
Absolute accuracy 8-bit mode: +2 LSB
10-bit mode: +3 LSB
Analog input pin 8 pins (ANo to ANv)
Conversion rate per analog input pin 8-bit mode: 49 @ao” cycles
10-bit mode: 59 @ao” cycles

@ap”: A-D converter’'s operation clock
The A-D converter has the 5 operation modes listed below.

*One-shot mode
This mode is used to perform the operation once for a voltage input from one selected analog input pin.
*Repeat mode
This mode is used to perform the operation repeatedly for a voltage input from one selected analog input
pin.
«Single sweep mode
This mode is used to perform the operation for voltages input from multiple selected analog input pins, one
at a time.
*Repeat sweep mode 0
This mode is used to perform the operation repeatedly for voltages input from multiple selected analog
input pins.
*Repeat sweep mode 1
This mode is used to perform the operation repeatedly for voltages input from all analog input pins. In this
mode, analog input pins are separated into two groups according to the frequency of use. One is the group
for more frequencies of use, and the other is the group for fewer frequencies of use.
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8.2 Block description

Figure 8.2.1 shows the block diagram of the A-D converter. Registers relevant to the A-D converter are

described below.

A-D conversion frequency selected

O
/07 bAD
f2/f4i—{ 12 }—Q 12 5

Vrer () Register
Avss () ladder network

Vref

LIZLIIIILY:

<
Successive B LLIITITT]
approxg‘gaig?er; A-D sweep pin select register 1
| |
A-D control register 0
Yvey
A-D register 0 < L4
A-D register 1 ®
A-D register 2 < °
A-D register 3 < L d Decoder
A-D register 4 ®
A-D register 5 L
A-D register 6 < ¢
A-D register 7 *
e
Data bus (even) I YYYYYYVY Comparator
ANo () o
AN1 () 0o
ANz () O
ANz () O VIN
ANz () o
ANs () O
ANs () O
AN7/ADTRG () ©
Selector

Fig. 8.2.1 Block diagram of A-D converter

7751 Group User’'s Manual

8-3



A-D CONVERTER

8.2 Block description

8.2.1 A-D control register 0
Figure 8.2.2 shows the structure of the A-D control register 0. The A-D operation mode select bits 0 select
the operation mode of the A-D converter. The other bits are described below.

| | | A-D control register 0 (Address 1Eais)

Bit Bit name Functions Atreset | RW

H H b2 b1 b0
L 0 Analog input select bits . )
(Valid in one-shot and repeat 00 0 : ANo selected Undefined | RW

modes) (Note 1) 00 1: ANz selected
010 : AN2 selected
' 011:ANsselected )
v Tt ! 100 : ANa selected Undefined | RW
: 101: ANs selected
i 11 0: ANe selected
e 2 111: AN selected (Note 2) Undefined| RW

T 3 A-D operation mode select bits O | b4b3 0 RW
0 0 : One-shot mode

: 0 1: Repeat mode

10 : Single sweep mode
PR 4 1 1: Repeat sweep mode 0 / 0 RW
Repeat sweep mode 1 (Note 3)

S CLE LT EEEPPEEEEEPE 5 | Trigger select bit 0@ Internal trigger 0 RW
: 1: External trigger
A GEERELELELEEEEEEEEEEEE 6 A-D conversion start bit 0 : Stop A-D conversion 0 RW
: 1 : Start A-D conversion
L e e 7 A-D conversion frequency Refer to Table 8.2.1 0 RW

(@ab) select bit 0

Notes 1: These bits are ignored in the single sweep and repeat sweep mode 0 and repeat
sweep mode 1. (They may be either “0” or “1.”)
2: When selecting an external trigger, the AN 7 pin cannot be used as an analog input pin.
3: Use the A-D operation mode select bit 1 (bit 2 at address 1Fis) to select either the
repeat sweep mode 0 or repeat sweep mode 1.
4: Writing to each bit (except bit 6) of the A-D control register 0 must be performed while
the A-D converter halts.

Fig. 8.2.2 Structure of A-D control register 0

(1) Analog input select bits (bits 2 to 0)
These bits are used to select an analog input pin in the one-shot mode and repeat mode. Pins which
are not selected as analog input pins function as programmable /O ports.
These bits must be set again when the user switches the A-D operation mode to the one-shot mode
or repeat mode after performing the operation in the single sweep mode, repeat sweep mode 0 or
repeat sweep mode 1.
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(2

3

4

Trigger select bit (bit 5)
This bit is used to select the source of trigger occurrence. (Refer to “(3) A-D conversion start bit.” )

A-D conversion start bit (bit 6)

e When internal trigger is selected
Setting this bit to “1” generates a trigger, causing the A-D converter to start operating. Clearing
this bit to “0” causes the A-D converter to stop operating.
In the one-shot mode or single sweep mode, this bit is cleared to “0” after the operation is
completed. In the repeat mode, repeat sweep mode 0 or repeat sweep mode 1, the A-D converter
continues operating until this bit is cleared to “0” by software.

e When external trigger is selected
When the ADTrG pin level goes from “H” to “L” with this bit = “1,” a trigger occurs, causing the
A-D converter to start operating. The A-D converter stops when this bit is cleared to “0.”
In the one-shot mode or single sweep mode, this bit remains set to “1” even after the operation
is completed. In the repeat mode, repeat sweep mode O or repeat sweep mode 1, the A-D
converter continues operating until this bit is cleared to “0” by software.

A-D conversion frequency ( @ap) select bit 0 (bit 7)

The operating time of the A-D converter varies depending on the selected operating clock (@0) by
this bit and the A-D conversion frequency (¢ap) select bit 1 (bit 4 at address 1Fs; refer to Figure
8.2.3) as listed in Table 8.2.3.

Since the A-D converter’'s comparator consists of capacity coupling amplifiers, keep that @ap = 250
kHz during A-D conversion.

Table 8.2.1 Time for performance to one analog input pin (unit: us)

Clock source for peripheral devices select bit 0 1

A-D conversion frequency (¢uo) select bit 1 0 0 1 0 0 1
A-D conversion frequency (¢uo) select bit 0 0 1 0 0 1 0

(ap f2 divided by 4 | 2 divided by 2 fa f divided by 4 | . divided by 2 fa
8-bit resolution 31.36 15.68 7.84 15.68 7.84 3.92
f(Xiw) = 25 MHz 3 ;
10-bit resolution 37.76 18.88 9.44 18.88 9.44 4.72
8-bit resolution 19.60 9.80 4.90 — — —
f(Xiw) = 40 MHz : 3
10-bit resolution| 23.60 11.80 5.90 — — —
7751 Group User's Manual 8-5
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8.2 Block description

8.2.2 A-D control register 1

Figure 8.2.3 shows the structure of the A-D control register 1.

The A-D operation mode select bit 1 is used to select the operation mode of the A-D converter. The 8/10-
bit mode select bit is used to select the resolution. Refer to Table 8.2.1 for the A-D conversion frequency
(paD) select bit 1.

b7 b6 b5 b4 b3 b2 bl bO
A-D control register 1 (Address 1Fzie)

Bit Bit name Functions Atreset | RW

oL 0 A-D sweep pin select bits e Single sweep mode/Repeat sweep

1 RwW
(Valid in single sweep, repeat sweep nge 0

mode 0 and repeat sweep mode 1) 00 : ANo, AN1 (2 pins)

(Note 1) 01 : ANo to AN (4 pins)
10 : ANo to ANs (6 pins)
11 : ANoto AN7 (8 pins) (Note 2)

P teeean- 1 e Repeat sweep mode 1 (Note 3) 1 RW

: b1 b0

. 00 : ANo (1 pin)

; 01 : ANo, AN1 (2 pins)

' 1 0: ANo to ANz (3 pins)

11 : ANo to ANs (4 pins)

R 2 A-D operation mode select bit 1 | 0 : Repeat sweep mode 0 0 RW
i (Use in repeat sweep mode 0 1 : Repeat sweep mode 1
: and repeat sweep mode 1)
E (Note 4)
R 3 8/10-bit mode select bit 0 : 8-bit mode 0 RW
1: 10-bit mode
T LR EE R TP 4 A-D conversion frequency Refer to A-D conversion frequency 0 RW
(D) select bit 1 (¢ep) select bit O (bit 7 at address

E 1E6) ; See Table 8.2.1

7 to 5 | Nothing is assigned. Undefined|  —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or

“1.7)

2: When selecting an external trigger, the AN 7 pin cannot be used as an analog input
pin.

3: Analog input pins which are frequently A-D converted are selected in the repeat
sweep mode 1.

4: Fix this bit to “0” in the one-shot, repeat, and single sweep modes.

5: Writing to each bit of the A-D control register 1 must be performed while the A-D
converter halts.

Fig. 8.2.3 Structure of A-D control register 1

(1) A-D sweep pin selection bits (bits 1 and 0)
These bits are used to select analog input pins in the single sweep mode, repeat sweep mode 0 and
repeat sweep mode 1. In the single sweep mode and repeat sweep mode 0, pins which are not
selected as analog input pins function as programmable I/O ports.
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8.2 Block description

8.2.3 A-D register i (i =0to 7)

Figure 8.2.4 shows the structure of the A-D register i. When the A-D conversion is completed, the conversion
result (contents of the successive approximation register) is stored into this register. Each A-D register i
corresponds to an analog input pin (ANi). Table 8.2.2 lists the correspondence of an analog input pin to

A-D register i.

e 8-bit mode

(b15) (b8)
b7 b0 b7 b0

A-D register 0 (Addresses 21 16, 2016)
A-D register 1 (Addresses 2316, 2216)
A-D register 2 (Addresses 25 16, 2416)
A-D register 3 (Addresses 27 16, 2616)
A-D register 4 (Addresses 29 16, 2816)
A-D register 5 (Addresses 2B 16, 2A16)
A-D register 6 (Addresses 2D 16, 2C16)
A-D register 7 (Addresses 2F 16, 2E16)

Bit Functions

Atreset

RW

7 to 0 | Reads an A-D conversion result.

Undefined

RO

e 10-bit mode

(b15) (b10) (b8)
b7 b2 b0 b7 b0

15 to 8 | The value is “0” at reading.

0

RO

A-D register 0 (Addresses 21 16, 2016)
A-D register 1 (Addresses 23 16, 2216)
A-D register 2 (Addresses 25 16, 2416)
A-D register 3 (Addresses 27 16, 2616)
A-D register 4 (Addresses 29 16, 2816)
A-D register 5 (Addresses 2B 16, 2A16)
A-D register 6 (Addresses 2D 16, 2C16)
A-D register 7 (Addresses 2F 16, 2E16)

Bit Functions

Atreset

RW

9to 0 | Reads an A-D conversion result.

Undefined

RO

..............................................

1510 10 | The value is “0” at reading.

0

RO

Fig. 8.2.4 Structure of A-D register i

Table 8.2.2 Correspondence of analog input pin

and A-D register i

Analog input pin A-D register i where
conversion result is stored
ANo pin A-D register 0
ANz1 pin A-D register 1
ANz pin A-D register 2
ANs pin A-D register 3
ANz pin A-D register 4
ANs pin A-D register 5
ANs pin A-D register 6
AN~z pin A-D register 7

7751 Group

User’'s Manual



A-D CONVERTER

8.2 Block description

8.2.4 A-D conversion interrupt control register
Figure 8.2.5 shows the structure of the A-D conversion interrupt control register. For details about interrupts,
refer to “Chapter 4. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo

A-D conversion interrupt control register (Address 7016)

A b Bit Bit name Functions Atreset| RW
T T S Interrupt priority level select bits | 52510 .

A 0 ptpriorty 000: Level 0 (Interrupt disabled) 0 | RW
R 001:Levell Low level

e 010:Level 2

- ettt 1 011:Level3 0 RW
- 100:Level 4

R R T 101:Level5

- 110:Level6

A 2 111:Level7 High level 0 RW
i E E E e 3 Interrupt request bit 0 : No interrupt request Undefined| Ry
oo 1 : Interrupt request (Note)
T CERCEEPPEEPPEEPPREPPE 7to 4 | Nothing is assigned. Undefined | —

Note : Clear the bit 3 to “0” by software when using A-D conversion interrupt.

Fig. 8.2.5 Structure of A-D conversion interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits select the A-D conversion interrupt’s priority level. When using A-D conversion interrupts,
select priority levels 1 to 7. When an A-D conversion interrupt request occurs, its priority level is
compared with the processor interrupt priority level (IPL) and the requested interrupt is enabled only
when its priority level is higher than the IPL. (However, this applies when the interrupt disable flag
() = “0.”) To disable the A-D conversion interrupt, set these bits to “0002” (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when an A-D conversion interrupt request occurs. This bit is automatically
cleared to “0” when the A-D conversion interrupt request is accepted. This bit can be set to “1” or
cleared to “0” by software.
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8.2 Block description

8.2.5 Port P7 direction register

The A-D converter and port P7 use the same pins in common. When using these pins as the A-D converter's
input pins, set the corresponding bits of the port P7 direction register to “0” to set these ports for the input
mode. Figure 8.2.6 shows the relationship between the port P7 direction register and A-D converter’s input

pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (Address 1116)

Bit Corresponding pin Functions Atreset| RW

0 ANo pin 0 : Input mode 0 RW
- 1 : Output mode

1 ANz pin 0 RW
. When using these pins as A-D

2 ANz pin converter’s input pins, set the RW

3 ANs pin corresponding bits to “0. 0 RW

4 ANz pin 0 RW

5 ANs pin 0 RW

6 ANe pin 0 RW

7 AN7/ADTRG pin 0 RW

Fig. 8.2.6 Relationship between port P7 direction register and A-D converter’s input pins

7751 Group User's Manual

8-9



A-D CONVERTER

8.3 A-D conversion method (successive approximation conversion method)

8.3 A-D conversion method (successive approximation conversion method)

The A-D converter compares the comparison voltage (Vrwr), which is internally generated according to the
contents of the successive approximation register, with the analog input voltage (Vi), which is input from
the analog input pin (ANi). By reflecting the comparison result on the successive approximation register, Vin
is converted into a digital value. When a trigger is generated, the A-D converter performs the following
processing:

O

Determining bit 9 of the successive approximation register

The A-D converter compares Vrer With Vin. At this point, the contents of the successive approximation
register are “1000000000:" (initial value).

Bit 9 of the successive approximation register changes according to the comparison result as follows:
When Vet < Vi, bit 9 = “1”

When Vier > Vi, bit 9 = “0”

Determining bit 8 of the successive approximation register

After setting bit 8 of the successive approximation register to “1,” the A-D converter compares Ve
with Vin. Bit 8 changes according to the comparison result as follows:

When Vet < Vv, bit 8 = “1”

When Vier > VN, bit 8 = “0”

Determining bits 7 to 0 of the successive approximation register

Operation in O are performed for bits 7 to 0 in the 10-hit mode.

Operation in OO are performed for bits 7 to 2 in the 8-bit mode.

When the LSB is determined, the contents (conversion result) of the successive approximation register
are transferred to the A-D register i.

The comparison voltage (Vrr) is generated according to the latest contents of the successive approximation
register. Table 8.3.1 lists the relationship between the successive approximation register’'s contents and Vrer.
Table 8.3.2 and Table 8.3.3 list changes of the successive approximation register and Vv during the A-D
conversion. Figure 8.3.1 shows the ideal A-D conversion characteristics in the 10-bit mode.

Table 8.3.1 Relationship between successive approximation register's contents and V ref
Successive approximation register's contents: n Vet (V)
0 0
1 to 1023 _Vrer O (n - 0.5)
1024

Vrer”: Reference voltage

8-10
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mode

Table 8.3.2 Change in successive approximation register and V

A-D CONVERTER

(successive approximation conversion method)

ref during A-D conversion in 8-bit

Successive approximation register

Change of Vref

A-D converter halt
1st comparison
2nd comparison

v

3rd comparison
8th comparison

Conversion complete

b9 b0
|1]/o]olofolo]olo]o]0]

'1]/ololololo]olo]o]0]

ino[1lololofolololo]0]
1st comparison result
nolne/ 1/ 0] 0/0] 0] 0]0]0]
2nd comparison result

‘ng‘ ns‘ n7‘ne‘n5‘n4‘ na‘ 1 ‘ 0 ‘ O‘

‘n9‘n8‘ n7‘n6‘n5‘n4‘ ns‘ nz‘ 0 ‘ 0‘

VREF
> M
VREF _ VREF
2 2048 V]
_ VRer
ne=1 + ——
VREF , VREF _ VREF V] v
2 T 4 2048 ne=0 g
VRer , VREF , VREF _ VREF V]
2 ~ 4 — 8 2048
VREF , VREF , VREF _ + _VREF
2~ 4 — 8 T - 256

VRer
VRer
ng=0 — 8

4
*ng=1

_ VREF |y]
2048

mode

Table 8.3.3 Change in successive approximation register and V

ref during A-D conversion in 10-bit

Successive approximation register

Change of Vref

A-D converter halt
1st comparison
2nd comparison

3rd comparison

X

10th comparison

Conversion complete

b9 b0
|1]/ololo]olo|olo]o]o]

'1/o0]olo]olololofolo]

ino[1/ojolololof0]o]0]
1st comparison result
nolns/ 1|0/ 0|0 0| 0|0]0]
2nd comparison result

‘ng‘ na‘ n7‘ ne‘ ns‘ n4‘ ns‘ nz‘ nl‘ 1 ‘

(e e[ e s e ] e )

VREF
> M
VREF _ VREF
2 2048 V]
o=l + YREE
VREF , VREF _ VREF V] V4
2 7 4 72048 M om0~
VRer
VRer , VRer , VREF _ VREF M ng=l +—g—
2 ~ 4 — 8 2048 o Vrer
*ng=0 8
VREF , VREF , VREF + VREE _ VREF [y
2 - 4 — 8 T 1024 2048
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8.3 A-D conversion method

(successive approximation conversion method)

A-D conversion result
3FF16 |
3FE1 |

3FD1s |

<

00316 |

00216

Ideal A-D conversion characteristics

00116 |

)) | Il Il
«

>

00016 L--— }

VREF

0 ' 1024
<>

VREF

1024

01

0o.5

VREF
1024

VREF

VREF VREF
1024 01023

VREF
1024 [11021 1024 01022

1024

02 a3

VREF

Analog input voltage

Fig. 8.3.1 Ideal A-D conversion characteristics in 10-bit mode
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8.4 Absolute accuracy and differential non-linearity error

8.4 Absolute accuracy and differential non-linearity error

8.4.1 Absolute accuracy

The absolute accuracy is the difference expressed in the LSB between the actual A-D conversion result
and the output code of an A-D converter with ideal characteristics. The analog input voltage when measuring
the accuracy is assumed to be the mid point of the input voltage width that outputs the same output code
from an A-D converter with ideal characteristics. For example, in the case of the 10-bit mode, when
Vrer=5.12 V, 1 LSB width is 5 mV, and 0 mV, 5 mV, 10 mV, 15 mV, 20 mV, ... are selected as the analog
input voltages.

The absolute accuracy = +3 LSB indicates that when the analog input voltage is 25 mV, the output code
expected from an ideal A-D conversion characteristics is “0051,” but the actual A-D conversion result is
between “00216” to “00816.”

The absolute accuracy includes the zero error and the full-scale error.

The absolute accuracy degrades when Vrer is lowered. The output code for analog input voltages Vrer to
AVcc is “3FFis.”

Output code
(A-D conversion result)

00B1s | _]

00A16 |-

00916 |

o08se¢ | + 3LSB / \

) Ideal A-D conversion
00716 characteristics

00616 |

00516 - ,

00416 |

00316 |

00216 |- I I ‘

00116 |

00016 ] I | I I ! ! I ! | | )

0 5 10 15 20 25 30 35 40 45 50 55
Analog input voltage (mV)

Fig. 8.4.1 Absolute accuracy of A-D converter in 10-bit mode
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8.4 Absolute accuracy and differential non-linearity error

8.4.2 Differential non-linearity error

The differential non-linearity error indicates the difference between the 1 LSB step width (the ideal analog
input voltage width while the same output code is expected to output) of an A-D converter with ideal
characteristics and the actual measured step width (the actual analog input voltage width while the same
output code is output). For example, in the case of the 10-bit mode, when Vrer=5.12 V, the 1 LSB width
of an A-D converter with ideal characteristics is 5 mV, but if the differential non-linearity error is £1 LSB,

the actual measured 1 LSB width is 0 to 10 mV.

00916

00816

00716

00616

00516

00416

00316

00216

00116

00016

Output code
(A-D conversion result)

A

1 LSB width with ideal
7] A-D conversion characteristics
Differential non-linearity error
1 i { 1 1 1 % % }
0 5 10 15 20 25 30 35 40 45

Analog input voltage (mV)

Fig. 8.4.2 Differential non-linearity error in 10-bit mode
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8.5 Comparison voltage in 8-bit mode

8.5 Comparison voltage in 8-bit mode

In the 8-bit mode, the M37751 treats the high-order 8 bits of the 10-bit successive approximation register
as the conversion result. Accordingly, when compared with the 8-bit A-D converter, the A-D conversion of
the M37751 is performed by using a comparison reference voltage that is different by 3Vres/2048 (refer to

the underlined portions in the Table 8.5.1). The difference of the output code change point is generated as
shown in Figure 8.5.1.

Table 8.5.1 Comparison reference voltage of the M37751’'s 8-bit mode and 8-bit A-D converter
M37751’s 8-bit mode 8-bit A-D converter

Comparison reference
voltage Vref

Vrer/28 0 n — Vrer/2° O 0.5 Vrer/28 0 n — Vrer/28 0 0.5

Vrer: Reference voltage
n : Contents of successive approximation register

e 8-bit A-D converter with ideal characteristics (In the case of VRer = 5.12 V)

Output code

(A-D conversion result) ‘
02 -

01 |-------

00 ;

10 130 Analog input voltage (mV)

e M37751’s A-D converter with ideal characteristics (In the case of VREF =5.12 V)

Output code
(A-D conversion result)

8-bit mode 10-bit mode i |
- Tttt — 10-bit mode

8-bit mode

175 37.5
Analog input voltage (mV)

Note: Difference from output code change point
VRer: Reference voltage

Fig. 8.5.1 Difference of output code change point
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8.6 One-shot mode

8.6 One-shot mode

In the one-shot mode, the operation for the input voltage from the one selected analog input pin is performed
once, and an A-D conversion interrupt request occurs when the operation is completed.

8.6.1 Settings for one-shot mode
Figure 8.6.1 shows an initial setting example of the one-shot mode.

When using an interrupt, it is necessary to set the corresponding register to enable interrupts. Refer to
“Chapter 4. INTERRUPTS” for more descriptions.
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8.6 One-shot mode

b7

e A-D control register 0 and A-D control register 1

~

b0

[ [o]

[ofo] | |

| A-D control register 0 (address 1Eis)

b7 b0
.mmm A-D control register 1 (address 1F16)
8/10-bit mode select bit

Analog input select bits

b2 bl b0 0 : 8-bit mode

0 0 0:ANo selected 1 : 10-bit mode

0 0 1:AN:1 selected .

0 1 0:ANz2selected A-D conversion frequency ( @aD)

0 1 1:ANsselected select bit 1 )

1 0 0:ANaselected Refer to A-D conversion frequency
1 0 1:ANs selected (@aD) select bit 0.

1 1 0:ANs selected

1 1 1:AN7 selected

One-shot mode
Trigger select bit
0 : Internal trigger
1: External trigger

A-D conversion start bit
0 : Stop A-D conversion

-

A-D conversion frequency (@ap) select bit 0
A-D conversion frequency (@ap) select bit 1 = “0”
0 : fa/fa divided by 4
1 : f2/fa divided by 2
A-D conversion frequency (@AD) select bit 1 =“1"
0: fo/fa
1: Not selected

e Interrupt priority level
b7

—

-

b0
A-D conversion interrupt control register (address 7016)

Interrupt priority level select bits

Set to a level between 1 to 7 when using this interrupt.
Set to a level 0 when disabling this interrupt.
Interrupt request bit

“0" : No interrupt request

-

b7

e Port P7 direction register

~

b0

| [ | port P direction register (address 1116) * Set A-D conversion start bit to “1”

/

Selecting internal trigger

Input falling edge to

H b7 b0
LANo : | | 1 | | | | | | | A-D control register 0 (address 1Ezs)
AN: _ R
———AN,  Setthe bits corresponding | 2 A-D conversion start bit

ANz to analog input pins to “0.” : .
AN,  Setbit7to 0" when = Selecting external trigger H
ANs selecting external trigger. H st g
ANs H = H
AN7 : \ 4 :

ADTRG pin

Trigger occur
Operation start

Note: Write the following registers when the A-D conversion stops (before trigger occurs).
« Each bit of A-D control register 0 (except bit 6)
« Each bit of A-D control register 1

Fig. 8.6.1 Initial setting

example of one-shot mode
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8.6 One-shot mode

8.6.2 One-shot mode operation description

(1) When an internal trigger is selected
O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

O The A-D conversion is completed after 49 cycles of @aD in the 8-bit mode, or 59 cycles of @D in
the 10-bit mode. Then, the contents of the successive approximation register (conversion result) are
transferred to the A-D register i.

O At the same time as step [0, the A-D conversion interrupt request bit is set to “1.”
O The A-D conversion start bit is cleared to “0” and the A-D converter stops operation.
(2) When an external trigger is selected

O The A-D converter starts operation when the input level to the ADTrG pin changes from “H” to “L”
while the A-D conversion start bit is “1.”

O The A-D conversion is completed after 49 cycles of @aD in the 8-bit mode, or 59 cycles of @D in
the 10-bit mode. Then, the contents of the successive approximation register (conversion result) are
transferred to the A-D register i.

O At the same time as step [0, the A-D conversion interrupt request bit is set to “1.”

O The A-D conversion stops operation.

The A-D conversion start bit remains set to “1" after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the ADTrRG
pin changes from “H” to “L.”

When the level of the ADTrRG pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

Figure 8.6.2 shows the conversion operation in the one-shot mode.
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8.6 One-shot mode

Trigger occur

ANi pin

Conversion result

Convert input voltage from

A-D register i

A-D converter interrupt

request occur

CA-D converter halt)

Fig. 8.6.2 Conversion operation in one-shot mode
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8.7 Repeat mode

8.7 Repeat mode

In the repeat mode, the operation for the input voltage from the one selected analog input pin is performed
repeatedly.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1Eis) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

8.7.1 Settings for repeat mode
Figure 8.7.1 shows an initial setting example of repeat mode.

8-20 7751 Group User’'s Manual



A-D CONVERTER

8.7 Repeat mode

b7 b0

o A-D control register 0 and A-D control register 1

LT T

b7 b0

A-D control register 0 (address 1Ezs) A-D control register 1 (address 1Fie)
Analog input select bits 8/10-bit mode select bit

b2 bl b0 0 : 8-hit mode

0 0 0:ANo selected 1 : 10-bit mode

0 0 1:ANz1selected

0 1 0:AN:zselected A-D conversion frequency (@ap)

0 1 1:ANsselected select bit 1

1 0 0:ANsselected Refer to A-D conversion frequency
1 0 1:ANsselected (@aD) select bit 0.

1 1 0:ANs selected

1 1 1:AN7selected

Repeat mode
Trigger select bit
0 : Internal trigger
1: External trigger

A-D conversion start bit
0: Stop A-D conversion
A-D conversion frequency (ap) select bit 0
A-D conversion frequency (@aD) select bit 1 =“0"
0 : f2/fa divided by 4
1 : f2/fa divided by 2
A-D conversion frequency (@aD) select bit 1 =*1"
0: foffa
1: Not selected

or “1”

Note:

e Port P7 direction register
b7 b0
Port P7 direction register (address 111e)
L ANo
AN1
L AN2 Set the bits corresponding
ANz to analog input pins to “0.”
AN Set bit 7 to “0” when
ANs selecting external trigger.
ANs
AN7

e Set A-D conversion start bit to “1”
b7

g S—

Selecting external trigger

A-D control register 0 (address 1Ezs)

A-D conversion start bit

= Selecting internal trigger

Input falling edge to
ADTRG pin

Trigger occur

Operation start

Write the following registers when the A-D conversion stops (before trigger occurs).

« Each bit of A-D control register 0 (except bit 6)
« Each bit of A-D control register 1

Fig. 8.7.1 Initial setting example

of repeat mode
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8.7 Repeat mode

8.7.2 Repeat mode operation description

(1) When an internal trigger is selected
O The A-D converter starts operation when the A-D conversion start bit is set to “1.”

O The first A-D conversion is completed after 49 cycles of @D in the 8-bit mode, or 59 cycles of gD
in the 10-bit mode. Then, the contents of the successive approximation register (conversion result)
are transferred to the A-D register i.

O The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i each time the conversion is completed.

(2) When an external trigger is selected
O The A-D converter starts operation when the input level to the ADTRG pin changes from “H” to “L”
while the A-D conversion start bit is “1.”

O The first A-D conversion is completed after 49 cycles of @aD in the 8-bit mode, or 59 cycles of @D
in the 10-bit mode. Then, the contents of the successive approximation register (conversion result)
are transferred to the A-D register i.

O The A-D converter repeats operation until the A-D conversion start bit is cleared to “0” by software.
The conversion result is transferred to the A-D register i each time the conversion is completed.
When the comparator function is selected, the comparison result is stored in the ANi pin comparator
result bit each time the comparison is completed.

When the level of the ADTrRG pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step .

Figure 8.7.2 shows the conversion operation in the repeat mode.

Trigger occur

Conversion result

Convert input voltage from ﬁ A-D register i
ANi pin

Fig. 8.7.2 Conversion operation in repeat mode
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8.8 Single sweep mode

8.8 Single sweep mode

In the single sweep mode, the operation for the input voltage from multiple selected analog input pins is
performed, one at a time. The A-D converter is operated in ascending sequence from the ANo pin. An
A-D conversion interrupt request occurs when the operation for all selected input pins are completed.

8.8.1 Settings for single sweep mode
Figure 8.8.1 shows an initial setting example of single sweep mode.

When using an interrupt, it is necessary to set the corresponding register to enable interrupts. Refer to
“Chapter 4. INTERRUPTS” for more information.
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8.8 Single sweep mode

~

e A-D control register 0 and A-D control register 1

b7 b0 b7 b0
| |0 | | 1 | 0 |D |D |D | A-D control register 0 (address 1Eie) - 0 A-D control register 1 (address 1Fi6)
Single sweep mode ﬁll?)osweep pin select bits
. . 0 0: ANo, ANz (2 pins)
Trigger select bit 0 1:ANo to ANz (4 pins)
0: Internal trigger 1 0:ANoto ANs (6 pins)
1: External trigger 1 1:ANoto AN7 (8 pins)
A-D conversion start bit ———— 8/10-bit mode select bit
0: Stop A-D conversion 0 : 8-bit mode
1: 10-bit mode
A-D conversion frequency (@ap) select bit 0 L A-D conversion frequency ( @aD)
A-D conversion frequency (@ap) select bit 1 = “0” select bit 1
0 : f2/f4 divided by 4 Refer to A-D conversion frequency
1 : fa/fa divided by 2 (@aD) select bit 0.

A-D conversion frequency ( @ap) select bit 1 = “1"

0 : folfa L u e wqn
1 : Not selected

)

e Interrupt priority level
b7 b0
_EE‘ A-D conversion interrupt control register (address 7016)
Interrupt priority level select bits
Set to a level between 1 to 7 when using this interrupt.
Set to a level 0 when disabling this interrupt.

Interrupt request bit
“0" : No interrupt request

-

e Port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 11i6)

EANO

ANz

AN2 Set the bits corresponding
ANz 1o analog input pins to “0.”
ANz Setbit 7 to “0” when

ANs selecting external trigger.

ANs
AN7

~

e Set A-D conversion start bit to “1”
b7 bo
| | 1 | | | | | | | A-D control register 0 (address 1Ez6)

A-D conversion start bit

electing external trigger

)

Selecting internal trigger

Input falling edge to
ADTRG pin

FITELLTT

A

Trigger occur

Operation start

Note: Write the following registers when the A-D conversion stops (before trigger occurs).
« Each bit of A-D control register 0 (except bit 6)
« Each bit of A-D control register 1

Fig. 8.8.1 Initial setting example of single sweep mode
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8.8 Single sweep mode

8.8.2 Single sweep mode operation description

(1) When an internal trigger is selected

O

O

O

The A-D converter starts conversion for the input voltage from the ANo pin starts when the A-D
conversion start bit is set to “1.”

The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @aD in
the 8-bit mode, or 59 cycles of @aD in the 10-bit mode. Then, the contents of the successive

approximation register (conversion result) are transferred to the A-D register O.

The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

When the step O is completed, the A-D conversion interrupt request bit is set to “1.”

The A-D conversion start bit is cleared to “0” and the A-D converter stops operation.

(2) When an external trigger is selected

O

The A-D converter starts conversion for the input voltage from the ANo pin when the input level to
the ADTRG pin changes from “H” to “L” while the A-D conversion start bit is “1.”

The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @AD in
the 8-bit mode, or 59 cycles of @aDp in the 10-bit mode. Then, the contents of the successive
approximation register (conversion result) are transferred to the A-D register O.

The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

When the step O is completed, the A-D conversion interrupt request bit is set to “1.”
The A-D conversion stops operation.

The A-D conversion start bit remains set to “1” after the operation is completed. Accordingly, the
operation of the A-D converter can be performed again from step O when the level of the ADTrG
pin changes from “H” to “L.”

When the level of the ADTRG pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step [O.

Figure 8.8.2 shows the conversion operation in the single sweep mode.
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8.8 Single sweep mode

Trigger occur

Convert input voltage from
ANo pin

j Conversion result '

A-D register 0

Convert input voltage from
ANz pin

] Conversion result l

A-D register 1

v

Convert input voltage from
ANi pin

] Conversion result .

A-D register i

CA-D converter halt)

A-D converter interrupt

request occur

Fig. 8.8.2 Conversion operation in single sweep mode
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8.9 Repeat sweep mode 0O

8.9 Repeat sweep mode O

In the repeat sweep mode 0, the operation for the input voltage from the multiple selected analog input pins
is performed repeatedly. The A-D converter is operated in ascending sequence from the ANo pin.
In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at

address 1Ei6) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

8.9.1 Settings for repeat sweep mode 0
Figure 8.9.1 shows an initial setting example of repeat sweep mode 0.
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8.9 Repeat sweep mode 0O

b7

o A-D control register 0 and A-D control register 1

~

b0 b7 b0

| | 0 | | 1 | 1 |D | 0 | 0 |A-D control register 0 (address 1Ezs) - 0 A-D control register 1 (address 1F1e)

A-D sweep pin select bits
b1 b0

0 0:ANo, AN1 (2 pins)

0 1:ANoto ANs (4 pins)
1 0: ANo to ANs (6 pins)
1 1:ANoto AN7 (8 pins)

Repeat sweep mode 0

Trigger select bit
0 : Internal trigger
1: External trigger

Repeat sweep mode 0
8/10-bit mode select bit

A-D conversion start bit
0: Stop A-D conversion

. . 0 : 8-bit mode
A-D conversion frequency (@ap) select bit 0 1 : 10-bit mode
A-D conversion frequency (@ap) select bit 1 = “0” .
0 : falfa divided by 4 A-D conversion frequency (@ap)
select bit 1

1 : fa/fa divided by 2
A-D conversion frequency (ap) select bit 1 =“1"
0: fa/fa

1: Not selected

Refer to A-D conversion frequency

(paD) select bit 1.
)

Note:

-

e Port P7 direction register
bo

| Port P7 direction register (address 1116)

LANO
AN1
L AN2 Set the bits corresponding
AN3 to analog input pins to “0.”
AN4 Set bit 7 to “0” when
ANS selecting external trigger.
ANe
AN7

e Set A-D conversion start bit to “1”

bo

| A-D control register O (address 1Ezs)

A-D conversion start bit

Selecting external trigger

Selecting internal trigger

Input falling edge to
ADTRG pin

Trigger occur
Operation start

Write the following registers when the A-D conversion stops (before trigger occurs).
« Each bit of A-D control register 0 (except bit 6)
« Each bit of A-D control register 1

Fig. 8.9.1 Initial setting

example of repeat sweep mode 0
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8.9 Repeat sweep mode 0

8.9.2 Repeat sweep mode 0 operation description

(1) When an internal trigger is selected

O

O

O

The A-D converter starts conversion for the input voltage from the ANo pin starts when the A-D
conversion start bit is set to “1.”

The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @AD in
the 8-bit mode, or 59 cycles of @aD in the 10-bit mode. Then, the contents of the successive

approximation register (conversion result) are transferred to the A-D register 0.

The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

The operation to all selected analog input pins is performed again.

The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by software.

(2) When an external trigger is selected

O

Figure

The A-D converter starts conversion for the input voltage from the ANo pin when the input level to
the ADTrRG pin changes from “H” to “L” while the A-D conversion start bit is “1.”

The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @AD in
the 8-bit mode, or 59 cycles of @aD in the 10-bit mode. Then, the contents of the successive

approximation register (conversion result) are transferred to the A-D register 0.

The operation to all selected analog input pins is performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

The operation to all selected analog input pins is performed again.
The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by software.

When the level of the ADTrRG pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step 0.

8.9.2 shows the conversion operation in the repeat sweep mode O.
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8.9 Repeat sweep mode 0O

Trigger occur

[c

onvert input voltage from
ANo pin

Conversion result

)

[c

onvert input voltage from
AN1 pin

Conversion result

e

!

v

[c

onvert input voltage from
ANi pin

)

Conversion result

ﬁ,

A-D register 0

A-D register 1

A-D register i

Fig. 8.9.2 Conversion operation in repeat sweep mode 0
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8.10 Repeat sweep mode 1

8.10 Repeat sweep mode 1

In the repeat sweep mode 1, the operation for the input voltage from all selected analog input pins is
performed repeatedly.

In this mode, analog input pins are separated into two groups according to the frequency of use. One is the
group for more frequencies of use. The other is the group for few frequencies of use. First, the operations
to all analog input pins in the group of more frequencies of use are performed. Next, the operation to one
of analog input pins in the group of fewer frequencies of use is operated.

Figure 8.10.1 shows the analog input pin sweep operation. As shown in Figure 8.10.1, the pin to be
executed in the group of fewer frequencies changes sequently.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1Ei6) remains set to “1” until it is cleared to “0” by software, and the operation is performed
repeatedly while the A-D conversion start bit is “1.”

8.10.1 Settings for repeat sweep mode 1

Figure 8.10.2 shows an initial setting example of repeat sweep mode 1.

Select the analog input pins in the group of more frequencies of use by the A-D sweep pin select bits (bits
1 and 0 at address 1Fis). Pins which are not selected by the A-D sweep pin select bits belong to the group
of fewer frequencies of use.
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8.10 Repeat sweep mode 1

e A-D sweep pin select bit: bits 1, 0 at address 1F1s = “002"
(Group of more frequencies of use: ANo pin)

— AN1 _[ANo| - AN2 _,/ANd . AN3 _,|ANo - AN4 _,[ANo| - ANs5 _,|ANo| -, ANs 44>

Cq AN7 _[ANd - AN1 _|ANo| . AN2 _ ...

e A-D sweep pin select bit: bits 1, O at address 1Fie = “012"
(Group of more frequencies of use: pins ANo and AN1 )

ANo ANo ANo ANo ANo ANo ANo
I 5AN2 5|V | L ANs 5L |5 ANa 5L | ANs )L |5 ANs | b | 5 AN7 ) 4
AN1 AN1 AN1 AN1 AN1 AN1 AN1_i>
<: ANo
-AN2 |} | ANs -
AN1

e A-D sweep pin select bit: bits 1, 0 at address 1F1s = “102"
(Group of more frequencies of use: pins ANo—AN2 )

ANo ANo ANo ANo ANo ANo ANo
! ! 1 ! ) ! !
AN1 — AN3 S|AN4 —» AN4 S |AN1 —» AN5s — AN1| — AN6 - |AN1| — AN7 AN — AN3 - AN1
l ! 1 l ! ! l
AN2 AN2 AN2 AN2 AN2 AN2 AN2

e A-D sweep pin select bit: bits 1, 0 at address 1F16 = “112"
(Group of more frequencies of use: pins ANo—AN3 )

ANo ANo ANo ANo ANo ANo

! ! l l ! 1

AN1 AN1 AN1 AN1 AN1 AN1

I |-AN4 5} |oANs |y |52 ANe |} |- AN7 |y | AN4 | | |SANs & e
AN2 AN2 AN2 AN2 AN2 AN2

! ! l ! ! 1

AN3 AN3 AN3 AN3 AN3 AN3

— : This symbol expresses the order of performance

] : Group of more frequencies of use

Fig. 8.10.1 Analog input pin sweep operation in repeat sweep mode 1

8-32 7751 Group User's Manual



A-D CONVERTER

8.10 Repeat sweep mode 1

e A-D control register 0 and A-D control register 1
b7 bo b7 bo

| | 0 | | 1 | 1 | ] |D |D |A-D control register 0 (address 1Ez1e) - 1 A-D control register 1 (address 1Fi6)
L[

A-D sweep pin select bits
. . 0 0:ANo (1 pin

Trigger select bit 01: ANo,(Al\Fl)1 ()2 pins)
0 : Internal trigger 1 0: ANoto AN2 (3 pins)
1: External trigger 1 1:ANoto ANs (4 pins)

Repeat sweep mode 1

A-D conversion start bit
0: Stop A-D conversion

Repeat sweep mode 1
8/10-bit mode select bit

0 : 8-bit mode
A-D conversion frequency (@ap) select bit 0 1 : 10-bit mode
A-D conversion frequency ( @ap) select bit 1 = “0" 4 q
0 : f2/fs divided by 4 Qef;cctol;‘i‘{?s'o” retueneyl (i)

1 : f2/fa divided by 2
A-D conversion frequency (@ap) select bit 1 = “1"
0: fo/fa

1: Not selected

Refer to A-D conversion frequency
(paD) select bit 0.

e Port P7 direction register
b7 b0
| | | | | | | | | Port P7 direction register (address 1116)

ANo

AN1

AN2 Set the bits corresponding to
AN3 analog input pins to “0.”

AN Set bit 7 to “0” when

ANs selecting external trigger.

ANe
AN7

e Set A-D conversion start bit to “1”
b7 b0

1 A-D control register 0 (address 1Ez1s)
A-D conversion start bit
Selecting external trigger

v

Selecting internal trigger
Input falling edge to
ADTRG pin

<

Trigger occur
Operation start

Note: Write the following registers when the A-D conversion stops (before trigger occurs).
« Each bit of A-D control register 0 (except bit 6)
« Each bit of A-D control register 1

Fig. 8.10.2 Initial setting example of repeat sweep mode 1
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8.10 Repeat sweep mode 1

8.10.2 Repeat sweep mode 1 operation description

(1) When an internal trigger is selected
O The A-D converter starts conversion for the input voltage from the ANo pin when the A-D conversion

(2)

O

start bit is set to “1.”
The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @AD in
the 8-bit mode, or 59 cycles of @AD in the 10-bit mode. Then, the contents of the successive

approximation register (conversion result) are transferred to the A-D register 0.

The operations to all analog input pins in the group of more frequencies of use are performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

The operation to one (refer to Figure 8.10.1) of analog input pins in the group of fewer frequencies
of use is performed.

The operations to all analog input pins in the group of more frequencies of use are performed again.

The operation to another one, which is different from the one selected in step 0, of analog input
pins in the group of fewer frequencies of use is performed. (Refer to Figure 8.10.1.)

The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by software.

When an external trigger is selected

O

The A-D converter starts conversion for the input voltage from the ANo pin when the input level to
the ADTRG pin changes from “H” to “L” while the A-D conversion start bit is set to “1.”

The A-D conversion of the input voltage from the ANo pin is completed after 49 cycles of @AD in
the 8-bit mode, or 59 cycles of @aD in the 10-bit mode. Then, the contents of the successive

approximation register (conversion result) are transferred to the A-D register 0.

The operations to all analog input pins in the group of more frequencies of use are performed.
The conversion result is transferred to the A-D register i each time each pin is converted.

The operation to one (refer to Figure 8.10.1) of analog input pins in the group of fewer frequencies
of use is performed.

The operations to all analog input pins in the group of more frequencies of use are performed again.

The operation to another one, which is different from the one selected in step 0, of analog input
pins in the group of fewer frequencies of use is performed. (Refer to Figure 8.10.1.)

The operation is performed repeatedly until the A-D conversion start bit is cleared to “0” by software.

When the level of the ADTRG pin changes from “H” to “L” during operation, the operation at that point
is cancelled and is restarted from step [O.
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[Precautions when using A-D converter]

[Precautions when using A-D converter]

1. Write to the following bits and registers before a trigger occurs (while the A-D converter stops operation).
» A-D control register 0 (except bit 6)

* A-D control register 1

2. When an external trigger is selected, the AN7/ADTrRG pin cannot be used as the analog input pin. It is
because the AN7/ADTRrG pin is not connected to the comparator. When an external trigger is selected and

the AN7 pin is selected as the analog input pin, the A-D converter is operated and the A-D register 7
contains an undefined value.

3. Refer to “Appendix.8 Examples of noise immunity improvement” when using the A-D converter.
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[Precautions when using A-D converter]

MEMORANDUM
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WATCHDOG TIMER

9.1 Block description

This chapter describes Watchdog timer.
Watchdog timer has the following functions:
e Detection of a program runaway.

e Measurement of a certain time when oscillation starts owing to terminating Stop mode.
(Refer to “Chapter 10. STOP MODE.” )

9.1 Block description

Figure 9.1.1 shows the block diagram of the watchdog timer.

Watchdog timer
frequency select bit

fz/f4—3_@ . Wi32/Wfe4a o
Hold request—o| » Watchdog timer

— Watchdog timer )
Wfs12/Wf1024 gA interrupt request

“FFF16”

is set.
Writing to watchdog timer

register (address 6016)

>

o 2Vce
RESET O detection
circuit
q
—O)
STP instruction S Q—

a T

Fig. 9.1.1 Block diagram of watchdog timer
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9.1 Block description

9.1.1 Watchdog timer

Watchdog timer is a 12-bit counter that down-counts the count source which is selected with the watchdog
timer frequency select bit (bit O at address 6116). A value “FFFis” is automatically set in Watchdog timer
in the cases listed below. An arbitrary value cannot be set to Watchdog timer.

e When dummy data is written to the watchdog timer register (Refer to Figure 9.1.2.)
e When the most significant bit of Watchdog timer becomes “0”

e When the STP instruction is executed (Refer to “Chapter 10. STOP MODE.” )

e At reset

b7 b0

_ Watchdog timer register (Address 6016)

Bit Functions Atreset | RW

----------------- 7to 0 | Initializes the watchdog timer. Undefined | —
When a dummy data is written to this register, the watchdog
timer’s value is initialized to “FFF1s.” (Dummy data: 0016 to FFis)

Fig. 9.1.2 Structure of watchdog timer register
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9.1 Block descrietion

9.1.2 Watchdog timer frequency select register
This is used to select the watchdog timer’s count source. Figure 9.1.3 shows the structure of the watchdog
timer frequency select register.

b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer frequency select register (Address 6116)

o Bit Bit name Functions Atreset| RW
E ' : . : . e 0 | Watchdog timer frequency select| O : Wfs12/Wf1024 0 RW
A bit 1 : Wia2/Wrfea

e 7 to 1 | Nothing is assigned. Undefined] —

Fig. 9.1.3 Structure of watchdog timer frequency select register
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9.2 Operation description

9.2 Operation description
The operation of Watchdog timer is described below.

9.2.1 Basic operation
0 Watchdog timer starts down-counting from “FFFus.”
O When the Watchdog timer’'s most significant bit becomes “0” (counted 2048 times), the watchdog timer

interrupt request occurs. (Refer to Table 9.2.1.)
O When the interrupt request occurs at above [, a value “FFFis” is set to Watchdog timer.

The watchdog timer interrupt is a nonmaskable interrupt. When the watchdog timer interrupt request is
accepted, the processor interrupt priority level (IPL) is set to “111..”

Table 9.2.1 Occurrence interval of watchdog timer interrupt request

Watchdog timer

f(Xw) = 25 MHz

f(Xin) = 40 MHz

Clock source for peripheral

Clock source for peripheral

Clock source for peripheral

frequency devices select bit = “0” devices select bit = “1” devices select bit = “0”
select bit Count source | Occurrence interval | Count source | Occurrence interval | Count source | Occurrence interval
0 Wr1024 83.89 ms Wrs12 41.94 ms WH1024 52.43 ms
1 WHea 5.24 ms WHrs2 2.62 ms WHea 3.28 ms
Clock source for peripheral devices select bit : bit 2 at address 5Fis
7751 Group User’'s Manual 9-5



WATCHDOG TIMER

9.2 Operation description

(1) Example of program runaway detection

Write to the address 6016 (watchdog timer register) before the most significant bit of Watchdog timer
becomes “0.” In the case that Watchdog timer is used to detect a program runaway, if writing to
address 6016 is not performed owing to a program runaway, the watchdog timer interrupt request
occurs when the most significant bit of Watchdog timer becomes “0.” It means that a program
runaway has occurred.

To reset the microcomputer after a program runaway, write “1” to the software reset bit (bit 3 at
address 5Ei6) in the watchdog timer interrupt routine.

( Main routine )

Watchdog timer register -«— 8-bit dummy data Watchdog timer initialized
(Address 601s) Value of watchdog timer :
“FFF16” (Note 1)

Watchdog timer
interrupt request occur
(program runaway detected)

@atchdog timer interrupt routine)

Software reset bit -«—  “1" (Note 2)

(Address 5E1s, b3) Reset microcomputer

RTI

Notes 1: Initialize (write to address 6016) Watchdog timer before the most significant bit of
Watchdog timer becomes “0” (the watchdog timer interrupt request occurs).
2: When the program runaway occurs, values of the data bank register (DT) and direct
page register (DPR) may be changed. When “1” is written to the software reset bit by
the addressing mode using DT and DPR, set values to DT and DPR again.

Fig. 9.2.1 Example of program runaway detection by Watchdog timer
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9.2 Operation description

9.2.2 Operation in Stop mode
In Stop mode, Watchdog timer stops operating. Immediately after Stop mode is terminated, Watchdog timer
operates as follows.

(1)

(2)

When Stop mode is terminated by a hardware reset

Supply of the @cru and @eiv starts immediately after Stop mode is terminated, and the microcomputer
performs the “operation after a reset.” (Refer to “Chapter 13. RESET.”) The watchdog timer frequency
select bit becomes “0,” and Watchdog timer starts counting of Wfio2s from “FFFus.”

When Stop mode is terminated by an interrupt request occurrence

Immediately after Stop mode is terminated, Watchdog timer starts counting of the count source Wfsz/
Wfes from “FFFi.” Supply of the ¢@cru and @eiv starts when the Watchdog timer’'s most significant bit
becomes “0.” (At this time, the watchdog timer interrupt request does not occur.)

Supply of the @cru and @siv starts immediately after Stop mode is terminated, and the microcomputer
executes the routine of the interrupt which is used to terminate Stop mode. Watchdog timer restarts
counting of the count source (Note) from “FFFus.”

Note: Clock Wfs2/Wfea or Wfsi2/Wfi024 which was counted just before executing the STP instruction.

9.2.3 Operation in Hold state

Watchdog timer stops operating in Hold state. When Hold state” is terminated, Watchdog timer restarts
counting in the same state where it stopped operating.

Hold state”: Refer to section “12.4 Hold function.”
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9.3 Precautions when using watchdog timer

9.3 Precautions when using watchdog timer

1. When a dummy data is written to address 601s with the 16-bit data length, writing to address 611 is
simultaneously performed. Accordingly, when the user does not want to change a value of the watchdog
timer frequency select bit (bit O at address 6116), write the previous value to the bit simultaneously with
writing to address 60ss.

2. When the STP instruction (refer to “Chapter 10. STOP MODE” ) is executed, Watchdog timer stops.
When Watchdog timer is used to detect the program runaway, select “STP instruction disable” with mask
option.
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STOP MODE

10.1 Clock generating circuit

This chapter describes Stop mode.

Stop mode is used to stop oscillation when there is no need to operate the central processing unit (CPU).
The microcomputer enters Stop mode when the STP instruction is executed.

Stop mode can be terminated by an interrupt request occurrence or the hardware reset.

10.1 Clock generating circuit
Figure 10.1.1 shows the clock generating circuit.

» foffa
XIN XouT 01 Clock source for
0 O 0 pelrlph%(al devices > fiolfa Operation clock for
select bit foalfioe internal peripheral devices
o 1/2=%
Interrupt request S 0Q - 112 / 0 o 1/8 fs12/f1024
° ' Wihs2/Wies, 1
32/\WTe4
) ) . o}
STP instruction—e+{R Hold request 1/16 Watchdog
d 116 Wrs12/W1024 timer
0
Watchdog timer frequency
0 select bit
(Note)‘
= OBIU
Ready request b
L] Request of CPU wait Ocry
S Q from BIU
WIT instruction — R

Clock source for peripheral devices select bit : Bit 2 at address 5F16
Watchdog timer frequency select bit : Bit O at address 6116

CPU : Central processing unit
BIU : Bus interface unit

Note: This is the signal generated when the watchdog timer’s most significant bit becomes “0.”

Fig. 10.1.1 Clock generating circuit
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10.2 Operation description

10.2 Operation description

When the STP instruction is executed, the oscillator stops oscillating. This state is called “Stop mode.”
In Stop mode, the contents of the internal RAM can be retained intact when the Vcc, power source voltage,
is 2 V or more. Additionally, the microcomputer’s power consumption is reduced. It is because the CPU and
all internal peripheral devices using clocks f/fs to fsi2/fi024 stop the operation.

Table 10.2.1 lists the microcomputer state and operation in and after Stop mode.

Table 10.2.1 Microcomputer state and operation in and after Stop mode

Item State and Operation

State in Oscillation Stopped
Stop mode |@cru, @eiu, @, clock @,

folfa to fsi2/fio24, Wfz2/WHea,

Wrs12/Wf1024

S Timer A Operating enabled only in event counter mode

%_ " Timer B

‘g_ .§ Serial 1/0 Operating enabled only when selecting external clock

5 & A-D converter Stopped

g Watchdog timer

IS Pins Retains the same state in which the STP instruction was executed
Operation By interrupt request Supply of @ceu and @ewu starts after a certain time measured by
after terminating [occurrence watchdog timer has passed.
Stop mode By hardware reset Operates in the same way as hardware reset
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10.2 Operation description

10.2.1 Termination by interrupt request occurrence

When terminating Stop mode by interrupt request occurrence, instructions are executed after a certain time
measured by the watchdog timer has passed.

O When an interrupt request occurs, the oscillator starts oscillating. Simultaneously, supply of ¢ clock @,
faolfa to fsi2/fi024, WHa2/WHfes, and Wrs12/Wfi024 Starts.

O The watchdog timer starts counting owing to the oscillation start. The watchdog timer counts Wfs2/Wfsa.
O When the watchdog timer's MSB becomes “0,” supply of @cru, @siu Starts. At the same time, the watchdog

timer’s count source returns to Wfs2/Wfesa or Wfs12/Wfi024 that is selected by the watchdog timer frequency
select bit (bit O at address 611s).

O The interrupt request which occurs in O is accepted.

Table 10.2.2 lists the interrupts used to terminate Stop mode.

Table 10.2.2 Interrupts used to terminate Stop mode

Interrupt Conditions for using each function to generate interrupt request
INTi interrupt (i = 0 to 2)
Timer Ai interrupt (i = 0 to 4) Enabled in event counter mode
Timer Bi interrupt (i = 0 to 2)
UARTI transmit interrupt (i = 0, 1) Enabled when selecting external clock

UARTI receive interrupt (i = 0, 1)

Notes 1: Since the oscillator has stopped oscillating, each function does not work unless they are operated
under the above condition. Also, the A-D converter does not work.
2: Since the oscillator has stopped oscillating, no interrupts other than those above can be used.
3: Refer to “Chapter 4. INTERRUPT” and the description of each internal peripheral device for
details about each interrupt.

Before executing the STP instruction, enable interrupts used to terminate Stop mode.

In addition, the interrupt priority level of the interrupt used to terminate Stop mode must be higher than the
processor interrupt priority level (IPL) of the routine where the STP instruction is executed. When multiple
interrupts in Table 10.2.2 are enabled, Stop mode is terminated by the first interrupt request.

There is possibility that all interrupt requests occur after the oscillation starts in O and until supply of @cru
and @siu starts in 0. The interrupt requests which occur during this time are accepted in order of priority
(Note) after the watchdog timer's MSB becomes “0.”

For interrupts not to be accepted, set their interrupt priority levels to level 0 (interrupt disabled) before
executing the STP instruction.

Note : The interrupt request which has the highest priority is accepted first.
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10.2 Operation description

Stop mode

e U - T
N

Interrupt request  «q» K
used to terminate
Stop mode  «g»
(Interrupt request bit)

Wi32/Wfe4 0 2048 counts

‘FRF16”
Value of watchdog timer
A o] Tl === R R
CPU Operating Stopped Stopped Operating
Internal peripheral devices Operating Stopped Operating Operating

AN A AN

e STP instruction ® Interrupt request usedto @ Watchdog timer's MSB = “0”

is executed terminate Stop mode (However, watchdog timer interrupt

occurs. request does not occur.)

o Oscillation starts.(When o Supply of ¢cpu, ¢sw starts.
an external clock is input e Interrupt request which has been
from the Xin pin, clock used to terminate Stop mode is
input starts.) accepted.

e \Watchdog timer starts
counting.

Fig. 10.2.1 Stop mode terminating sequence by interrupt request occurrence

10.2.2 Termination by hardware reset

Supply “L” level to the RESET pin by using the external circuit until the oscillation of the oscillator is
stabilized.

The CPU and the SFR area are initialized in the same way as the system reset. However, the internal RAM
area retains the same contents as that before executing the STP instruction. The termination sequence is
the same as the internal processing sequence which is performed after a reset.

To determine whether a hardware reset was performed to terminate Stop mode or a system reset was
performed, use software after a reset.

Refer to “Chapter 13. RESET” for details about a reset.
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10.3 Precautions for Stop mode

10.3 Precautions for Stop mode

1. When using the STP instruction with the mask ROM version, select “STP instruction enable” with the STP
instruction option on the MASK ROM ORDER CONFIRMATION FORM.
The STP instruction is always enabled in the built-in PROM version and the flash memory version.

2. When executing the STP instruction after writing to the internal area or an external area, the three NOP
instructions must be inserted to complete the write operation before the STP instruction is executed.

STA A, 0O0O0O0O ; Writing instruction

NOP ; NOP instruction insertion
NOP ;

NOP ;

STP ; STP instruction

Fig. 10.3.1 NOP instruction insertion example
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WAIT MODE

11.1 Clock generating circuit

This chapter describes Wait mode.

Wait mode is used to stop ¢cru and ¢eiu when there is no need to operate the central processing unit (CPU).
The microcomputer enters Wait mode when the WIT instruction is executed.
Wait mode can be terminated by an interrupt request occurrence or the hardware reset.

11.1 Clock generating circuit
Figure 11.1.1 shows the clock generating circuit.

» f2/fs
XIN XouT 01 Clopk source fpr
7 ? Q 25&?%2? | devices fie/fa2 Operation clock for

foalf128 internal peripheral devices
- {12 »—!sl/z Q
Interrupt request S Q - q) - 0 o ooffione
1

1161 Wia2/Wrfea 1 Wateh
STP instruction R Hold request atchdog
au 1716 Wrs12/Wfi024 < timer
0
Watchdog timer frequency
Q select bit
(Note)v
J_d_/‘ 0OBIU
Ready request b
|| Request of CPU wait cpu
S Q from BIU

WIT instruction — R

Clock source for peripheral devices select bit : Bit 2 at address 5F16
Watchdog timer frequency select bit : Bit O at address 6116

CPU : Central processing unit
BIU : Bus interface unit

Note : This is the signal generated when the watchdog timer’'s most significant bit becomes “0.”

Fig. 11.1.1 Clock generating circuit
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11.2 Operation description

11.2 Operation description

When the WIT instruction is executed, ¢cru and ¢eiu stop. The oscillator’'s oscillation is not stopped. This

state is called “Wait mode.”

In Wait mode, the microcomputer’'s power consumption is reduced though the Vcc, power source voltage,

is maintained.

Table 11.2.1 lists the microcomputer state and operation in and after Wait mode.

Table 11.2.1 Microcomputer state and operation in and after Wait mode

ltem State and Operation

State in Oscillation Operating
Wait mode |o¢ceu, dsiu Stopped

Clock ¢, 01, f2/fa to fsi2/fi024, | Operating

Wr3z2/Wfea, Wfs12/\Wf1024

I Timer A Operating

2 |Timer B

Q- .

S | Serial 1/0

c_cé n| A-D converter

(0]
953 2| Watchdog timer
£ 3 Pins Retains the same state in which the WIT instruction was executed

Operation |By interrupt request
after termi- |occurrence

Supply of ¢écru and oOsiu starts just after the termination.

nating Wait |By hardware reset
mode

Operates in the same way as hardware reset
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11.2 Operation description

11.2.1 Termination by interrupt request occurrence

O When an interrupt request occurs, supply of clock ¢cruand ¢swu starts.

O The interrupt request which occurs in O is accepted.

Table 11.2.2 shows the interrupts used to terminate Wait mode.

The occurrence of the watchdog timer interrupt request also terminates Wait mode.

Table 11.2.2 Interrupts used to terminate Wait mode
Interrupt

«INT: interrupt (i = 0 to 2)

eTimer Ai interrupt (i = 0 to 4)

*Timer Bi interrupt (i = 0 to 2)

*UARTI transmit interrupt (i = 0, 1)

*UARTI receive interrupt (i = 0, 1)

*A-D converter interrupt

Note : Refer to “Chapter 4. INTERRUPTS " and each
functional description about interrupts.

Before executing the WIT instruction, enable interrupts used to terminate Wait mode.

In addition, the interrupt priority level of the interrupt used to terminate Wait mode must be higher than the
processor interrupt priority level (IPL) of the routine where the WIT instruction is executed. When the
multiple interrupts in Table 11.2.2 are enabled, Wait mode is terminated by the first interrupt request.

11.2.2 Termination by hardware reset

The CPU and the SFR area are initialized in the same way as a system reset. However, the internal RAM
area retains the same contents as that before executing the WIT instruction. The termination sequence is
the same as the internal processing sequence which is performed after a reset.

To determine whether a hardware reset was performed to terminate Wait mode or a system reset was
performed, use software after a reset.

Refer to “Chapter 13. RESET” for details about a reset.
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11.3 Precautions for Wait mode

11.3 Precautions for Wait mode

When executing the WIT instruction after writing to the internal area or an external area, the three NOP
instructions must be inserted to complete the write operation before the WIT instruction is executed.

STA A, OOOO ; Writing instruction

NOP ; NOP instruction insertion
NOP ;

NOP X

WIT ; WIT instruction

Fig. 11.3.1 NOP instruction insertion example
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11.3 Precautions for Wait mode
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

This chapter describes functions to connect devices externally.

12.1 Signals required for accessing external devices

The functions and operation of the signals which are required for accessing external devices are described
below.

When connecting an external device that requires a long access time, refer to sections “12.2 Bus cycle,”
“12.3 Ready function,” and “12.4 Hold function,” as well as this section.

12.1.1 Descriptions of signals

When an external device is connected, operate the microcomputer in the memory expansion or microprocessor
mode. (Refer to section “2.5 Processor modes.” ) In these modes, pins PO to P4 and the E pin function
as /O pins for the signals required for accessing external devices.

Figure 12.1.1 shows the pin configuration in the memory expansion and microprocessor modes. Table
12.1.1 lists the functions of pins PO to P4 and the E pin in the memory expansion and the microprocessor
modes.
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

e External data bus width = 16 bits (BYTE = “L")

40]<>
39| <>
38| <>
37 | <>
36 |—>
35 [—>
34 [—>
33|—>
2]

31|—>
30—
29 |<—
28 | <€—
]

26 | <—
25 (<€—

)
&
h<ag
boee ssEdd8888as8
PEPPeze23225333323253232
AR IR EEE
HH R FFERHERERE LR
‘ N
P83/TxDo <>[65 | (O )
P82/RxDo <>[66 |
P81/CLKo <>[67]
P80/CTS0o/RTSo <> |68
Vce E
AVcc E
VREF %%
Ne ] M37751M6C-XXXFP
P77/AN7/ADTRG <>[74]
P76/ANs <>[15 |
P75/ANs <>[76 |
P74/ANa <>[77]|
P73/AN3 <>[78 |
P72/AN2 <> 73] O
P71/AN1 <—>|§ \O )
J
3 . 2 e e e
oo R o R R R )
czzZ|N| DO ZEZEZEZEZELOWOLIO A
C688EFPEaEbEB8E858E =
aaa o gagasa.sa.g
o o o o a

e External data bus width = 8 bits (BYTE = “H")

A20/Da
A21/Ds
A22/Ds
A23/D7
R/W
BHE
ALE
HLDA
Vss

Xout
XIN
RESET
CNVss
BYTE
HOLD

O : As ¢1in microprocessor mode

: External address bus, external data bus,

bus control signal

a
-
o
=
boes §585
2880es922222223533333533
R0 A A R
Bel o e el e o e e o e o e el e e e e e e
14 \
P83/TxDo <>[65 | 0 h 20]<>
P82/RxDo <>[66 | 30]<>
P81/CLKo <>[67 | 38|<>
P80/CTSo/RTS0 <>[e8] 37]<>
Vee  [e9] 36]—>
AVce [x0] 35|—>
VReF —>[71 34]—>
ETH M37751MBC-XXXFP [+
Vss  [z3] [ s2]
P77/AN7/ADTRG <>[74] 31—
P76/AN6 <>[75 | 30]—
P75/ANs <>[76 | 29]<—
P74/ANs <>[77] 28]<—
P73/AN3 <>[78 | [27]
P72/AN2 <>[75] Q 26 |<—
P71/AN1 <>[a0] &O ) [~

-

P64/INT2 <>[o |

P70/ANo0 <>[~]
P67/TB2IN <>[~ |
P66/TBLIN <>[ ]

P62/INTo <>[=|
P61/TA4IN <>[= |

P60/TAdout <>[o |

P65/TBOIN <>[~ |
P63/INT1 <>[o |

P47 <>[E]
=]

P4 <>[&]
p4s <>[x]
P4y <>[=]
P4z <>[&]

0 P42/ 01 <>[B]

RDY —>

P57/TA3IN <>[&]
P56/TA30ut <>[Z |
P5s5/TA2IN <>[5 |
P54/TA20uT <>[5 |
P53/TALN <>[& |
P52/TAlout <>[5 |
P51/TAON <>[5 |
P50/TAOouT <>[5 |

O : As 01 in microprocessor mode
: External address bus, external data bus,

A20/D4
A21/Ds
A22/Ds
A23/D7
RIW
BHE
ALE
HLDA
Vss

Xout
XIN
RESET
CNVss
BYTE
HOLD

bus control signal

Fig. 12.1.1 Pin configuration in memory expansion and microprocessor modes (top view)
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

Table 12.1.1 Functions of pins PO to P4 and E pin in memory expansion and microprocessor modes

External data bus ) .
width 16 bits 8 bits
Pin (BYTE ="L") (BYTE =*“H")
A7 to Ao
(PO) p—r X Am—m X
A1s/D1s to As/Ds
(P1) AAl;/DDsls_ X Ais—As X_D(odd) X: Ais— As X As— As X
D(odd): Data at odd address
A23/D7 to A1s/Do
— A23/D7—
(P2) AZ’(?BO ~ X Ass—AusX Deeven) X Ao X Az—As_ D X__
D(even): Data at even address D: Data
HLDA (P33) HLDA :X HLDA X
ALE (P32) ALE ALE
BHE (P31) BhE X BHE X
R/W (P30) rRw X R/W X
P47 to P43 P4r—P4s_ X P X
P: Functions as a programmable 1/O port.
01 (P42) $1 J 01 (Note 1)
RDY (P41) rRoy X RDY X
HOLD (P40) ot X HOLD X
E _ _
e e [

Notes 1: In the memory expansion mode, this pin functions as a programmable I/O port and can be programmed as the clock ¢1
output pin by software.
2: This table shows the pins’ functions. Refer to the following about the input/output timing of each signal:
“12.1.2 Operation of bus interface unit (BIU) ”; “12.2 Bus cycle ”; “12.3 Ready function ”; “12.4 Hold function ”
“Chapter 15. ELECTRICAL CHARACTERISTICS "
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(1) External bus (A o to A7, As/Ds to A1s/Dis, Ais/Do to A23/D

7)

External areas are specified by the address (Ao to Azs) output. Figure 12.1.2 shows the external area.
Pins As to Az2s of the external address bus and pins Do to Dis of the external data bus are assigned
to the same pins. When the BYTE pin level, described later, is “L” (i.e., external data bus width is
16 bits), the As/Ds to Ai1s/Dis and Ais/Do to A23/D7 pins perform address output and data input/output
with time-sharing. When the BYTE pin level is “H” (i.e., external data bus width is 8 bits), the
A1s/Do to A2s/D7 pins perform address output and data input/output with time-sharing, and pins As to

A1s output addresses.

Memory expansion mode

00000016
SFR area
(Note)
00008016
Internal RAM
area
00088016
00400016
Internal ROM
area
01000016
FFFFFF16

I:] : External area

Note: Addresses 216 to 916 become an external area.

Microprocessor mode

00000016

00008016

00088016

FFFFFF16

SFR area
(Note)

Internal RAM
area

Fig. 12.1.2 External area
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(2)

(3)

(4)

(5)

External data bus width switching signal (BYTE pin level)

This signal is used to select the external data bus width between 8 bits and 16 bits. When this signal
level is “L,” the external data bus width is 16 bits; when the level is “H,” the bus width is 8 bits (refer
to Table 12.1.1.)

Fix this signal to either “H” or “L” level.

This signal is valid only for the external areas. When accessing the internal areas, the data bus width
is always 16 bits.

Enable signal (E_)
This signal becomes “L” level while reading or writing data to and from the data bus. (See Table
12.1.2)

Read/Write signal ( R/W)
This signal indicates the state of the data bus. This signal becomes “L” level while writing to the data
bus. Table 12.1.2 lists the state of the data bus indicated with the E and R/W signals.

Table 12.1.2 State of_data bus indicated with E
and R/W signals

E RAN: State of data bus
H H Not used

L
L H Read data

L Write data

Byte high enable signal ( ﬁ)

This signal indicates the access to an odd‘address. This signal becomes “L” level when accessing
an only odd address or when simultanedusly accessing odd and even addresses.

This signal is used to connect memoties or 1/O devices of which data bus width is 8 bits when the
external data bus width is 16 bits.

Table 12.1.3 lists levels of the external address bus Ao and the BHE signal and access addresses.

Table 12.1.3 Levels of A 0 and BHE 'signal and access addresses

Access address Even and odd addresses Even address Odd address
(Simultaneous 2-byte access) (1-byte access) (1-byte access)
Ao L L H
BHE L H L
(6) Address latch enable signal (ALE)

Q)

(8)

This signal is used to obtain the address from the multiplexed signal of address and data that is input
and output to and from the As/Ds to Ais/Dis and Ais/Do to A2s/D7 pins. Make sure that when this signal
is “H,” latch the address and simultaneously output the addresses. When this signal is “L,” retain the
latched address.

Ready function-related signal ( RDY)
This is the signal to use the Ready function. (Refer to section “12.3 Ready function.” )

Hold function-related signals ( HOLD, HLDA)
These are the signals to use the Hold function. (Refer to section “12.4 Hold function.” )

12-6
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

(9) Clock @

This signal has the same period as @
In the memory expansion mode, this signal is output externally by setting the clock ¢ output select

bit (bit 7 at address 5Ei6) to “1.” Figure 12.1.3 shows the output start timing of clock ¢

In the microprocessor mode, this signal is always output externally.

Note:

Even in the single-chip mode, the clock @ can be output externally. This signal is output

externally by setting the clock ¢ output select bit to “1” just as in the memory expansion

mode.

Clock ¢1(P42)

Writing “1” to clock ¢1 output select bit

—————

1 s

E

I L

Notes 1: The 1st cycle of clock ¢1 may be shortened; indicated by IIT.

2: This applies when writing to clock ¢1 output select bit while
P42 pin is outputting “L” level.

Fig. 12.1.3 Output start timing of clock @
b7 b6 b5 b4 b3 b2 bl bO
| | 0 | | | | 0 | | | Processor mode register 0 (Address 5E16)

..............

Bit Bit name Functions Atreset [ RW
. bl b0

0 Processor mode bits 00 : Single-chip mode 0 RW
0 1 : Memory expansion mode

1 1 0 : Microprocessor mode 0 RW
11 : Not selected (Note 1)

2 Fix this bit to “0.” 0 RW

3 Software reset bit The microcomputer is reset by 0 WO
writing “1” to this bit. The value is
“0” at reading.

4 Interrupt priority detection time | 254 0 RW

select bits 00:7cycles of ¢

01 : 4 cycles of ¢

5 10: 2 cycles of ¢ 0 RW
11: Not selected

6 Fix this bit to “0.” 0 RW

7 | Clock 1 output select bit 0: Clock ¢1 output disabled 0 RW

(Note 2)

(P42 functions as a programmable
1/0 port.)

1: Clock ¢1 output enabled
(P42 functions as a clock ¢1 out-
put pin.)

Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1.” (Fixed to “1.")
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)

: Bits 0 to 6 are not used for setting of clock ¢1 output.

Fig. 12.1.4 Structure of processor mode register
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

12.1.2 Operation of bus interface unit (BIU)

Figures 12.1.5 and 12.1.6 show the examples of operating waveforms of the signals input and output to
/from externals when accessing external devices. The following explains these waveforms compared with
the basic operating waveform (refer to section “2.2.3 Operation of bus interface unit (BIU).” )

(1) When fetching instructions into instruction queue buffer
O When the instruction which is next fetched is located at an even address in the 16-bit external data
bus width, the BIU fetches 2 bytes at a time with the waveform (a). When in the 8-bit external data
bus width, the BIU fetches only 1 byte with the first half of waveform (e).
O When the instruction which is next fetched is located at an odd address in the 16-bit external data
bus width, the BIU fetches only 1 byte with the waveform (d). When in the 8-bit external data bus
width, the BIU fetches only 1 byte with the first half of waveform (f).

When a branch to an odd address is caused by a branch instruction and others in the 16-bit external
data bus width, the BIU first fetches 1 byte in waveform (d), and after that, fetches each two bytes
at a time in waveform (a).

(2) When reading or writing data to and from memoryel/O device
O When accessing 16-bit data which begins at an even address, waveform (a) or (e) is applied.
0 When accessing 16-bit data which begins at an odd address, waveform (b) or (f) is applied.
0 When accessing 8-bit data at an even address, waveform (c) or the first half of (e) is applied.
0 When accessing 8-bit data at an odd address, waveform (d) or the first half of (f) is applied.

For instructions that are affected by the data length flag (m) and the index register length flag (x),
operation O or O is applied when flag m or x = “0”; operation O or O is applied when flag m or x
=1

The setup of flags m and x and the selection of the external data bus width do not affect each other.
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

e External data bus width = 16 bits (BYTE = “L")

<16-bit data access>

(a) Access from even address
E N/
ALE /\
Aoto A7 :X Address X

As/DstoA1s /D1s X Address X Data(odd) X

A6 /Do to A23 /D7 X Address X Data(even)X

DN y
BHE __\ y

(b) Access from odd address

s N e U

ALE /—\ /_\
Aoto A7 :x Address X Address X
Asg /Dgto A1s5 /D15 :)(AddressXData(onXAddressX — X
Ate /Do to A23 /D7 :xAddress X = XAddress XData(even)(
oo _ Y \ A
BHE X\ / X
<8-bit data access>
(c) Access to even address (d) Access to odd address
TN/ e\ /
ALE / \ ALE /" \
AotoA7 X Address X AotoAr — X Address X

Ag /D8 to A1s /D15 X AddressX — X As /Ds to A1s /D15 :)(Address X Data(odd)X:
Az6 /Do to A23 /D7 XAddress XData(even)X A16 /Do to A23 /D7 XAddress X — X

o O\ Y o Y N
B Y N E N Yo

Fig. 12.1.5 Example of operating waveforms of signals input and output to/from externals (1)
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CONNECTION WITH EXTERNAL DEVICES

12.1 Signals required for accessing external devices

e External data bus width = 8 bits (BYTE = “H")

<8/16-bit data access>

(e) Access from even address

/A M\ g

ALE E
Ao to A7 ) Address X Address X
As to A15 ' Address X Address X
A6 /Do to A23 /D7 X Address X Data X Address X Data X
A ) / X
BHE ) \ L
E 8-bit data access i

16-bit data access

< »
- L

(f) Access from odd address

e N e N su

ALE : / \ / \\
Ao to A7 \ Address X Address X
As to A15 X Address X Address

A6 /Do to A23 /D7 X Address X Data X Address X Data
Ao YI \

BHE /

AN

8-bit data access
—

16-bit data access

A
\

Note: When accessing 16-bit data, 2 times of access are performed in
the sequence of the low-order 8 bits and high-order 8 bits.

Fig. 12.1.6 Example of operating waveforms of signals input and output to/from externals (2)
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CONNECTION WITH EXTERNAL DEVICES
12.2 Bus cycle

12.2 Bus cycle

The bus cycle can be selected to make it easy to access the external devices which require a long access
time. The bus cycle is selected with the bus cycle select bits (bits 4 and 5 at address 5Fis).

The selectable bus cycle depends on the CPU running speed. The CPU running speed is selected with the
CPU running speed select bit (bit 3 at address 5Fis).

Table 12.2.1 lists the selection of CPU running speed and bus cycle. Figure 12.2.1 shows the structure of
the processor mode register 1 (address 5Fis). Table 12.2.2 lists each bus cycle.

The selection of bus cycle is valid only for external areas.
For the internal area, the access is performed with the fixed bus cycle.

Table 12.2.1 Selection of CPU running speed and bus cycle

Processor mode register 1 Access to internal area Access to external area
(address 5F16) (Note)

b5 b4 b3

1 1 1 2 @ access in low-speed running 2 @ access in low-speed running

1 0 1 3 @ access in low-speed running

0 1 1 4 @ access in low-speed running

1 0 0 High-speed running 3 @ access in high-speed running

0 1 0 RAM: 2 @ access 4 @ access in high-speed running

0 0 0 ROM, SFR: 3 @ access 5 ¢ access in high-speed running

1 1 0 Not selected

0 0 1
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12.2 Bus cycle

b7 b6 b5 b4 b3 b2 bl b0
| 0|0 | | 0 | 0 | Processor mode register 1 (Address 5Fis)
Bit Bit name Functions Atreset | RW
L Lahhs 1,0 | Fix these bits to “0.” o | RW
E E E E E E Clock source for peripheral 0 : ¢ divided by 2
[ 2| devices select bit (Note) 1:0 0 RW
E o CPU running speed select bit 0 : High-speed running
oL T 3 (Note) 1 : Low-speed running 0 RW
E T REEEEEEEEEEE 4 | Bus cycle select bits In high-speed running 0 RW
T b5 b4
: E E 00:5% accessin high-speed running
oo 0 1:49 access in high-speed running
E . 10:3¢ access in high-speed running
Yo 11 : Not selected
R S 5 In low-speed running 0 RW
b b5 b4
P 0 0 : Not selected
. ! 01:40 accessin low-speed running
o 10:30 access inlow-speed running
I 11:26 access in low-speed running
o e 7,6 | Fix these bits to “0.” 0 RW
Note: Fix this bit to “0” when f(Xin) > 25 MHz.
:Bits 0 to 2, 6 and 7 are not used to select the bus cycle.
Fig. 12.2.1 Structure of the processor mode register 1

12-12
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12.2 Bus cycle

Table 12.2.2 Bus cycle

Low-speed running [ f (XIN) <25 MHz ]

High-speed running [ f (XIN) < 40 MHz ]

Internal area access

External area access

Internal area access

External area access

(Note) (Note)
2¢ access in 20 access in 20 access in
low-speed running low-speed running high-speed running
RAM
1 bus cycle =2¢ 1 bus cycle =2¢ ( ) 1 bus cycle =2¢
<> <> < >
o L o LI o FLrr
E_I_I_[_ E [ E_] LI
ALE LT ALE_ T+ ALE_ T+
Reading @ ————— Reading @@ Reading
Writing AW Writing - {EXW)- Writing ?
30 access in 3¢ access in high-speed 30 access in high-speed

low-speed running

1 bus cycle = 4¢
D E—
¢ _Mrrrif-

E_l L
“rr

low-speed running running (ROM, SFR) running
1 bus cycle = 3¢ 1 bus cycle = 3¢ 1buscycle=3¢
<~ D < >
o _Lrr ¢ LI o LI
E LT =3 [ E_ L[
ALE __ L ALE _ ‘ ALE _ -
Reading AR Reading Reading (A ) (RY~
Writing . (AW > Writing Writing —— --
40 access in 4¢ access in high-speed running

1 bus cycle = 49

¢ _MI1rrr
E_ LT
ALE _{ [ L

Reading
Writing

5¢ access in high-speed running

1 bus cycle =5¢

ALE

-

Reading
Writing

¢ LI
E L[

Note : Signals when accessing an internal area means signals which are output from pins
externally when accessing an internal area in the memory expansion mode.

A: Address
R: Data to be read

W: Data to be written
?: Undefined value

7751 Group User's Manual
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12.3 Ready function

12.3 Ready function

Ready function provides the function to facilitate access to external devices that require a long access time.
By supplying “L” level to the RDY pin in the memory expansion or microprocessor mode, the microcomputer
enters Ready state and retains this state while the RDY pin is at “L” level. Table 12.3.1 lists the microcomputer’s
state in Ready state.

In Ready state, the oscillator’s oscillation does not stop, so that the internal peripheral devices can operate.
Ready function is valid for the internal and external areas.

Table 12.3.1 Microcomputer’s state in Ready state

Iltem State
Oscillation, ¢ Operating
@eru, @uu, E Stopped at “L”
Pins Ao to A7, As/Ds to Retains the state when Ready request was accepted.

Ai1s/D1s, A1s/Do to A23/D7, R/W,
BHE, HLDA, ALE

Pins P4s to P4z,

P5 to P8 (Note)

P42/ g In the memory expansion mode:

*When clock @ output select bit® = “1,” this pin outputs clock ¢.
*When clock ¢ output select bit = “0,” this pin retains the state when

Ready request was accepted.
In the microprocessor mode:
*This pin outputs clock ¢.
Watchdog timer Operating

Clock @ output select bit”: Bit 7 at address 5Eis
Note: When this functions as a programmable /O port.
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12.3 Ready function

12.3.1 Operation description

The input level of the RDY pin is judged at the last falling of the clock ¢ in each bus cycle. Then, when
“L" level is detected, the microcomputer enters Ready state. (This is called acceptance of Ready request.)
In Ready state, the input level of the RDY pin is judged at every falling of the clock @. Then, when “H”"
level is detected, the microcomputer terminates Ready state next rising of the clock ¢.

Figures 12.3.1 and 12.3.2 show timing of acceptance of Ready request and termination of Ready state.
Refer also to section “17.1 Memory expansion " about usage of the Ready function.
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12.3 Ready function

e 20 access in low-speed running, 2¢ access in high-speed running

a O
Judgment timing of input level to RDY pin J, \L

Clock ¢1

oo L] |

mj

ALE

RDY

-l [
et -t

. Term unusing bus

Term using bus

e 30 access in low-speed running, 3¢ access in high-speed running

Judgment timing of input level to RDY pin li E
Clock ¢1 | | | ’ ( | l |
oBIU | ‘ ‘ ‘
dcpu ‘ i |
£

LoW—speed 30

ALE

Sinn

Term using bus i

O By accepting an Ready request, “L” level of E signal stops for 1 cycle with the clock ¢1, indicated
by @ | and clocks ¢siu and dcpu stop at “L” level.
U Ready state is terminated.

O Input level to the RDY pin is not judged during the term unusing the bus or before the condition
above 0.

Notes 1: The timing of ALE signal differs depending on low-speed running or high-speed running,
and accessing an internal area or an external area. For more information, refer to section
“Chapter 15. ELECTRICAL CHARACTERISTICS .”
2: The dotted lines of signals ¢siu, cpu and E indicate the waveform when input level to the
RDY pin is “H”, no Ready request.
3: In high-speed running, the internal RAM is accessed by 29 access in high-speed running.

Fig. 12.3.1 Timings of acceptance of Ready request and termination of Ready state (1)
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12.3 Ready function

e 40 access in low-speed running, 4¢ access in high-speed running
0 0

Judgment timing of input level to RDY pin

Clock ¢1 | |

o I
ocro I

mj

ALE _'_I—‘
o Ny

Term using bus ;

e 50 access in high-speed running

Judgment timing of input level to RDY pin

clock o I P O B

oo L4 L] L
ocry I R

ALE 4,—’

! Term using bus !

0 By accepting an Ready request, “L” level of E signal stops for 1 cycle with the clock ¢1, indicated
by @ . and clocks ¢siu and ¢cpu stop at “L” level.
0 Ready state is terminated.

O Input level to the RDY pin is not judged during the term unusing the bus or before the condition
above 0.

Notes 1: The timing of ALE signal differs depending on low-speed running or high-speed running,
and accessing an internal area or an external area. For more information, refer to section
“Chapter 15. ELECTRICAL CHARACTERISTICS "
2: The dotted lines of signals ¢Biu, 6cpu and E indicate the waveform when input level to
the RDY pin is “H”, no Ready request.

Fig. 12.3.2 Timings of acceptance of Ready request and termination of Ready state (2)

7751 Group User's Manual 12-17



CONNECTION WITH EXTERNAL DEVICES
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12.4 Hold function

When composing the external circuit (DMA) which accesses the bus without using the central processing
unit (CPU), the Hold function is used to generate a timing for transferring the right to use the bus from the
CPU to the external circuit.

In the memory expansion or microprocessor mode, the microcomputer enters Hold state by input of “L” level
to the HOLD pin and retains this state while the level of the HOLD pin is at “L.” Table 12.4.1 lists the
microcomputer’s state in Hold state.

In Hold state, the oscillation of the oscillator does not stop. Accordingly, the internal peripheral devices can
operate. However, Watchdog timer stops operating.

Table 12.4.1 Microcomputer’s state in Hold state

Item State
Oscillation Operating
(ru Stopped at “L”
@, @ Operating
E Stopped at “H”

Pins Ao to A7, As/Ds to Ais/D1s, Floating

Ai1s/Do to A23/D7, R/W, BHE

Pins HLDA, ALE Outputs “L” level.

Pin P42/ @ In the memory expansion mode:

*When clock @ output select bit” = “1,” this pin outputs clock ¢i.

*When clock @ output select bit = “0,” this pin retains the state when Hold
request was accepted.

In the microprocessor mode:

*This pin outputs clock .

Pins P4s to P47, P5 to P8 (Note) | Retains the state when Hold request was accepted.

Watchdog timer Stopped

Clock @ output select bit”: Bit 7 at address 5Eis
Note: When this functions as a programmable /O port.
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12.4 Hold function

12.4.1 Operation description

Judgment timing of the input level of the HOLD pin depends on the state using the bus. While the bus is
not in use, the judgment is performed at every falling of gu. While the bus is in use, the judgment timing
depends on the bus cycle. Table 12.4.2 lists the judgment timing of the input level of the HOLD pin during
the used bus.

Additionally, when accessing word data beginning from an odd address with 2-bus cycle, the judgment is
performed only at the second bus cycle. (See Figure 12.4.1.)

When “L” level is detected at judgment of the input level, the microcomputer enters Hold state. (This is
called acceptance of Hold request.)

When the Hold request is accepted, ¢cru stops next rising of gsu. At the same time, the HLDA pin’s level
changes “H” to “L”. When 1 cycle of g has passed after the level of HLDA pin becomes “L", pins R/W,
BHE, and the external bus become floating state.

In Hold state, the input level of the HOLD pin is judged at every falling of gsu. Then, when “H” level is
detected, the HLDA pin’s level changes “L” to “H” next rising of ¢u. When 1 cycle of g has passed after
the level of HLDA pin becomes “H”, the microcomputer terminates Hold state.

Figures 12.4.2 to 12.4.4 show timing of acceptance of Hold request and termination of Hold state.

Note: ¢su has a same polarity and a same frequency as the clock ¢. However, @i stops by acceptance
of the Ready request, or executing the STP or WIT instruction. Accordingly, judgment of the input
level of the HOLD pin is not performed during Ready state.

Judge
- No judge
Judgment timing of input level to HOLD pin X l

Clock ¢1 _|_|_|_|_|_|_|—|_|_
oBIU | [ | l LI
E Lo L
ALE [ [

Reading @ ,,,,,,, @ ,,,,,,,,,,,,,
wiiting  ERXCWOECWD -

Accessing word data with 2-bus cycle.
(Example of 20 access in low-speed running)

Fig. 12.4.1 Judgment when accessing word data beginning from odd address with 2-bus cycle
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12.4 Hold function

Table 12.4.2 Judgment timing of input level of HOLD pin during used bus

Low-speed running [ f (XIN) <25 MHz ]

High-speed running [ f (XIN) < 40 MHz ]

Internal area access
(Note)

External area access

Internal area access
(Note)

External area access

20 access in low-speed running

Judgment timing of input
level to HOLD pin v

Clock 61 [~

OI=10] ‘ [
E_MLI

ALE _ L
Reading
Writing

2¢ access in low-speed running

Judgment timing of input
level to HOLD pinv

Clock ¢1_[ L[~

[o]:1lV]

E | i

ALE_ i
Reading @@

Writing

20 access in high-speed running
(RAM)

Judgment timing of input
level to HOLD pin v

Clock o[ [

0OBIU ‘

ME_ T

Reading

Writing (A Y)-

3¢ access in low-speed running

Judgment timing of input
level to HOLD pin v
Clock 1, [

O] _[—I_I—]_I_I_[_
E _!_I_l_
ALE N

Reading

writing - (B W

30 access in high-speed running
(ROM, SFR)
Judgment timing of input
level to HOLD pin v

Clock 01_[ [T

O=1] | |
S B
ALE_ 19
W

Reading

Writing

3¢ access in high-speed running

Judgment timing of input
level to HOLD pin

ook on LI

oL [
E_ LT
ALE _| L
Readin
Ry
9wy

40 access in low-speed running
Judgment timing of input
level to HOLD pin v

Clock ¢+_[LILILILI

osu [ MLILIL™

E_—1 -
ALE L
A @
AW -

Reading
Writing

46 access in high-speed running
Judgment timing of input
level to HOLD pin¢

Clock ¢, | [

osu_[ LML
E ,—| —
ALE _{ [ -
B @)

Reading
Writing

56 access in high-speed running

Judgment timing of input
level to HOLD pin v

Clock ¢

bsiu
E o
ALE | [T B
Reading ‘
Writing

1T

Note : Signals when accessing an internal area means signals which are output from pins
externally when accessing an internal area in the memory expansion mode.

A: Address
R: Data to be read

W: Data to be written
?: Undefined value
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<When inputting “L” level to HOLD pin during term unusing bus>
e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8 8,16
Unused
16 8, 16

e L L L L Ll
! L

coscor’ [ |_[_f LI
|
: ;

T
— )

| 0 '
External address bus/ ” \ Floating
External data bus >>><<< A 'ress A / / / \ Address B

ALE !

\ Floating

External address bus X
BHE

o T WY

HLDA

Hold state -

-—————

Term unusing bus Term using bus

O This is the term in which the bus is not used, so that not a new
address but an address output just before is output again.

O Clock ¢1 has the same polarity and the same frequency as ¢siu.
Signals timing to be input or output externally is ordained by clock ¢1 as a basis.

Fig.

12.4.2 Timing of acceptance of Hold request and termination of Hold state (1)
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12.4 Hold function

e State when inputting “L” level to HOLD pin

<When inputting “L” level to HOLD pin during term using bus; when data access is
completed with 1-bus cycle>

External data bus Data length External data bus width
8 8, 16
Using
16 16 (Access from even address)

Clock ¢1

ALE

External address bus/
External data bus

External address bus
BHE

HOLD

HLDA

Judgment timing of input
level to HOLD pin

&

L]
—
|

Term using bus

Term using bus

\ ) \F Floating ? /7
3 Address A i 3 /Addregg A O i i
i ¢ 3 : / ¢ : Floatin E i
M Ko )—— sz
o= —
; I o
0101 0:01
‘ 1(N°te ‘é) : Hold state =
- 5 -

0 When accepting a Hold request, not a new address but an address
output just before is output again.

Notes 1: This figure shows the case of 2¢ access in low-speed running.
2: Clock ¢1 has the same polarity and the same frequency as ¢Biu.
Signals timing to be input or output externally is ordained by clock ¢1 as a basis.
3: This term indicated by Note 3 becomes 1.5 cycles in 5¢ access in high-speed

running. It is because the level judgment timing becomes the 1.5 cycles before the
end of the term using bus (See Table 12.4.2))

Fig. 12.4.3 Timing of acceptance of Hold request and termination of Hold state (2)

12-22

7751 Group User's Manual




CONNECTION WITH EXTERNAL DEVICES

12.4 Hold function

<When inputting “L” level to HOLD pin during term using bus; when data access is
completed with continuous 2-bus cycle>

e State when inputting “L” level to HOLD pin

External data bus Data length External data bus width
8
Using 16
16 (Access from odd address)

Judgment timing of input
level to HOLD pin

l
1

Clock ¢1
ALE |
E |

Floating ) 3/

RIW \

‘ — ! )
. Address A /| Address A+1 ' ‘ !
o PR, ) |
External address bus / Floating | :
External data bus 7 Address B
External address bus \ X Floating ‘ v
7 {

BHE

X
- Ik

HLDA

Hold state

Term using bus ! ' Term using bus

O When accepting a Hold request, not a new address but an
address output just before is output again.
O Hold request cannot be accepted before input/output of 16-bit

data is completed.

Notes 1 : This figure shows the case of 2¢ access in low-speed running.
2: Clock 01 has the same polarity and the same frequency as ¢siu.
Signals timing to be input or output externally is ordained by clock ¢1 as a basis.
3: This term indicated by Note 3 becomes 1.5 cycles in 5¢ access in high-speed
running. It is because the level judgment timing becomes the 1.5 cycles before the
end of the term using bus (See Table 12.4.2.)

Fig. 12.4.4 Timing of acceptance of Hold request and termination of Hold state (3)
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MEMORANDUM

12-24 7751 Group User’'s Manual



CRAPTER 13
RESET

13.1 Hardware reset
13.2 Software reset




RESET

13.1 Hardware reset

This chapter describes the method to reset the microcomputer. There are two methods to do that: Hardware
reset and Software reset.

13.1 Hardware reset

When the power source voltage satisfies the microcomputer’'s recommended operating conditions, the
microcomputer is reset by supplying “L” level to the RESET pin. This is called a hardware reset. Figure
13.1.1 shows an example of hardware reset timing.

wr
RESET «~ l

i 2 Hs ormore 14105 cycles of @ 5

54 ] >. Internal processing;

; ' ! sequence aftera :

: © reset ' Program is executed.
:‘ -} >E<

* O O : 0

U

Note: When the clock is stably supplied. (Refer to “13.1.4 Time supplying “L” level to RESET pin.” )

Fig. 13.1.1 Example of hardware reset timing

The following explains how the microcomputer operates for terms O to O above.

O

O

After supplying “L” level to the RESET pin, the microcomputer initializes pins within a term of several ten
ns. (Refer to Table 13.1.1.)

While the RESET pin is “L” level and within the term of 4 to 5 cycles of the internal clock ¢ after the
RESET pin goes from “L” to “H,” the microcomputer initializes the central processing unit (CPU) and SFR
area. At this time, the contents of the internal RAM area become undefined (except when Stop or Wait
mode is terminated). (Refer to Figures 13.1.2 to 13.1.6.)

After [0, the microcomputer performs “Internal processing sequence after reset.” (Refer to Figure 13.1.7.)
The microcomputer executes a program beginning with the address set into the reset vector addresses
which are FFFEis and FFFFus.
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13.1 Hardware reset

13.1.1 Pin state

Table 13.1.1 lists the microcomputer’s pin state while the RESET pin is “L” level.

Table 13.1.1 Pin state while RESET pin is “L”

level

CNVss pin level Pin (Port) name Pin state
Mask ROM version Vss or Vcc PO to P8 Floating.
E Outputs “H” level.
PROM version Vss PO to P8 Floating.
(Including One time PROM E Outputs “H” level.
and EPROM versions) Vce (Note 1) | PO, P1, P3 to P8 Floating.

P2

Floating while supplying “H” level
to two pins of P51 and P52, or one
of them.
Outputs “H” or “L” level while sup-
plying “L” level to two pins of P51
and P52.

E Outputs “H” level.

Flash memory version Vss PO to P8 Floating.
E Outputs “H” level.

Vce (Note 2) | PO, P1, P3 to P8 Floating.

P2

Floating while supplying “H” level
to two pins of P51 and P52, or one
of them.
Outputs “H” or “L” level while sup-
plying “L” level to two pins of P51
and P52.

E

Outputs “H” level.

VPPH (Note 2)

PO, P1, P3, P4o,
P41, P43,P45 to P47,

Floating.

P5 to P8

P2 Floating while supplying “H” level
to two pins of P51 and P52, or one
of them.
Outputs “H” or “L” level while sup-
plying “L” level to two pins of P51
and P52.

P42 Outputs clock ¢t.

P44 Floating while supplying “L" level to
one or more pins of P45, P46 and P51.
Outputs “H” or “L” level while sup-
plying “H” level to three pins of P4s,
P46 and P51.

E Outputs “H” level.

Notes 1: Each pin becomes the above state. It is because the microcomputer enters the EPROM mode.
Refer to “Chapter 18. PROM VERSION .”
2: Each pin becomes the above state. It is because the microcomputer enters the Flash memory

mode. Refer to “Chapter 19. FLASH MEMORY VERSION .”

7751 Group User's Manual
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13.1 Hardware reset

13.1.2 State of CPU, SFR area, and internal RAM area
Figure 13.1.2 shows the state of the CPU registers immediately after reset. Figures 13.1.3 to 13.1.6 show
the state of the SFR area and internal RAM areas immediately after reset.

0 : “0” immediately after a reset.
1:"1" immediately after a reset.
? . Undefined immediately after a reset.
: “0” immediately after a reset. Fix to “0.”
(Do not write “1” into this.
Register name State immediately after a reset
b15 b8 b7 b0
Accumulator A (A) | ? | ? |
b15 b8 b7 b0
Accumulator B (B) | ? | ? |
b15 b8 b7 b0
Index register X (X) | ) | ? |
b15 b8 b7 b0
Index register Y (Y) | ) | 2 |
b15 bg8 b7 b0
Stack pointer (S) | ) | 2 |
b7 b0
Data bank register (DT) | 0016 |
b7 b0
Program bank register (PG) | 0016 |
b15 b8 b7 b0
Program counter (°PC) | Contents at address FFFF16 | Contents at address FFFE1s |
b15 b8 b7 b0
Direct page register (DPR) | 0016 | 0016 |
b15 b8 b7 o]0)
Processor status register (PS) NW\W 0 | 0 | 0|72 | ? | 0 | 0 | 0 | 1 | ? | ? |
IPL N Vm x D I Z C

Fig. 13.1.2 State of CPU registers immediately after reset
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13.1 Hardware reset

O16
116
216
316
416
516
616
716
816
916
A1l6
B1e
Cis
D16
Ei6
Fi6
1016
1116
1216
1316
1416
1516
1616
1716
1816
1916
1A16
1B16
1Ci1s6
1D1s6
1E16
1F16

e SFR area (016 to 7F16)

RW : It is possible to read the bit state at reading. The written value becomes valid data.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid data. It is not possible to read the bit state.

[ ]: Nothing is assigned. It is not possible to read the bit state. The written value becomes invalid.

0 : “0” immediately after a reset.
1:"1” immediately after a reset.
? : Undefined immediately after

a reset.

Address Register name

Port PO register
Port P1 register
Port PO direction register
Port P1 direction register
Port P2 register
Port P3 register
Port P2 direction register
Port P3 direction register
Port P4 register
Port P5 register
Port P4 direction register
Port P5 direction register
Port P6 register
Port P7 register
Port P6 direction register
Port P7 direction register
Port P8 register

Port P8 direction register

A-D control register O
A-D control register 1

(0] : Always “0” at reading.

: Always undefined at reading.

10] : “0” immediately after a reset. Fix to “0.”
(Do not write “1” into this.)

Access characteristics State immediately after a reseé
b7 . 0
?
RW ?
RW ?
RW 0016
RW 0016
RW 2
L [ [ [ rw olofofo] ?
RW 0016
L I [ | rw olofoJofofofo]o
RW ?
RW ?
RW 0016
RW 0016
RW ?
RW ?
RW 0016
RW 0016
RW ?
?
RW 0016
?
?
?
?
?
?
?
?
?
RW 0Of[0]J0O0)|J0O]O ?
| [ ] RW 212[2?2]ofofo1]1

Fig. 13.1.3 State of SFR and internal RAM areas immediately after reset (1)
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13.1 Hardware reset

Address Register name Access characteristics State immediately after a reset
b7 b0 b7 b0
2016 A-D register 0 RO ?
2116 RO olofofofofo] =
2
2216 A-D register 1 RO T
2316 RO olofofofofo] =2
2
2416 A-D register 2 RO T
2516 RO olofofofo]o] -
2
2616 A-D register 3 RO T
2716 RO olofofofofo] -
2816 . RO ?
2916 A-D register 4 [ RO oJoJoJoJoJo] »
2A16 RO ?
2B16 A-Dregister 5 [ RO o[oJoJoJoJo] =
2C16 RO ?
2D16 A-Dregister 6 [ RO ofloJoJoJoJo] =
2E16 ) RO ?
2F16 A-Dregister 7 [ RO oloJoJoJoJo[ »
3016 UARTO transmit/receive mode register RW 0016
3116 UARTO baud rate register WO ?
?
3216 UARTO transmit buffer register [ WO 9
3316 | |WO !
3416 UARTO transmit/receive control register 0 [RW RO RW 0|?[?2[?]1]0]|0]O0
3516 UARTO transmit/receive control register 1 RO RVV[ROlRW o|0|[O0|O|O]O|1]O
?
3616 UARTO receive buffer register RE T
3716 | [ [ [ [ | [ro| [ofofofoloJofof?
3816 UART1 transmit/receive mode register RW 0016
3916 UART1 baud rate register WO ?
5
3A16 UARTL1 transmit buffer register [ WO -
3B16 | |wo ?
3C16 UARTL1 transmit/receive control register 0 [RW RO RW of?2|?2|2?2|1|/0|0]|0O
3D16 UARTL transmit/receive control register 1 RO RW|ROJRW ojojojojofof1]o0
2
3E16 UART1 receive buffer register RO '
3F16 | T I T | | Iro] [0]o]o]JoJo]o]o]~>

Fig. 13.1.4 State of SFR and internal RAM areas immediately after reset (2)
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Address Register name

4016 Count start register
4116
4216 One-shot start register
4316
4416 Up-down register
4516
4616 Timer AO register [
4716
4816 Timer Al register [
4916
4A16 Timer A2 register [
4B16
4C1e Timer A3 register [
4D16
4E16 Timer A4 register [
4F16
5016 Timer BO register [
5116
5216 Timer B1 register [
5316
5416 . .

Timer B2 register
5516 g [

5616 Timer AO mode register
5716 Timer A1 mode register
5816 Timer A2 mode register
5916 Timer A3 mode register
5A16 Timer A4 mode register
5B16 Timer BO mode register
5C16 Timer B1 mode register
5D16 Timer B2 mode register
5E16 Processor mode register O
5F16 Processor mode register 1

modes.” )

Access characteristics

State immediately after a reset

b7 b0 b7 b0
RW 0016
?
[T ] WO ? JoJoJoJoJo
?
wo | RW olofJoJofolo]o]o
?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 1) ?
(Note 2) ?
(Note 2) ?
(Note 2) ?
(Note 2) ?
(Note 2) ?
(Note 2) ?
RW 0016
RW 0016
RW 0016
RW 0016
RW 0016
RW.  [Note3) RW ojo0o|?|?2]0]0O0]JO]O
RW  |note3) RW 0|0|?]?2|]0[0]|]0]|O0
RW  |(Note3) RW 0(l0|?]|?2[0|]0]0O0]|O
RW WO[RW|reesRW| | 0 ololo woes| 0
RW ; 0j0]0 H-

Notes 1: The access characteristics at addresses 46 16 to 4F16 vary according to Timer A’s operating

mode. (Refer to “Chapter 5. TIMER A.” )

2: The access characteristics at addresses 5016 to 5516 vary according to Timer B’s operating

mode. (Refer to “Chapter 6. TIMER B.” )

3: The access characteristics for bit 5 at addresses 5B 16 to 5D16 vary according to Timer B’s

operating mode. (Refer to “Chapter 6. TIMER B.” )

4: The access characteristics for bit 1 at address 5E 16 and its state immediately after a reset vary
according to the voltage level supplied to the CNVss pin. (Refer to section “2.5 Processor

Fig. 13.1.5 State of SFR and internal RAM areas immediately after reset (3)
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RESET

13.1 Hardware reset

Address Register name b7 Access characteristics bo b;‘,tate immediately after a reselgO
6016 Watchdog timer register (Note 1) ?(Note 2)

6116 Watchdog timer frequency select register | | | | | | |RW ? | 0
6216 2

6316 ?

6416 ?

6516 ?

6616 ?

6716 ?

6816 ?

6916 ?

6A16 ?

6B16 ?

6C16 ?

6D16 ?

6E16 ?

6F16 ?

7016  A-D conversion interrupt control register RW ? ?10(0]|0
7116 VUARTO transmit interrupt control register RW ? 0o(0f(0]|O
7216  UARTO receive interrupt control register RW ? 0l0|0]|O
7316 UARTL1 transmit interrupt control register RW ? 0o|0|O0fO
7416  UARTL1 receive interrupt control register RW ? 0|0|O0fO
7516 Timer AQ interrupt control register RW ? 0|0|0|0O
7616 Timer Al interrupt control register RW ? 0|0|0f|0O
7716 Timer A2 interrupt control register RW ? 0|0|0fO
7816 Timer A3 interrupt control register RW ? 0|0|0fO
7916 Timer A4 interrupt control register RW ? 0|0|O0|O
7A16 Timer BO interrupt control register RW ? 0o(0f(0]|O
7B16 Timer B1 interrupt control register RW ? 0|0|O0fO
7C16 Timer B2 interrupt control register RW ? 0o|0|O0fO
7D16 INTo interrupt control register RW ? 0|0f0O0|J0O]|0O]|O
7E16 INT1 interrupt control register RW ? o|j0|lO0Of(0O]|]0O]|O
7F16 INT2 interrupt control register RW ? o|jo0|lO0Ofj0O]|]0O]|O

Notes 1: By writing dummy data to address 6016, a value “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
2: The value “FFF16” is set to the watchdog timer. (Refer to “Chapter 9. WATCHDOG TIMER.")

e Internal RAM area; addresses 8016 to 87F16 in M37751M6C-XXXFP)
*At hardware reset

(Except the case that Stop or Wait mode is terminated)..........ccccceeeeeiiiiiiieee i, Undefined.
¢AL SOftWAIE FESEL.....oiiiiiiiieiiiie e Retaining the state immediately before a reset
At terminating Stop or Wait mode

(Hardware reset is used to terminate it)............... Retaining the state immediately before the STP or

WIT instruction is executed

Fig. 13.1.6 State of SFR and internal RAM areas immediately after reset (4)

13-8 7751 Group User’'s Manual



RESET

13.1 Hardware reset

13.1.3 Internal processing sequence after reset
Figure 13.1.7 shows the internal processing sequence after reset.

(1) In single-chip and memory expansion modes (CNVss = Vss)

o LUy
oo | L LTI [ | L

Ancru) 0016 0016 0016
AwmALcPu) 000016 FFFE1e ADw, ADL
DATAcPu) Undefined IPL, reset vector address ADw, ADL Next op-code

S ..
ALE [ ] | ] [ ] [

Note: The only E signal is output externaly.

(2) In microprocessor mode (CNVss = Vcc)
oo | LI LT LS L L Ll L L L o L L L L L
oo | L [ LI LLLST [ ] | L

Aio—Ais O16 O16 016
Ais—Ao 000016 FFFE1s ADw, ADL
Dis—Do  Undefined IPL, reset vector address ADwm, ADL Next op-code

E W I B S
ALE || [ ] [

Note: The ¢cru signal is not output

Fig. 13.1.7 Internal processing sequence after reset
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RESET

13.1 Hardware reset

13.1.4 Time supplying “L” level to RESET pin
Time supplying “L” level to the RESET pin varies according to the state of the clock oscillation circuit.

e When the oscillator is stably oscillating or a stable clock is input from the Xin pin, supply “L” level for
2 us or more.

e If the oscillator is not stably oscillating (including a power-on reset and In Stop mode), supply “L” level
until the oscillation is stabilized.
The time to stabilize oscillation varies according to the oscillator. For details, contact the oscillator
manufacturer.
Figure 13.1.8 shows the power-on reset condition. Figure 13.1.9 shows an example of a power-on reset
circuit.

O For details about Stop mode, refer to “Chapter 10. STOP MODE.” For details about clocks, refer to
“Chapter 14. CLOCK GENERATING CIRCUIT.”

Powered on here

s

/ 4.5V

Vce

ov

RESET

—="0.9v
o — | —

Fig. 13.1.8 Power-on reset condition
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RESET

13.1 Hardware reset

3

-~ 5v
M37751

1| M51957AL Vias

Vcce
27kQ

2N ouTP RESET
479

10kQ Delay]| 4

capacity

GND Vss

GND

O The delay time is about 11 ms when Cd = 0.033 uF.
ta= 0.34 0 Cd[ps], Ca: [pF]

Fig. 13.1.9 Example of power-on reset circuit
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RESET

13.2 Software reset

13.2 Software reset

When the power source voltage satisfies the microcomputer’s recommended operating conditions, the
microcomputer is reset by writing “1” to the software reset bit (bit 3 at address 5Ei6). This is called a
software reset. In this case, the microcomputer initializes pins, CPU, and SFR area just as in the case of
a hardware reset. However, the microcomputer retains the contents of the internal RAM area. (Refer to
Table 13.1.1 and Figures 13.1.2 to 13.1.6.) Figure 13.2.1 shows the structure of processor mode register O.
After completing initialization, the microcomputer performs the internal processing sequence after a reset.
(Refer to Figure 13.1.7.) After that, it executes a program beginning from the address set into the reset
vector addresses which are FFFEs and FFFFs.

b7 b6 b5 b4 b3 b2 bl ho
| | 0 | | | | 0| | | Processor mode register 0 (Address 5E16)
Bit Bit name Functions Atreset | RW
E N E . E_ 5 de bi b1 bo
S rocessor mode bits 0 0 : Single-chip mode 0 RwW
oo 0 1 : Memory expansion mode
: N o S 1 1 0 : Microprocessor mode 0 RW
A 11 : Not selected (Note 1)
Dol e 2 | Fixthis bt to “0.” o | rRW
I : L 3 Software reset bit The microcomputer is reset by 0 WO
oo writing “1” to this bit. The value is
E b “Q” at reading.
. I : R, 4 Interrupt priority detection time [ bSb4 RW
oo select Eitg 4 00:7cycles of ¢ g
oo 01:4cycles of ¢
R LR Rl 5 10:2cycles of ¢ 0 RW
P 11 : Not selected
bbby 6 | Fixthis bitto “0.” 0 | RW
C e e ] 7 | Clock ¢1 output select bit 0 : Clock ¢1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/0 port.)
1: Clock ¢1 output enabled
(P42 functions as a clock ¢1 out-
put pin.)
Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1.” (Fixed to “1.”)
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)
: Bits 0 to 2, and bits 4 to 7 are not used for software reset.

Fig. 13.2.1 Structure of processor mode register 0
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CLOCK GENERATING CIRCUIT

14.1 Oscillation circuit example

This chapter describes a clock generating circuit which supplies the operating clock of the central processing
unit (CPU), bus interface unit (BIU), or internal peripheral devices.
The clock generating circuit contains the oscillation circuit.

14.1 Oscillation circuit example
To the oscillation circuit, a ceramic resonator or a quartz-crystal oscillator can be connected, or the clock
which is externally generated can be input. The example of the oscillation circuit is described below.

14.1.1 Connection example using resonator/oscillator
Figure 14.1.1 shows an example when connecting

a ceramic resonator/quartz-crystal oscillator between

pins Xin and Xour. M37751

The circuit constants such as Rf, Rd, Cin, and Cour XIN XouT
(shown in Figure 14.1.1) depend on the resonator/

oscillator. These values shall be set to the resonator/ AAVAY,
oscillator manufacturer’'s recommended values. Rt

Rd

i
7‘_|/'7 CiN 7:|/'7 Cout

Fig. 14.1.1 Connection example using resonator/oscillator

14.1.2 Input example of externally generated clock
Figure 14.1.2 shows an input example of the clock

which is externally generated. The external clock

must be input from the X pin, and the Xour pin M37751

must be left open. XIN Xout
A Open

Externally generated clock

Vcc
Vss

Fig. 14.1.2 Externally generated clock input example
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CLOCK GENERATING CIRCUIT
14.2 Clock

14.2 Clock

Figure 14.2.1 shows the clock generating circuit block diagram.

01 falta
O Clock source for

’ pelriphebn_'al devices f1e/fa2 Operation clock for
select bit internal peripheral devices
Interrupt request s 1/2 1/2 9\0 | pa/mzs
Q ) . [1/8 e 1/a |- 1/8 |~ fs12/f1024
qn
ugn
STP instruction R Hold request 1/16 Wis2\Wisa o Watchdog
timer

XIN Xout

-1/16 Wf512/Wf1024
0
Reset Watchdog timer
_Y\ S Q frequency
select bit
= ) OBIU (Note)
=R
Ready requesljd_/
Request of CPU — dceu
wait from BIU
s o
WIT instruction R
CPU : Central Processing Unit
BIU : Bus Interface Unit
Clock source for peripheral devices select bit: Bit 2 at address 5F16
Watchdog timer frequency select bit : Bit 0 at address 6116

Note: This is the signal generated when the watchdog timer’s most significant bit becomes “0.”

Fig. 14.2.1 Clock generating circuit block diagram
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CLOCK GENERATING CIRCUIT
14.2 Clock

14.2.1 Clock generated in clock generating circuit

)

(2

©)

4)

®)

(6)

@

This is the clock source of @cru, @siu clock @, fo/fs to fsi2/fi024, Wfs2/Wfea and Wesi2/Wrio24.

@cru
This is the operation clock of CPU.

@Biu
This is the operation clock of BIU.

Clock ¢:

This has the same period as ¢ and is output to the external.

falfa to fsi2/f1024

Each of them is the operation clock for the
internal peripheral devices, and its clock source
is @ or @ divided by 2.

(Refer to “14.2.2 Operation clock for internal
peripheral devices .")

Wra2/WHfea, Wfs12/Wf1024

This is the operation clock of Watchdog timer,
and its clock source is @ or ¢ divided by 2.
(Refer to “14.2.2 Operation clock for internal
peripheral devices .”)

Table 14.2.1 Operation clock for internal peripheral devices

Operation clock

Clock source for peripheral
devices select bit (See Fig. 14.2.2)

1 0
foffa f2 fa
fie/fa2 fie fa2
fea/fi2s fea f128
fs12/f1024 fs12 f1024

Table 14.2.2 Operation clock for Watchdog timer

Operation clock

Clock source for peripheral
devices select bit (See Fig. 14.2.2)

1 0

Wf3z2/WHsa

W32 Wrea

Wfs12/WH1024

Wrs12 Wr1024

14-4
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CLOCK GENERATING CIRCUIT

14.2 Clock

14.2.2 Operation clock for internal peripheral devices
The operation clock for the internal peripheral devices uses ¢ or ¢ divided by 2 as its clock source.

The clock source of the operation clock for internal peripheral devices is selected by the clock source for
peripheral devices select bit (bit 2 at address 5Fus).
Figure 14.2.2 shows the structure of processor mode register 1 (address 5Fis).

When f(Xin) > 25 MHz, fix the clock source for peripheral devices select bit to “0.”

b7 b6 b5 b4 b3 b2 bl bo

o]

0 | Processor mode register 1 (Address 5Fis)

B L LT N

Bit Bit name Functions Atreset | RW
1,0 | Fix these bits to “0.” 0 RW
Clock source for peripheral 0: ¢ divided by 2
2 devices select bit (Note) 1:¢ 0 RW
CPU running speed select bit 0 : High-speed running
3 (Note) 1: Low-speed running 0 RW
4 Bus cycle select bits In high-speed running 0 RW
b5 b4
0 0 : 5¢ access in high-speed running
01 : 4¢ access in high-speed running
1 0 : 3¢ access in high-speed running
11 : Not selected
5 In low-speed running 0 RW
b5 b4
0 0 : Not selected
0 1 : 40 access in low-speed running
10 : 39 access in low-speed running
11 : 26 access in low-speed running
7,6 | Fix these bits to “0.” 0 RW
Note: Fix this bit to “0” when f(Xin) > 25 MHz.
: Bits 0, 1, and bits 3 to 7 are not used for the clock generating circuit.

Fig. 14.2.2 Structure of processor mode register 1
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CLOCK GENERATING CIRCUIT
14.2 Clock

MEMORANDUM
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CHAPRPTER 18
ELECTRICAL
CHARACTERISTICS

15.1 Absolute maximum ratings

15.2 Recommended operating conditions

15.3 Electrical characteristics

15.4 A-D converter characteristics

15.5 Internal peripheral devices

15.6 Ready and Hold

15.7 Single-chip mode

15.8 Memory expansion mode and microprocessor

mode : When 2-gaccess in low-speed running
15.9 Memory expansion mode and microprocessor
mode : When 3-gaccess in low-speed running

15.10 Memory expansion mode and microprocessor
mode : When 4-¢access in low-speed running

15.11 Memory expansion mode and microprocessor
mode : When 3-¢access in high-speed running

15.12 Memory expansion mode and microprocessor
mode : When 4-gaccess in high-speed running

15.13 Memory expansion mode and microprocessor
mode : When 5-¢access in high-speed running

15.14 Memory expansion mode and microprocessor
mode : When 2-¢access in high-speed running
(Internal RAM access)

15.15 Testing circuit for ports PO to P8,
@, and E




ELECTRICAL CHARACTERISTICS

15.1 Absolute maximum ratings

This chapter describes electrical characteristics of the M37751M6C-XXXFP.
For the latest data, inquire of addresses described last (O“CONTACT ADDRESSES FOR FURTHER
INFORMATION").

15.1 Absolute maximum ratings

Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vece Power source voltage -0.3to 7 V
AVcc |Analog power source voltage -0.3to 7 \
Vi Input voltage RESET, CNVss, BYTE -0.3 to 12 \Y;
Vi Input voltage P00—PO07, Plo—P17, P20—P27,

P30—P33, P40—P47, P50,-P57,

P6o—P67, P70-P77, P8:—P8y, —0.310 Veet0.3 |V

VRer, XIN
Vo Output voltage P00—P07, P1lo—P17, P20—P27,

P30—P33, P40—P47, P50—P57, 0.3 to Vec+0.3 v

P60—P67, P70—P77, P80—P87,

Xour, E
Pad Power dissipation Ta = 25 °C 300 mw
Topr Operating temperature —20 to 85 °C
Tstg Storage temperature —40 to 150 °C
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ELECTRICAL CHARACTERISTICS

15.2 Recommended operating conditions

15.2 Recommended operating conditions

Recommended operating conditions

(Vcc = 5 V£10%, Ta = —20 to 85 °C, unless otherwise noted)

Symbol Parameter Min. L.:.r;]gs Max. Unit
Vce Power source voltage 4.5 5.0 5.5 V
AVcc Analog power source voltage Vee V
Vss Power source voltage 0 \Y;
AVss Analog power source voltage 0 V
High-level input voltage P0o—PO07, P30—P3s, P4o—P4,
P50—P57, P60—P67, P70—P77,
Vi P80—P87, Xin, RESET, CNVss, 0.8 Vee Vee v
BYTE
Vi High-level input voltage F?lo—.P17, P29—P27 0.8 Vee Vee v
(in single-chip mode)
. . Plo—P17, P20—P27
Vin High-level input voltage (in memory expansion mode and| 0.5 Vcc Vec Vv
microprocessor mode)
Low-level input voltage P0o—PO07, P30—P3s, P4o—P4y,
P50—P57, P60—P67, P70—P77,
Vit P80—P87, Xin, RESET, CNVss, 0 02Vee | V
BYTE
Vi Low-level input voltage F?lo—.P17, P29—P27 0 0.2Vee | V
(in single-chip mode)
Low-level input voltage Plo—P17, P20—P27
Vi (in memory expansion mode and 0 0.16 Vcc Vv
microprocessor mode)
High-level peak output current  P0o—PO07, P1o—P17, P20—P27,
loH (peak) P30—P3s, P40—P47, P50—P57, -10 mA
P60—P67, P70—P77, P80—P87
High-level average output current POo—P07, P1o—P17, P20—P27,
loH (avg) P30—P3s3, P40—P47, P50—P57, -5 mA
P60—P67, P70—P77, P80—P87
Low-level peak output current P0o—PO07, P1o—P17, P20—P27,
loL (peak) P30—P3s, P40—P47, P50—P57, 10 mA
P60—P67, P70—P77, P80—P87
Low-level average output current POo—P07, P1o—P17, P20—P27,
loL (avg) P30—P3s3, P40—P47, P50—P57, 5 mA
P60—P67, P70—P77, P80—P87
f(Xin) Operating clock frequency 40 | MHz

Notes 1: Average output current is the average value of a 100 ms interval.

2: The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80 mA or less,
the sum of loL(peak) for ports P4, P5, P6, and P7 must be 80 mA or less, and
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80 mA or less.
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ELECTRICAL CHARACTERISTICS

15.3 Electrical characteristics

15.3 Electrical characteristics

Electrical characteristics

(Vecc =5V, Vss =0V, Ta =-20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

.. Limits .
Symbol Parameter Test conditions Min. | Typ. | Max. Unit
High-level output voltage ~ P0o—P07, P1o-P17, P20-P27,
P30, P31, P33, P4o—P4s, _
Vou PSo—P57, P6o-P67, PTo-p77| /"~ 10 MA 3 v
P80—P8+
High-level output voltage  POo—P07, P1o—P17, P20—P27, _
Von P30, P3: P3: lon=-400 pA 4.7 \
v High-level output voltage P32 lon=-10 mA 3.1 v
o lon = —400 LA 4.8
High-level output voltage E lon=-10 mA 3.4
Vor lon = —400 LA 4.8 v
Low-level output voltage ~ P0o—P07, P1o—P17, P20-P27,
P30, P31, P33, P4o—P4s, _
Vo PSo—P57, P6o-P67, PTo-p7| /o~ 10 MA 21V
P80—P8+
Low-level output voltage ~ P0o—P07, P1o—P17, P20-P27, _
Vou P30, P3: P3: loo=2 mA 0.45| V
VoL Low-level output voltage P32 lo.=10 mA 1.9 v
_ lo.=2 mA 0.43
VoL Low-level output voltage  E lo.=10 mA 1.6 v
loo=2 mA 0.4
. HOLD, RDY, TAON-TA4w, TBON-TB2n,
Vr—Vir Hysteresis INTo—INT2, ADTrRe, CTSo, CTS:, CLKo, CLK1 04 1V
V1+—Vr| Hysteresis RESET 0.2 05| V
V1:+—V1J Hysteresis Xin 0.1 03| V
High-level input current  PQo—P07, P1o—P17, P20-P27,
P30-P33, P40-P47, P50-P57
! ' ' Vi=5V A
bt PGo-PG7, P7-P7, P8o-P8:, |~ ° S| H
X, RESET, CNVss, BYTE
Low-level input current P0o—P07, P10-P17, P20-P2,
P30-P33, P40-P47, P50—-P57
' ! " Vi=0V 5| pA
e P6o-P61, PT0-PT7, P8o-P8r, |"  ° S| H
X, RESET, CNVss, BYTE
Vrav | RAM hold voltage When clock is stopped. 2 \%
lcc Power source current In single-chip mode, f(X|N) = 40 MHz 25 50| mA
output pins are |Ta = 25°C, when 1 A
open, and the other |clock is stopped H
pins are connected |Ta = 85°C, when
to Vss. clock is stopped 20| KA
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ELECTRICAL CHARACTERISTICS

15.4 A-D converter characteristics

15.4 A-D converter characteristics

A-D CONVERTER CHARACTERISTICS (Vcc = AVec = 5 V+10%, Vss = AVss = 0 V, Ta = -20 to 85 °C, unless otherwise noted
- Limits
Test conditions - i
Symbol Parameter Min ] Typ. IMax. Unit
— |Resolution Vrer = Vec 10| Bits
— |Absolute accuracy Vrer = Vee Resolution 10 bit *+3 LSB
Resolution 8 bit 2
Ruaoper | Ladder resistance VRrer = Vcc 5 kQ
i i _ Resolution 10 bit | 5.9
tconv | Conversion time f(Xin) = 40 MHz Resolution 8 bit | 4.9 s
_ Resolution 10 bit | 4.72
f(Xw) = 25 MHZ "o osolution 8 bit | 3.02
\/ReF Reference voltage 2 Vee| V
Via Analog input voltage 0 Vrer| V
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

15.5 Internal peripheral devices

Timing requirements (Vcc = 5 V+10%, Vss = 0 V, Ta = =20 to 85 °C, unless otherwise noted)

Timer A input (Count input in event counter mode)

Symbol Parameter MinLImItl\s/lax Unit
te(ra) TAin input cycle time 80 ns
tw(TAH) TAin input high-level pulse width 40 ns
tw(raL) TAin input low-level pulse width 40 ns

Timer A input (Gating input in timer mode)
. Limits .

Symbol Parameter Data formula (Min.) Vi | Max. Unit

16 [0 10°
f(XIN) < 40 MHZ f(XIN) 400
f(Xin) < 25 MHz
- . ivi 16 0 10°
tora) TAin input cycle time when @divided by 2 selected as clock| === | g40 ns
source for peripheral devices f(Xi)
f(Xin) < 25 MHz 80 10°
when ¢ selected as clock source for W 320
peripheral devices
8 010°
f(Xin) < 40 MHz F(Xin) 200
f(Xin) < 25 MHz .
turay | TAin input high-level pulse width | when @ divided by 2 selected as clock| 80 10° | 554 ns
source for peripheral devices f(Xi)
f(Xin) <25 MHz 40 10°
when ¢ selected as clock source for TN 160
peripheral devices (Xm)
8 010°
f(XIN) < 40 MHZ f(XIN) 200
f(Xin) < 25 MHz
tw(TAL) TAin input low-level pulse width | when @ divided by 2 selected as clock _8010° 320 ns
source for peripheral devices f(Xi)
f(Xin) < 25 MHz 40100
when ¢ selected as clock source for| ———— | 160
. ; f(Xin)
peripheral devices

Notes 1: TAiw input cycle time must be 4 cycles or more of count source,
TAin input high-level pulse width must be 2 cycles or more of count source,
TAin input low-level pulse width must be 2 cycles or more of count source.
2: The limits in the upper row of the table are the values when f(X) is 40 MHz and the count source is fa.
The limits in the middle row of the table are the values when f(X) is 25 MHz and the count source is fa.
The limits in the lower row of the table are the values when f(Xn) is 25 MHz and the count source is f.
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Timer A input

(External trigger input in one-shot pulse mode)

. Limits .
Symbol P t Data formula (Min. -
ymbo arameter (Min.) Vi | Max Unit
8 010°
f(Xin) < 25 MHz 8 0 10°
te TAin input cvcle time  (Note when (pd|V|d§d by 2 se.lected asclock| 2===_ | 390 ns
™ " INpUt ey ( ) source for peripheral devices f(Xin)
f(Xin) < 25 MHz
4010°
when ¢ selected as clock source for|———— | 160
; ; f(Xin)
peripheral devices
tw(TAH) TAin input high-level pulse width 80 ns
tw(TAL) TAin input low-level pulse width 80 ns

Note: The limits in the upper row of the table are the values when f(X) is 40 MHz and the count source is fa.
The limits in the middle row of the table are the values when f(Xi) is 25 MHz and the count source is fa.
The limits in the lower row of the table are the values when f(Xin) is 25 MHz and the count source is f.

Timer A input (External trigger input in pulse width modulation mode)

Symbol Parameter , Limits Unit
Min. | Max.
tw(raH) TAin input high-level pulse width 80 ns
tw(TAL) TAin input low-level pulse width 80 ns
Timer A input (Up-down input in event counter mode)
Limits :
Symbol Parameter - Unit
y Min. | Max.
teur) TAiour input cycle time 2000 ns
tw(uPH) TAiourt input high-level pulse width 1000 ns
tw(upL) TAiout input low-level pulse width 1000 ns
tsuwp-tw) | TAiout input setup time 400 ns
th(Tin-UP) TAiout input hold time 400 ns
Timer A input (Two-phase pulse input in event counter mode)
Symbol Parameter , Limits Unit
Min. | Max.
tsurain-TAin) | TAjiN INput setup time 200 ns
tsumaion-Ta) | TAjout input setup time 200 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Internal peripheral devices

e Count input in event counter mode

e Gating input in timer mode

e External trigger input in one-shot pulse mode

e External trigger input in pulse width modulation mode

te(ra)
tw(TAH)
L. A \
TAin input / N\ ]
tw(TAL)
e Up-down input and count input in event counter mode
tcup)
tw(UPH)
TAiout input f 3
(up-down input) / \c 7
tw(upL) >
TAiour input jx‘
(up-down input) 7k
TAiN input s \
(When fall count is selected) /| th(Tw-up) tsuuP-Tw) |\
TAIN input \ /
(When rise count is selected) X 4

e Two-phase pulse input in event counter mode

TAjin input f 1
JIN INpU _/ X(

tsu(TAjn-TAjour) tsu(TAjn-TAjour)

TAjour input Z‘ \ tsu(TAjour-TAjn) /—
7 \

<

tsu(TAjour-TAjw)

Test conditions
*Vce =5 V+£10%
eInput timing voltage : ViL=1.0V, VH=4.0V
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Timer B input (Count input in event counter mode)

Limits

Symbol Parameter - Unit
Min. | Max.
te(re) TBi input cycle time (one edge count) 80 ns
tw(tBH) TBi input high-level pulse width (one edge count) 40 ns
tw(teL) TBi input low-level pulse width (one edge count) 40 ns
tee) TBi input cycle time (both edges count) 160 ns
tw(tBH) TBi input high-level pulse width (both edges count) 80 ns
tw(TBL) TBin input low-level pulse width (both edges count) 80 ns
Timer B input (pulse period measurement mode)
. Limits .
Symbol P t Data formula (Min. -
ymbo arameter (Min.) Min. T Max Unit
16 0 10°
f(XIN) < 40 MHZ f(XIN) 400
f(Xin) < 25 MHz
" - hen @ divided by 2 selected as clock| -£6 [ 10°
te(rs) TBi input cycle time when @divided by 2 selected as clock] =2 == | 640 ns
source for peripheral devices ()
f(Xin) < 25 MHz
8 0 10°
when ¢ selected as clock source for| ———— | 320
. . f(Xin)
peripheral devices
8 1010°
f(Xin) < 25 MHz 8 o8
twrewy | TBin input high-level pulse width | when @ divided by 2 selected as clock fD—l 320 ns
source for peripheral devices (Xin)
f(Xin) < 25 MHz 40 10°
when @ selected as clock source for W 160
peripheral devices i
8 0 10°
f(XIN) < 40 MHZ f(XIN) 200
f(Xin) < 25 MHz .
tw(teL) TBi input low-level pulse width | when @divided by 2 selected as clock _8010° 320 ns
source for peripheral devices f(Xin)
f(Xin) < 25 MHz
4010°
when ¢ selected as clock source for| ———— | 160
. . f(Xin)
peripheral devices
Notes 1: TBiw input cycle time must be 4 cycles or more of count source,
TBi input high-level pulse width must be 2 cycles or more of count source,
TBin input low-level pulse width must be 2 cycles or more of count source.
2: The limits in the upper row of the table are the values when f(Xn) is 40 MHz and the count source is fa.

The limits in the middle row of the table are the values when f(Xn) is 25 MHz and the count source is fa.
The limits in the lower row of the table are the values when f(Xn) is 25 MHz and the count source is f.
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Timer B input (Pulse width measurement mode)

: Limits .
Symbol Parameter Data formula (Min.) Min. | Max Unit
16 [0 10°
f(XIN) < 40 MHZ f(XIN) 400
f(Xin) < 25 MHz
- i when @ divided by 2 selected as clock| 16 0 10°
te(re) TBin input cycle time @divided by 2 se 640 ns
source for peripheral devices f(Xi)
f(Xin) < 25 MHz 80 10°
when ¢ selected as clock source for| ———— | 320
. ; f(Xin)
peripheral devices
8110°
f(Xin) < 40 MHz —f(XIN) 200
f(Xin) < 25 MHz .
turewy | TBin input high-level pulse width | when @divided by 2 selected as clock| -8/ 10° | 5,9 ns
source for peripheral devices f(Xi)
f(Xin) < 25 MHz 40 10°
when ¢ selected as clock source for| ———— | 160
. . f(Xin)
peripheral devices
8 10°
f(XIN) < 40 MHZ f(XIN) 200
f(Xin) < 25 MHz
tw(aL) TBi input low-level pulse width | when @ divided by 2 selected as clock _8010° 320 ns
source for peripheral devices f(Xi)
f(Xin) < 25 MHz 40 10°
when ¢ selected as clock source for TN 160
peripheral devices (Xin)
Notes 1: TBiw input cycle time must be 4 cycles or more of count source,
TBiw input high-level pulse width must be 2 cycles or more of count source,
TBin input low-level pulse width must be 2 cycles or more of count source.
2: The limits in the upper row of the table are the values when f(Xn) is 40 MHz and the count source is fa.

The limits in the middle row of the table are the values when f(Xn) is 25 MHz and the count source is fa.
The limits in the lower row of the table are the values when f(Xn) is 25 MHz and the count source is f.

A-D trigger input

Symbol Parameter - Limits Unit
Min. | Max.

teap) ADTrac input cycle time (minimum allowable trigger) 1000 ns

tw(apL) ADrrc input low-level pulse width 125 ns

15-10
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Serial 1/0O
Limits .
Symbol Parameter Min. | Max. Unit
te(ck) CLKi input cycle time 200 ns
tw(ckH) CLKi input high-level pulse width 100 ns
tw(cku) CLKi input low-level pulse width 100 ns
tac-Q TxDi output delay time 80 ns
thic-Q TxDi hold time 0 ns
tsu-c) RxDi input setup time 20 ns
th(c-D) RxDi input hold time 90 ns
External interrupt INTi input
Symbol Parameter - Limits Unit
Min. | Max.
tw(NH) INTi input high-level pulse width 250 ns
tw(nL) INT: input low-level pulse width 250 ns
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ELECTRICAL CHARACTERISTICS

15.5 Internal peripheral devices

Internal peripheral devices

B tc(TB)
_ twsH)
.o f 3
TBiN input / \r 72 \
tw(TBL)
tc(AD)
tw(ADL)

ADTRa input \

te(ck)

<

| twekH)

) A \ \
CLKi input / N\ /

tw(cKL)

Y

th(c-Q)

A Al
TxDi output >§( 7§<:

tdic-Q

tsu(d-c) th(c-D)

RxDi input >§§ :§<

tw(INL)

INTi input \t g
tw(INH)

1

Test conditions

*Vcc =5 V+10%

elnput timing voltage :Vi=1.0V,VH=4.0V
«Qutput timing voltage : VoL = 0.8 V, Von =2.0 V
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ELECTRICAL CHARACTERISTICS
15.6 Ready and Hold

15.6 Ready and Hold

Timing requirements (Vcc= 5 V+10%, Vss= 0V, Ta = =20 to 85 °C, f(XIN) = 40 MHz, unless otherwise noted)

Limits :
Symbol Parameter Min. | Max, Unit
tsurpy-@) | RDY input setup time 40 ns
tsuHoLb-@) |HOLD input setup time 40 ns
the-roy)  |RDY input hold time 0 ns
| the_Hotp) | HOLD input hold time 0 ns

Switching characteristics  (Vcc=5 V+10%, Vss= 0 V, Ta = =20 to 85 °C, f(XIN) = 40 MHz, unless otherwise noted)

Limits .
Parameter - Unit
Symbol Min. | Max.
ta@e-HLDA) | HLDA output delay time 50 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS
15.6 Ready and Hold

¢ Ready function

When 2-9 access in low-speed running

" _ /S N S
E output _/—\ ,,:'f --------------- /—

RDY input

tsu(RDY- 1)

th(¢:-RDY)

When 3-¢ access and 4-¢ access in low-speed running, and 4-¢ access in high-speed running
. _ /N S N S
E output / \ /

RDY input
tsu(RDY-01)
< S_BS,| th(¢1-RDY)
—>

When 2-¢ access in high-speed running

" _ /N N S
E output / ',"r ________________ /

RDY input

tsu(RDY- 1)

th(9:1-RDY)

Test conditions

*Vce =5 V+10%

eInput timing voltage :ViL=10V,VH=4.0V
*Output timing voltage : VoL =0.8V,VoH =2.0V
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ELECTRICAL CHARACTERISTICS
15.6 Ready and Hold

¢ Ready function

When 3-¢ access in high-speed running

o _ /N S S S
E output / \ I,/r _________________ /

RDY input
tsu(RDY-01)
th(¢1-RDY)
—>

When 5-¢ access in high-speed running

E output —\ //’ ________________ /

RDY input /
tsu(RDY—-01) N
> h(¢1-RDY)

e Hold function

. T

tsu(HOLD-01) th(¢1-HOLD)

HOLD input

1d(¢ 1-HLDA) td(¢1-HLDA)
[ S——

HLDA output

Test conditions

*Vcec = 5 V+10%

Input timing voltage Vi =10V,VH=40V
*Output timing voltage : VoL =0.8V, Von =2.0V
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ELECTRICAL CHARACTERISTICS

15.7 Single-chip mode

15.7 Single-chip mode

Timing requirements

(Vcc = 5 V£10%, Vss = 0 V, Ta = —20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Min. | Max. Unit
tc External clock input cycle time 25 ns
tw(H) External clock input high-level pulse width tc/2—8 ns
twn) External clock input low-level pulse width tc/2—-8 ns
tr External clock rise time 8| ns
te External clock fall time 8| ns
tsupop-g)  |Port PO input setup time 60 ns
tsupip-g)  |Port P1 input setup time 60 ns
tsupzp-g)  |Port P2 input setup time 60 ns
tsupso-g)  |Port P3 input setup time 60 ns
tsupap-g)  |Port P4 input setup time 60 ns
tsupso-g) | Port P5 input setup time 60 ns
tsupep-g) | Port P6 input setup time 60 ns
tsup7p-g)  |Port P7 input setup time 60 ns
tsupsp-£) | Port P8 input setup time 60 ns
tre-pop) | Port PO input hold time 0 ns
th(e-P1D) Port P1 input hold time 0 ns
the-r2p)  |Port P2 input hold time 0 ns
th(e-P3D) Port P3 input hold time 0 ns
th(e-P4D) Port P4 input hold time 0 ns
th(e-P5D) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
thE-P7D) Port P7 input hold time 0 ns
th(E-P8D) Port P8 input hold time 0 ns

Switching characteristics

(Vcc = 5 V£10%, Vss = 0 V, Ta = =20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Min._ | Max. Unit
tae-poo) | Port PO data output delay time 60 ns
tae-r10) | Port P1 data output delay time 60 ns
tae-r20) | Port P2 data output delay time 60 L
tae-rso) | Port P3 data output delay time 60 ns
tae-r40) | Port P4 data output delay time 60 ns
tae-pso) | Port P5 data output delay time 60 ns
tae-req) | Port P6 data output delay time 60 ns
tie-r7q) | Port P7 data output delay time 60 ns
tae-rsq) | Port P8 data output delay time 60 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.7 Single-chip mode

Single-chip mode

te tr te tw(H) twiv)

/B N O A U A A S

_ A
E \ /
td(E—POQ)I
Port PO output Xﬁ
tsu(Pop-g) | | th(e-roD)
Port PO input i iﬁ<
td(E-P1Q
Port P1 output X
tsu(P1D-E) | | th(E-P1D)
Port P1 input >q% i<
td(E-P29))|
Port P2 output X

tsu(P2D-E) l«—> <> h(E-P2D)
Port P2 input

td(E-PaQ)I
Port P3 output
tsu(P3D-E)| | th(E-P3D)
Port P3 input ﬁi
td(E-P4Q)
va
Port P4 output >!v
tsu(P4D-E) | | th(e-P4D)
Port P4 input i
td(E-P5Q)

Port P5 output

h(E-P5D)

bt )

tsu(P5D-E)
Port P5 input i

td(E-P6Q)

Port P6 output

>

tsu(P6D-E) | { th(e-P6D)
Port P6 input i i<
td(E—P7Q)l
Port P7 output
tsu(P7D-E) | | th(e-P7D)
Port P7 input i i<
td(E-P8Q)
v
Port P8 output >!v

tsu(PSD—E)‘ | th(E-P8D)
Port P8 input i i<

Test conditions

*Vcc =5V+10%

eInput timing voltage SVL=1.0V,VH=40V
«Output timing voltage  : VoL =0.8V, Von=2.0V
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode :

15.8 Memory expansion mode and microprocessor mode : When 2-

Timing requirements

When 2- g access in low-speed running

paccess in low-speed running

(Vee =5 V+10%, Vss = 0 V, Ta = -=20 to 85 °C, f(Xiw) = 25 MHz, unless otherwise noted)

Symbol Parameter Datz(il\;(;;rgula Minl_.imitlf/lax. Unit
te External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width tc/2-8 ns
tw) External clock input low-level pulse width tc/2-8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsuP1D-E) Port P1 input setup time 30 ns
tsu(P2p-g) Port P2 input setup time 30 ns
tsu(Pap-g) Port P4 input setup time 60 ns
tsu(PsD-E) Port P5 input setup time 60 ns
tsu(PeD-£) Port P6 input setup time 60 ns
tsuP7D-£) Port P7 input setup time 60 ns
tsu(PeD-E) Port P8 input setup time 60 ns
th(e-P1D) Port P1 input hold time 0 ns
th(e-P2D) Port P2 input hold time 0 ns
th(e-PaD) Port P4 input hold time 0 ns
th(e-PsD) Port P5 input hold time 0 ns
th(e-PeD) Port P6 input hold time 0 ns
th(e-P7D) Port P7 input hold time 0 ns
th(e-PsD) Port P8 input hold time 0 ns
tsupoariara-piDpzo) | POrt Pi data setup time with address stabilized ?}(DTIt;)Q —-65 55 ns
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15.8 Memory expansion mode and microprocessor mode :

Switching characteristics

ELECTRICAL CHARACTERISTICS

When 2- g access in low-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;ﬁrzn)qula MinLImItlf/lax Unit
taE-raq) Port P4 data output delay time 60 ns
taE-r5Q) Port P5 data output delay time 60 ns
taE-reQ) Port P6 data output delay time 60 ns
taE-r7Q) Port P7 data output delay time 60 ns
ta(e-Pso) Port P8 data output delay time 60 ns
. . 1010°

tweH) @ high-level pulse width W -20| 20 ns
1010°

twiat) @ low-level pulse width i) —-20| 20 ns

tae-p) @ output delay time 0 18 ns
— 2010°

tw(eL) E low-level pulse width o) 25| 55 ns

. 1010° ns

tdpoa-g) Port PO address output delay time o) 28| 12

tdE-P1Q) Port P1 data output delay time (BYTE = “L") 35 ns

toxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 1010°

tap1a-g) Port P1 address output delay time o) 28| 12 ns
) 1010°

ta(P1A-ALE) Port P1 address output delay time T Xn) -35| 5 ns

tdE-P2q) Port P2 data output delay time 35 ns

tpxz(E-P22) Port P2 floating start delay time S) ns
. 1010°

tap2ap) Port P2 address output delay time o) 28| 12 ns

IN

. 1010°

tdp2a-aLE) Port P2 address output delay time i) 35| 5 ns
. 1010°

taE-ALE) ALE output delay time o) 20| 20 ns

td(aLe-£) ALE output delay time 4 ns
9

twiaLE) ALE pulse width % -18| 22 ns
9

ta@HE-E) BHE output delay time % -20| 20 ns
_ . 1010°

tarw-£) R/W output delay time i) 20| 20 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode :

Switching characteristics

When 2- g access in low-speed running

(Vee = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Data(ll\;?rzn)wula MinLImItlf/lax Unit
_ 1010°
th(e-Pon) Port PO address hold time —f(Xm) - 18 ns
th(ALE-P1A) Port P1 address hold time (BYTE = “L") 9 ns
t . - 1010°
h(E-P1Q) Port P1 data hold time (BYTE = “L") W -22| 18 ns
_ _ 1010°
tpex(E-P12) Port P1 floating release delay time (BYTE = “L") fXm) 18 ns
. 1010°
th(e-P14) Port P1 address hold time (BYTE = “H”) TiXn) 22| 18 ns
th(ALE-P24) Port P2 address hold time 9 ns
1010°
th(e-P20) Port P2 data hold time ) 22| 18 ns
. . 10110°
tozx(E-P22) Port P2 floating release delay time TN 22| 18 ns
9
thE-BHE) BHE hold time —lf—(D)(lt—;) -22| 18 ns
9
the-Rw) R/W hold time % —-22| 18 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode
: When 2-¢ access in low-speed running

<Write>

XN

o1

E

Address output
Ac—Ar

Address output

As—Ais
(BYTE ="H")

Address/Data output
As/Ds—A1s/D1s
(BYTE =L")

Data input
Ds—D1s
(BYTE =L")

Address/Data output
Ai16/Do—A23/D7

Data input
Do—D~

ALE output
BHE output

R/W output

Port Pi output
(i=4-8)

tw) twHy  tr

te

Al Y NaNaVals

tw(oL)

N
td(E-01)
W an

tq(POA-E)
| x[

Address

<—¥h(<i_POA)

td(PlA E)

Address

<—:I§t<h(EP1A)

td(E-P1Q) th(E-P1Q)
Data ‘X

’[d(PlA E)
X Address

td(P1A- -ALE) th(A

LE-P1A)

td(E-P2Q)

th(E-P2Q)
Data

X AddreSj;]i
<

td(P2A-ALE) | | th(ALE-P2A)

LE-E)

td(E-ALE) > Td(A
/N

th(E-BHE)

td(BHE- E>)£—>

td(R/W-E)

I

th(E-R/ W)

td(E-PiQ )<—>1(:

Test conditions (¢1, E, PO—P3)

*Vcc = 5 V+10%

«Output timing voltage : VoL = 0.8 V, VoH = 2.0 V

«Data input

ViL=08V,VIH=25V

Test conditions (P4—-P8)
*Vce =5 V+10%

« Input timing voltage

«Qutput timing voltage : VoL =0.8V, VoH =2.0 V

When 2- g access in low-speed running

ViL=10V,VH=4.0V
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ELECTRICAL CHARACTERISTICS

15.8 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode
: When 2-¢ access in low-speed running

<Read>

XiN

01

E

Address output
Aoc—A7
Address output
As—A1s
(BYTE ="H")
Address/Data output
As/Ds—A1s/D1s
(BYTE ="L")

Data input
Ds—Da1s
(BYTE ="L")

Address/Data output
A16/Do—A23/D7

tsu(POA/P1A/P2A-P1D/P2D)

Data input
Do—D~

ALE output
BHE output
R/W output

Port Pi output
(i=4-8)

tw) twH) tr tr

tc

RN N alaWals

twioL)

N WMo
td(E-01) td(E-91)
,F—\ tw(EL)

y—

/|
td(PoA-E) th(E-P0A)
\ >§i Address ]X
td(P1A-E) th(e-P1A)
\ >§ Address ‘}(
td(P1A-E) 4—)12%(&::12)

X

td(P1A-ALE)

tpxz(E-P12)
—
Address pr======== L
—
<> [« th(ALE-P1A)

tsu(P1D-E)

Ly
:
=3
z
T
0
=
=)

Data

td(P2A-E)

2(E-P2Z)

X

A

tp:
Addres‘sj% -
td(lTZA—ALE)H th(a

LE-P2A)
tsu(P2D-E)

1 tw(ALE)
td(E-ALE) | f

\(

S

td(ALE-E)

Data

— 1 th(E-BHE)

td(BHE—E>)£—>

X

td(R/W-E) «—>|

<*>K1(E-R/W)

tsu(PiD-E)

>£—> );E<th(E—PiD)

Test conditions (¢1, E, PO0-P3)

*Vce = 5 V£10%

*Output timing voltage : VoL = 0.8 V, VoH = 2.0 V

eData input

:ViL=0.8V,VIH=25

When 2- g access in low-speed running

Test conditions (P4—-P8)

*Vce = 5 V£10%

\

Input timing voltage

ViL=10V,VH=40V

*Output timing voltage : VoL =0.8 V, VoH = 2.0 V
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ELECTRICAL CHARACTERISTICS

15.9 Memory expansion mode and microprocessor mode : When 3- g access in low-speed running

15.9 Memory expansion mode and microprocessor mode : When 3-  gaccess in low-speed running

Timing requirements  (Vcc = 5 V£10%, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Datz(aMfgg(rgula MinL.imitl?/Iax. Unit
te External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width tc/2-8 ns
tw) External clock input low-level pulse width tc/2-8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsuP1D-£) Port P1 input setup time 30 ns
tsu(P2p-£) Port P2 input setup time 30 ns
tsu(Pap-g) Port P4 input setup time 60 ns
tsu(PsD-E) Port P5 input setup time 60 ns
tsu(PeD-£) Port P6 input setup time 60 ns
tsuP7D-E) Port P7 input setup time 60 ns
tsu(PaD-E) Port P8 input setup time 60 ns
th(e-P1D) Port P1 input hold time 0 ns
th(e-P2D) Port P2 input hold time 0 ns
th(e-P4D) Port P4 input hold time 0 ns
the-psD) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
th(e-P7D) Port P7 input hold time 0 ns
th(e-rsD) Port P8 input hold time 0 ns
tsupoar1ar2a-PioiP2D) | Port Pi data setup time with address stabilized %i?g —65 135 ns
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ELECTRICAL CHARACTERISTICS

15.9 Memory expansion mode and microprocessor mode :

Switching characteristics

When 3- g access in low-speed running

(Vee = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;l?;n;ula MinLImItlf/lax Unit
tdE-PaqQ) Port P4 data output delay time 60 ns
taE-r5Q) Port P5 data output delay time 60 ns
taE-r6Q) Port P6 data output delay time 60 ns
taE-rP7Q) Port P7 data output delay time 60 ns
tdE-Psq) Port P8 data output delay time 60 ns
. . 1010°

tw(gH) @ high-level pulse width W -20| 20 ns
1010°

tw() @ low-level pulse width o) 20| 20 ns

tdE-p) @ output delay time 0 18 ns
_ 4110°

tw(eL) E low-level pulse width i) 25| 135 ns

. 1010° ns

taPoa-g) Port PO address output delay time W -28| 12

tdE-P1Q) Port P1 data output delay time (BYTE = “L”) 35 ns

toxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 1010°

taeia-6) Port P1 address output delay time o) 28| 12 ns
g 1010°

tdP1a-ALE) Port P1 address output delay time Xm) 35| 5 ns

tae-rP2Q) Port P2 data output delay time 35 ns

tpe(E-P22) Port P2 floating start delay time 5 ns
. 1010°

tdP2a—g) Port P2 address output delay time W -28| 12 ns

IN

. 1010°

td(P2a-ALE) Port P2 address output delay time W -35| 5 ns
. 1010°

tae-ALE) ALE output delay time o) 20| 20 ns

ta(aLe-E) ALE output delay time 4 ns
9

tw(aLE) ALE pulse width % —-18| 22 ns
9

ta@HE-E) BHE output delay time % -20| 20 ns
__ . 1010°

tarw-£) R/W output delay time o) 20| 20 ns

Note: For test conditions, refer to Figure 15.15.1.
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15.9 Memory expansion mode and microprocessor mode :

Switching characteristics

ELECTRICAL CHARACTERISTICS

When 3- g access in low-speed running

(Vec = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Date(ll\;?rzn)qula MinLImlt:/lax Unit
, 1010°
th(e-PoA) Port PO address hold time —f(XIN) - 18 ns
th(ALE-P1A) Port P1 address hold time (BYTE = “L") 9 ns
¢ . . 1010°
h(E-P1Q) Port P1 data hold time (BYTE = “L") W -22| 18 ns
_ _ 1010°
tpzx(E-P12) Port P1 floating release delay time (BYTE = “L") fXn) 18 ns
. 1010°
the-P14) Port P1 address hold time (BYTE = “H”) i) 22| 18 ns
th(ALE-P2a) Port P2 address hold time 9 ns
1010°
th(e-P20) Port P2 data hold time ) 22| 18 ns
. . 1010°
tozx(E-P22) Port P2 floating release delay time TN 22| 18 ns
9
th(e-BHE) BHE hold time _1{('])01—;) -22| 18 ns
9
thE-Rw) R/W hold time % —-22| 18 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.9 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode
: When 3-¢ access in low-speed running

<Write>

01
E

Address output
Ao—A7
Address output
As—Aa1s
(BYTE ="H")
Address/Data output
As/Ds—A15/D1s
(BYTE =“L")
Data input
De—D1s
(BYTE ="L")

Address/Data output
Ai6/Do—A23/D7

Data input
Do—-D7

ALE output

BHE output

R/W output

Port Pi output
(i=4-8)

tw) twH) tr tf

tw(oL)

N A
td(E-01) <>

tw(oH)

tc

5

‘ td(E-91)

N

tw(EL)

td(POA E>)£—>

<—th2(E_POA)

Address

td(PlA >£—>

Address

<—:E2(57P1A)

td(PlA E) td(E-P1Q) th(E-P1Q)
X Address Data X
_____ laP1A-ALE) | I“f’iEE:f’}‘})_______________._______.
td(P2A-E) 1« 1 td(E-P2Q) th(E-P2Q)
Address Data X
<
td(P2A-ALE) th(ALE-P2A)
""""" twale) || Tt
td(E-ALE) > td(ALE-E)
_ L
{h(E-BHE)

td(BHE—E;£—>

td(RIW-E)

th(E-R/W)

td(E-PiQ) W

Test conditions (¢1, E, PO—P3)

*Vcc =5 V£10%

«QOutput timing voltage : VoL =0.8 V, VoH=2.0V
ViL=0.8V,VIH=25V

eData input

Test conditions (P4—P8)
*Vcc = 5 V+10%

eInput timing voltage
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15.9 Memory expansion mode and microprocessor mode :

ELECTRICAL CHARACTERISTICS

Memory expansion mode and Microprocessor mode
: When 3-¢ access in low-speed running

<Read>

XiN

o1
E

Address output
Aoc—Ar
Address output
As—Ais
(BYTE ="H")
Address/Data output
As/Ds—A15/D1s
(BYTE =“L")
Data input
Ds—D1s
(BYTE =“L")

Address/Data output
Ai16/Do—A23/D7

tw(L) tw(H)

tr t

tc

N Ve aWaWalal;

tw(oL)
tw(oH)
td(E-91) td(E-91)
,F:—s\* tw(EL) /z—
7

td(PoA-E) th(E-POA)
\ >§i Address

td(P1A-E) th(E-P1A)
X Address £<

td(P1A-E) |

td(P1A-ALE) [«

..... +

td(P2A-E)

X

tpxz(E-P22)
SN
ts

th(ALE-P2A)

tpxz(E-P12)
I
% -------------------
> th(ALE-P1A) tsu(P1D-£)

<—>‘1%(E—P12)

Data

Ly
=4
o m
P
[
1 g

<—12%(E~PZZ)

. td(P2A-ALE)«—>| l<| WP20E) || e tn(e_paD)
i POA/P1A/P2A—P1D/P2D |
Data input su( LA 2A P DIR 2D T ... { Data }_ ______
Do-D~ [ tw(ALE)
td(E-ALE) i td(ALE-E)
ALE output —‘/|z—x
N
td(BHE-E) th(E-BHE)
BHE output >£ %C
o td(R/W-E) th(E-R/W)
R/W output 1[ %

Port Pi output
(i=4-8)

tsu(PiD-E)

>qt—> <E<th(EPiD)

Test conditions (¢1, E, PO-P3)

*Vcc =5 V+£10%

«Output timing voltage : VoL = 0.8 V, VoH = 2.0 V
ViL=08V,VIH=25V

eData input

Test conditions (P4—P8)
*Vcc =5 V+10%

¢ Input timing voltage

«Output timing voltage : VoL =0.8 V, VoH =2.0 V

ViL=10V,VIH=4.0V

When 3- g access in low-speed running
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ELECTRICAL CHARACTERISTICS

15.10 Memory expansion mode and microprocessor mode :

15.10 Memory expansion mode and microprocessor mode : When 4-

Timing requirements

When 4- g access in low-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

paccess in low-speed running

Symbol Parameter Dat?h;g;®UIa MinL.imitlf/Iax. Unit
te External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width tc/2—8 ns
tw() External clock input low-level pulse width tc/2—8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsuP1D-£) Port P1 input setup time 30 ns
tsuP2p-£) Port P2 input setup time 30 ns
tsuPap-g) Port P4 input setup time 60 ns
tsu(PsD-E) Port P5 input setup time 60 ns
tsu(PeD-E) Port P6 input setup time 60 ns
tsuP7o-£) Port P7 input setup time 60 ns
tsu(PsD-E) Port P8 input setup time 60 ns
th(e_P1D) Port P1 input hold time 0 ns
th(e-P2D) Port P2 input hold time 0 ns
th(e-PaD) Port P4 input hold time 0 ns
th(e-P5D) Port P5 input hold time 0 ns
th(e-P6D) Port P6 input hold time 0 ns
th(e-P7D) Port P7 input hold time 0 ns
th(e-PeD) Port P8 input hold time 0 ns
tsupoar1aP2a-PiDP2D) | POrt Pi data setup time with address stabilized %ﬁ?g —65 215 ns
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15.10 Memory expansion mode and microprocessor mode :

Switching characteristics

ELECTRICAL CHARACTERISTICS

When 4- g access in low-speed running

(Vec = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;ﬁrzn)qula MinLImItlf/lax Unit
taE-raq) Port P4 data output delay time 60 ns
taEe-r5Q) Port P5 data output delay time 60 ns
taEe-r6Q) Port P6 data output delay time 60 ns
taE-rP7Q) Port P7 data output delay time 60 ns
tdE-rsq) Port P8 data output delay time 60 ns
. . 1010°

tw(H) @ high-level pulse width —f(X|N) -20| 20 ns
1010°

twiat) @ low-level pulse width i) —-20| 20 ns

taE-g) @ output delay time 0 18 ns
_ 41010°

tw(eL) E low-level pulse width X 25 135 ns

. 3010° ns

td(Poa-g) Port PO address output delay time W -28| 92

tdE-P1Q) Port P1 data output delay time (BYTE = “L") 35 ns

tpxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 3010°

tapia-g) Port P1 address output delay time i) 28| 92 ns
} 2010°

tdP1A-ALE) Port P1 address output delay time HXn) - 28| 52 ns

tae-rP2Q) Port P2 data output delay time 35 ns

tpxz(E-P22) Port P2 floating start delay time 5 ns
. 3010°

tdP2a—g) Port P2 address output delay time W —-28| 92 ns
. 2010°

tap2a-ALE) Port P2 address output delay time o) 28| 52 ns
. 1010°

tae-ALE) ALE output delay time o) 20| 20 ns

ta(aLe-E) ALE output delay time 4 ns
9

tweaLe) ALE pulse width % -18| 62 ns
9

ta@HE-E) BHE output delay time % —-20| 100 ns
_ . 3010°

tarw-£) R/W output delay time o) 20| 100 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.10 Memory expansion mode and microprocessor mode :

Switching characteristics

When 4- g access in low-speed running

(Vee = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 25 MHz, unless otherwise noted)

Symbol Parameter Data(ll\;?rzn)wula MinLImItlf/lax Unit
_ 1010°

th(e-Poa) Port PO address hold time —f(Xm) - 18 ns
. o 1010°

th(ALE-P1A) Port P1 address hold time (BYTE = “L") o) 15| 25 ns
t . - 1010°

h(E-P1Q) Port P1 data hold time (BYTE = “L") W -22| 18 ns
_ _ 1010°

tpzx(E-P12) Port P1 floating release delay time (BYTE = “L") fXm) 22| 18 ns
. 1010°

the-P14) Port P1 address hold time (BYTE = “H”) TiXn) 22| 18 ns
9

th(ALE-P24) Port P2 address hold time % -15| 25 ns

IN

1010°

th(e-P20) Port P2 data hold time ) 22| 18 ns
. . 1010°

tozx(E-P22) Port P2 floating release delay time TN 22| 18 ns
9

toe-sre) BHEE hold time —1{(%—;) ~22| 18 ns
9

thE-RW) R/W hold time % —-22| 18 ns

Note: For test conditions, refer to Figure 15.15.1.
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Memory expansion mode and Microprocessor mode
: When 4-¢ access in low-speed running

ELECTRICAL CHARACTERISTICS

15.10 Memory expansion mode and microprocessor mode :

When 4- gpaccess in low-speed running e

<Write>
tw(L) tw(H) tc
XN
tw(oL)
01
td(E-01) [ td(E-91)
= tw(EL) V'
E _/ N 7|
Add td(PoA-E) —> th(E-POA)
ress output

AD_A7p 4 Address £<
Address output >§I:* tdP1A-E) — th(E-P1A) <—3§<:

As—A1s

(BYTE ="H") Address
Address/Data output ld(P1A-E) > t(E-P1Q) th(E-P1Q)

As/Ds—A1s/D1s Address Data

(BYTE =L")

. (<t |

Data input td(P1A-ALE) th(ALE-P14)

Dg-Dis ~ TTTooroTommmmsssssmsmsmsmmes N iy’ 20y SiWaass

(BYTE =L7) [«— td(P2A-E) { ld(E-P2Q) th(E-P2Q) [« —|
Address/Data output % $<

Ai16/Do—A23/D7 Address Data

td [ th(ALE-P2A)

Data input . ____EP_Z_A:‘}L_E_)_____ ________________________________

Do-D7 tw(ALE)

A

td(E-ALE) f td(ALE-E)
ALE output %— \\
‘ {d(BHE-E)

BHE output

td(RIW-E)

R/W output

th(E-R/W)

th(E-BHE) 4—3§C

Port Pi output
(i=4-8)

td(E-PiQ) 4—;2:

Test conditions (¢1, E, PO—P3)
*Vcc =5 V+10%

*Output timing voltage : VoL = 0.8 V, VoH=2.0 V
*Data input :VL=08V,VIH=25V

Test conditions (P4—-P8)

*Vcc = 5 V+10%

« Input timing voltage

ViL=10V,VIH=4.0V

«Output timing voltage : VoL = 0.8 V, VoH=2.0 V
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ELECTRICAL CHARACTERISTICS

15.10 Memory expansion mode and microprocessor mode : When 4- g access in low-speed running e
. _________________________________________________________________________________________________________________________________|

Memory expansion mode and Microprocessor mode
: When 4-¢ access in low-speed running

<Read>
tw) twH) tr tf tc
XIN
tw(oL)
01
td(E-01) o> td(E-02)
— . tw(EL) y—
E _/ N /
td(PoA-E) th(E-PoA)
Address output s
Ac—A7 >§( Address
Address output td(P1A-E) ‘_>£21(:EP1A)
As—Ais 4
(BYTE =H") >§( : Address
Address/Data output ; dPIAE) | toxz(E-P12) <« hxE-P12)
As/De-A1s/Dis | X Addrece | Femmmmmmemmmmmmmaaaad I
(BYTE L") >§( Address ) K
. td(P1A-ALE) l—>{ Ih(ALE-P1A) tsu(P1D-E)
Data input <—>><E th(E-P1D)
Ds—Dis  eeee e e i oo Ll cccmcccecceeeed Patal | emmmm-
. Data
(BYTE ="L") td(P2A-E) | tpxz(E-P22) tpzx(E-P22)
Address/Data output N B I R b C
Ai6/Do—A23/D7 >§‘ Address |
td(P2A-ALE) ll>! th(ALE-P2A) ts‘u(PZD—E) th(E_p2D
Data input tsu(POA/P1A/P2A-P1D/P2D € >l (E-P2D)
Do-D7  TTTTTyTomTmommmmmmmmemees Frp=-=-=-=-====-- Data| |27 -""""-
td(E-ALE) < tw(ALE) td(ALE-E)
ALE output
N
_ [ td(BHE-E) th(E-BHE)
BHE output >3; §<
B \ td(RW-E) th(E-RIW)
R/W output % 7
| tsu(PiD-E) Lt \_
h(E—PiD)
Port Pi output >i 7&
(i=4-8)
Test conditions (91, E, PO-P3) Test conditions (P4—P8)
*Vcc =5 V+10% *Vcc =5 V+10%
«Output timing voltage : VoL = 0.8 VV, VoH = 2.0 V eInput timing voltage :ViL=1.0V,VH=4.0V
«Data input ViL=0.8V,VH=25V *Output timing voltage : VoL =0.8 V, VoH=2.0 V
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15.11 Memory expansion mode and microprocessor mode : When 3-

Timing requirements

ELECTRICAL CHARACTERISTICS

15.11 Memory expansion mode and microprocessor mode :

When 3- g access in high-speed running

(Vec = 5 VE£10%, Vss = 0 V, Ta = =20 to 85 °C, f(Xi) = 40 MHz, unless otherwise noted)

paccess in high-speed running

Symbol Parameter Datz(i'\;(;;(rgula Minl_.imitlf/lax. Unit
te External clock input cycle time 25 ns
tw(H) External clock input high-level pulse width tc/2-8 ns
tw() External clock input low-level pulse width tc/2-8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsu(P1D-E) Port P1 input setup time 30 ns
tsup2o-) Port P2 input setup time 30 ns
tsu(pap-g) Port P4 input setup time 60 ns
tsu(Psp-g) Port P5 input setup time 60 ns
tsu(PeD-£) Port P6 input setup time 60 ns
tsuP7D-£) Port P7 input setup time 60 ns
tsupep-£) Port P8 input setup time 60 ns
th(e-P1D) Port P1 input hold time 0 ns
th(e-r2D) Port P2 input hold time 0 ns
th(E-P4D) Port P4 input hold time 0 ns
th(E-P5D) Port P5 input hold time 0 ns
th(e-PeD) Port P6 input hold time 0 ns
the-P7D) Port P7 input hold time 0 ns
th(e-PeD) Port P8 input hold time 0 ns
tsupoar1aP2a-PiDP2D) | PoOrt Pi data setup time with address stabilized %ﬁ?g =75 50 ns
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ELECTRICAL CHARACTERISTICS

15.11 Memory expansion mode and microprocessor mode :

Switching characteristics

When 3- gaccess in high-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;l?;n;ula MinLImItlf/lax Unit
tdE-PaQ) Port P4 data output delay time 60 ns
tdE-r5Q) Port P5 data output delay time 60 ns
tdE-r6Q) Port P6 data output delay time 60 ns
taE-rP7Q) Port P7 data output delay time 60 ns
tdE-req) Port P8 data output delay time 60 ns

. . 1010°
tuw(gH) @ high-level pulse width o) 20| 5 ns
. 1010°
tet) @ low-level pulse width o) 201 5 ns
taE-o) @ output delay time 0 18 ns
— 3010°
tw(eL) E low-level pulse width oy 25| 50 ns
. 2010° ns
td(Poa-g) Port PO address output delay time W -35| 15
tdE-P10Q) Port P1 data output delay time (BYTE = “L”) 35 ns
tpxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 2010°
tap1a-g) Port P1 address output delay time o) 35| 15 ns
s 1010°
tdP1A-ALE) Port P1 address output delay time HXn) -20| 5 ns
taE-r2q) Port P2 data output delay time 35 ns
tpe(E-P22) Port P2 floating start delay time 5 ns
. 2010°
tap2ag) Port P2 address output delay time W -35| 15 ns
IN
. 1010°
tap2a-ALE) Port P2 address output delay time o) 20| 5 ns
. 1010°
tae-ALE) ALE output delay time o) 15| 10 ns
1010°
ta(ALE i == _
d(ALE-E) ALE output delay time 2 0 f(Xn) S) ns
9
tw(aLe) ALE pulse width % -15| 10 ns
9
ta@HE-E) BHE output delay time % -30| 20 ns
- _ 2010°
tarw-£) R/W output delay time ) 30| 20 ns

Note: For test conditions, refer to Figure 15.15.1.
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Switching characteristics

ELECTRICAL CHARACTERISTICS

15.11 Memory expansion mode and microprocessor mode :

When 3- g access in high-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Data formula Limits .
Symbol P t : -

ymbo arameter (Min.) Min. | Max. Unit
. 10100

the-Pon) Port PO address hold time —f(Xm) -10| 15 ns
. o 10 10°

th(ALE-P1A) Port P1 address hold time (BYTE = “L") i) 15| 10 ns
1 —_ 1 D 109

the-P1Q) Port P1 data hold time (BYTE = “L") W -10| 15 ns
_ _ 10 10°

tpzx(E-P12) Port P1 floating release delay time (BYTE = “L") fXm) 10} 15 ns
. 1010°

the-P14) Port P1 address hold time (BYTE = “H") i) 10| 15 ns
9

th(aLE-P2A) Port P2 address hold time % -15| 10 ns
1010°

th(e-P20) Port P2 data hold time ) 10 15 ns
. . 1010°

tpzx(E-P22) Port P2 floating release delay time i) 10f 15 ns
9

th(E-BHE) BHE hold time —Lf(DX:\]—)O -10| 15 ns
9

th(e-Rw) R/W hold time % —-10| 15 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.11 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode
: When 3-¢ access in high-speed running

<Write>

XiN

01

E

Address output
Ao—A7

Address output

As—A1s
(BYTE ="H")
Address/Data output

As/Ds—A1s/D1s
(BYTE ="L")
Data input

De—D1s
(BYTE ="L")

Address/Data output
Ai6/Do—A23/D7

Data input
Do—-D~

ALE output
BHE output

R/W output

Port Pi output
(i=4-8)

When 3- g access in high-speed running

twtwH) tr tr tc
twoL)
tw(oH)
td(E-01) [ td(E-01)
_/z——\, tw(EL) \71—
td(PoA-E) th(E-P0A)
4 Address ;L(
td(P1A-E) th(E-P1A)
X Address ‘}(
td(P1A-E) <> ld(E-P1Q) th(E-P1Q)
>§‘ Address# Data ‘X
td(P1A-ALE) <> > th(ALE-P1A)
td(P2A-E) <«>|td(E-P2Q) th(E—PZQ)(—»'!
X Address# Data )C

td(E-ALE) | tw(ALE)

LN

td(P2A-ALE)

> th(ALE-P2A)

td(ALE-E)

th(E-BHE)

td(BHE—E)>J:—>

td(R/W-E)
N

th(E-R/W)

td(E-PiQ)

Test conditions (¢1, E, PO—P3)

Vcc =5 V+10%

«Output timing voltage : VoL =0.8 V, VoH=2.0 V

«Data input

ViL=08V,VH=25V

Test conditions (P4—P8)

*Vcec =5 V+10%

eInput timing voltage

ViL=10V,VIH=4.0V

*Output timing voltage : VoL = 0.8V, VoH=2.0 V
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ELECTRICAL CHARACTERISTICS

15.11 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode

: When 3-¢ access in high-speed running

When 3- g access in high-speed running

<Read>
tw) twH) tr tr tc
€ PHE
tw(oL)
01 tw(oH)
tdE-01) [ —> td(E-91)
E a N tw(EL) ——
E / N >/
|
td(PoA-E) th(E-POA)
Address output y
Ao—A7 ><< Address
Address output td(P1A-E) thE-P1A)
As—A1s v
(BYTE ="H") >§< Address
Address/Data output td(P1A-E) | toxz(E-P1Z)

Y Y*
L
v 5
vm
[

1 O
B
8
'
1

As/De—A1s/Dis | X Addrecc ) reeemmmmmmmaaa
(BYTE =17) >§ Address
td(P1A-ALE) <> | th(ALE-P1A)
Data input tsu(P1D-E)
Ds—D1s ool __. RS N DU
a Data
(BYTE ="L") td(P2A-E) PN

Address/Data output
Ais6/Do—A23/D7

tpxz(E-P22)
v
>§( Address#ﬁ """"""

Itd(PzA—Al_E)<—>

| th(ALE-P2A)
L tsu(P2D-E)

tsu(POA/P1A/P2A-P1D/P2D)

4—$<th(fBHE)

Data input
Do-D7 Tttt ormmmosmoss-ed 1710 Data
td(E-ALE) | IW(ALE)
f > td(ALE-E)
ALE output N
th(BHE-E)

BHE output >£

e td(R/W-E)
R/W output

| tsu(PiD-E)

Port Pi output
(i=4-8)

>j{< th(E-PiD)

Test conditions (¢1, E, PO—P3)
*Vce =5 V+10%
«Output timing voltage : VoL = 0.8 V, VoH = 2.0 V

«Data input :ViL=08V,VIH=25V

Test conditions (P4—-P8)

*Vcec =5 V+10%

eInput timing voltage

ViL=10V,ViH=4.0V

*Output timing voltage : VoL=0.8 V, VoH=2.0 V
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ELECTRICAL CHARACTERISTICS

15.12 Memory expansion mode and microprocessor mode :

15.12 Memory expansion mode and microprocessor mode : When 4-

Timing requirements

When 4- g access in high-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

¢paccess in high-speed running

Symbol Parameter Datz(iMfgg(rgula MinL.imitlf/lax. Unit
te External clock input cycle time 25 ns
tw(H) External clock input high-level pulse width tc/2-8 ns
tw) External clock input low-level pulse width tc/2-8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsuP1D-£) Port P1 input setup time 30 ns
tsu(P2p-£) Port P2 input setup time 30 ns
tsu(Pap-£) Port P4 input setup time 60 ns
tsu(PsD-E) Port P5 input setup time 60 ns
tsu(PeD-E) Port P6 input setup time 60 ns
tsuP7D-£) Port P7 input setup time 60 ns
tsu(PaD-E) Port P8 input setup time 60 ns
th(e-P1D) Port P1 input hold time 0 ns
th(e-P2D) Port P2 input hold time 0 ns
th(E-P4D) Port P4 input hold time 0 ns
th(e-psD) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
th(e-P7D) Port P7 input hold time 0 ns
th(e-rsD) Port P8 input hold time 0 ns
tsupoap1ap2a-PiDP2D) | Port Pi data setup time with address stabilized %”15)9 =75 100 | ns
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15.12 Memory expansion mode and microprocessor mode :

Switching characteristics

ELECTRICAL CHARACTERISTICS

When 4- g access in high-speed running

(Vec = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;ﬁrzn)qula MinLImItlf/lax Unit
tdE-PaQ) Port P4 data output delay time 60 ns
taE-r5Q) Port P5 data output delay time 60 ns
taE-r6Q) Port P6 data output delay time 60 ns
taE-P7Q) Port P7 data output delay time 60 ns
tdEe-req) Port P8 data output delay time 60 ns

. . 1010°
tw(eH) @ high-level pulse width W -20| 5 ns
. 1010°
tw(e) @ low-level pulse width —f(Xm) -20| 5 ns
taEe-o) @ output delay time 0 18 ns
_ 4110°
tw(Ey) E low-level pulse width o) 25| 75 ns
. 3010° ns
td(Poa-g) Port PO address output delay time W —-35| 40
tdEe-r1q) Port P1 data output delay time (BYTE = “L") 35 ns
toxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 3010°
tae1a-g) Port P1 address output delay time i) 35| 40 ns
. 2010°
tdP1A-ALE) Port P1 address output delay time HXn) —-20| 30 ns
taE-r2q) Port P2 data output delay time 35 ns
tpxe(e-P22) Port P2 floating start delay time 5 ns
. 3010°
tap2a-g) Port P2 address output delay time W -35| 40 ns
IN
. 2010°
tap2a-ALE) Port P2 address output delay time o) 20| 30 ns
. 1010°
taE-ALE) ALE output delay time o) 15| 10 ns
1010°
to(aLe- i S
d(ALE-E) ALE output delay time 2 0 f(Xm) 7.5 5 ns
9
twaLe) ALE pulse width % —-15| 35 ns
9
tdBHE-E) BHE output delay time % — 45 ns
- , 3010°
tarRw-£) R/W output delay time i) 30| 45 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.12 Memory expansion mode and microprocessor mode :

Switching characteristics

When 4- g access in high-speed running

(Vee = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Data formula Limits -
Symbol Parameter (Min.) Min. | Max. Unit

. 1010°

th(e-Poa) Port PO address hold time W —-10| 15 ns

th(ALE-P1A) Port P1 address hold time (BYTE = “L") Xm) 15| 10 ns
1 —_— 1 D 109

thE-r10) Port P1 data hold time (BYTE = “L") W -10| 15 ns

IN

_ _ 1010°

tozx(E-P12) Port P1 floating release delay time (BYTE = “L”) ) 10| 15 ns
. o 1010°

thEe-P14) Port P1 address hold time (BYTE = “H") o) 10| 15 ns
9

th(ALE-P24) Port P2 address hold time % -15| 10 ns
1010°

th(e-P20) Port P2 data hold time T i) 10| 15 ns
. . 1010°

tpzx(E-P22) Port P2 floating release delay time i) 10| 15 ns
9

th(e-srE) BHE hold time —1{&% —10| 15 ns
9

the-RW) R/W hold time % -10| 15 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.12 Memory expansion mode and microprocessor mode : When 4- g access in high-speed running

Memory expansion mode and Microprocessor mode
: When 4-¢ access in high-speed running

<Write>
twtwH) tr tf tc
XN
tw(oL)
O1
td(E-01) [ td(E-01)

_ v \ tw(EL) o
E _/ N /|

dd td(PoA-E) th(E-P0A)
Address output
AO_A7p 4 Address X
Address output td(P1A-E) th(E-P1A) <—>I§<:
As—A1s
(BYTE ="H") >§ Address

Address/Data output ld(P1A-E) | ldE-P1Q) th(E-P1Q)
As/Ds—A1s/D1s >§£ Address # Data
(BYTE ="L")
Data input td(P1A-ALE) 1 th(ALE-P1A)
Ds—D1s = eeemetemmemmeeeeeee o e e T TP

(BYTE ="L")

td(P2A-E) > 1d(E-P2Q) th(E-P2Q) ’(—>I§<:
Address/Data output ;
Ai16/Do—A23/D7 >§ Address # Data :
td(P2A-ALE) | th(ALE-P2A)

Datainput | I
Do-D~ tdE-ALE). tw(ALE)

td(ALE-E)
ALE output ﬁ\
N

td(BHE-E) th(E-BHE)
BHE output
|
[
o td(RIW-E)
R/W output \ ‘ R W th(E-RW) <—j /
td(E-PiQ)
Port Pi output
(i=4-8)
Test conditions (¢1, E, PO—P3) Test conditions (P4—P8)
*Vce =5 V£10% *Vce =5 V£10%
*Output timing voltage : VoL = 0.8 V, VoH = 2.0 V eInput timing voltage :ViL=10V,ViH=4.0V
«Data input ViL=08V,VH=25V «Output timing voltage : VoL =0.8 V, VoH = 2.0V

7751 Group User’'s Manual 15-41



ELECTRICAL CHARACTERISTICS

15.12 Memory expansion mode and microprocessor mode :

Memory expansion mode and Microprocessor mode

: When 4-¢ access in high-speed runn
<Read>

ing

When 4- g access in high-speed running

tw) twHy e tf tc
tw(oL)
b1
td(E-01) [ td(E-01)
_ tw(EL) S
E /| N /|
td(PoA-E) th(E-PoA)
Address output y
Ao—A7 >§ Address
Address output td(P1A-E) th(E-P1A)
(Q@?%E’:“H") i Address
Address/Data output td(P1A-E) | toxz(E-P12) M)
As/Ds—A15/D1s >§( Address ’}L ............................
_(BYTE =L td(P1A-ALE) > > Th(ALE-P1A)  tsy(P1D-E) \
Data input th(E-P1D)
Ds—Di1s = el ecaoeecaaaao I e S = T s
o Data JP'
(BYTE =L") td(P2a-E) | tpxz(E-P22) tpzx(E-P27)
Address/Data output >§‘ Address FL ____________________________
Ai6/Do—A23/D
TR td(P2A-ALE) | th(ALE—PZA)‘l tsu(P2D-E) <t
Data input (SUPOAPLAPZA-PIDIPZD) [ I P v i A L
Do-Dr td(E-ALE) | tw(ALE) ga
< td(ALE-E)
ALE output ‘
N
td(BHE—E)>£—> th(E-BHE)
BHE output b
| X
o td(R/IW-E) | th(E-R/W)
R/W output | N
< tsu(PiD-E) e thE_PiD)

Port Pi output
(i=4-8)

X

Test conditions (01, E, PO—P3)
*Vcc =5 V+10%
*QOutput timing voltage : VoL = 0.8 VV, VoH = 2.0 V

«Data input ViL=08V,VH=25V

Test conditions (P4—

*Vce = 5 V+10%

eInput timing voltage

P8)

ViL=10V,VH=4.0V

*Output timing voltage : VoL =0.8 V, VoH=2.0 V
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15.13 Memory expansion mode and microprocessor mode : \When 5-

Timing requirements

ELECTRICAL CHARACTERISTICS

15.13 Memory expansion mode and microprocessor mode :

When 5- g access in high-speed running

(Vec = 5 V£10%, Vss = 0 V, Ta = =20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

paccess in high-speed running

Symbol Parameter Datz(aMfgg(rgula MinL.imitl?/Iax. Unit
te External clock input cycle time 25 ns
tw(H) External clock input high-level pulse width tc/2-8 ns
tw) External clock input low-level pulse width tc/2-8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsuP1D-£) Port P1 input setup time 30 ns
tsu(P2p-£) Port P2 input setup time 30 ns
tsu(Pap-g) Port P4 input setup time 60 ns
tsu(PsD-E) Port P5 input setup time 60 ns
tsu(PeD-£) Port P6 input setup time 60 ns
tsuP7D-E) Port P7 input setup time 60 ns
tsu(Pen-£) Port P8 input setup time 60 ns
th(e-P1D) Port P1 input hold time 0 ns
th(e-P2D) Port P2 input hold time 0 ns
th(e-P4D) Port P4 input hold time 0 ns
the-PsD) Port P5 input hold time 0 ns
th(E-P6D) Port P6 input hold time 0 ns
th(e-P7D) Port P7 input hold time 0 ns
th(e-reD) Port P8 input hold time 0 ns
tsupoap1aP2a-PiDP2D) | POrt Pi data setup time with address stabilized %i?g =75 150 | ns
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ELECTRICAL CHARACTERISTICS

15.13 Memory expansion mode and microprocessor mode :

Switching characteristics

When 5- g access in high-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;l?;n;ula MinLImItlf/lax Unit
tdE-PaQ) Port P4 data output delay time 60 ns
tdE-r5Q) Port P5 data output delay time 60 ns
tdE-r6Q) Port P6 data output delay time 60 ns
taE-P7Q) Port P7 data output delay time 60 ns
tdE-req) Port P8 data output delay time 60 ns

. . 1010°
tw(gH) @ high-level pulse width W -20| 5 ns
. 1010°
tw(g) @ low-level pulse width —f(XIN) -20| 5 ns
taE-o) @ output delay time 0 18 ns
— 6 [J10°
tw(Ey) E low-level pulse width o) 25| 125 ns
. 3010° ns
taPoa-£) Port PO address output delay time W —-35| 40
tdE-r1q) Port P1 data output delay time (BYTE = “L”) 35 ns
toxz(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 3010°
taP1a-6) Port P1 address output delay time o) 35| 40 ns
s 2010°
tdP1a-ALE) Port P1 address output delay time oXn) 20| 30 ns
taE-r2q) Port P2 data output delay time 35 ns
tpe(E-P22) Port P2 floating start delay time 5 ns
. 3010°
tap2a-g) Port P2 address output delay time W -35| 40 ns
IN
. 2010°
tap2a-ALE) Port P2 address output delay time i) 20| 30 ns
. 1010°
taE-ALE) ALE output delay time o) 15| 10 ns
1010°
ta(aLE i LUV 7
d(ALE-E) ALE output delay time 2 0 f(Xm) 75 5 ns
9
twiaLe) ALE pulse width % -15| 35 ns
9
ta@HE-E) BHE output delay time % -30| 45 ns
_ . 3010¢°
tarRw-£) R/W output delay time ) 30| 45 ns

Note: For test conditions, refer to Figure 15.15.1.

15-44

7751 Group User’'s Manual




15.13 Memory expansion mode and microprocessor mode :

Switching characteristics

ELECTRICAL CHARACTERISTICS

When 5- g access in high-speed running

(Vec = 5 V+10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

Symbol Parameter Date(ll\l;ﬁrr]n;ula MinLImItlf/lax Unit
_ 1010°
th(e-Poa) Port PO address hold time f(X) -1 15 ns
. - 1010°
th(ALE-P1A) Port P1 address hold time (BYTE = “L”") o) 15| 10 ns
t . . 1010°
h(E-P1Q) Port P1 data hold time (BYTE = “L") W -10| 15 ns
. _ 1010° g
tozx(E-P12) Port P1 floating release delay time (BYTE = “L”) oXn) 10 15 ns
. . 1010°
th(e-P14) Port P1 address hold time (BYTE = “H”) o) 10| 15 ns
9
th(ALE-P2A) Port P2 address hold time % -15| 10 ns
1010°
th(e-P20) Port P2 data hold time ) 10| 15 ns
. . 1010°
tozx(E-P22) Port P2 floating release delay time TN 10| 15 ns
9
th(E-BHE) BHE hold time —1{8(%? -10| 15 ns
9
thE-RW) R/W hold time % —-10| 15 ns

Note: For test conditions, refer to Figure 15.15.1.
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ELECTRICAL CHARACTERISTICS

15.13 Memory expansion mode and microprocessor mode : When 5- g access in high-speed running

Memory expansion mode and Microprocessor mode
: When 5-¢ access in high-speed running

<Write>
tw) twHy  tr tf te
XN
tw(oL)
b1
td(E-01) td(E-01) tw(eL) ‘
— ‘o
E / N {
Add out td(POA-E) th(E-POA)
ress outpu \
oA Address X
Address output td(P1A-E) th(E-P1A)
As—A1s ¢ b
(BYTE =*H") X Address X
Address/Data output td(p1A-E) | td(E-P1Q) th(E-P1Q)e——>
As/Ds—A1s/D1s >§ Data Data
(BYTE =L") td(P1A-ALE >
Data input (P1A-ALE) | th(ALE-P1A)
De—D1s
(BYTE ="L") td(P2A-E) | td(E-P2Q) th(E-P2Q) «—> :
Address/Data output ¢
A16/Do—A23/D7 >§‘ Address ﬁf gl
td(P2A-ALE) | th(ALE-P25)
Data input
Do-D7 td(E-ALE)  tw(ALE)
{< td(ALE-E)
ALE output N
N
td(BHE-E) th(E-BHE) >
BHE output jx
| tdrw-E)
R/W output thE-RW) /
Ld(E-PIQ) «—— >
Port Pi output
(i=4-8)
Test conditions (91, E, PO—P3) Test conditions (P4—P8)
*Vce =5 V£10% *Vce =5 V+£10%
*Output timing voltage : VoL = 0.8 V, VoH = 2.0 V eInput timing voltage :ViL=1.0V,VH=4.0V
*Data input ViL=08V,VH=25V *Qutput timing voltage : VoL = 0.8 V, VoH =2.0 V
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ELECTRICAL CHARACTERISTICS

15.13 Memory expansion mode and microprocessor mode : When 5- gpaccess in high-speed running

Memory expansion mode and Microprocessor mode
: When 5-¢ access in high-speed running

<Read>
tw) twH)  tr tf tc
XN
tw(oL)
61 twioH)
€ >

B td(E-01) 2 ‘ td(E-91) tw(EL) ‘

E _/ Xg ﬂ

Add out td(PoA-E) th(E-P0OA)

rese outpu X Address I

Address output td(P1A-E) > th(e-P1A)

(Qé—_r%s:“w) >§ Address

Address/Data output td(P1A-E) ; > )‘ tpxz(E-P12) tpzx(E-P1Z

As/Ds—A1s/D1s >§ Address D
(BYTE ="L") > t
td(P1A- th(ALE-P1A su(P1D-E)

Data input (PLA-ALE) ( ) h >« th(E-P1D)
Ds—D1s §( Data | |]---m---m-------
(BYTE =“L") t(P2A-E) J toxe(E-P22) tpzx(E-P22)

Address/Data output
Ai6/Do—A23/D7 Tz >)§ Address ﬂth( ” teu(P2D-E) —

P2A-ALE ALE-P2A) -
Data inout su(POA/P1AIP2A-P1D/P2D) % >« Ih(E-P2D)
ata inpu < Data | | D-memmmmmmees
Do—D~ td(E-ALE)  tw(ALE)
| td(ALE-E)
ALE output * \
N
td(BHE-E) E—, th(E-BHE)<_j
BHE output ‘
tdRW-E) th(E-RIW)
R/W output /
| tsu(PiD-E) N th(E_PiD)
Port Pi output >i
(i=4-8)

Test conditions (¢1, E, PO—P3) Test conditions (P4—P8)

*Vce =5 V£10% *Vce =5 V£10%

*Output timing voltage : VoL = 0.8V, VoH = 2.0 V eInput timing voltage :ViL=10V,ViH=4.0V

*Data input ViL=08V,VH=25V *Qutput timing voltage : VoL = 0.8 V, VoH = 2.0 V
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ELECTRICAL CHARACTERISTICS

15.14 Memory expansion mode and microprocessor mode : When 2-  @access in high-speed running (Internal RAM access)

15.14 Memory expansion mode and microprocessor mode : When 2-

running (Internal RAM access)

Timing requirements

(Vec = 5 V£10%, Vss = 0 V, Ta = -20 to 85 °C, f(Xw) = 40 MHz, unless otherwise noted)

@ access in high-speed

Symbol Parameter Datzzl\;?rr]rr;ula MinLImItlf/lax Unit
. _ 1010°
tw(gr) @ high-level pulse width f(Xin) - 5 ns
. 1010°
tw(eL) @ low-level pulse width fXm) S ns
taE-0) @ output delay time 0 18 ns
_ 1010° 20 5
tw(er) E low-level pulse width fXn) ns
2010°
tapoa-g) Port PO address output delay time o) 35 15 ns
tpxe(E-P12) Port P1 floating start delay time (BYTE = “L") 5 ns
. 2010°
td(P1a-£) Port P1 address output delay time W -35| 15 ns
. 1010°
tdPIAALE) Port P1 address output delay time o) 20| 5 ns
tpxe(E-P22) Port P2 floating start delay time 5 ns
9
tapaag) Port P2 address output delay time % -35| 15 ns
_ 1010° ns
tdP2a-ALE) Port P2 address output delay time f(Xn) -20| 5
9
tdE-ALE) ALE output delay time % -15| 10 ns
1010°
tdaLe-E) ALE output delay time ZT(XIN) - S ns
. 1010°
twaLe) ALE pulse width o) 15| 10 ns
9
ta@HE-E) BHE output delay time % -30| 20 ns
_ 2010°
tarw-E) R/W output delay time fXm) 30| 20 ns
9
the-Pon) Port PO address hold time % -10| 15 ns
; g 1010°
th(ALE-P1A) Port P1 address hold time (BYTE = “L") W —-15| 10 ns
. . 1010°
tozxE-P12) Port P1 floating release delay time (BYTE = “L") o) 10/ 15 ns
. 1010°
th(e-p14) Port P1 address hold time (BYTE = “H") T iXm) 10| 15 ns
9
th(aLE-P2A) Port P2 address hold time % —-15/ 10 ns
tozx(E-P22) Port P2 floatin i 1010°
g release delay time ) 10| 15 ns
IN
9
th(e-gHE) BHE hold time % -10| 15 ns
9
the-r) RAW hold time % ~10| 15 ns
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15.14 Memory expansion mode and microprocessor mode : When 2-

ELECTRICAL CHARACTERISTICS

Memory expansion mode and Microprocessor mode
: When 2-¢ access in high-speed running (Internal RAM access)

<Write>

XN

01
E
Address output

Ao—-Ar

Address output
As—Ais

(BYTE =“H")

Address/Data output
As/Ds—A15/D15
(BYTE ="“L")

Data input
Ds—D1s
(BYTE ="“L")
Address/Data output
Ai6/Do—A23/D7

Data input
Do-D7
ALE output

BHE output

R/W output

tw) twH) tr tf tc

tw(oL)

td(E-91) €
7z——x

td(E-01)
[N —

td(POA—E)>£—>

td(PlA—E)>£—>

td(PlA—E)>{—)—‘
td(P1A-ALE)

F( pata” X

td(P2A-E) |

i th(ALE-P1A)

td(P2A-ALE) <—>|

>iAddress?F< Datal X

_tw(aLp)

td(E-ALE) >
/ \(

| th(ALE-P2A)

td(ALE-E)

td(BHE-E>)£—>

td(RIW-E) ‘

X

th(E-R/W)

0 The undefined value is output.

Test conditions (¢1, E, PO—P3)

*Vcc =5 V+10%

«Output timing voltage : VoL = 0.8V, VoH=2.0 V

eData input

:ViL=08V,VIH=25V

@access in high-speed running (Internal RAM access)
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ELECTRICAL CHARACTERISTICS

15.14 Memory expansion mode and microprocessor mode : When 2-  @access in high-speed running (Internal RAM access)
. _______________________________________________________________________________________________________________________________|

Memory expansion mode and Microprocessor mode
: When 2-0 access in high-speed running (Internal RAM access)

<Read>
tw) twH)  tr tf tc
twioL)
01 SL jZHtwwH) n___/ % / \
td(E-01) [© td(E-01) ?(EL)
— — | Wi y—
E _/
td(PoA-E) th(E-P0A)
Address output /
P X Address £<
Address output td(P1A-E) <—>‘ th(E-P1A)
— 4
(Q‘:}TAES: o) X Address
tpxz(E-P12)
Address/Data output tdP1a-£) j tpzx(E-P12)
As/Ds—A15/D1s >§ Address D
—_— iy 7
_(BYTE =) td(PLA-ALE)[ > th(ALE-P1A)
Data input |
Ds-D |
(BBYT::_S =7) tpxz(E-P22)
= td(P2A-E) J tpzx(E-P22)
Address/Data output f 3
Ai6/Do—A23/D7 >§ Address ¢
td(P2A-ALE) [€ th(ALE-P2A)
Data input |
Do—D7 td(E-ALE) tw(ALE)
| >l > |

I td(ALE-E)
ALE output % \
td(BHE-E) «—— th(E-BHE)
BHE output
td(R/W-E) th(E-R/W)
R/W output

[1 The contents of external data bus cannot
be read into the internal.

Test conditions (01, E, PO—P3)

*Vce = 5 V+10%

«Output timing voltage : VoL = 0.8V, VoH = 2.0 V
*Data input :ViL=08V,VH=25V
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ELECTRICAL CHARACTERISTICS

15.15 Testing circuit for ports PO to P8, @, and E

15.15 Testing circuit for ports PO to P8, @, and E

PO TO
P1 100pF
o | T

P3

P4
P5
P6
P7
P8

m| e
=

Fig. 15.15.1 Testing circuit for ports PO to P8, @, and E
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ELECTRICAL CHARACTERISTICS
15.15 Testing circuit for ports PO to P8, ¢, and E

MEMORANDUM
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STANDARD CHARACTERISTICS

16.1 Standard characteristics

16.1 Standard characteristics

Standard characteristics described below are just examples of the M37751M6C-XXXFP’s characteristics and
are not guaranteed. For rated values, refer to “Chapter 15. ELECTRICAL CHARACTERISTICS.”

16.1.1 Programmable 1/0O port (CMOS output) standard characteristics

(1) P-channel | oH—VOH characteristics

40.0
~——_ Ta=25°C

Ta=85°C

30.0 ‘\
20.0 \b\

\

//

loH [mA]
/

VoH [V]

(2) N-channel | oL—VoL characteristics

40.0
Ta=25°C__—"|
~ —
30.0 A Ta=85°C
_ oy
£
3 /|

20.0 /
10.0 //

VoL [V]
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STANDARD CHARACTERISTICS

16.1 Standard characteristics

16.1.2 Icc—f(XIN) standard characteristics

(1) lcc—f(XIN) standard characteristics on operating and at reset

Measuring conditions (Vcc = 5.0 V, Ta = 25 °C, f(Xin) ; square waveform)

20 —
On operating in single-chip mode 1
g el //.
10 e
ks //"l/'/ At reset
[ ]
. : o —
/ 4 —
0 10 20 30 40

f(Xin)  [MHZz]

(2) lcc—f(XIN) standard characteristics during wait mode

Measuring conditions (Vcc = 5.0 V, Ta = 25 °C, f(Xin) ; square waveform)

5 /
In single-chip mode ,

o
=

Icc [mA]
w
|

) ]

0 10 20 30 40
f(XiN)  [MHZz]
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16.1 Standard characteristics

16.1.3 A-D converter standard characteristics

The lower line of the graph indicates the absolute precision errors. These are expressed as the deviation
from the ideal value when the output code changes. For example, the change in output code from 15 to
16 should occurs at 77.5 mV, but the measured value is —1.2 mV. Accordingly, the measured point of
change is 77.5 - 1.2 = 76.3 mV.

The upper line of the graph indicates the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is 16 is 4.9 mV, so that the differential
non-linear error is 4.9 — 5 = -0.1 mV (-0.02 LSB).
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16.1 Standard characteristics

[Measuring conditions]
*Vcc = 5.12 V, *VREF = 5.12 V, «f(XIN) = 40 MHz, «Ta = 25 °C
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APPLICATIONS

17.1 Memory expansion

17.1 Memory expansion

This section shows examples for memory and 1/O expansion. Refer to “Chapter 12. CONNECTION WITH
EXTERNAL DEVICES” for details about the functions and operation of used pins when expanding a memory
or I/O. Refer to “Chapter 15. ELECTRICAL CHARACTERISTICS” for timing requirements of the microcomputer.
Application shown here are just examples. The user shall modify them according to the actual application
and test them.

17.1.1 Memory expansion model

Memory expansion to the external is possible in the memory expansion mode or the microprocessor mode.
The level of the external data bus width select signal makes it possible to select the four memory expansion
models shown in Table 17.1.1.

(1) Minimum model
This is an expansion model of which external data bus width is 8 bits and accessible area is
expanded up to 64 Kbytes. It is unnecessary to connect the address latch externally. This is an
expansion model which is suited to having priority the cost when connecting the memory of which
external data bus width is 8 bits.

(2) Medium model A
This is an expansion model of which external data bus width is 8 bits and accessible area is
expanded up to 16 Mbytes. In this expansion model, the high-order 8 bits of the external address bus
(A2s to Ais) are multiplexed with the external data bus. Therefore, an n-bit (n < 8) address latch is
required for latching address (n bits of A2z to Auie).

(3) Medium model B
This is an expansion model of which external data bus width is 16 bits and accessible area is
expanded up to 64 Kbytes. This expansion model is used when having priority the rate performance.
In this expansion model, the middle-order 8 bits of the external address bus (Ais to As) are multiplexed
with the external data bus. Therefore, an 8-bit address latch is required for latching address (Ais to
As).

(4) Maximum model
This is an expansion model of which external data bus width is 16 bits and accessible area is
expanded up to 16 Mbytes. In this expansion model, the high- and middle-order 16 bits of the
external address bus (A2 to As) are multiplexed with the external data bus. Therefore, an 8-bit
address latch for latching Ais to As and an n-bit (n < 8) address latch for latching n bits of Az to Aus
are required.
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pansion

Table 17.1.1 Memory expansion model

Access area
External data Maximum 64 Kbytes Maximum 16 Mbytes
bus width
i M37751 M37751
T 16+n
BYTE 16 BYTE PO Ao—Az1s+n
. . Y Ao—A1s
8-bit width; P1
P1 P2
BYTE =*“H”
P 8 » Do-D ALE
P2 [« » Do-Dr Do—D7
‘ Memory expansion model ‘ Minimum model ‘ Memory expansion model ‘ Medium model A
M37751 M37751 164N
BYTE BYTE PO Ao—A15+n
I -
o P1
16-bit width; Pl
bo P2
BYTE =“L" ALE
ALE o ——— Do—D1s
BHE > BHE >
‘ Memory expansion model ‘ Medium model B Memory expansion model | Maximum model

Notes 1: Refer to “Chapter 12. CONNECTION WITH EXTERNAL DEVICES” for details about the functions and operation
of used pins when expanding a memory. Refer to “Chapter 15. ELECTRICAL CHARACTERISTICS” for timing
requirements.

2: Because the address bus width is used as maximum 24 bits when expanding a memory, strengthen the M37751’s
Vss line. (Refer to “Appendix 8. Examples of noise immunity improvement.” )
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17.1 Memory expansion

17.1.2 How to calculate timing
When expanding a memory, use a memory of which standard specifications satisfy the address access
time and the data setup time for write. The following describes how to calculate each timing.

O External memory’s address access time; t  awp)
taap) = tsupoariar2a-pioip2p) — (address decode time™ + address latch delay time™)

Address decode time®: Time required for the chip select signal to be enabled after decoding address
Address latch delay time™: Delay time required when latching address (Unnecessary in minimum model)

0 External memory’s data setup time for write; t  sup)
tsup) = twEr) — tdE-P20/P1Q)
tde-P20/P1Q). td(E-P2Q) OF td(E-P1Q)

Table 17.1.2 lists the data or the calculation formulas for each parameter. Figure 17.1.1 shows the bus
timing diagram. Figures 17.1.2 and 17.1.4 show the relationship between tsuroariarza-pipp2o) and f(Xin);
Figures 17.1.3 and 17.1.5 show the relationship between tsup) and f(X).

Table 17.1.2 Data or calculation formulas for each parameter (unit: ns)

Bus cycle| Low-speed running | Low-speed running | Low-speed running | High-speed running | High-speed running High-speed running
Parameter 2@ access 3@ access 4¢ access 3@ access 4@ access 5¢ access
tsuPoa/P1AP2A 30 10° 50 10° o5 7 0 10° sl 5.0 10° 25 7 0O 10° 75 90 10° 75

—P1D/P2D, e — T =% — - - = =¥ _ F - =

) f(Xin) f(Xiv) f(Xiv) f(Xin) f(Xin) f(Xin)
tw(ew)
2D109_25 45109_25 4D109_25 3D109_25 4D109_25 6|:|109_25
f(Xin) f(Xin) f(Xin) f(Xin) f(Xin) f(Xin)
td(e-P2q)
td(E-P1Q) 35 35 35 35 35 35
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External data bus width = 8 bits (BYTE = “H")

ALE

Port PO
(A0—-A7)

Port P1
(As—A15)

Port P2
(A16/D0-A23/D7)

j{ 1 —
T L T
\4 - -
. -
t Address low-order X Address low-order K
C Address middle-order X Address middle-order x
Address External memo Address
high-order /\ """ § output data ry§ """" ( high-order ) Data ><
ta(AD) ‘= [WEP20)
[tsu(POA/P1A/P2A-P1D/P2D)] tsu(D)
When reading data \ When writing data |

External data bus width = 16 bits (BYTE = “L")

mi

ALE

Port PO
(A0-A7)

Port P1
(A8/D8—A15/D15)

Port P2
(A16/D0—A23/D7)

RIW

|

T 1
‘47 e— -
|
X Address low-order X Address low-order I
Address External memory Address
)f middle-order)‘"":h output data § ---- ( middle-order )V Data (odd address) x
-
[ Address ’\External memory Address
)f high-order [~ -’<t\ output data § """ ( high-order ) Data (even address) x
 taad) -~
[tSU(POA/P1A/P2A-P1D/P2D)| - tsu(D)

When reading d

ata \

When writing data /

[ ] : Specifications of the M37751
(The others are the external memory’s.)

Fig. 17.1.1 Bus timing diagrams
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o 1112000 o1 N
ﬁ 900 b /e 40 access in low-speed running
9 810 ( --e-- 30 access in low-speed running
% 800 —e— 20 access in low-speed running
@ 712
0 700
S 8 649 635
° Q °.
j__U 9 600 560 <571
= ., T 518
< .
i 8 500 430 | —473
435 435
Eg $-...389 T $—401
%_g 4003§3 T ..... 351 319 | I 372 346 s
B3 20092 | T% “3% 268 T ] e
%]
235 | | | Tl 247 253
o .\1 207 ‘ ‘ T T229212 T T 239 226 215
T 200 185 kgl 198 185 54 | 1 T %
5 —165 \ \ ‘ R NEEe i 1(371627 152
° 49 135 129 ! T ......... %13 135
T W oo g o T -3
% 100 I—71—65 60 85
o
0 ! —
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[MHZz]
Operation clock frequency f(XiN)

Fig. 17.1.2 Relationship between t

suppoar1ar2a-pipipzp) and f(Xw) (at low-speed running)

Ins] 6007 [ T [ T T [ T T T T T
500 511 o— 30 access in low-speed running or 49 access in low-speed running
2 440 k_._ 20 access in low-speed running
£ 8 T 384
= S
=2 340
S5 $-303
o € 300 =273 e
Eg 225 T 225 506
g 200 90 109 b PY _190_175
o 2 —e—_106 o3 T T8 183 106 100
E é 100 —82—73 65 5|7 5| 4-|5 | | |
5
0 L ! 1
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[MHZ]

Operation clock frequency f(Xin)

Fig. 17.1.3 Relationship between t sup) and f(X i) (at low-speed running)
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[ns} =50 33a 1 [ T [ [ T T ]
316
2 * 300 /0 50 access in high-speed running
N 300 285 --e-- 40 access in high-speed running
Q9 271 —e— 3% access in high-speed running
% 243 T 228 246
2 250 Sol 229 235
o "9-...216 215
S 2 “$....205 T 3206
®E 200 e 194 137189
g ] e 184 17 | ‘ 182 4175
§§I T e .J__?G 158 I T 1$8 1 185
a 152 9., 150 150
@< 150 «‘\1“12\&3 ] ‘ 9439 137131 750 s o] I “’
= g \115\1‘1_7 o Lo T ]: 1.9.. 114 109
Se T——_103 o T T 292,104 100
23 100 —<{—91 g5 ] o
o R R
i § 63 60 56
] —2 53 50
S 50
-
<]
a 0 ]
22 23 24 25 26 27 28 29 30 31 32 33 34 3 36 37 38 39 40
[MHZz]
Operation clock frequency f(Xin)
Fig. 17.1.4 Relationship between t suroariar2a-riprzo) and f(X i) (at high-speed running)
220
sl =0 2g2 1 J LT
200 —— "% -190 e— 50 access in high-speed running
2 180 t-180 ( --e-- 40 access in high-speed running
g * 110 162 —e— 30 access in high-speed running
TEU 160 154
P 146
c
g 140 =130 133
& 121 ? 137 121
S 120 Fgs I TRy
< T """ ®-...100 * ¢ 102
= 3 L _97 _ g3 —
= 100 .93 ° 93
58 ‘ "e.....88 e 90
z [ 1
2 80 Zb‘o ‘ "o ..77__773 69
v 65 T ------------ 65
g 60 .\‘ 60 55__ T .| ..?""'-6.1 __57 —54 —
o —31 47 ] | | ‘ ot T 5L 48 45
2 40 8 40 5 Ty 8240
@ 33*’\349\_2'8 % o5 || ]
©
I 20 T2 18 16 5
a)
0 ]
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
[MHz]

Operation clock frequency f(XIN)

Fig. 17.1.5 Relationship between t

sup) and f(Xw) (at high-speed running)
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17.1.3 Points in memory expansion

(1) Reading data

Figure 17.1.6 shows the timing at which data is read from an external memory.

When reading data, the external data bus is placed in a floating state, and data is read from the
external memory. This floating state is maintained from tpxe-r1zr2z) after falling of the E signal till
tozxe-P1ziP2z) after rising of the E signal. Table 17.1.3 lists the values of tpwE-rizir2zy and the formulas
to calculate tpzxE-riz/r2z).

Consider timing during data read to avoid collision between the data being read—in and the preceding
or following address output because the external data bus is multiplexed with the external address
bus. (Refer to “(3) Precautions on memory expansion.” )

E —Bll > YV

External memory E—
output enable signal OE \

(Read signal)

External memory — — N\
H H E! S N
chip select signal
tpxz(e-P1z/P22)

Address output and data input tace) y_ <

\l
( Aa/De—Aus/D1s ) o1 Address DH--{--=---- R REE R (Q Address

Ai6/Do—A23/D7

A

tpzx(E-P12/P27)

tace), tas)

ten(or)

N i’ tor, tdis(oE) 03

_ tencce), ten(s)
External memory W

data output ~ TTTTTTTTTTTTTTTTTTTITTTOTR (1 """""""""""
[ ]: Specifications of the M37751

(The others are the external

memory’s.)
01: This applies when the external data bus has a width of 16 bits (BYTE = “L").

02: If one of the external memory’s specifications is smaller than | tpxze-p1zir22)|, there is a possibility of the tail of
address colliding with the head of data. — Refer to “(3) Precautions on memory expansion.”

003: If one of the external memory’s specifications is greater than [tpzxe-1zr22)), there is a possibility of the tail of
data colliding with the head of address. - Refer to “(3) Precautions on memory expansion.”

Fig. 17.1.6 Timing at which data is read from external memory
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Table 17.1.3 Values of t pxze-r1zip2zy and formulas to calculate t

pzx(E-P1z/P2z) (UNIit : NS)

Bus cycle| Low-speed running | Low-speed running | Low-speed running | High-speed running | High-speed running High-speed running
Parameter 2¢ access 3@ access 4@ access 3¢ access 4@ access 5¢ access
toxz(E—P12)
toxz(E—P22) 5 5 5 5 5 5
tpzx(E—P12) 9 9 9 9 9 9
tpzx(E—P22) 1010° 22 10100 22 1010° 22 1010° 10 [1010°_ 10 1010°_ 10

f(Xin) f(Xin) f(Xin) f(Xin) f(Xin) f(Xi)
7751 Group User's Manual 17-9
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(2) Writing data
Figure 17.1.7 shows the timing at which data is written to an external memory.
When writing data, the output data is validated after taerior2q) passes from falling of the E signal. Its
validated data is output continuously until the-rior2q) passes from rising of the E signal. Table 17.1.4
lists the data of tae-rior20) and the calculation formulas of the-piqr20).

Data output at writing data must satisfy the data set up time, tsup), and the data hold time, tho), for
write to an external memory.

,J

External memory
write signals

—h —

External memory
chip select signals

td(E-P1Q/P20Q)
Address and data output

4 N
Ae/Ds—A1s5/D1s \ U Address >§ 7§< Address
A1e6/Do—A23/D7 < < th(D)

Data

tsumo)

[ ] : Specifications of the M37751
(The others are the external memory’s.)

0O This applies when the external data bus has a width of 16 bits (BYTE = “L").

Fig. 17.1.7 Timing at which data is written to external memory

Table 17.1.4 Data of t qe-p1or20) and calculation formulas of t  neE-pigr2q) (UNit: NS)

Bus cycle Low-speed running | Low-speed running | Low-speed running | High-speed running | High-speed running | High-speed running
Parameter 2@ access 3@ access 4@ access 3¢ access 4¢ access 5¢ access
tde—P10)
td(e—P2q) 35 35 35 35 35 35
:“(E*”Q’ 1010° ,,[1010° ,,|1010° ,[1010° 14|1010° 15 1010° 44

hE—P2Q) f(Xin) f(Xin) f(Xin) f(Xin) f(Xin) f(Xin)
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(3) Precautions on memory expansion
As described in O to O below, if specifications of the external memory do not match those of the
M37751, some considerations must be incorporated into circuit design as in the following cases:

0 When using an external memory that requires a long access time, tawxo) B

0 When using an external memory that outputs data within texe-rizir2z) after falling of the E signal

O When using an external memory that outputs data for more than tpxe-rizir2z) after rising of the E
signal

O When using an external memory that requires a long access time, t a(AD)
If the M37751’s tsuripr2p-e) cannot be satisfied because the external memory requires a long access
time, tasn), examine the method described below:

o Lower f(Xm).
e Select a long bus cycle by software. (Refer to section “12.2 Bus cycle.” )
e Use Ready function. (Refer to section “12.3 Ready function.” )

Figure 17.1.8 shows an example of using Ready function (at 2@ access in low—speed running ).
Figure 17.1.9 shows an example of using Ready function (at 3¢ access in low—speed running ).
Figure 17.1.10 shows an example of using Ready function (at 3¢ access in high—speed running ).
Figure 17.1.11 shows an example of using Ready function (at 4¢ access in high—speed running ).
Ready function is available for the internal areas, so that the circuit in Figures 17.1.8 to 17.1.11
use the chip select signal (C_Sz) to specify the area where Ready function is available.
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M37751
Ag-A23| » Data bus
(Do-D15) L 2 02
Address > ~a.
Address latch | decode CS1
cireuit circuit » CS2
Ao-A7 * » Address bus
01, 02
Use the elements of which propagation delay
RDY [« time is within 12 ns.
03
AC74 AC32
E b0 e
01 4DOT T V\
ACO4 o1 Ready function is available
only for areas accessed
by CSa2.

Circuit condition: f(XiN) < 25 MHz, 2 ¢ access in low-speed running

A ®

tdE-01) > <tc>
o U A LS LS
o g W g
E \ Ready request is accepted at the RDY pin input
! : level judgment timing(A).
. ‘ ! Ready state release request is accepted at the
CS2 H -\ 1 l ’ ] RDY pin input level judgment timing (B).
_ ‘ [
Q(ACT74) ‘ - :E( “L" level) stop by Ready function.
RDY \\m &4 |
tsuRDY-01) (€< 7>1< > tsuRDY-91)

Sum of propagation delay time for AC32 , AC74,
and ACO4(max. : 26 ns)

Fig. 17.1.8 Example of using Ready function (at 2 ¢ access in low—speed running)
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M37751
01 to O3
Use the elements of which sum of
As-A23 | » Data bus propagation delay time is within
(Do-D15) ’ Address o 2010 feu(RDY-01)
F——— —lsu(RDY—-01]
Iaﬁ:dhd(r:iiiit > decode - o
* circuit » CS> (f(XIN) =25 MHz, 40 ns).
Ao-A7 » Address bus
RDY %
03
_ AC04 AC32
E

................ -

Ready function is available

CLR E only for areas accessed
1 by CSa2.
2D | y &2
2QR
2T |
AC74™2

o1

Circuit condition: f(XiN) < 25 MHz, 3¢ access in low—speed running

tdE-@) > te

o /1 AJ S
aof L Yy

A

A
A

ﬁ
|

1Q (AC74) ”(“N””/” \:\\
2Q (AC74) M T

B

L\

o 1 /
- o\

tsu(RDY-01)

tsu(RDY-01) - :E( “L” level) stop by Ready function.

<>

Y

3 <
> <

A

Sum of propagation delay time for AC32 , AC74,
and AC0O4(max. : 26 ns)

Ready request is accepted at the RDY pin input level judgment timing @
Ready state release request is accepted at the RDY pin input level judgment timing .

Fig. 17.1.9 Example of using Ready function (at 3 ¢ access in low—speed running)
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ldE-01) >« [ te

A
A

M37751
As—A23
(Do-D15) 1 > Databus |\,
Address Address > Cs; Use the elements of which sum of
> = decode ! propagation delay time is within 30.5 ns.
latch circuit o > ~c.
circuit > CS2
Ao-A7 » Address bus
?
rRDY [* ¢
E ! 10— 20l 04
E — 1D 1Q[—2D 2Q 9, BCa2
o [ Dot | | |
AC04 01 j ——————— ! Ready function is available
ACT742 only for areas accessed
by CSa2.

Circuit condition: f(XiN) < 28 MHz, 3¢ access in high—-speed running

B

A

[

m|

CS2

Ready request is accepted at the RDY pin input
level judgment timing (A).

Ready state release request is accepted at the
RDY pin input level judgment timing(B).

1Q (AC74)

2Q (AC74)

0 :The condition satisfying tsu(RDY-¢1) = 40 ns
is tc = 35.25 ns.
Accordingly, when f(XiN) < 28 MHz, this
circuit example satisfies tsu(RDY-01) = 40 ns.

RDY j
tsurbY-91) O

A

3
g

!

and AC04(max. : 30.5 ns)

- :E( “L” level) stop by Ready function.

tsurDY-01)"

Sum of propagation delay time for BC32 0 2, AC74,

Fig. 17.1.10 Example of using Ready function (at 3

@ access in high—speed running)
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Use the elements of which sum of

» Data bus propagation delay time is within 30.5 ns.

M37751
01 to 04
As-A23 | g
(Do—D15)
A I
Address daress ———» CS1
latch circui decode /S
circuit » CS2
Ao-A7 * » Address bus
<
RDY f

BC3203 BC32M4

Ready function is available

td(E-01) »%

Circuit condition: f(XiN) < 28 MHz, 4¢ access in high—speed running

only for areas accessed
by CS2.

B W ®

o |\

Aﬁ
=1
—
T
—
—

1Q (AC74)

2Q (AC74) Sm“mmﬂmmimﬁ

Ready request is accepted at the RDY pin input
level judgment timing (&) .

; n[ Ready state release request is accepted at the
RDY pin input level judgment timing .

css AARARAARARANRA

O The condition satisfying tsu(RDY-¢ 1) 2 40 ns
istc=235.25ns.
Accordingly, when f(XIN) < 28 MHz, this

ROV N

X circuit example satisfies tsu(RDY-¢1) = 40 ns.

J

tsurDY-01) O [€

Sum of propagation delay time for BC32 0 2, AC74,
and AC04(max. : 30.5 ns)

Y

> >

u] _
T tsuroY-01) @ :E (“L" level) stop by Ready function.

Fig. 17.1.11 Example of using Ready function (at 4 @ access in high—speed running)
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17.1 Memory expansion

O When using an external memory that outputs data within t me(E-P1zip2z) after falling of the E
signal
Because the external memory outputs data within texe-rizir2z) after falling of the E signal, there will
be a possibility of the tail of address colliding with the head of data. In such a case, generate the
memory read signal (OE) with delay only the leading edge of the fall of the E. (Refer to Figure

17.1.12)
E R /
< d
External memory _ \ /7
output enable signal OE K
(Read signal)
-

Address output Address ) « Address

External memory ] A4 Data >>> _______________
data output B

o < ta(0F)

>—1€ ten(oE)

|:| : Specifications of the M37751
(The others are the external memory’s.)

Note: Satisfy < fenr)+d.
If ten(o) <[tpxz(e-P12/P22) (= 5 ns), secure a certain time (i.e., ‘d’ in this diagram)

from falling of E to the falling of OE.

Fig. 17.1.12 Example of causing to delay data output timing
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17.1 Memory expansion

O When using external memory that outputs data for more than t pzxe-P1ziP2z) after rising of E

signal

Because the external memory outputs data for more than tpxe-r1zir22) after rising of the E signal,
there will be a possibility of the tail of data colliding with the head of address. In such a case,
examine the method described below:

e Cut the tail of data output from the external memory by using, for example, a bus buffer.
e Use the Mitsubishi’'s memory chips that can be connected without a bus buffer.

Figures 17.1.13 to 17.1.20 show examples for how to use a bus buffer and the timing charts. Table
17.1.5 lists the memory chips that can be connected a without bus buffer. When using one of these
memory chips, the user can connect it to the user’'s microcomputer without a bus buffer because
timing parameters tor and tdaiscor) listed below are guaranteed. (However, the read signal must go
high within 10 ns after rising of E signal.)

Table 17.1.5 Memory chips that can be connected without bus buffer

Memory Type description tor/tdis(oE) Conditions
EPROM M5M27C256AK-85, -10, -12, -15 (Maximum) f(Xiw) < 20 MHz, at low-speed running
M5M27C512AK-10, -12, -15 15 ns
M5M27C100K-12. -15 (when guaranteeing by
M5M27C101K-12, -15 kit) (Note)

M5M27C102K-12, -15
M5M27C201K, JK-10, -12, -15
M5M27C202K, JK-10, -12, -15

One-time PROM|M5M27C256AP, FP, VP, RV-12, -15

M5M27C512AP, FP-15
M5M27C100P-15

M5M27C101P, FP, J, VP, RV-15
M5M27C102P, FP, J, VP, RV-15
M5M27C201P, FP, J, VP, RV-12, -15
M5M27C202P, FP, J, VP, RV-12, -15

Flash memory |M5M28F101P, FP, J, VP, RV-10, -12, -15

M5M28F102FP, J, VP, RV-10, -12, -15

SRAM

M5M5256CP, FP, KP, VP, RV-55LL, -55XL,
-70LL, -70XL, -85LL, -85XL, -10LL, -10XL

M5M5278CP, FP, J-20, -20L 8 ns f(Xw) < 40 MHz, at high-speed running

f(Xiw) < 25 MHz, at low-speed running
M5M5278CP, FP, J-25, -25L 10 ns f(Xw) < 25 MHz, at low-speed running
M5M5278DP, J-12 6 ns f(Xw) < 40 MHz, at high-speed running
M5M5278DP, FP, J-15, -15L 7 ns f(Xw) < 25 MHz, at low-speed running
M5M5278DP, FP, J-20, -20L 8 ns

Note: When the user want specifications of the memory chips listed above, add a comment “tor/taisor) 15 ns
product, microcomputer and kit.”
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17.1 Memory expansion

M37751
AL-A7 » Address bus
CNVss ACET3
i BYTE > D 0
LE OiE‘%7
AC573
/ » D Q
ALE LE OE
e
F245 02
As/Ds— |« L »| A B|e » Data bus (odd)
A1s/D15
DIR OC
F245 U2
2::83_ < L » A Bl » Data bus (even)
e—|DIR OC
E
Bc32™®
*— :
acoat | o :
i ! ~————"RD
RIW {>0 @ :
[ e f
o Lo —————» WO
BHE : Nk :
Ao . W
XIN Xout Ac32 H4
|—||:||J Circuit condition: 3¢ access in low-speed running
25 MHz

01: Use the elements of which propagation delay time is within 20 ns.
02, 03 : Use the elements of which sum of output disable time in 02 and
propagation delay time in 3 is within 18 ns and the sum of output
enable time in (2 and propagation delay time in 03 is 5 ns or more.
04: Use the elements of which propagation delay time is within 12 ns.

Fig. 17.1.13 Example for using bus buffer (at low—speed running-1)
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17.1 Memory expansion

<When reading>
E

A8/D8—A15/D15
A16/D0—A23/D7

OC (F245), RD

External memory
data output A (F245)

<When writing>
E

A8/D8—A15/D15
A16/D0—-A23/D7

OC (F245), WO, WE

External memory
data output B (F245)

) 135 (min.) R
fs 72‘
| 5 (max.) 18 (min.)
X A { --------------------------------------------- { A
BC32 (tpHL) BC32 (tpLH)
-
\ /
F245 F245
—> (tpzH/trzL) > (trHz/tPLZ)
.................... D
P 135 (min.)
/ \ /
l«— 35 (max.)
XA A D A
< | BC32 (trHL) BC32 (trLH)
—
/
F245 F245
(tPHL/tPLH) —> (tPHz/tPLZ)
--------------- { X D

(Unit : ns)

Fig. 17.1.14 Timing chart for sample circuit using bus buffers (at low—speed running-1)
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17.1 Memory expansion

M37751
A1-A7 o
i CNVss » Address bus
AC573
7JT— BYTE D Q
LE o*E:;7
AC573
/> D Q
ALE LE OEj;r
ALS245A02
As/Ds— | g Z .
il v M
A15/D15 A B Data bus (odd)
— DIR OC}—
ALS245A02
A16/Do- | { -
A23iD7 | »| A B |G Data bus (even)
e |DIR OC| o

E ___ This circuit ensures that the rising of the
‘// write signal o<_:curs 1/2_ o1 clock earlier to
””””””””” extend the write hold time.
1D1Q »p B - ‘

RIW

BHE

Ao
XIN Xout

|—|I:IIJ Circuit condition : 3¢ access in low-speed running
16 MHz

01: Use the elements of which propagation delay time is within 42.5 ns.

[02: Use the elements of which output enable time is 5 ns or more and output disable time is
within 40.5 ns.

Fig. 17.1.15 Example for using bus buffer (at low-speed running-2 : connecting with memory requiring
long hold time for write)

17-20 7751 Group User’'s Manual



APPLICATIONS
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<When reading>

E, OC (ALS245A)

A8/D8—A15/D15
A16/Do-A23/D7

External memory
data output A (ALS245A)

<When writing>

01

01

E, OC (ALS245A)

1Q (AC74)

2Q(AC74)

WO, WE

A8/D8—A15/D15
A16/Do—-A23/D7

External memory
data output B
(ALS245A)

225 (min.)

AC32 (tpHL)

v
st

<

AC32 (trLH)

ALS245A

a

(trzh/trzL)

<

ALS245A

A

_)j'(; (trHz/tPLZ)

225 (min.)

Vi

T\

—

NN

ACO04 (trLH)+ACT4 (tPLH)

Yy,
rd

A

AC32 [0 2 (trLH)

LMY /
> <— 35 (max.)
A A X D X
ALS245A ALS245A
(tPHL/tPLH) (trHz/tPLZ)
--------- - D -

Write hold time

(Unit : ns)

Fig. 17.1.16 Timing chart for sample circuit using bus buffers (at low-speed running-2)
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17.1 Memory expansion

7

M37751
A1-A7 >
CNVss » Address bus
AC573
BYTE o
/ »| D E
TS
AC573
>0 0
ALE LE OE
[
F245 02
As/Ds— |« L »| A Bl|e » Data bus (odd)
A1s/D15
—DIR OC
F245 02
A16/Do- < L » A Bl » Data bus (even)
A23/D7
e | DR OC
E
,,,,, Bcsz ?
XIN Xout Acs2 4
|—||:||J Circuit condition: 5¢ access in high-speed running
40 MHz
01: Use the elements of which propagation delay time is within 45 ns.
02, 03 : Use the elements of which sum of output disable time in 02 and
propagation delay time in (O3 is within 15 ns, and the sum of output
enable time in 02 and propagation delay time in 03 is 5 ns or more.
04: Use the elements of which propagation delay time is within 40 ns.

Fig. 17.1.17 Example for using bus buffer (at high-speed running-1)
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17.1 Memory expansion

<When reading>
E

A8/Ds—-A15/D15
A16/D0—-A23/D7

OC (F245), RD

External memory
data output A (F245)

<When writing>
E

A8/Ds—-A15/D15
A16/D0—-A23/D7

OC (F245), WO, WE

External memory
data output B (F245)

125 (min.)

<— BC32 (trHL) > BC32 (trLH)
\ /
F245 F245
—> (tpzH/trzL) —> (tPHz/tPLZ)
.................... D SR
125 (min.) N
\ 4
35 (max.)
A__A A D A
< BC32 (trPLH)
/s
\ /
F245 F245
(tPHL/tPLH) »W« (tPHz/tPLZ)
--------------- { X D

(Unit : ns)

Fig. 17.1.18 Timing chart for sample circuit using bus buffers (at high-speed running-1)
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M37751
i Chvss ATA » Address bus
AC573
BYTE
I —o o
LE OEq7
AC573
/> D Q
ALE LE OE‘717
F245H2
As/Ds— Z
A15/D15 B P A B |G Data bus (0dd)
— DIR OC|—
F245 12
A16/Do—
16/D0- o Vs »| A B |4 Data bus (even)
A23/D7
e |DIR OC
= - B3z )
Ef—®——F®—“*"——_

[ == |
c:DT/This circuit ensures that the rising of the
=

write signal occurs 1.5 ¢1 clock earlier to
extend the write hold time.

i o 4P

************

BHE 3 3 ! !
Ao fF—— ‘ | |
XIN Xout
|—|I:IIJ Circuit condition : 50 access in high-speed running
40 MHz

1: Use the elements of which propagation delay time is within 45 ns.
02, 03 : Use the elements of which sum of output disable time in 02 and
propagation delay time in O3 is within 15 ns, and the sum of output
enable time in 02 and propagation delay time in 003 is 5 ns or more.
04: Use the elements of which propagation delay time is within 40 ns.

Fig. 17.1.19 Example for using bus buffer (at high-speed running-2 : connecting with memory requiring
long hold time for write)
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<When reading>
E

As/D8—A15/D15
A16/D0o—A23/D7

OC (F245)

External memory
data output A (F245)

<When writing>

o1

m

1Q (AC74)

2Q (AC74)

OC (F245)

WO, WE

As/D8—A15/D15
A16/D0o—A23/D7

External memory
data output B (F245)

125 (min.)

. 15 (min.)
S e

AC32 (trHL)

<

AC32 (trLH)

-

BC32 (trHL)

BC32 (trLH)

P

F245

(trzn/trzL)

F245
(trHz/tPLZ)

—>

—

<

Y

<

ACO04 (trLH)+ACT74 (tPLH)

I

/

<

T \

BC32 (tpHL)

<

BC32 (tpLH)

-

<

AC32 O 2(teLH)

I

> <—35 (max.)
X A X D X
F245 F245
>l (tPHL/tPLH) > (tPHz/tPLZ)
------------------------------ (X D
Write hold time
(Unit : ns)

Fig. 17.1.20 Timing chart for sample circuit using bus buffers (at high-speed running-2)
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17.1 Memory expansion

17.1.4 Example of memory expansion
(1) Example of SRAM expansion (minimum model)

Figure 17.1.21 shows a memory expansion example (minimum model) using a 32-Kbyte SRAM in the
memory expansion mode at the low-speed running. Figure 17.1.22 shows the timing chart for this

example.

Figure 17.1.23 shows a memory expansion example (minimum model) using a 32-Kbyte SRAM in the
memory expansion mode at the high-speed running. Figure 17.1.24 shows the timing chart for this

example.

T,
iy

M37751
BYTE AC3201 M5M5256CP-70LL mll
A1a — )
CNVss w S
Ao—Ais »| Ao—A13
7J; A1a
Do—D7 |« » Do—D7
OE WE
BHE |— Open
E
AC32 02
RIW
XiNn Xout
pﬁ’q 25 MHz
7 7

[02: Use the elements of which propagation
delay time is within 18 ns.

000016
008016

088016

400016

FFFFi6

Memory map

SFR area

Internal RAM area

External RAM
area
(M5M5256CP)

Internal ROM area

Circuit condition : 3¢ access in low-speed running

Fig. 17.1.21 Example of SRAM expansion (minimum model at low-speed running)
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17.1 Memory expansion

<When reading>
135 (min.)

E, OF / \ 7/

12 (min.)

Ao—A14 >< A ><
Do-D7 >< (A) --------------------------------------------- o RRREES

A
~— Y
(63
El

Q

x
~ &
> [~
— 13
>

< {su(POA/P1A/P2A-P1D/P2D) = 135 >
s \
AC32 (tPHL)<—> ta(s) <«<—> AC32 (trLH)
External RAM = > 1Iii'§m3;2’mteed
dataoutput 0 < 5 (Kitgug )
ta(oE) ‘ tsup2p-g) = 30
<When writing>
\ 135 (min.)

E OF / \ /
) \‘Y /
Ao—A14 >< A

=

> 35 (max.) < 18 (min.)
' \
Do-D~ >< (A) ><r D (A)
AC32 (tpHL)[< tsuo) = 30 <—> AC32 (trLH)

2
m

AC32 (trHL)

A
Y

<—> AC32 (trLH)

wnl
/r/

(Unit : ns)

Fig. 17.1.22 Timing chart for SRAM expansion example (minimum model at low-speed running)
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i M37751
BYTE AC32H1 M5E"5256CP'70L'— 01, 02: Use the elements of which propagation
CNVss ﬂ o—|'s delay time is within 15 ns.
Ao—Ai3 P Ao—Ais
7J/; A14
Do—D7 | » Do-D7 Memory map
OE WE 000015  SFR area
008016
BHE |— Open Internal RAM area
_ 088016| Eyternal RAM
E area
AC32 02 (M5M5256CP)
RIW :g )o 400016
Internal ROM area
XN Xout
1 IVEIv: I 40 MHz FFFFie
7 7r

Circuit condition : 5¢ access in high-speed running

Fig. 17.1.23 Example of SRAM expansion (minimum model at high-speed running)
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17.1 Memory expansion

<When reading>

125 (min.)

E, OE / \

40 (min.) .
5 (maxl) 15 (mln.)
Ao—A14 >< o B [ ( (A)
< {su(POA/P1A/P2A-P1D/P2D) = 150 >
s \
AC32 (tpHL)|<—> ta(s) AC32 (trLH)
taap) R 15 (max.)
External RAM 7 (Kit guaranteed)
dataoutput | oo @7 D > ----------
ta(oE) i tsup2p-E) = 30
<When writing>
125 (min.) N
E, OF / \ /
N\ /
Ao—A14 >< A ><
> 35 (max.) < 15 (min.)
Do-D~ >< (A) >< D X (A)
AC32 (tpHL)[< tsuw) = 30 <> AC32 (tpLH)
_ /
W \ /
AC32 (tpHL) [<—> <—> AC32 (teLH)
_ f
s \ /

(Unit : ns)

Fig. 17.1.24 Timing chart for SRAM expansion example (minimum model at high-speed running)
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17.1 Memory expansion

(2) Example of ROM expansion (maximum model)
Figure 17.1.25 shows a memory expansion example (maximum model) using a 1-Mbits ROM in the
microprocessor mode. Figure 17.1.26 shows the timing chart for this example.
Figure 17.1.27 shows a memory expansion example (maximum model) using a 1-Mbits ROM in the
microprocessor mode. Figure 17.1.28 shows the timing chart for this example.

01: Use the elements of which propagation
delay time is within 15 ns.
M37751 MB5M27C102K-12 [2: Use the elements of which propagation
delay time is within 23 ns.
CNVss Address bus  A1-Ais
A1—A7 »| Ao-Ais
BYTE AC573 O1 f
7;: As/Ds— < b o
Ais/D1s As-A1s
— LE
Memory map
AC573 At 000016 SFR area
Aus/Do D Q 008016 |
Internal RAM
ALE LE area
Di-Dr | Databus  Do-D1is Do_Dis 088016
OE CE
E | External ROM
AC04 02 area
RIW
{>° (M5M27C102K)
Xin Xout
1FFFFis
m 25 MHz
7w
Circuit condition : 3¢ access in low-speed running

Fig. 17.1.25 Example of ROM expansion (maximum model at low-speed running)
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<When reading>
135 (min.)
o \ < S
E, OE / \ /
12 (min.) < 5 (max.) <! 18 (min.)
As/Ds—A1s/D1s ><‘
Azs/Do X A —A
20 (min.)
< <> 18 (max.)
. /
R/W 4 tsu(Poa/P1AP2A-P1D/P2D) = 135 - \
B ta(aD)+AC573 (trHL/tPLH) N
> ACO04 (tpHL) ACO04 (tPLH) —>

CE \

< ta(08) > 15 (max.)

ExtenalRoOM .5 ) (Kit guaranteed)
data output D
tace) > > tsuP1p/p2p-E) = 30
(Unit : ns)
Fig. 17.1.26 Timing chart for ROM expansion example (maximum

model at low-speed running)
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Al

M5M27C102K-12 [2: Use the elements of which propagation

I_—Yl\:l/\,):i 40 MHz

7w

i M37751
CNVss Address bus  A1—Ass
A-A7 | Ao-Ais
BYTE AC573 D11 f
As/Ds— < D Q
Ais/Dis Ag—A1s
— LE
AC573
A1e
Aas/Do D Q
ALE LE
Data bus Do-D1s
Di—D- Do-D1s
OE CE
£ \
ACO04 02
RIW {>°
Xin+ Xout

01: Use the elements of which propagation

delay time is within 30 ns.

delay time is within 35 ns.

000016
008016

088016

1FFFFis

Memory map

SFR area

Internal RAM
area

External ROM
area
(M5M27C102K)

Circuit condition : 5¢ access in high-speed running

Fig. 17.1.27 Example of ROM expansion (maximum model at high-speed running)

<When reading>

E, OE

As/Ds—A15/D15
A16/Do

R/IW

External ROM
data output

125 (min.)
, A& 7ZL
40 (min.) « 5 (max.) 15 (min.)
TR —
45 (min.)

tsu(Poa/P1A/P2A-P1D/P2D) = 150

l
ta(ap)+AC573 (tpHL/tPLH)

ACO04 (tpHL)

<> 15 (max.)

ACO4 (tpLh) ‘

15 (max.)

tsuP1p/P2D-E) = 30

(Unit : ns)

Fig. 17.1.28 Timing chart for ROM expansion example (maximum model at high-speed running)
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17.1 Memory expansion

(3) Example of ROM and SRAM expansion (maximum model)

Figure 17.1.29 shows a memory expansion example (maximum model) using two 32-Kbytes ROM
and two 32-Kbytes SRAM in the microprocessor mode at the low-speed running. Figure 17.1.30

shows the timing chart for this example.

Figure 17.1.31 shows a memory expansion example (maximum model) using two 32-Kbytes ROM
and two 32-Kbytes SRAM in the microprocessor mode at the high-speed running. Figure 17.1.32

shows the timing chart for this example.

? M37751 M5M27C256AK-15 M5M5256CP-70LL
Address bus
CNVss
A1-A7 - \ - \ - \
BYTE AC573 02 AS—A15] ‘ T ’¢ Q‘ T . I y N‘ |
7;; A8IDs- | [ Q_J CE CE ACO4 S s
A15/D15
"lE N=| Ao-A14 Ao-A14 A0-A14 Ao-A14
ALE Al1-A15 Al1-A15 Al1-A15 Al1-A15
AC573D2
Al6
A16/D0 b Q D8-D15 DO-D7 D8-D15 D0-D7
LE Do-D7 Do-D7 DQ1-DQs DQ1-DQs8
— | . | . ¥ o
OE OE OE W OE W
Data bus (odd)
D1_D7 < Data bus (even) )
_ ACO4 acal8
RIW RD |
E
Ao
BHE
XIN_XouT Memory map
P/ﬁl/q 21 MHz 000016 SFR area
Iz 008016 Internal
. . . . . RAM area
Circuit condition : 3¢ access in low-speed running
088016 E
xternal
ROM area
(M5M27C256AK 02)
: ) S 1000016
01: Use the elements of which propagation delay time is within 80 ns. External
02: Use the elements of which propagation delay time is within 23 ns. RAM area
(03: Use the elements of which propagation delay time is within 10.6 ns. (M5M5256CP 1 2)
1FFFFi1s6

Fig. 17.1.29 Example of ROM and SRAM expansion (maximum model at low-speed running)
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<When reading>

165.4 (min.)

E

_/

196 (min.) R

A1—A7

As/Ds—A15/D1s

A16/Do ><r A
- tsu(PoA/P1A/P2A-P1D/P2D) = 173 - 25.6 (min)
AC573 (teHL) ' '
< < ACO04 (tPHL)
CE. S - & 5
CE, S CE ]\( \t S
< e > >—<— AC32 (trLH)
OE /
AC32 (trHL) ‘
‘ taiod > 15 (max.)
External memory | < > (Kit guaranteed)
data output D
>} tsuP1b/P2D-E) = 30
ta(AD), ta(CE)
<When writing>
165.4 (min.) |
_ \ g4
E
J \« y
_19.6 (min.)
A1—A7 >< A >< A
As/Ds—A1s5/D1s i
A16/Do, D1~D7 >< A D >< A
25.6 (min.)
35 (max.) < < tsu) = 30
| AC573 (trL)+ACO4 (trHL)
g i
<—>| AC32 (teHL) > AC32 (teLH)
WE, WO

(Unit: ns)

Fig. 17.1.30 Timing chart for ROM and SRAM expansion example (maximum model at low-speed

running)
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? M37751 M5M27C256AK-12 M5M5256CP-70LL
CNVss A7 Address bus < < \
BYTE P Py Py
7J; AC573 02 AB-ALS 1 ¥ \ b Dﬂf I y 4 |
A8/D8- | e[ Q_J CE CE ACO4 S s
A15/D15
LlE A0-A14 A0-Al4 A0-A14 A0-A14
ALE Al1-A15 A1-A15 Al1-A15 A1-A15
02
AC573
Al6
Al6/D0 D Q D8-D15 DO-D7 D8-D15 DO-D7
LE Do-D7 Do-D7 DQ1-DQs8 DQ1-DQ8
| I _ | . o o
OE OE OE W OE W
Data bus (odd)
D1-D7 < Data bus (even) )
_ AC04 gegp 03
R/W R
E
Ao
BHE
XIN__XouT Memory map
O 31 MHz 000016 SFR area
A 008016 Internal
. i . i . i RAM area
Circuit condition : 4¢ access in high-speed running
088016
External
ROM area
(M5M27C256AK 02)
. . ) . 1000016
01: Use the elements of which propagation delay time is within 50 ns. External
[J2: Use the elements of which propagation delay time is within 30 ns. RAM area
03: Use the elements of which propagation delay time is within 7.2 ns. (M5M5256CP 0 2)
04: Use the elements of which propagation delay time is within 22.2 ns. 1FFFF16

Fig. 17.1.31 Example of ROM and SRAM expansion (maximum model at high-speed running)
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E

A1-A7

As/Ds—A1s/D15
Aie/Do

External memory
data output

E

A1—A7

As/Ds—A1s5/D15
Aie6/Do, D1—D7

wnl

<When reading>

104 (min.)

_/

61.7 (min.)

il

5 (max.)
)

tsu(POA/PlAIPZA-PlD‘IPZD) = 150’ <> 222 (min)
AC573 (trHL) ACO04 (tpHL)
2\ B
CE . N ‘ ‘
<> BC32 (tpHL) | <> BC32 (trv)
\ \ 3/
s
tats) <> 15 (max.)
ta(oE) (Kit guaranteed)
____________________ @i R
‘ ’1 tsupip/P2p-E) = 30
ta(ap), ta(CE)

<When writing>

104 (min.) |
\
/ \
61.7 (min.)
s
A A A
\
s
>§ A D A
\
22.2 (min.)
35 (max)) | tsup) = 30
AC573 (trHL)+ACO4 (tPHL)
—>r—<— AC32 (trLH)

/

<—>\er032 )

(Unit: ns)

Fig. 17.1.32 Timing chart for ROM and SRAM expansion example (maximum model at high-speed

running)
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17.1.5 Example of 1/0O expansion
(1) Example of port expansion circuit using M66010FP

Figure 17.1.33 shows an example of a port expansion circuit using the M66010FP. Although Figure
17.1.33 is an expansion example in the high-speed running, when using 1.923 MHz or less frequency
for Serial 1/O transfer clock, the same expansion is possible regardless of the bus cycle.
About Serial 1/0 control in this expansion example is described below.
In this example, 8-bit data transmission/reception is performed 3 times by using UARTO and 24-bit
port expansion is realized. Setting of UARTO is described below:

e Clock synchronous serial /0O mode: Transmission/Reception enable state
e Internal clock is selected. Transfer clock frequency is 1.66 MHz.
e LSB first

The control process is described below:

O Output “L” level from port P4s. (Expansion I/O ports of M66010FP become floating state by this
signal. )

0 Output “H” level from port P4s.

O Output “L” level from port P4a.

O Transmit/Receive 24-bit data by using UARTO.

O Output “H” level from port P4a.

Figure 17.1.34 shows serial transfer timing between M37751 and M66010FP.
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M37751
M66010FP ©
< J—IVWH >
TxDo = > DI B; T -
< J—IVWH >
CNVss RxDo T DO 8431 TN »
D5 | J—IVWH >
BYTE CLKo CLK D6 W _
J—IVWH -
== D7 |« >
P4. CSs —
o= D9 |« >
P4 S —
° LW; D10 m S —
RTSo |— Open BE A 4
—  _ Expanded /O port
Ao_A7 f——> Ve D13 m S — P P
D14 —_— >
As/Ds- | o > D15 N :
A15/D15 D16 o =
GND D17 = B
A16/Do— «—> 7J: D18 A >
A23/D7 D19 y >
D20 f“/ S ——
ALEH—" D21 . ] »
D22 TS
e D23 - .
D24la——
orf— ™
RW[—*
BHE|— ™
Circuit condition: sUARTO used in clock synchronous serial I/O mode
eInternal clock selected
XN Xour *Frequency of transfer clock = ﬁ =1.66 MHz
LigH!
40 MHz

Fig. 17.1.33 Example of port expansion circuit using M66010FP
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Fig. 17.1.34 Serial transfer timing between M37751 and M66010FP
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PROM VERSION

In the PROM version, programming/reading to and from the built-in PROM can be performed by using a
general-purpose PROM programmer and a programming adapter.
The PROM version has the following two types :

e One time PROM version
Programming to the PROM can be performed once.
This version is suitable for a small quantity of and various productions.
¢ EPROM version
Programming to the PROM can be performed repeatedly because a program can be erased by exposing
the erase window on the top of the package to an ultraviolet light source.
This version can be used only for program development, evaluation only.

The PROM version have the same functions as the mask ROM version except that the former have a built-
in PROM. Table 18.1.1 lists the product expansion of the PROM version.

Table 18.1.1 Product expansion of PROM version
Type name PROM size RAM size

M37751E6C-XXXFP .
One time PROM 49152 bhytes
(M37751E6CFP) 2048 bytes

M37751E6CFS EPROM 49152 bytes
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18.1 EPROM mode
The PROM version can select the normal operating mode which performs the same operation as that of the
mask ROM version, or the EPROM mode which enables to program/read to/from the built-in PROM.
When “L” level is input to the RESET pin, the PROM version enters the EPROM mode.

18.1.1 Pin description
Table 18.1.2 lists the pin description in the EPROM mode.

Table 18.1.2 Pin description in EPROM mode

Pin Name Input/Output Functions

Vce, Vss Power source input — Apply 5V £ 10% to Vcc pin, and 0 V to Vss pin.

CNVss Vee input Input Apply Ver level when programming or verifying.

BYTE

RESET Reset input Input Connect to Vss pin.

Xin Clock input Input Connect a ceramic resonator or a quartz-crystal
oscillator between Xin and Xout pins. When an

Xour Clock output Output external generated clock is input, the clock must
be input to Xin pin, and Xour pin must be left open.

E Enable output Output Open.

AVce, AVss |Analog power source input — Connect AVcc pin to Vee pin and AVss pin to Vss pin.

VRer Reference voltage input Input Connect to Vss pin.

P0o—P0- Address input (A—A7) Input Input pins for Ac—A- of addresses.

P1—P17 Address input (As—Aus) Input Input pins for As—Ass of addresses.

P20—P27 Data input/output (Do—D) 1/0 I/O pins for data Do-D1.

P30—P3s3 Input port P3 Input Connect to Vss pin.

P4o—P4; Input port P4 Input Connect to Vss pin.

P50 Control input Input P50 functions as PGM input pin.

P51 P5: functions as OE input pin.

P52 P52 functions as CE input pin.

P53—P5s Input port P5 Connect to Vcc pin.

P5, Connect to Vss pin.

P60—P6- Input port P6 Input Connect to Vss pin.

P70—P77 Input port P7 Input

P80—P87 Input port P8 Input

7751 Group User's Manual
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18.1.2 Programming/reading
EPROM mode can perform programming/reading to and from the built-in PROM with the same manner as

M5M27C101K. However, there is no device identification code. Accordingly, programming conditions must
be set carefully. Perform the programming to addresses 1400016 to 1FFFFis.
Table 18.1.3 lists the pin correspondence with M5M27C101K. Figure 18.1.1 shows the pin connections in
EPROM mode. Table 18.1.4 lists the built-in PROM states in EPROM mode.

Table 18.1.3 Pin correspondence with M5M27C101K

M37751E6C-XXXFP
(M37751E6CFP) M5M27C101K
M37751E6CFS
Vcc Vcc vcece
VPP input CNVss, BYTE VPP
Vss Vss Vss
Address input PO, P1 A0—A15
Data 1/0 P2 Do—D7
CE input P52 CE
OE input P51 OE
PGM input P50 PGM
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0 : Connect an oscillating circuit.
> EPROM pins

Outline : 80P6N-A

Fig. 18.1.1 Pin connections in EPROM mode
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Table 18.1.4 Built-in PROM state in EPROM mode

Pin name CE OE PGM VPP Vce Data 1/0
Mode

Read-out ViL ViIL 0 5V 5V Output
Output VIL VIH O 5V 5V Floating
disable VIH O O 5V 5V Floating

Program ViL VIH ViIL 125V 6V Input
Program verify VIL VIL VIH 125V 6V Output
Program disable VIH VIH VIH 125V 6 V Floating

O : It may be VIL or VIH.

(1)

(2)

(3)

Read

When CE and OE pins are set to “L” level and an address is input to address input pins, the data
of the specified address, input address, is output externally from data 1/O pins.

When CE and OE pins are set to “H” level, data I/O pins enter the floating state.

Program (Write)

When CE pin is set to “L” level and OE pin is set to “H” level and VPP level is applied to VPP pin,
programming to the built-in PROM becomes possible.

Input an address to address input pins and supply data to be programmed to data I/O pins in 8-bit
parallel. In this condition, when PGM pin is set to “L” level, the data is programmed at the specified
address, input address, into the built-in PROM.

Erase (Possible only in EPROM version)
The contents of the built-in PROM is erased by exposing the glass window on top of the package
to an ultraviolet light which has a wave length of 2537 Angstrom. The light must be 15 J/cm? or more.

18-6
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18.1.3 Programming algorithm of built-in PROM

0 Set Vcc =6 V, Vpp = 12.5 V, and address to 14000:s.

O After applying a programming pulse of 0.2 ms, check whether data can be read or not.

O If the data cannot be read, apply a programming pulse of 0.2 ms again.

O Repeat the procedure, which consists of applying a programming pulse of 0.2 ms and read check, until
the data can be read. Additionally, record the number of applied pulses (x) before the data has been
read.

O Apply x pulse (0.2 O x ms) (described in ) as additional programming pulses.

O When this procedure (O to [O0) is completed, increment the address and repeat the above procedure until
the last address is reached.

O After programming to the last address, read data when Vcc = VPP = 5 V (or Vcc = VPP = 5.5 V).

Figure 18.1.2 shows the programming algorithm flowchart.
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START

((ADDR = FIRST LOCATION )

Vcc=6.0V
Vpep=12.5V

DEVICE
FAILED

PROGRAM PULSE
OF 0.2x ms DURATION

LAST ADDR ?
YES

Vec=Vpp=*5.0V

VERIFY
ALL BYT

PASS
DEVICE PASSED

NO

4( INCREMENT ADDR

DEVICE
FAILED

*45V<Vcc=VpP<55V

Fig. 18.1.2 Programming algorithm flow chart
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18.1.4 Electrical characteristics of programming algorithm

AC electrical characteristics (Ta = 255 °C, Vcc = 6+0.25 V, Vpp = 12.5£0.3 V, unless otherwise noted)

Limits )

Symbol Parameter Min. Typ. Max. Unit
tAS Address setup time 2 us
toES OE setup time 2 us
tDSs Data setup time 2 us
tAH Address hold time 0 us
tDH Data hold time 2 us
tDFP Output floating delay time after OE 0 130 ns
tvcs Vcc setup time 2 Hs
tvPs VPP setup time 2 us
tPw PGM pulse width 0.19 0.2 0.21 ms
topw Additional PGM pulse width 0.19 5.25 ms
tCES 'CE setup time 2 us
toE Data delay time after OE 150 ns

Programming timing diagram

Program _ Verify
VIH U
Address X
ViL N
tas
tAH
VIH/VOH / 3 a y
—< Data set >——< Data output valid
Data Viu/VoL N A K—p_7
tos toH torFP
<> <>
VppP %
Vpp /
Vcc <>
Vee+l =
\ee / |tves
Vcc <>
o ViH
CE
ViL
CE!
ViH ——\ |
PGM x_ _/ toes | toE
ViL — <> [<>
tPw
OE ViH toPw X /
ViL ‘\—/

Switching characteristics measuring conditions

e Input voltage : ViL=0.45V,VIH=2.4V

e Input signal rise/fall time (10 % — 90 %) : <20 ns

e Reference voltage in timing measurement : Input/output “L” = 0.8 V, “H" =2 V
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18.2 Usage precaution

18.2.1 Precautions on all PROM versions

e When programming to the built-in PROM, high voltage is required. Accordingly, be careful not to apply
excessive voltage to the microcomputer. Furthermore, be especially careful during power-on.

e Noise gets in easily because the built-in PROM is wired directly from CNVss (Vee) pin. To prevent noise,
the wiring of CNVss (Ver) pin is performed below. Figure 18.2.1 shows the wiring of CNVss (Vee) pin.
<In single-chip or memory expansion mode>

Connect CNVss (Ver) pin to the microcomputer’'s Vss pin in the shortest possible distance.
If the wiring cannot be shortened, insert a resistor of about 5 kohms as close to CNVss (Ver) pin as
possible. By way of this resistor, connect CNVss (Vee) pin to Vss pin.
<In microprocessor mode>
Connect CNVss (Vee) pin to the microcomputer’s Vcc pin in the shortest possible distance.

In single-chip and

memory expansion modes In microprocessor mode
M37751 M37751
Shortest possible vee
distance
J Approx. 5 kohms
CNVss(VPP) AWV -5 CNVss(VPP)

\

Shortest possible
distance

Vss

N e e e

~

O The above processing is unnecessary for the BYTE (VPP) pin.

Figure 18.2.1 Wiring of CNV ss (Ver) pin
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18.2.2 Precautions on one time PROM version

One time PROM version shipped in a blank (M37751E6CFP), of which built-in PROM is programmed by
users, is also provided.

For the microcomputer, a programming test and screening are not performed in the assembly process and
the following processes. To improve their reliability after programming, we recommend to program and test
as the flow shown in Figure 18.2.2 before use.

| Programming with PROM programmer |

<

| Screening (Leave at 150 °C for 40 hours) (Note) |

| Verify test with PROM programmer |

Note: Never expose to 150 °C exceeding 100 hours.

Fig. 18.2.2 Programming and test flow for One Time PROM version

18.2.3 Precautions on EPROM version

e Cover the transparent glass window with a shield or others during the read mode because exposing to
sun light or fluorescent lamp can cause erasing the programmed data.
Be careful that the shield does not touch the EPROM lead pins.
A shield to cover the transparent window is available from Mitsubishi Electric Corporation.

e Clean the transparent glass before erasing. There is a possibility that fingers’ fat and paste disturb the
passage of ultraviolet rays and affect badly the erasure capability.

e The EPROM version is a tool only for program development, evaluation only, and do not use it for the
mass product run.
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MEMORANDUM
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FLASH MEMORY VERSION

In the flash memory version M37751F6CFP, to perform program, read, and erase operations for the built-
in flash memory is possible. The M37751F6CFP has the same function as the mask ROM version except
for the built—in flash memory (Note).

The M37751F6CFP can select the microcomputer mode, which is performed the same operation as the
mask ROM version, or the flash memory mode, which enables to access to the built—in flash memory. When
inputting “L” level to the RESET pin, the M37751F6CFP enters the flash memory mode. In the flash memory
mode, there are two modes: the parallel input/output mode and the serial input/output mode.

Note: Ports P4s and P4s peripheral circuits are different from those of mask ROM version.

e Microcomputer mode

e Flash memory mode Parallel input/output mode —[ Read-only mode

Read/write mode

Serial input/output mode

Fig. 19.1.1 Operation mode for flash memory version

P4s, P4s —|Direction registerlf

b
N

Data bus 4ﬁr—| Port latch

n
—]

r[)oﬁ;
oo

ka Zﬂ ||

*@7

Fig. 19.1.2 Ports P4 s and P4s peripheral circuit (flash memory version)
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19.1 Parallel input/output mode

19.1 Parallel input/output mode

The built-in flash memory can be accessed by using a general purpose ROM programmer in the parallel
I/0 mode. In this mode, the read—only mode or the read/write mode (software command control mode) can
be selected as the built—in flash memory mode with the voltage applied to the Vee (CNVss) pin.
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19.1 Parallel input/output mode

19.1.1 Pin description
Table 19.1.1 lists the pin description in the parallel /O mode.

Table 19.1.1 Pin description in parallel 1/O mode

Pin Name Input/Output Functions

Vcc, Vss Power supply Supply 5V £10 % to Vcc pin and 0 V to Vss pin.

CNVss Vee input Input [Read-only mode]
Supply Vec to Vee +i0v.
[Read/write mode]
Supply 12 V 5 %.

BYTE External data bus width |Input Connect to Vss pin.

select input

RESET Reset input Input Connect to Vss pin.

Xin Clock input Input Connect a ceramic resonator or quartz-crystal oscillator
between Xin and Xout pins. When using an external

Xourt Clock output Output clock, the clock source must be input to Xin pin and
Xout pin must be left open.

E Enable output Output Left open.

AVcc Analog supply input Connect to Vce pin.

AVss Connect to Vss pin.

VRer Reference voltage input Input Connect to Vss pin.

P0o—PO~ Address input Ao to A7 |Input These are address Ao—A- input pins.

Plo—P1~ Address input As to Ass |Input These are address As—Ais input pins.

P2,-P27 Data input/output Do to D7 |Input/Output These are data Do—D- input/output pins.

P30—P3s Input port P3 Input Connect to Vss pin.

P4o, P41 Input port P4 Input Connect to Vss pin.

P4. Left open.

P4s to P4~ Connect to Vss pin.

P50 Control signal input Input This is WE signal input pin.

P51 This is OE signal input pin.

P52 This is CE signal input pin.

P5s Input port P5 Connect to Vcc pin.

P54 Address input Ais This is address Ais input pin.

P5s to P57 | Input port P5 Connect to Vss pin.

P6o to P67 | Input port P6 Input Connect to Vss pin.

P70 to P77 |Input port P7 Input

P8o to P87 |Input port P8 Input

19-4
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19.1 Parallel input/output mode

19.1.2 Access to built—in flash memory

In the parallel I/O mode, the built—in flash memory can be accessed with the same operation as CMOS
flash memory M5M28F101. However, because the built—in flash memory has a capacity of 48 Kbytes, use
addresses 0400016 to OFFFFis for programming and write “FFi6” to addresses 0000016 to 03FFF1s and
1000016 to 1FFFFis. The M37751F6CFP does not contain a facility to read out a device identification code
by applying a high voltage to As (P1:) pin. Do not erratically set program conditions etc..

Table 19.1.2 lists the pin correspondence of the M37751F6CFP and the M5M28F101.

Figure 19.1.3 shows the pin connection in the parallel /O mode.

Table 19.1.2 Pin correspondence of M37751F6CFP
and M5M28F101 (parallel 1/O mode)

M37751F6CFP M5M28F101
Vce Vcce Vce
Vep input CNVss Vee
Vss Vss Vss
Address input  |po, P1, P54 Ao to Ase
Data 1/0 _|P2 Do to D
CE signal input |ps5, ICE
OE signal input |p5, OE
WE signal input |p5, WE
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19.1 Parallel input/output mode

19.1.3 Read-only mode

When connecting shown in Figure 19.1.3 and VeeL level is applied to the Ver pin, the built—in flash memory
operates at the read—only mode. In the read—only mode, the built—in flash memory becomes read, output
disable, or standby state depending on the control signals. In this mode, the contents of the built—in flash
memory can be read. Table 19.1.3 lists the states of the built—in flash memory.

Table 19.1.3 States of control signals and built—in flash memory in read—only mode

State Pin CE OE WE Vep Data /O
Read Vie Vi Vin VeeL Output
Output disable Vio Vi ViH VeeL Floating
Standby ViH O O VerL Floating

Note: O can be ViL or Vin.

(1) Read
When inputting the address of a memory location to be read and the control signals at the timing
shown in Figure 19.1.4, data of the specified address (input address) is output to an external.

P trRC -
CE /
OE
‘, tWRR -
WE j - tace) o
< ta(oe) > {OH <>
Floatin ;
Do-D7 . A << Data >> | Floating
ltOLZ\
teLz Read data output
P ta(aD) -

Fig. 19.1.4 Read timing
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19.1 Parallel input/output mode

(2) Output disable
The microcomputer enters the read disable state.

(3) Standby
The microcomputer enters the power—saving state and the supply current decreases.
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19.1 Parallel input/output mode

19.1.4 Read/write (software command control) mode

When connecting shown in Figure 19.1.3 and VerH level is applied to the Ver pin, the built—in flash memory
operates at the read/write mode. In the read/write mode, the built—in flash memory becomes read, output
disable, standby or program state depending on the control signals. In this mode, program, read, and erase
operations can be performed to the built—in flash memory. Table 19.1.4 lists the states of the built—in flash
memory.

Table 19.1.4 States of control signals and built—in flash memory in read/write mode

State Pin CE OE WE Vep Data 1/0
Read Vie Vi ViH VerH Output
Output disable Vie Vin ViH VerH Floating
Standby ViH O O VerH Floating
Program Vi \Vm Vi VeeH Input

Notes 1: O can be Vi or V.
2: Refer to “(5) Software command” for read and write states.

(1) Read
When executing the read command or program verify command etc., the read mode is used. (Refer
to “(5) Software command.” )

(2) Output disable
The microcomputer enters the read disable state.

(3) Standby
The microcomputer enters the power—saving state and the supply current decreases.

(4) Program
When inputting the command code or program data etc., the program mode is used. (Refer to “(5)
Software command.” )
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19.1 Parallel input/output mode

(5) Software command
In the read/write mode, the built—in flash memory is accessed by input (execution) of the software
command.
Table 19.1.5 lists the software command. The software command is executed by data input/output
in the first and second cycles. The command code is input to select the operation of the built—in flash
memory in the first cycle. The data etc. are input/output in the second cycle.
The following explains each software command.

Table 19.1.5 Software command and input/output information

Software command . First cycle . . Second cycle

Address input| Data (command code) input |Address input Data 1/O
Read U 0016 Read address Read data output
Program O 4015 Program address Program data input
Program verify O CO1s O Verify data output
Erase a 2016 O 201 (command code) input
Erase verify Verify address AO16 O Verify data output
Reset O FFis O FFis (command code) input
Device identification O 9016 ADI DDI output

Note: O can be Vi or Vin.
ADI (Device identification address) : Manufacture’s code 00000:s; device code 0000116
DDI (Device identification data) : Manufacture’s code 1Cis; device code DOis
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19.1 Parallel input/output mode

e Read command
Figure 19.1.5 shows the read command execution timing.
The command code is latched into the internal command latch at the rising edge of the WE signal
by inputting the control signals and the command code “00i1¢” in the first cycle.
The data of the specified address (input address) is output to an external by inputting the address
and control signals in the second cycle.
The read command code which is latched into the command latch is retained until any other
command code is latched into the command latch. Accordingly, when the second cycle input over
again after the read command code is input in the first cycle, the read command is executed over
again.
The read command code is latched into the command latch after power—on.

wo-is SO YK resesaaem XXX
we tRC
CE
>—< tRRW
OE > < tCH
- B tWP\‘ ----- - n
WE < a(CEl ‘tDF’
tos <ta(OE; tOH L
Floatin ' Floatin Floatin
Do-D7 d 0016 na.. < Data >— g
i t
H>H< oLz <> Read data output
tcLz
ta(AD)
< > tvsc < >
vePH | .
Vpp \
VpPpPL
First cycle Second cycle

Fig. 19.1.5 Read command execution timing

Note: When executing any command other than the read command, input the command code
(input from the first cycle) each time the execution.
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e Program command

Figure 19.1.6 shows the program command and the program verify command execution timing.
The command code is latched into the internal command latch at the rising edge of the WE signal
by inputting the control signals and the command code “4016” in the first cycle.

The address is latched into the internal at the falling edge of the WE signal and the data is latched
at the rising edge of the WE signal by inputting the address, data, and control signals in the
second cycle.

The program is started at the rising edge of the WE signal in the second cycle and the input data
is programmed to the specified address (input address) within 10 us as measured by its internal
timer. Programming is performed by the byte unit.

Note: Be sure to execute a program verify command after executing the program command. If this
verification fails, execute repeatedly the program command and the program verify command
until the verification passes. (Refer to “19.1.6 Program/erase algorithm flow chart.” )

Program verify command

This command is executed to verify the program data after executing the program command.
The command code is latched into the internal command latch at the rising edge of the WE signal
by inputting the control signals and the command code “CO0i¢” in the first cycle.

The data of the address where the program command is executed is output to an external by
inputting the control signals in the second cycle.

Since the address is internally latched when the program command is executed, there is no need
to input it when the program verify command is executed.

19-12
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19.1 Parallel input/output mode
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Fig. 19.1.6 Program command and program verify command execution timing
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19.1 Parallel input/output mode

e Erase command

Figure 19.1.7 shows the erase command and the erase verify command execution timing.

The command code is latched into the internal command latch at the rising edge of the WE signal
by inputting the control signals and the command code “2016” in the first cycle.

The command code is latched into the internal command latch again at the rising edge of the WE
signal by inputting the control signals and the command code “2016” again in the second cycle.
The erase operation is started at the rising edge of the WE signal in the second cycle, and the
built—in flash memory contents are collectively erased within 9.5 ms as measured by the internal
timer.

Write “0016” to all the built—in flash memory area before executing the erase command.

Note: Be sure to execute a erase verify command after executing the erase command. If this
verification fails, execute repeatedly the erase command and the erase verify command until
the verification passes. (Refer to “19.1.6 Program/erase algorithm flow chart.” )

When executing again the erase command after executing the erase verify command and
the verification fails, there is no need to write “0016” to the built—in flash memory.

Erase verify command

This command is executed to verify whether or not all contents of the built—in flash memory have
been erased after executing the erase command.

The address is latched internally at the falling edge of the WE signal by inputting the address, the
control signals, and the command code “AO:6” in the first cycle. The command code is latched into
the internal command latch at the rising edge of the WE signal.

The data of the specified address (input address) is output to an external by inputting the control
signals in the second cycle.

19-14
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19.1 Parallel input/output mode
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Fig. 19.1.7 Erase command and erase verify command execution timing
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e Reset command
This command is used to stop executing of program or erase safely after inputting the program or
erase command code that is, after the command code is latched into the internal command latch
in the first cycle.
Figure 19.1.8 shows the reset command execution timing.
When inputting the control signals and the command code “FFi6” in the first cycle after the program
or erase command code is latched into the command latch, the command code is latched into the
internal command latch at the rising edge of the WE signal.
When inputting the control signals and command code “FFis” again in the second cycle, the
command latch is cleared to “001” and becomes the state where the read command code is
latched. Then, program or erase is not executed. (The contents of the built—in flash memory is not
changed.)

twc twc

CE | /] o\ S

> < tcH >—< {CH
tcs

L twPH | tweH | <

- — D twp —\|_ twpP_|
WE \ J( k >

<

J‘La*
VA A

A

tos tos
Floating Floating N Floating ‘ Floating
Do-D7 or 5018 FFi FFi6
2016

IDH >« tOH >H<

VprrPH

VPP /
VpPPL < : >< : >< >
First cycle First cycle Second cycle
Program or erase Reset

Fig. 19.1.8 Reset command execution timing
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19.1 Parallel input/output mode

e Device identification command
Figure 19.1.9 shows the device identification command execution timing.
The command code is latched into the internal command latch at the rising edge of the WE signal
by inputting the control signals and the command code “9016” in the first cycle.
The manufacture’s code “1Ci6” (i.e., MITSUBISHI) is output externally when inputting an address
“0000016" and the control signals in the second cycle. The device code “DO0is” (i.e., 1M-bit flash
memory) is output externally when inputting an address “00001:s” and the control signals.

ro-ss OO0V KXo XXXX
P twe o - tRC o
CE
>—< [RRW
OE > < tCH |
tcs twRR |
- twp | ——————----- -
WE < > < ta(CEl B tDF’
. ta(oE) )
Floating tos - > toH|<»| | Floating
‘ Floating
Do-D~7 9016 | p——F——----- < Data >—
t i toLz
Pr>< =] DDI output
tcLz
ta(AD)
< > tvsc < >
vePH | ...
VPP
VpPPL
First cycle Second cycle
< > < >
ADI (Device identification address) : Manufacturer’s code 000001s; device code 0000116
DDI (Device identification data) : Manufacturer’s code 1Czs; device code D016

Fig. 19.1.9 Device identification command execution timing
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19.1.5 Electrical characteristics

DC electrical characteristics (Ta = 25 °C, Vecc = 5 V+10%, unless otherwise noted)

. Limits .

Symbol Parameter Test conditions Min. Typ. Mo, Unit
Ise1 Vce = 5.5V, CE = Vm 1 | mA
< Vcc supply current (at standby) V_cc =55V, 100 LA

CE = Vcc+0.2 V

Vce = 5.5V, CE = Vu,
I Vcce supply current (at read ' mA
“ PPy ( ) tec = 150 ns, lout = 0 mA 30
lcc2 Vcc supply current (at program) Vee = VerH 30 | mA
lccs Vcce supply current (at erase) Ver = VepH 30 | mA

0 < Ver< Vec+1.0 V 10 | HA
lpp1 Ver supply current (at read) Ver = VepH 100 UA

Veer = VerpH 100 HA
Ipp2 Ve supply current (at program) Ver = VeeH 30 | mA
Ipp3 Vpp supply current (at erase) 30 | mA
VepL Vpp supply voltage (read-only mode) \Vcc Vce+1.0 V
VerH Ve supply voltage (read/write mode) 11.4 12.0 126 | V

Note: Vw/Vi, Vou/Vo, and I/l for the control input, address input, and data input/output pins conform to
standards for microcomputer modes (memory expansion and microprocessor modes).

AC electrical characteristics (Ta = 25 °C, Vcc = 5 V+£10%, unless otherwise noted)

Read-only mode

Limits .
Symbol Parameter Min. Mo Unit
tre Read cycle time 150 ns
taan) Address access time 150 ns
tace) CE access time 150 ns
ta(og) OE access time 55 ns
tcLz Output enable time (after CE) 0 ns
toLz Output enable time (after OE) 0 ns
tor Output floating time (after OE) 35 ns
ton Output efficiency time (after CE, OE, address) 0 ns
twrR Write recovery time (before read) 6 HS
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19.1 Parallel input/output mode

Read/write_mode

Limits :
Symbol Parameter i, Max. Unit
twe Write cycle time 150 ns
tas Address setup time 0 ns
tan Address hold time 60 ns
tos Data setup time 50 ns
ton Data hold time 10 ns
twrr Write recovery time (before read) 6 us
trrw Read recovery time (before write) 0 Hs
tes CE setup time 20 ns
tcu CE hold time 0 ns
twe Write pulse time 60 ns
twen Write pulse waiting time 20 ns
toe Program time 10 Ks
toe Erase time 9.5 ms
tvsc Vep setup time 1 KS

Note: The read timing is same as the read only mode.
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RSION

19.1.6 Program/erase algorithm flow chart
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19.2 Serial input/output mode

19.2 Serial input/output mode

In the serial /O mode, the contents of the built—in flash memory can be reprogrammed with the state
mounting the microcomputer on the board.

19.2.1 Pin description
Table 19.2.1 lists the pin description in the serial I/O mode.
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19.2 Serial input/output mode

Table 19.2.1 Pin description in serial 1/O mode

Pin Name Input/Output Functions
Vee, Vss Power supply Supply 5 V +10 % to Vcc pin and 0 V to Vss pin.
CNVss Vee input Input Supply 12 V #5 %.
BYTE External data bus width |Input Connect to Vss pin or Vcc pin.

select input
RESET Reset input Input Connect to Vss pin.
Xin Clock input Input Connect a ceramic resonator or quartz-crystal oscillator
between Xin and Xour pins. When using an external
Xout Clock output Output clock, the clock source must be input to X pin and
Xout pin must be left open.

E Enable output Output “H” level is output.
AVce Analog supply input Connect to Vcc pin.
AVss Connect to Vss pin.
VRer Reference voltage input |[Input Input level between Vss and Vcc or open.
PQ0o—PO~ Input port PO Input Input “H” or “L” level, or open.
Plo—P1s Input port P1 Input
P20—P2; Input port P2 Input
P30—P3s Input port P3 Input
P40 Input port P4 Input Input “H” or “L” level, or open.
P41
P4. Clock @ is output.
P4s Input “H” or “L” level, or open.
P4, BUSY output Output This pin is BUSY signal output.
P4s SDA 1I/O /O This pin is serial data 1/0.
P4s SCLK input Input This pin is serial clock input.
P4 Input port P4 Input “H” or “L” level, or open.
P50 Input port P5 Input Input “H” or “L” level, or open.
P5: Control signal input This pin is OE signal input.
P52 to P57 |Input port P5 Input “H” or “L” level, or open.
P6o to P67 |Input port P6 Input Input “H” or “L” level, or open.
P70 to P77 |Input port P7 Input
P80 to P87 |Input port P8 Input
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19.2 Serial input/output mode

19.2.2 Access to built—in flash memory

Figure 19.2.1 shows the pin connection in the serial /0 mode.

When inputting “H” level to the SDA (P4s), SCLK (P4s), and OE signal input (P51) pins, and after that,
applying the VerH level to the Ver (CNVss), the built—in flash memory operates in the serial /O mode. The
software command, address, and data required for operation of the built—in flash memory are input/output
by the clock synchronous serial transfer in this mode. The software command, address, and program data
are taken from SDA pin to the inside synchronously with the rising edge of the serial clock inputting to
SCLK pin. The read data, verify data, and error code are externally output from SDA pin synchronously
with the falling edge of the serial clock. The transfer is performed at 8-bit length and LSB first.

In the serial 1/O0 mode, the built—in flash memory is accessed by inputting (execution) of the software
command. Table 19.2.2 lists the software command. To execute the software command requires twice or
four times of the transfer. In the first transfer, the command code is input for selecting the built—in flash
memory’s operation. In the second to fourth transfer, address and data etc. are input/output.

Each software command is described below.

As the capacity of the built-in flash memory is 48 Kbytes, specify addresses 40006 to FFFFis. If the
addresses except addresses 4000:6 to FFFFi6 are specified, the error occurs.

Table 19.2.2 Software command and input/output information

First transfer )
Software command , Second transfer Third transfer Forth transfer
(command code input)
Read 00 Low-order 8 bits of | fighsorder 8 bits of Read data output
ea * read address input | read address input P
Low-order 8 bits of High-order 8 bits of .
Program 4016 : , Program data input
program address input | program address input
Program verify CO016 Verify data output
3016 (command
Auto erase 3016 :
code) input
Error check 8016 Error code output
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[]: Connect to the oscillation circuit.
Note : This pin outputs clock ¢1.

Fig. 19.2.1 Pin connection in serial I/0O mode

7751 Group User’'s Manual

19-24



FLASH MEMORY VERSION
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e Read command
Figure 19.2.2 shows the read command execution timing.
The command code “00:6” is input at the first transfer.
The low—order 8 bits and the high—order 8 bits are input at the second and third transfer.
When setting “L” level to the OE signal, the data of the specified address (input address) is read
out and latched up to the internal data latch.
When returning “H” level to the OE signal and inputting the serial clock, the data which is latched
up to the data latch is output externally.

ten teH
SCLK
SDA ... 00000000
7T
Command code input(0016) Read address input  Read address input Read data output
(Low-order) (High-order) (Note)

|_ftcr | twr | trc
[ |

OE

Read
BUSY
a

Note: When outputting the read data, the SDA pin is switched for output at the first falling edge of the serial clock.
The SDA pin is placed in the floating state during the tn(c-E) period after the last rising edge of the serial clock
(at the 8th bit).

Fig. 19.2.2 Read command execution timing
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19.2 Serial input/output mode

e Program command
Figure 19.2.3 shows the program command execution timing.
The command code “4016” is input at the first transfer.
The low—order 8 bits and the high—order 8 bits of the address are input at the second and third
transfer.
The data is input at the forth transfer.
Programming is started at the last rising edge of the forth transfer serial clock and the BUSY signal
becomes “H” level. The input data is programmed to the specified address (input address) within
10 us as measured by the built—in timer and the BUSY signal becomes “L” level. Programming is
performed by the byte unit.

Note: Be sure to execute a program verify command after executing the program command. If this
verification fails, execute repeatedly the program and program verify commands until the
verification passes. (Refer to “19.2.4 Program algorithm flow chart.” )

tcH tcH tcH
SCLK
trc
Ao A7 As Ais Do D7
oA -0 000 0 ofoy—— (00 }-—-00000000—00000000 -
Command code input (4016) Program address input ~ Program address input Program data input
(Low-order) (High-order)
H”
OE
twp
BUSY
Program

Fig. 19.2.3 Program command execution timing

19-26 7751 Group User's Manual



FLASH MEMORY VERSION
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e Program verify command
Figure 19.2.4 shows the program verify command execution timing.
This command is executed to verify data of address where the program command has been
executed after executing the program command.
The command code “C016” is input at the first transfer.
When setting the OE signal to “L” level, data of address where the program command has been
executed is read out and latched to the internal data latch.
When returning the OE signal to “H” level and inputting the serial clock, the data which is latched
to the data latch is output externally.
Since the address is internally latched when the program command is executed, there is no need
to input it when the program verify command is executed.

SCLK
SDA  ceeee-- 1oooooo|11‘L .....................
Command code input (COz1e) Verify data output
(Note)

|_terrv | twr | TrRc _
[ |

OE

Verify read
BUSY
=

Note: When outputting the verify data, the SDA pin is switched for output at the first falling edge of
the serial clock. The SDA pin is switched in the floating state during the thc-g) period after the
last rising edge of the serial clock (at the 8th hit).

Fig. 19.2.4 Program verify command execution timing
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e Auto erase command
Figure 19.2.5 shows the auto erase command execution timing.
The command code “3016” is input at the first transfer.
The command code “3016” is input again at the second transfer.
Erasing is started at the last rising edge of the second transfer serial clock and the BUSY signal

becomes “H” level. The BUSY signal becomes “L” by erasing all the contents of the built—in flash
memory.

Note: When executing the auto erase command once, “erase - erase verify” is performed repeatedly
internally and automatically after programming “0016” to all memory area until erasing all the
contents of the built—in flash memory.

Accordingly, erasing is completed by executing the auto erase command once.

_ten
SCLK
_tec
SDA  ------ ]00001100r ----- 100001100r --------------------------------------------
Command code input (3016) Command code input (3016)

_HHH

OE

BUSY

Auto erase

Fig. 19.2.5 Auto erase command execution timing
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19.2 Serial input/output mode

e Error check command
Figure 19.2.6 shows the error check command execution timing.
The command code “8016” is input at the first transfer.
When inputting the serial clock, the error information is output externally.
When an error occurs, the serial communication circuit sets the corresponding error flag to “1” and
stops operating, and the serial clock and data are not accepted (even including an error check
command). Accordingly, apply the VerL level to the Vee pin to clear the serial 1/O mode and then
apply the VeeH level again to select the serial /O mode and initialize the serial communication
circuit. The error information is output when first executing the error check command after initializing.
Figure 19.2.7 shows the error information.
The error flag becomes “0” by executing the error check command. Be sure to execute the error
check command because the error flag is undefined after power—on.

tcH

EOE1

SDA - 1ooooooo|1L ...... O RRRRRR - --

Command code input (801) ~ Efror information
output (Note)
“q

OE

BUSY
wpL

Note: When outputting the error information, the SDA pin is switched for output at the
first falling edge of the serial clock. The SDA pin is switched in the floating state
during the tnhc-g) period after the last rising edge of the serial clock (at the 8th
bit).

Fig. 19.2.6 Error check command execution timing
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19.2 Serial input/output mode

[TTTTTIT]

L Command error flag (EO)
When inputting the code other than the five command codes
shown in Table 19.2.2, this flag becomes “1.”

Address error flag (E1)
When inputting the addresses other than addresses 400016
to FFFFus, this flag becomes “1."

The contents are undefined at reading.

O The error flags are undefined after power-on.
0 When executing the error check command, the error flags become “0.”

Fig. 19.2.7 Error information
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19.2 Serial input/output mode

19.2.3 Electrical characteristics

DC electrical characteristics (Ta = 25 °C, Vcc = 5 V£10%, Ver = 12 V+5%, unless otherwise noted

Symbol Parameter Test conditions Min. L_:_r;gs Max. Unit
Vcec = 5.5V, twr = 320 ns,

lcct Vcc supply current (at read) 30 mA
lout = 0 MA

lcc2 Vcc supply current (at program) 30 mA

lces Vcc supply current (at erase) 30 mA

Ipp1 Vep supply current (at read) 100 UA

Ipp2 Ver supply current (at program) 30 mA

Ipp3 Veep supply current (at erase) 30 mA

VeeH Ve supply voltage (at serial /O mode) 11.4 12.0 126 | VvV

Note: Viu/Vi,, Vou/VoL, and L/l for the control signal input, BUSY output, SDA I/O, and SCLK input pins
conform to standards for microcomputer modes.

AC electrical characteristics (Ta = 25 °C, Vcc = 5 V+10%, Ver = 12 V£5%, f(Xin) = 40 MHz, unless otherwise noted)

Symbol Parameter Min.LImItSMax_ Unit
ten Serial transmission interval time 400 (Note 1) ns
tcr Read waiting time after transmission 400 (Note 1) ns
twr Read pulse width 320 (Note 2) ns
tre Transfer waiting time after read 400 (Note 1) ns
tcrpy Waiting time before program verify 6 us
twe Programming time 10| us
trc Transfer waiting time after programming 400 (Note 1) ns
tec Transfer waiting time after erase 400 (Note 1) ns
feick) SCLK input cycle time 250 ns
twiekn) | SCLK “H” pulse width 100 ns
tweky | SCLK “L” pulse width 100 ns
trcK) SCLK rise time 20 ns
trer) SCLK fall time 20 ns
tac-Q) SDA output delay time 0 90| ns
thc-Q) SDA output hold time 0 ns
thic-E) SDA output hold time (only the 8th bit) 120 (Note 3)|200 (Note 4)| NS
tsup-0) SDA input setup time 30 ns
thic-p) SDA input hold time 90 ns
Notes 1: When f(Xin) = 25 MHz or less, calculate the minimum value as the following formula 1.
Formula 1 : % 0 10¢
2: When f(Xiw) = 25 MHz or less, calculate the minimum value as the following formula 2.
Formula 2 : % 0 10¢
3: When f(Xi) = 25 MHz or less, calculate the minimum value as the following formula 3.
. .103
Formula 3 : TR 0 10°
4: When f(Xin) = 25 MHz or less, calculate the maximum value as the following formula 4.
Formula 4 : % 0 10°
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19.2 Serial input/output mode

Timing
tcck)
thow_ | | tw(cky) tw(ckH) ]
trck) > 1<
SCLK
th(c-Q)
td(c-Q thc-g) < >
SDA output - oo D-emee-
tsup-c) th(c-p)
SDAINPUt - a o

Test conditions
*Output timing voltage : VoL = 0.8 V, Von =2.0 V
eInput timing voltage : ViL = 0.2 Vcc, ViH = 0.8 Vcc

19-32
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19.2.4 Program algorithm flow chart

START

Vcc =5V

Vpp = VprPH

SDA = SCLK = OE = *H

N

Y

ADDR = FIRST LOCATIO

&/

N

X=0

Y

WRITE PROGRAM
COMMAND

2

Y

WRITE PROGRAM
DATA

Y

DURATION = 10 pus

Y

X=X+1

¥

WRITE PROGRAM-VERI
COMMAND

Y

Y

AYEVYAYAYS

DURATION =6 ps

O\ U UL L

INCREMENT
ADDR

WRITE READ
COMMAND

/

Y

Vpp = VppL

¥

DEVICE
PASSED

ey
o
=
o

o
z

CO16

0016

19.2 Serial input/output mode

VERIFY
BYTE ?

FAIL

DEVICE
FAILED
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19.2 Serial input/output mode

MEMORANDUM
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APPENDIX

Appendix 1. Memory assighment

Appendix 1. Memory assignment

1. During single-chip mode

00000016 SER area
00008016
Internal RAM
2048 bytes
00087F16
Not used
00400016
Internal ROM
48 Kbytes
00FFFF16

M37751M6C-XXXFP

M37751E6C-XXXFP

Type
hame | M37751E6CFS
M37751F6CFP
Fig. 1. Memory assignment during single-chip mode
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APPENDIX

Appendix 1. Memory assignment

2. During memory expansion mode

SFR area
00000016 SFR area
00008016 00000216
Internal RAM . 00000916
area
2048 bytes
00087F16

Bank O1s

00400016
Internal ROM
area
48 Kbytes

Y 00FFFFi6
01000016

Bank 116
% 01FFFF1s
FFO000016

Bank FF1s
\ FFFFFF1s

M37751M6C-XXXFP
Type M37751E6C-XXXFP
name M37751E6CFS
M37751F6CFP

Fig. 2. Memory assignment during memory expansion mode
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Appendix 1. Memory assighment

3. During microprocessor mode

External area

Bank O16
Y 00FFFFe
\ 01000016
Bank 116
% 01FFFF1s
FFO000016
Bank FFis
v FFFFFFi6

Type
name

M37751M6C-XXXFP

M37751E6C-XXXFP

M37751E6CFS

M37751F6CFP

SFR area
N
00000016 SER area
00008016 00000216
External area
Internal RAM 00000916
area
2048 bytes

00087F16

Note: Interrupt vector table is assigned
to addresses FFD616 to FFFFs.
Set a ROM to this area.

Fig. 3. Memory assignment during microprocessor mode
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Appendix 2. Memory assignment in SFR area

Appendix 2. Memory assignment in SFR area

Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid data.
RO : It is possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid data. It is impossible to read the bit state.

[ Nothing is assigned. It is impossible to read the bit state. The written value is ignored.

State immediately after a reset

0:
1:
: Undefined immediately after

?

“0” immediately after
“1” immediately after

areset.

Address Register name

O16
116
216
316
416
516
616
716
816
916
Aie
Bie
Ci6
Die
Eie
Fie
1016
1116
1216
1316
1416
1516
1616
1716
1816
1916
1A16
1B1s6
1C1e
1D1e6
1E16
1F1e

Port PO register
Port P1 register
Port PO direction register
Port P1 direction register
Port P2 register
Port P3 register
Port P2 direction register
Port P3 direction register
Port P4 register
Port P5 register
Port P4 direction register
Port P5 direction register
Port P6 register
Port P7 register
Port P6 direction register
Port P7 direction register
Port P8 register

Port P8 direction register

A-D control register 0
A-D control register 1

a reset.
areset.

. : Always “0” at reading
. : Always undefined at reading

: “0” immediately after a reset. Fix this bit to “0.”

Access characteristics

State immediately after a reset

b7 b0 b7 b0

RW ?

RW ?

RW 0016

RW 0016

RW ?

RW 0016

RW lolofofo

RW ?

RW ?

RW 0016

RW 0016

RW ?

RW ?

RW 0016

RW 0016

RW

7751 Group User’'s Manual
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Appendix 2. Memory assignment in SFR area

Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid data.
RO : ltis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid data. It is impossible to read the bit state.

[ Nothing is assigned. It is impossible to read the bit state. The written value is ignored.

State immediately after a reset

0:“0” immediately after a reset. . - Always “0” at reading
1:“1” immediately after a reset.

2 : Undefined immediately after [2] : Always undefined at reading

N . . . . .
areset. : “0” immediately after a reset. Fix this bit to “0.”
Address Register name Access characteristics State immediately after a reset
b7 b0 b7 b0
2016 A-D register 0 RO
2116 RO
2216 A-D register 1 RO
2316
2416 A-D register 2
2516
2616 A-D register 3
2716
2816 A-D register 4
2916
2A16 A-D register 5
2B16
2C16 A-D register 6
2D1e
2E16 A-D register 7
2F16
3016 UARTO transmit/receive mode register
3116 UARTO baud rate register
3216 UARTO transmit buffer register
3316
3416 UARTO transmit/receive control register O
3516 UARTO transmit/receive control register 1
3616 UARTO receive buffer register
3716
3816 UART1 transmit/receive mode register
3916 UART1 baud rate register
3A6 UART1 transmit buffer register
3B16 g
3C16 UARTL1 transmit/receive control register 0 |R RO RW
3D16 UART1 transmit/receive control register 1
3E1s6 UART1 receive buffer register
3F16
20—6 7751 Group User’'s Manual
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Appendix 2. Memory assignment in SFR area

Access characteristics

RW: : It is possible to read the bit state at reading. The written value becomes valid data.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.

WO : The written value becomes valid data. It is impossible to read the bit state.

[ : Nothing is assigned. It is impossible to read the bit state. The written value is ignored.

State immediately after a reset

0:“0” immediately after a reset. @ - Always “0” at reading

1:“1” immediately after a reset. . .
2 : Undefined immediately after : Always undefined at reading

areset. : “0” immediately after a reset. Fix this bit to “0.”
Address Register name Access characteristics State immediately after a reset
b7 b0 b7 b0
4016 Count start register RW 0016
4116 ?
4216 One-shot start register | | | WO % | 0 | 0 | 0 | 0 | 0
4316 ?
4416 Up-down register WO | RW 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
4516 2
4616 ) ) [ 0 ?
Timer AO register

4716 0 ?
4816 Timer Al register [ L4 2
4916 O ?
4A1g Timer A2 register [ O ?
4B1e 0 ?
4C1e ) ) O ?
4D1s Timer A3 register [ 0 2
4E16 ) ) d0 ?
4F16 Timer A4 register [ 0 2
5016 ) ) [ ] ?
5116 Timer BO register 0 2
5216 i : O ?
5316 Timer B1 register [ - 5
5416 , A [ 0 ?
5516 Timer B2 register 0 2
5616 Timer AO mode register RW 0016
5716 Timer AL mode register RW 0016
5816 Timer A2 mode register RW 0016
5916 Timer A3 mode register RW 0016
5A16 Timer A4 mode register RW 0016
5B16 Timer BO mode register RW | O RW 0/0[?]2]0[0]0]0
5C16 Timer B1 mode register RW [ O RW 0j]0)?[2]0[0]0]0O0
5D16 Timer B2 mode register RW | O RW 0jlo0|?|2]l0]/0]0]O0
5E16 Processor mode register 0 RW woRrw| 0 RW, 0 olofoRN O] o
5F16 Processor mode register 1 RW %\Q@\ 0jojofo0 %\

O The access characteristics at addresses 4616 to 4F16 varies according to Timer A’s operating mode.
(Refer to “Chapter 5. TIMER A.” )

0 The access characteristics at addresses 5016 to 5516 varies according to Timer B’s operating mode.
(Refer to “Chapter 6. TIMER B.” )

O The access characteristics of bit 5 at addresses 5B16 to 5D16 varies according to Timer B’s operating
mode. (Refer to “Chapter 6. TIMER B.” )

O The access characteristics of bit 1 at address 5E16 and its state immediately after a reset vary according
to the voltage level supplied to the CNVss pin. (Refer to section “2.5 Processor modes.” )

7751 Group User’'s Manual 20-7



APPENDIX

Appendix 2. Memory assignment in SFR area

areset.

Address Register name
6016 Watchdog timer register
6116 Watchdog timer frequency select register
6216
6316
6416
6516
6616
6716
6816
6916
6A16
6B16
6C16
6D16
6E16
6F16
7016 A-D conversion interrupt control register
7116 UARTO transmit interrupt control register
7216 UARTO receive interrupt control register
7316 UARTL1 transmit interrupt control register
7416 UART1 receive interrupt control register
7516 Timer AO interrupt control register
7616 Timer Al interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
7A16 Timer BO interrupt control register
7B16 Timer B1 interrupt control register
7C16 Timer B2 interrupt control register
7D16 INTo interrupt control register
7Ez1e INT1 interrupt control register
TF16 INT2 interrupt control register

Notes 1: By writing dummy data to address 6016, a value “FFF16” is set to the watchdog timer. The

Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid data.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid data. It is impossible to read the bit state.

[ : Nothing is assigned. It is impossible to read the bit state. The written value is ignored.

State immediately after a reset

0: “0” immediately after a reset.
1:“1” immediately after a reset.
? : Undefined immediately after

. : Always “0” at reading
. : Always undefined at reading

1 “0” immediately after a reset. Fix this bit to “0.”

Access characteristics

dummy data is not retained anywhere.
2: The value “FFF16” is set tot the watchdog timer. (Refer to “Chapter 9. WATCHDOG TIMER.” )

State immediately after a reset
b7 b0

oOololcojlolololocjlolocololo|o oo |V

OCoPCpooPColclololc|lo|jo|o|o O

OO0 |O |0 |0 |O

el clo}ellcllolellolo} ool el (c} e} e} ()

20-8
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Appendix 3. Control registers

Appendix 3. Control registers

The register structure of each control register assignment in the SFR area are shown on the following pages.
The view of the register structure is described below.

01
b7 b6 b5 b4 b3 b2 bl _bo/
- a | 0| | XXX register (Address XXzs) o2

01

02

03

Undefined

RW
RO

WO

Bit Bit name Functions Qt re%l (RW)
t--4 0 |[.. selectbit (1) 0 RW
I 1 |- select bit 0:. Undefined] WO
1:..
The value {5 “0” &t reading.
----------- 2 |..flag Cl) e \V/ 0 RO
.......... 3 | Fix this bit to “0.” 0 RwW
R 4 | This bit is ignored in ... mode. \ 0 RW
----------- 7 to 5| Nothing is assigned. \ Undefined| —

- N

L.

: Set to “0” or “1” to according to the usage.

: Set to “0” at writing.

: Set to “1” at writing.

: Ignored depending on the specific mode or state. It may be either “0” or “1.”
: Nothing is assigned.

: “0” immediately after a reset.
: “1” immediately after a reset.
: Undefined immediately after a reset.

: It is possible to read the bit state at reading. The written value becomes valid.
. It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written

value may be “0” or “1.”

: The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.

However, when [‘0” is at reading”] is indicated in the “Function” or “Note” column, the bit is always “0" at
reading. (See 04 above.)

. It is impossible to read the bit state. The value is undefined at reading.

However, when [‘0” is at reading”] is indicated in the “Function” or “Note” column, the bit is always “0" at
reading. (See (04 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”
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Port Pi register

b7 b6 b5 b4 b3 b2 bl bo
Port Pi register (i=0to 8)
o+ 5 (Addresses 216, 316, 616, 716, A16, B1s, E16, F16, 1216)
R Bit Bit name Functions Atreset | RW
P4 4 4+ 4 a4 4 Y1 0 | PortPio Data is input/output to/from a pin by | Undefined [ RW
T R R - i reading/writing from/to the corres- _
e 1 Port Pi1 ponding bit. Undefined | RW
R RREED 2 | PortPiz 0:“L” level Undefined | RW
R R 1:“H’ level
P 11 mmmmmmmmmmmsees 3 Port Pi3 Undefined [ RW
LR E L LT 4 Port Pis Undefined | RW
S 5 Port Pis Undefined| RW
S 6 | Port Pis Undefined| RW
 EERRECEEE P EEEEEEE PP 7 Port Pi7 Undefined [ RW
Note: Bits 7 to 4 of the port P3 register cannot be written and are fixed to “0” at reading.

Port Pi direction register

b7 b6 b5 b4 b3 b2 bl bO
Port Pi direction register (i = 0 to 8)

—A— 1111 1 _1 (Addresses 41s, 516, 816, 916, C16, D16, 1016, 1116, 1416)
Vo Bit Bit name Functions Atreset| RW
S 0 | Port Pio direction bit 0 : Input mode 0 RW
T b - (Functions as an input port)
A 1 Port Pi1 direction bit 1: Output mode 0 RW
: : : : : Lo -, 2 Port Pi2 direction bit (FUnCtIOnS asan OUtPUt pOrt) 0 RW
E : : E R T T 3 Port Piz direction bit 0 RW
E RRREEEEEELEEL 4 | Port Pis direction bit 0 RW
R 5 Port Pis direction bit 0 RW
LR L P EEY 6 Port Pis direction bit 0 RW
LR EE T T T PR PP 7 Port Piz direction bit 0 RW

Note: Bits 7 to 4 of the port P3 direction register cannot be written and are fixed to “0” at reading.

20-10
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Appendix 3. Control registers

A-D control register 0

b7 b6 b5 b4 b3 b2 bl bo

010 : AN: selected

""""" 01 1:ANsselected _
I ' 100 : ANa selected Undefined| RW
101:ANs selected
11 0: ANs selected

HE 2 111 :ANr selected (Note 2) Undefined| RW

| | | | | | | | | A-D control register 0 (Address 1Eie)
Bit Bit name Functions Atreset | RW
AR - - o
P T 0 ?\?ﬁ!g%nlnopnuet-zﬁloetcér?(ljtsrepeat 000 : ANo selected Undefined| RW
N modes) (Note 1) 001 : ANz selected

L 3 A-D operation mode select bit 0 00 : One-shot mode

. 0 1: Repeat mode

. 1 0: Single sweep mode
bR LR LR R 4 11 : Repeat sweep mode O/ 0 RW
Repeat sweep mode 1 (Note 3)

IR T TR 5 | Trigger select bit 0 :Internal trigger 0 RW
' 1 : External trigger
e 6 | A-D conversion start bit 0 : Stop A-D conversion 0 RW
1: Start A-D conversion
............................ 7 A-D conversion frequency When A-D conversion frequency 0 RW
(dAD) select bit 0 (¢AD) select bit 1 (bit 4 at address
1Fi6) =“0,”

0 : f2 divided by 4, or fs divided by 4
1: f2 divided by 2, or fs divided by 2

When A-D conversion frequency

(AD) select bit 1 (bit 4 at address
1F6) = “1,”

0:f2orfa
1 : Not selected

Notes 1: These bits are ignored in the single sweep, repeat sweep mode 0, and repeat sweep

mode 1. (They may be either “0” or “1.”)

2: When selecting an external trigger, the AN7 pin cannot be used as an analog input
pin.

3: Use the A-D operation mode select bit 1 (bit 2 at address 1F16) to select either the
repeat sweep mode O or repeat sweep mode 1.

4: Writing to each bit (except bit 6) of the A-D control register 0 must be performed while
the A-D converter halts.
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A-D control register 1

b7 b6 b5 b4 b3 b2 bl bo

A-D control register 1 (Address 1Fie)

Bit Bit name Functions Atreset| RW
. A-D sweep pin select bits e Single sweep mode/Repeat sweep 1 RW
(valid in single sweep, repeat sweep Tlob‘ge 0
r(n’\?gfeo 1a)nd repeat sweep mode 1) 00 : ANo, ANz (2 pins)
0 1: ANoto ANs (4 pins)
1 0: ANo to ANs (6 pins)
11 : ANoto AN~ (8 pins) (Note 2)
-1 1 e Repeat sweep mode 1 (Note 3
bl b(? p ( ) 1 RW
00 : ANo (1 pin)
0 1: ANo, ANz (2 pins)
10: ANo to ANz (3 pins)
11:ANoto ANz (4 pins)
-4 2 A-D operation mode select bit 1 | 0 : Repeat sweep mode 0 0 RW
(Use in repeat sweep mode 0 | 1:Repeat sweep mode 1
and repeat sweep mode 1)
(Note 4)
--4 3 8/10-bit mode select bit 0 : 8-bit mode 0 RW
1 : 10-bit mode
---l 4 A-D conversion frequency Refer to A-D conversion frequency 0 RW
(¢AD) select bit 1 (0.a0) select bit O (bit 7 at address
1Ez16)
7 to 5 | Nothing is assigned. Undefined|  —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or

2:

“1.")
pin.

sweep mode 1.

converter halts.

: Fix this bit to “0” in the one-shot, repeat, and single sweep modes.
: Writing to each bit of the A-D control register 1 must be performed while the A-D

: Analog input pins which are frequently A-D converted are selected in the repeat

When selecting an external trigger, the AN7 pin cannot be used as an analog input

20-12
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A-D regqister i

e 8-bit mode A-D register 0 (Addresses 2116, 2016)
A-D register 1 (Addresses 2316, 2216)

A-D register 2 (Addresses 2516, 2416)

(b15) (b8) A-D register 3 (Addresses 2716, 2616)
b7 b0 b7 50 A-D register 4 (Addresses 2916, 2816)

| | | | | | | | | A-D register 5 (Addresses 2B16, 2A16)

A-D register 6 (Addresses 2D16, 2C16)

A-D register 7 (Addresses 2F16, 2E16)

Bit Functions Atreset| RW

E ________________________ 7 to 0 | Reads an A-D conversion result. Undefined| RO

e e 15 to 8| The value is “0” at reading. 0 RO
e 10-bit mode A-D register 0 (Addresses 2116, 2016)

A-D register 1 (Addresses 2316, 2216)

A-D register 2 (Addresses 2516, 2416)

(b15) (®10) (b8 A-D register 3 (Addresses 2716, 2616)
b7 b2 bo b7 b0 A-D register 4 (Addresses 2916, 2816)
| | | | A-D register 5 (Addresses 2B16, 2A16)
A-D register 6 (Addresses 2D16, 2C16)

A-D register 7 (Addresses 2F16, 2E16)

: Bit Functions Atreset| RW
E .............................. 9to 0 | Reads an A-D conversion result. Undefined| RO
T Y AN 1510 10| The value is “0” at reading. 0 RO
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2

bl bo

UARTI baud rate

b7

UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 381s)

Bit Bit name Functions Atreset | RW
. . b2 b1 b0
0 Serial I/0 mode select bits 000 : Serial /O disabled 0 RW
(P8 functions as a programmable
110 port.)
001 : Clock synchronous serial I/O
mode
1 010 : Not selected 0 RW
011 : Not selected
100 : UART mode
(Transfer data length = 7 bits)
101 : UART mode
2 (Transfer data length = 8 bits) 0 RW
110 : UART mode
(Transfer data length =9 bits)
111 : Notselected
3 | Internal/External clock select bit | O : Internal clock 0 RW
1 : External clock
4 Stop bit length select bit 0 : One stop bit 0 RW
(Valid in UART mode) (Note) 1 : Two stop bits
5 Odd/Even parity select bit 0 : Odd parity 0 RW
(Valid in UART mode when 1 : Even parity
parity enable bit is “1”) (Note)
6 Parity enable bit 0 : Parity disabled 0 RW
(Valid in UART mode) (Note) 1: Parity enabled
7 Sleep select bit 0 : Sleep mode cleared (ignored) 0 RW
(Valid in UART mode) (Note) 1 : Sleep mode selected

register (BRGI)

b0

UARTO baud rate register (Address 3116)
UART1 baud rate register (Address 391s)

Bit

Functions

At reset

RW

7t00

Can be set to “0016” to “FFis.”
Assuming that the set value = n, BRGi
divides the count source frequency by n + 1.

Undefined] WO

Note: Bits 4 to 6 are ignored in the clock synchronous serial /O mode. (They may be either “0”
or “1.”) Additionally, fix bit 7 to “0.”
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Appendix 3. Control registers

UARTI transmit buffer register

(b15) (b8)
b7 b0 b7 bo
— UARTO transmit buffer register (Addresses 3316, 3216)
. . UART1 transmit buffer register (Addresses 3B1s, 3Az16)
E , , Bit Functions Atreset| RW
E b e e 8to 0 | Transmit data is set. Undefined| WO
b e e e e e e e 15 to 9| Nothing is assigned. Undefined| —

UARTI transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3Cis)

(During transmitting)
1 : No data present in transmit register.
(Transmitting completed)

Bit Bit name Functions Atreset| RW
E ' ' ' ' ' boomeee 0 BRG count source select bits b1 b0 0 RW
1 1 1 1 1 ] 1 00:f2/fa

- 01:fie/f32

e T 1 10:fea/ f18 0 RW
- 11:fs12/fi024

T SRARREEE 2 | CTSIRTS select bit 0 : CTS function selected. 0 RW
P 1 : RTS function selected.

P 3 | Transmit register empty flag 0 : Data present in transmit register. 1 RO

S S 6 to 4 | Nothing is assigned. Undefined| —
LSOO S R — 7 | Transfer format select bit 0 : LSB (Least Significant Bit) first 0 RW
(Used in clock synchronous 1: MSB (Most Significant Bit) first

serial I/O mode) (Note)

Note: Fix bit 7 to “0” in the UART mode or when Serial 1/O is ignored.
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UARTI transmit/receive control register 1

b7 b6 bS5 b4 b3 b2 bl bo . . .
| | | | | | | | | UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3Dzs)

Bit Bit name Functions Atreset | RW
[ 0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled
......... 1 Transmit buffer empty flag 0 : Data present in transmit buffer 1 RO
register.

1: No data present in transmit
buffer register.

S 2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled

--------------- 3 Receive complete flag 0: No data present in receive 0 RO
buffer register.
1: Data present in receive buffer

register.
SRR EEEEEE R 4 | Overrun error flag (Note 1) [ 0 : No overrun error 0 RO
! 1 : Overrun error detected
! D CRLEETEE R R 5 Framing error flag (Notes 1, 2) | 0 : No framing error 0 RO
' (Valid in UART mode) 1 : Framing error detected
R bbbt 6 | Parity error flag (Notes 1, 2) | 0 : No parity error 0 RO
E (Valid in UART mode) 1 : Parity error detected
R EEEEEEEEEP P PEEPPR 7 | Error sum flag (Notes 1, 2) [ 0 : No error 0 RO
1: Error detected

(Valid in UART mode)

Notes 1: Bit 4 is cleared to “0” when clearing the receive enable bit to “0.”
Bits 5 and 6 are cleared to “0” when one of the following is performed:
eclearing the receive enable bit to “0.”
ereading the low-order byte of the UARTI receive buffer register (addresses 3616, 3E1s) out.
Bit 7 is cleared to “0” when all of bits 4 to 6 become “0.”
2: Bits 5 to 7 are ignored in the clock synchronous serial /0O mode.

UARTI receive buffer register

(b15) (b8)
b7 b0 b7 bo
— | UARTO receive buffer register (Addresses 3716, 3616)
. . UARTL1 receive buffer register (Addresses 3Fis, 3E16)
E . . Bit Functions Atreset| RW
E R e 8 to 0 | Receive data is read out from here. Undefined| RO
E_ _______________________________________ 15 to 9| Nothing is assigned. 0 —
The value is “0” at reading.
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Appendix 3. Control registers

Count start register

b7 b6 b

b4 b3 b2 bl b0

| | | | | | Count start register (Address 4016)

One-shot start register

b7 b6

......

b5 b4 b3 b2 bl b0

Fmmmmeeee e e e e e ————————

Bit Bit name Functions Atreset| RW
0 Timer AO count start bit 0 : Stop counting 0 RW
1 : Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW
One-shot start register (Address 4216)
Bit Bit name Functions Atreset| RW
0 Timer AO one-shot start bit 1 : Start outputting one-shot pulse 0 \WYe}
(valid when selecting internal
1 Timer A1 one-shot start bit trigger.) 0 \WYe)
2 [ Timer A2 one-shot start bit The value is “0” at reading. 0 WO
3 Timer A3 one-shot start bit 0 e}
4 | Timer A4 one-shot start bit 0 e}
7 to 5 | Nothing is assigned. Undefined| —

7751 Group User’'s Manual
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Appendix 3. Control registers

Up-down register

b7 b6 b5 b4 b3 b2 bl bO

| | l l | | | | | Up-down register (Address 441s)

Femmmm————

Bit Bit name Functions Atreset| RW
0 | Timer AO up-down bit 0 : Down-count 0 RW
1: Up-count
1 Timer Al up-down bit 0 RW

This function is valid when the
2 Timer A2 up-down bit contents of the up-down register is 0 RW
selected as the up-down switching
3 | Timer A3 up-down bit factor. 0 RW
4 Timer A4 up-down bit 0 RW
5 | Timer A2 two-phase pulse signal | 0 : Two-phase pulse signal 0 e}
processing select bit (Note) processing function disabled
1: Two-phase pulse signal
6 Timer A3 two-phase pulse signal processing function enabled 0 WO
processing select bit (Note) {
When not using the two-phase pulse
7 Timer A4 two-phase pulse signal signal processing function, set the bit 0 WO

processing select bit  (Note)

to “0.”
The value is “0” at reading.

Note: Use the LDM or STA instruction when writing to bits 5 to 7.
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Appendix 3. Control registers

Timer Ai register

(b15)
b7

(b8)
b0 b7

Timer AO register (Addresses 4716, 4616)

b0 Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bz1s, 4A1s)

Timer Ai mode register

b7

b6 b5 b4 b3 b2 bl bo

Timer A3 register (Addresses 4Dz, 4C1s)

Timer A4 register (Addresses 4F1e, 4E16)

Bit Functions Atreset | RW
......................... 15 to 0| These bits have different functions according | undefined| RW
to the operating mode.
| | | | | | | | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
Bit Bit name Functions Atreset| RW
0 Operating mode select bits PN 0 RW
00 : Timer mode
0 1: Event counter mode
1 1 0 : One-shot pulse mode 0 RW
11 : Pulse width modulation (PWM) mode
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 0 RW
6 0 RW
% 0 RW

7751 Group User’'s Manual
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Timer Mode
(b15) (b8) Timer AQ register (Addresses 4716, 4616)
b7 bo b7 b0 Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4B1s, 4A16)
Timer A3 register (Addresses 4D1s, 4Cis)
' Timer A4 register (Addresses 4F1s, 4E16)
' Bit Functions Atreset | RW
e e e 15 to 0| These bits can be set to “000016” to “FFFF16.”|Undefined | RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.
b7 b6 b5 b4 b3 b2 bl bo
| | | 0 | | | | 0 | 0 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5At16)
E ; E E E E E E Bit Bit name Functions Atreset | RW
R IR AR - PR
E S 0 Operating mode select bits 0.0 Timer mode 0 RW
B E 0 [ aw
E . E E E R 2 Pulse output function select bit | 0 : No pulse output 0 RW
[ (TAiour pin functions as a programmable
A /0 port.)
A 1 : Pulse output
A (TAiour pin functions as a pulse output
I on)
R T 3 | Gate function select bits D43 _ 0 RW
oo 00 :)] No gate function
oo 01:) (TAin pin functions as a prog-
oo rammable 1/0 port.)
oo 10: Counter counts only while TAin
R MY pin’s input signal is “L" level.
N 3 11: Counter counts only while TAin 0 RW
oL pin’s input signal is “H” level.
R S 5 | Fix this bit to “0” in the timer mode. 0 RW
 EEEEEEEEEEEEEE 6 Count source select bits b7 b6
' 00:f2/fa 0 RW
: 01:fie/fa2
""""""""""""" 7 10:fes/f128 0 RW
11:fs12/f1024
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Event counter mode

(%175) (E? b7 po  Timer AQ register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)
Timer A3 register (Addresses 4D1s, 4C1s)
Timer A4 register (Addresses 4Fis, 4E16)

Bit Functions Atreset| RW

----------------------- 15 to 0| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1
when down-counting, or by FFFFis —n + 1
when up-counting.

When reading, the register indicates the
counter value.

b7 b6 b5 b4 b3 b2 bl bO

| ||j | 0 | | | ol 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
Bit Bit name Functions Atreset| RW
1 <---| 0 |Operating mode select bits 01 - Event counter mode 0 | RW
A S 1 0 RW

---------- 2 | Pulse output function select bit | 0 : No pulse output (TAiour pin functions [ 0 RW
as a programmable 1/0 port.)

1 : Pulse output (TAiour pin functions
as a pulse output pin.)

R 3 | Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
: 1 : Counts at rising edge of external signal
R ELEEE LT 4 Up-down switching factor select | O : Contents of up-down register 0 RW
bit 1: Input signal to TAiour pin
I RALLLEELELELY TR 5 | Fix this bit to “0” in event counter mode. 0 RW
P EEGECEEEE LT 6 | These bits are ignored in event counter mode. 0 RW
.......................... 7 0 RW

O : It may be either “0” or “1.”
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One-shot pulse mode

(b15) (b8)

b7

b0 b7

b0

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16)

b7 b6 b5 b4 b3 b2 bl bo

[of | [a]sfo

Timer A3 register (Addresses 4D1s, 4Cis)

Timer A4 register (Addresses 4F1e, 4E16)

Bit

Functions

At reset

RW

---------------------- 15 to 0| These bits can be set to “000016” to “FFFFis.”
Assuming that the set value = n, the “H” level
width of the one-shot pulse output from the
TAiourt pin is expressed as follows : n

i

Undefined

WO

fi: Frequency of count source (f2 / f4, fie/ faz, fea/ fi28, Or fs12/ fi024)

Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)

Bit Bit name Functions Atreset| RW
0 | Operating mode select bits T8 One-shot pulse mode 0 RW
1 0 RW
2 Fix this bit to “1” in one-shot pulse mode. 0 RW
. . b4 b3
3 Trigger select bits 0 0 :| Writing “1" to one-shot start register 0 RW
01:| (TAin pin functions as a prog-
rammable 1/O port.)
4 1 0 : Falling edge of TAin pin's input signal 0 RW
1 1 : Rising edge of TAin pin’s input signal
5 Fix this bit to “0” in one-shot pulse mode. 0 RW
. b7 b6
6 Count source select bits 00 f2/fa 0 RW
01:fie/fa
7 10: fea/ fizs
0 RW

11: fs12/ fiooa
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Control registers

Pulse width modulation (PWM) mode

<When operating as a 16-bit pulse width modulator>

(b15)

b7

(b8)

b0 b7

b0

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bis, 4A16)

Timer A3 register (Addresses 4D1s, 4C1s6)
Timer A4 register (Addresses 4F16, 4E1s)

Bit

Functions

At reset

RW

15t0 0

These bits can be set to “000016" to “FFFEs.”
Assuming that the set value = n, the “H” level

Undefined] WO

<When operating as an 8-bit pulse width modulator>

width of the PWM pulse output from the

TAiout pin is expressed as follows: fL
I

fi: Frequency of count source (f2 / fa, fi6 / fa2, fea / fizs, or fs12 / fio24)

%5) (Eg) b7 po  Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bi6, 4A16)
. Timer A3 register (Addresses 4D1s, 4C1s)
' : Timer A4 register (Addresses 4F1s, 4E16)
' H Bit Functions Atreset| RW
E b 7 to 0 | These bits can be set to “0016” to “FFus.” Undefined| WO
! Assuming that the set value = m, PWM
! pulse’s period output from the TAiour pin is
; expressed as follows; _(M*D(@-1)
' fi
------------------------------------ 15 to 8| These bits can be set to “0016” to “FE1s.” Undefined| WO
Assuming that the set value = n, the “H" level
width of the PWM pulse output from the
TAiour pin is expressed as follows:
n(m+1)
fi
fi: Frequency of count source (f2 / fa, fie / fa2, fea / f12s, Or fs12 / f1024)
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | 1 | 1 | 1 | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
A Bit Bit name Functions Atreset| RW
R R S ; . b1 b0
A 0 Operating mode select bits 11: PWM mode 0 RW
A 1 o | Rw
i 2 | Fix this bit to *1” in PWM mode. 0 [Rw
T ) ) b4 b3
e 3 | Trigger select bits 00 :] Writing “1” to count start register 0 RW
' o 01:| (TAin pin functions as a pro-
' T grammable 1/O port.)
v R LT ELY 4 1 0 : Falling edge of TAin pin's input signal 0 RW
' ' E 1 1 : Rising edge of TAin pin’s input signal
E E b e 5 16/8-bit PWM mode select bit 0: As a 16-bit pulse width modulator 0 RW
v 1: As an 8-bit pulse width modulator
o] Count lect bit b7 56
: 6 ount source select bits 00 f2/fa 0 RW
: 01:fie/f32
b mmmmmmmmmmememe—emeeeee 7 10:fea/f128 0 RW
11:fs12/ fi024
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Timer Bi register

(b15) (b8)
b7 b0 b7 b0 ) )
Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
: Timer B2 register (Addresses 5516, 5416)
‘ Bit Functions Atreset [ RW
I 15 to 0| These bits have different functions according | Undefined | RW
to the operating mode.
Timer Bi mode register
b7 b6 b5 b4 b3 b2 bl bO
| | | . | | | | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s)
Co A Bit Bit name Functions Atreset| RW
A A : :
A 0 Operating mode select bits 0.0 - Timer mode 0 RW
ooy e 0 1 : Event counter mode
R 1 0 : Pulse period/Pulse width
ooy T 1 measurement mode 0 RW
oo 11 : Not selected
E E Voo e 2 These bits have different functions according to the operating mode. 0 RW
T S — 3 0 |RW
E E E e 4 Nothing is assigned. Undefined| —
E E I 5 | These bits have different functions according to the operating mode. Undefined (NR? )
G ote
B ELEEELEEEEEEEEEED 6 0 | Rw
Sy 7 0 RW

Note: Bit5 is ignored in the timer and event counter modes; its value is undefined at reading.
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Timer mode

(b15) (b8)
b7 b0 b7

Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

Bit Functions Atreset| RW

....................... 15 to 0| These bits can be set to “000016” to “FFFFus.”| Undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.

b7 b6 bS5 b4 b3 b2 bl bo

| | | 0 O |[] | 0 | 0 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 t0 5D1s)
Bit Bit name Functions Atreset| RW
A : - oo
P 0 Operating mode select bits 00 - Timer mode 0 RW
B E o [rw
et 2 These bits are ignored in timer mode. 0 RW
oo b 3 0 RW
S 4 | Nothing is assigned. Undefined|  —
E : e R EEEEEPPEEEE 5 | This bit is ignored in timer mode. Undefined| —
E N 6 | Count source select bits b7 b6 0 RW
. 00:f2/fa
' 01: fie /fa2
B EEEC LR 7 10 : fea /[f12s 0 RW

11 : fs12 ffi02a

O : it may be either “0” or “1.”
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Event counter mode

(b15) (b8)
b7 b0 b7 b0 . .
Timer BO register (Addresses 5116, 5016)
Timer B1 register (Addresses 5316, 5216)
: Timer B2 register (Addresses 5516, 5416)
E Bit Functions Atreset| RW
R L e e el 15 to 0| These bits can be set to “000016” to “FFFF16.”| undefined| RW
Assuming that the set value = n, the counter
divides the count source frequency by n + 1.
When reading, the register indicates the
counter value.
b7 b6 b5 b4 b3 b2 bl b0
| O |D | O . | | ol 1 | Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s)
E E E E E E E E Bit Bit name Functions Atreset| RW
Eo i ' i E PoLo-- rating m I i b1 bo
P 0 Operating mode select bits 0 1 : Event counter mode 0 RW
Poro R 1 0 RW
- : H : R 2 Count polarity select bit b3 b2 0 RW
ooy 00: Count at falling edge of external signal
ooy 01: Count at rising edge of external signal
ooy 10: Counts at both falling and rising edges
Voo oy TTTrmmmmeTT 3 of external signal 0 RW
ooy 11: Not selected
R SREECEEEEEEE 4 | Nothing is assigned. Undefined| —
R 5 | This bit is ignored in event counter mode. Undefined| —
i i 6 | These bits are ignored in event counter mode. 0 RW
R REUEELELEELELELS o6 7 0 RW

0 : It may be either “0” or “1.”
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Pulse period/pulse width measurement mode

(b15)
b7

(b8)

b0 b7

b0

APPENDIX

Appendix 3. Control registers

Timer BO register (Addresses 5116, 5016)

Timer B1 register (Addresses 5316, 5216)

b5 b4 b3 b2

HEEE

[N
o

...................... 15t0 0

Timer B2 register (Addresses 5516, 5416)

Bit

Functions

At reset

RW

The measurement result of pulse period or
pulse width is read out.

Undefined

RO

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi16 to 5D1s)

Bit

Bit name

Functions

At reset

RW

Operating mode select bits

bl b0
1 0 : Pulse period/Pulse width

measurement mode

0

RW

0

RW

Measurement mode select bits

b3 b2
0 0 : Pulse period measurement
(Interval between falling edges
of measurement pulse)

Pulse period measurement
(Interval between rising edges
of measurement pulse)

Pulse width measurement
(Interval from a falling edge to a rising
edge, and from a rising edge to a
falling edge of measurement pulse)
11 : Not selected

01:

10:

RW

RW

Nothing is assigned.

Undefined

Timer Bi overflow flag
(Note)

0 : No overflow
1: Overflowed

Undefined

RO

Count source select bits

b7 b6
00:f2/fa
01:fie/fs2
10: fea / fizs
11 :fs12/ fiooa

RW

RW

Note: The timer Bi overflow flag is cleared to “0” by writing to the timer Bi mode register with the
count start bit = “1". The timer Bi overflow flag cannot be set to “1” by software.
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Processor mode register O

b5 b4

b0

| | Processor mode register O (Address 5E16)

fmmmm—————

Bit Bit name Functions Atreset [ RW
de bi bl b0
0 Processor mode bits 00 : Single-chip mode 0 RW
0 1: Memory expansion mode
1 1 0 : Microprocessor mode 0 RW
11: Not selected (Note 1)
2 Fix this bit to “0.” 0 RW
3 Software reset bit The microcomputer is reset by 0 wo
writing “1” to this bit. The value is
“0” at reading.
4 Interrupt priority detection time | 2504 0 RW
select bits 00:7cyclesof ¢
01:4cycles of 0
5 10:2cyclesof 0 0 RW
11 : Not selected
6 Fix this bit to “0.” 0 RW
7 | Clock o1 output select bit 0 : Clock ¢1 output disabled 0 RW
(Note 2) (P42 functions as a programmable
1/O port.)
1: Clock ¢z output enabled
(P42 functions as a clock ¢1 out-
put pin.)
Notes 1: While supplying the Vcc level to the CNVss pin, this bit becomes “1.” (Fixed to “1.”)
2: This bit is ignored in the microprocessor mode. (It may be either “0” or “1.”)
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Processor mode register

b7 b6

Lo]

b5 b4 b3 b2 bl bo

1

| | | | |0 |0 | Processor mode register 1 (Address 5Fis)

Bit Bit name Functions Atreset | RW
1,0 | Fix these bits to “0.” 0 RW
Clock source for peripheral 0: ¢ divided by 2
2 devices select bit (Note) 1:¢ 0 RW
CPU running speed select bit 0 : High-speed running
3 (Note) 1: Low-speed running 0 RW
4 Bus cycle select bits In high-speed running 0 RW
b5 b4
0 0: 50 access in high-speed running
0 1 : 49 access in high-speed running
1 0: 3¢ access in high-speed running
11: Not selected
5 In low-speed running 0 RW
b5 b4
0 0 : Not selected
0 1: 46 access in low-speed running
1 0 : 3¢ access in low-speed running
11 : 20 access in low-speed running
7,6 | Fix these bits to “0.” 0 RW

Note: Fix this bit to “0” when f(Xin) > 25 MHz.
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Watchdog timer register

b7 b0

— Watchdog timer register (Address 6016)

Watchdog timer frequency select register

b7 b6 bS5 b4 b3 b2 bl b0

___________________________

Bit Functions Atreset [ RW
7to 0 | Initializes the watchdog timer. Undefined| —
When a dummy data is written to this register, the watchdog
timer’s value is initialized to “FFFi6.” (Dummy data: 0016 to FFaie)
Watchdog timer frequency select register (Address 6116)
Bit Bit name Functions Atreset| RW
Watchdog timer frequency select| 0 : Wis12 / Wf1024
O g aaency 1 Wfs2 / Whea 0 | RW
7 to 1 | Nothing is assigned. Undefined] —
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Interrupt control register

b7 b6 b5 b4 b3 b2 bl b0
A-D conversion, UARTO and 1 transmit, UARTO and 1 receive, timers AO to A4, timers BO to B2
interrupt control registers (Addresses 7016 to 7C16)

E . . . . . . Bit Bit name Functions Atreset | RW
R Interrupt priority level select bits | 525150 .

- 0 Pt priorty 000 : Level 0 (Interrupt disabled) 0 RW
A 001:Levell Low level

e 010:Level 2

ettt 1 011:Level3 0 RW
I 100: Level 4

A 101:Level5

I 110:Level6

[ 2 111:Level7 High level 0 RW
E e L EEr 3 | Interrupt request bit 0 : No interrupt request 0 RW
. 1 : Interrupt request (Note)
L CET PEEEPEEFEEEEREEEE 7 to 4 | Nothing is assigned. Undefined| —

Note: The A-D conversion interrupt request bit becomes undefined after reset.

b7 b6 b5 b4 b3 b2 bl bo

“H” level for level sense and at
falling edge for edge sense.
1: Set the interrupt request bit at
“L” level for level sense and at

rising edge for edge sense.

EE L e T L 5 Level sense/Edge sense select bit 0 : Edge sense 0 RW
1: Level sense

| | | INTo to INT2 interrupt control registers (Addresses 7Dis to 7F16)
Bit Bit name Functions Atreset| RW
' . . H : : : :_ _____ | iority | | | i b2 b1 b0 )
N 0 nterrupt QETINYgY™ select bits 00 0: Level 0 (Interrupt disabled) 0 RW
e 001:Levell Low level
T 010:Level 2
R et 1 011:Level3 0 RW
A 100:Level 4
I 101:Level5
A 110:Level 6
A 4 . 111:Level7  Highlevel 0 | RW
E T oL T 3 Interrupt request bit (Note) 0 : No interrupt request 0 RW
o 1 : Interrupt request
E ' ' bt 4 Polarity select bit 0 : Set the interrupt request bit at 0 RW

____________________________ 7, 6 | Nothing is assigned. Undefined

Note: The INTo to INT2 interrupt request bits are invalid when selecting the level sense.

7751 Group User's Manual 20-31



APPENDIX

Appendix 4. Package outlines

Appendix 4. Package outlines

80P6N-A Plastic 80pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight (g) Lead Material
QFP80-P-1420-0.80 — 1.58 Alloy 42 Mp
Scale : @L | []l]_._t,-_[]
) HD == ' =
D &= =
® ® S S
EEEREEEEEREERLE - 5 ﬁ ﬁ £
°Ho QE@ 5 #‘a =
= = = e | 0020
= =3 =
s == g Recommended Mount Pad
oy — —
== Eo w| = Dimension in Millimeters
= == = Symbol ey Nom Max
= = = A — - 3.05
= = = Al 0 0.1 0.2
= = = A - 2.8 —
= O =5 = b 0.3 035 | 045
@ = =N = c 0.13 2.15 13;
LEEEELLEELEELED _ TR
@ @ A — : —
(e] 0.8
Ly Ho | 165 16.8 17.1
_ He | 225 22.8 23.1
L 0.4 06 0.8
2 Lt — 14 —
------- BN 4 B
F J -
G H b = RN e | 05 -
Detail F I2 1.3 — —
Ay | — Mo | - | 146 B
ME - 20.6 —
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80DO0 Glass seal 80pin QFN
EIAJ Package Code JEDEC Ccde Weight (g)
Scale :
21.0+02 3.32MAX 18.4+0.15
1.78TYP

0.8TYP ||
12.040.15

15.6%0.2

1.2TYP

) atve €L

\ INDEX

o.5Tvp ||
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Appendix 5. Example for processing unused pins

Table 1 Example for processing unused pins in single-chip mode

Pin name Example of processing
Ports PO to P8 Set for input mode and connect these pins to Vcc or
Vss via a resistor; or set for output mode and leave
these pins open. (Note 1)

E Leave it open.

Xout (Note 2)

AVcc Connect this pin to Vcc.
AVss, Vrer, BYTE Connect these pins to Vss.

Notes 1: When setting these ports to the output mode and leave them open, they remain set to the input
mode until they are switched to the output mode by software after reset. While ports remain set
to the input mode, consequently, voltage levels of pins are unstable, and a power source current
can increase.

The contents of the direction register can be changed by noise or a program runaway generated

by noise. To improve its reliability, we recommend to periodically set the contents of the direction

register by software.

When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).
2: This applies when a clock externally generated is input to the X pin.
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Table 2 Example for processing unused pins in memory expansion mode or microprocessor mode

Pin name Example of processing

Ports P42 to P4+, P5 to P8 Set for input mode and connect these pins to Vcc or

Vss via a resistor; or set for output mode and leave
these pins open. (Note 1)

BHE (Note 2) Leave them open. (Note 4)

ALE (Note 3)

HLDA, @

Xout (Note 5) Leave it open.

HOLD, RDY Connect these pins to Vcc via a resistor (pull-up).
AVcc Connect this pin to Vcc.

AVss, Vrer Connect these pins to Vss.

Notes 1: When setting these ports to the output mode and leave them open, they remain set to the input

w

mode until they are switched to the output mode by software after reset. While ports remain set
to the input mode, consequently, voltage levels of pins are unstable, and a power source current
can increase.

The contents of the direction register can be changed by noise or a program runaway generated
by noise. To improve its reliability, we recommend to periodically set the contents of the direction
register by software.

When processing unused pins, use the possible shortest wiring (within 20 mm from the microcomputer).

. This applies when “H” level is input to the BYTE pin.
. This applies when “H” level is input to the BYTE pin and the access space is 64 Kbytes.
: When supplying Vss level to the CNVss pin, these pins remain set to the input mode until they

are switched to the output mode by software after reset (until the pin function is switched in the
case of the @ pin in the memory expansion mode). While pins remain set to the input mode,
consequently, voltage levels of pins are unstable, and a power source current can increase.

: This applies when a clock externally generated is input to the Xin pin.
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e When setting ports for input mode

TGL/LEIN

PO-P8

Xout |—

AVcc

AVss
VRrer
BYTE

NV

Left open

Vee

T

In single-chip mode

777~ Vss

e \When setting ports for output mode

TSLLEN

PO-P8

Xout

AVcc

AVss
VRer
BYTE

— Left open

Left open

Vee

)

In single-chip mode

777~ Vss

P4>-P4;, P5-P8

BHE
ALE

HLDA
01

Xout

TGLLEIN

HOLD
RDY
AVcc

AVss
VRer

Left open
—— Left open

Vce

777~ Vss

In memory expansion mode
In microprocessor mode

P4,—P47, P5-P8

BHE
ALE
HLDA

01

Xout

TGL/LEIN

HOLD
RDY
AVcc

AVss
Vrer

—— Left open

Left open
—— Left open

Vce

777~ Vss

In memory expansion mode
and microprocessor mode

Fig. 4. Example for processing unused pins
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Appendix 6. Hexadecimal instruction code table

7751 SERIES INSTRUCTION CODE TABLE-1

D3-Do| 0000 | 0001 | 0010 { 00t1 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7-Ds notation| O 1 2 3 4 5 6 7 8 9 A B Cc D E F

ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA

0000 0 BRK PHP PHD
A.(DIR.X) ASR | DIRb { ADIR| DIR [AL(DIR) AIMM A ABSb | ALABS| ABS | AABL
ORA | ORA | ORA | CLB | ORA | ASL | ORA ORA | DEC CLB | ORA | ASL | ORA

0001 1 BPL CLC TAS
A,(DIR),Y| A(DIR) |A(SR).Y| DIRb |ADIRX | DIR,X |ALDIR).Y AABSY| A ABS,b |AABSX| ABS X A ABLX
JSR | AND | JSR | AND | BBS | AND | ROL | AND AND | ROL BBS | AND | ROL | AND

0010 2 PLP PLD
ABS |A(DIRX)| ABL | ASR |DIRbR | ADIR | DIR |AL(DIR) A IMM A ABSbR| A,ABS | ABS |AABL
AND | AND | AND | BBC | AND ROL | AND AND INC 8BC AND ROL | AND

0011 3 BMI SEC TSA
A,(DIR).Y| A,(DIR) |A,(SR),Y|DIRbR [ADIRX | DIRX [ALDIR.Y AABSY| A ABSbR|AABSX| ABS,X |AABLX
EOR EOR EOR | LSR | EOR EOR | LSR JMP [ EOR | LSR | EOR

0100 4 RTI Note 1 MVP PHA PHG
A.(DIR,X) ASR ADIR | DIR |ALDIR) AIMM A ABS [AABS| ABS | AABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR

0101 5 BvVC MVN cul PHY | TAD
A.(DIR),Y| A,(DIR) |A(SR).Y ADIRX | DIR,X |AL(DIR).Y AABSY ABL [AABSX|ABS X |AABLX
ADC ADC | LDM | ADC | ROR | ADC ADC | ROR JMP | ADC | ROR | ADC

0110 6 RTS PER PLA RTL
A(DIR,X) ASR | DIR |ADIR| DIR |AL(DIR) A IMM A (ABS) | ALABS | ABS | AABL
ADC | ADC | ADC | LDM | ADC | ROR | ADC ADC JMP | ADC | ROR | ADC

o111 7 BVS SEI PLY | TDA
A.(DiR),Y| A,(DIR) |A(SR).Y| DIRX |ADIRX | DIRX JALDIR)Y AABS.Y (ABS,X) | A,ABS,X | ABS X | AABL.X
BRA | STA | BRA | STA | STY | STA | STX | STA STY | STA | STX | STA

1000 8 DEY |Note2| TXA | PHT
REL (A(DIRX) REL | ASR | DIR | ADIR| DIR |AL(DIR) ABS | AABS| ABS | AABL
STA | STA | STA | STY | STA | STX | STA STA LOM | STA | LDM | STA

1001 9 BCC TYA TXS | TXY
A.(DIR),Y| A,(DIR) |A(SR).Y| DIRX |ADIRX | DIR,Y {ALDIR.Y| AABSY ABS |AABSX| ABS X |AABLX
LDY | LDA | DX { LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1010 A TAY TAX | PLT
IMM (A(DIRX) IMM | ASR | DIR | ADIR | DIR |AL(DIR) A,IMM ABS | AABS| ABS | AABL
LDA | LDA | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1011 B BCS CLv TSX | TyX
A.(DIR).Y| A,(DIR) |A(SR).Y| DIR,X |ADIRX | DIRY |ALDIR).Y AABSY ABS,X |AABS X| ABS,Y | AABLX
CPY | CMP | CLP | CMP | CPY | CMP | DEC | CMP CMP CPY | CMP | DEC | CMP

1100 [o] INY DEX | wWIT
IMM (A(DIRX) IMM | ASR | DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | AABL
CMP | CMP | CMP CMP | DEC | CMP CMP JMP | CMP | DEC | CMP

1101 D BNE PEI CLM PHX | STP
A.(DIR),Y| A,(DIR) |A(SR)Y ADIRX | DIR,X |ALDIR).Y AABSY L(ABS) | AABS X | ABS X | A ABLX
CPX | SBC | SEP | SBC | CPX | SBC INC | SBC SBC CPX | SBC | INC SBC

1110 E INX NOP | PSH
IMM [A(DIRX)| IMM | ASR | DIR | ADIR| DIR [AL(DIR) A,IMM ABS | AABS| ABS | AABL
SBC | SBC | sBC SBC INC | SBC | SBC JSR | SBC | INC SBC

1M1 F BEQ PEA SEM ‘ PLX | PUL
A.(DIR),Y| A,(DIR) [A(SR)Y ADIRX [ DIR,X |ALDIR).Y |AABSY (ABS,X) | A,ABS X | ABS X |AABLX

Notes 1. 4216 specifies the contents of the INSTRUCTION CODE TABLE-2. About the second word's codes, refer to the INSTRUCTION
CODE TABLE-2.

2. 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. About the second word’'s codes, refer to the INSTRUCTION
CODE TABLE-3.
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7751 SERIES INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42 16.)

D3-Do| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7-D4 notation| © 1 2 3 4 5 6 7 8 9 A B (o] D € F
0 ORA ORA ORA ORA | ASR | ORA | ASL ORA ORA
B,(DIR.X) B,SR B,DIR B,L(DIR) B |B,IMM B B,ABS B,ABL
ORA | ORA | ORA ORA ORA ORA | DEC ORA ORA
0001 1 TBS
B,(DIR).Y| B,(DIR) [B(SR).Y B,DIRX B.LIDIR).Y BABSY| B B,ABS,X B,ABL X
AND AND AND AND AND | ROL AND AND
0010 2
B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL
AND | AND | AND AND AND AND | INC AND AND
0011 3 TSB
B,(DIR),Y| B,(DIR) B.(SR).Y B,DIR X B.LIDIR).Y BABSY| B B,ABS X B,ABLX
EOR EOR EOR EOR EOR | LSR EOR EOR
0100 4 PHB
B,(DIR.X) B,SR B,DIR B,L(DIR) B.IMM B B,ABS B,ABL
EOR | EOR | EOR EOR EOR EOR EOR EOR
0101 5 TBD
B,(DIR),Y| B,(DIR) {B,(SR),Y B,DIR X B.L(DIR).Y| B.ABS,Y B,ABS X B,ABL.X
ADC ADC ADC ADC ADC | ROR ADC ADC
0110 6 PLB
B,(DIR.X) B,SR B,DIR B.L{DIR} B.IMM B B,ABS B,ABL
ADC | ADC | ADC ADC ADC ADC ADC ADC
011 7 TDB
B,(DIR),Y| B,(DIR) |B,(SR).Y B,DIR.X B.L(DIR),Y| B.ABS,Y B,ABS X B.ABLX
STA STA STA STA EXTS STA STA
1000 8 TXB
B,(DIR,X) B,SR B,DIR B.L(DIR) B B,ABS B.ABL
STA | STA | STA STA STA STA STA STA
1001 9 TYB
B.(DIR),Y| B,(DIR) |B,(SR).Y B.DIRX B.L{OIR).Y BABSY B,ABS,X B,ABL X
LDA LDA LDA LDA LDA EXTZ LDA LDA
1010 A TBY TBX
B,(DIR,X) B,SR B.DIR BL(DIR) B,IMM B B,ABS B,ABL
LDA | LDA | LDA LDA LDA LDA LDA LDA
1011 B
8,(DIR),Y| 8,(DIR) |B,(SR).Y B,DIR X BLDIR).Y B,ABSY B,ABS X B,ABL X
CMP CMP CMP CMP CMP CMP CMP
1100 C
B.(DIR.X) B,SR B,DIR B.L{DIR) B,IMM B,ABS B.ABL
CMP | CMP | CMP CMP CMP CMP CMP CMP
1101 D
B,(DIR),Y| B,(DIR) {B,(SR),Y B,DIRX B.L(DIR).Y| BABSY B,ABS X B.ABL X
SBC SBC SBC SBC SBC SBC SBC
1110 E
B.(DIR.X) B,SR B,DIR B.L(DIR) B.IMM B.ABS B,ABL
SBC | SBC | SBC SBC SBC SBC SBC S8c
1M1 F
B,(DIR).Y| B,(DIR) |B,(SR).Y B,DIR X B.L{OIR).Y| BABS)Y B,ABS X B.ABL.X
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APPENDIX

Appendix 6. Hexadecimal instruction code table

D3-Do| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 { 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7-Da notation|] O 1 2 3 4 5 6 7 8 9 A B8 c D E F
MPY MPY MPY | ASR | MPY | ASR | MPY MPY | ASR | MPY
0000 0
(DIR,X) SR DIR | DIR [LDIR)|] A | IMM ABS | ABS | ABL
MPY | MPY | MPY MPY | ASR | MPY MPY MPY | ASR | MPY
0001 1
(DIR).Y| (DIR) [(SR).Y DIR X | DIRX |L(DIR).Y ABS,Y ABS X | ABS X { ABL.X
DIV DIV DIV DIV oIV DIV DIV
0010 2 XAB
(DIR.X) SR DIR L(DIR) IMM ABS ABL
DIV | DIV | DIV DIV DIV DIV DIV DIV
0011 3
(DIR),Y{ (DIR) {(SR).Y DIR X L(DIR).Y ABS,Y ABS,X ABL,X
RLA
0100 4
IMM
0101 5
0110 6
o111 7
MPYS MPYS MPYS MPYS MPYS EXTS MPYS MPYS
1000 8
(DIR,X) SR DIR L(DIR) MM A ABS ABL
MPYS | MPYS | MPYS MPYS MPYS MPYS MPYS MPYS
1001 9
(DIR),Y| (DIR) |(SR).Y DIR X L(DIR).Y ABSY ABS,X ABL X
DIVS DIVS DIVS DIVS DIVS EXTZ DIVS DIVS
1010 A
(DIR,X) SR DIR L(DIR) IMM A ABS ABL
DIVS | DIVS | DIVS DIVS DIVS DIVS DIVS DIVS
1011 8
(DIR),Y| (DIR) |(SR).Y DIR X L(OIR).Y ABSY ABS.X ABL X
LDT
1100 c
IMM
1101 D
RMPA
1110 E Stpbedg
tion
111 F
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7751 SERIES MACHINE INSTRUCTIONS

Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIR,Y | (DIR) |(DIR.X}| (DIR),Y| L(DIR)

op(n | #op|n[#|op{n|#fopln|#fopin|#|op|n]|#]op[n|#]op|n|#}opin|#]op|ni#]op|n|#

ADC ACC, C—AcCc+M+C Adds the carry, the accumulator 69[2 |2 6542 7552 7216 (2617 2|71 8(2]67|8|2
(Note 1,2) and the memory contents. The re-
sult is entered into the accumula- ™ 1 i — H . H
tor. When the D flag is “0”, binary 4 6 § 8 9 8
additions is done, and when the D

flag is “1”, decimal addition is 2243 2|63 Q7|3 42/8 31429 3]42/10| 3]4210{ 3
done. 69 6 75 7 1 n #7

AND ACCeACCAM Obtains the logical product of the 29( 2
(Note 1,2) contents of the accumulator and
the contents of the memory. The . . 1 — . — .
result is entered into the accumula- 9
tor.

251412 35(2 Ri6j2|217]2)311812]2718]2

~

ASL m=0 Shifts the accumulator or the 0A|2 (1]06}7 |2 1672
(Note 1) Cle 0 memory contents one bit to the left.
“0" is entered into bit 0 of the accu- o) ] —

me1 mulator or the memory. The con-
_ tents of bit 15 (bit 7 when the m

[C] «[o7] ool - 0 flag is “17) of the accumulator or 2

memory before shift is entered into DA
the C flag. -

IS
~

ASR m=0 Shifts the accumulator or the 89| 4
(Note 1) S[C memory contents one bit to the 08 06 16|

(IEREY right. The bit 0 of the accumulator 1 — —
or memory is entered into the C
m=1 flag. The contents of bit 15 (bit 7

~
[
©
w
2
7-3
w

br[-ba —[C] when the m flag is “1”) of the accu- 42la |2

mulator or memory before shift is 08
entered into bit 15 (bit 7). -

BBC Mb=0? Tests the specified bit of the
(Note 4) memory. Branches when all the
contents of the specified bit is “0”.

BBS Mb=1? Tests the specified bit of the
(Note 4) memory. Branches when all the
contents of the specified bit is “1".

BCC C=0? Branches when the contents of the
Cflagis “0".

BCS C=1? Branches when the contents of the
Cflagis “1".

BEQ Z=1? Branches when the contents of the
Z flag is “1".

BMI N=1? Branches when the contents of the
N flag is “1".

BNE Z=0? Branches when the contents of the
Z flagis “0".

BPL N=0? Branches when the contents of the
) N flag is “0".
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Addressing mode Processor status register
Lo Y| ABS [ABSb|ABSX|ABS,Y| ABL | ABLX | (ABS) [LaBS)|ABS.X)| STK | REL |DIRp,R|ABSHR| SR [(SR)Y| BLK r;'gﬂ"?gmlgls 7|6(5|4(3]|2|1|0
op|n | #|op|n|#fop|n|#jopinl#|op|n|#]op[n|#fop|n|#fopjn|#fop|nf#lopn|#fopn|#op{n|#fopn|#Jopn|#fjopn|#logn| #lopn|#jogn|#] IPL |N|V|m|x|D|I|Z|C
77|10] 2 (60] 4 | 3 06| 3|796|3[6F|6| 4|7 7|4 63/5]2]7[8]2 Sle | <INfV[ <]+ -] <1Z]C] -
n 4 7 7 7 9 6 9
4[12| 3426 | 4 428|442l 8| 4[42|8[5]429|5 42| 7] 3]42{10] 3
7 60 L) 79 oF * 63 73
13 6 9 9 ?‘ n 8 1
3710| 2 |20|4 | 3 30/6| 3396 3]F|6| 4374 23)5(2]%8] 2 sl f N e o] o] ]2 .
—e +— —t 1 1 — — —
n 4 7 7 7 9 6 9
4[12| 3142 6| 4 42|18 4la2l 8] 4f42|8]5]429]5 42 7| 3]4a2|10] 3
37 0 kY 3 o ¥ PR kX
13 6 9 9 9 1 8 1
0E[ 73 1E[8]3 ] cle[sINfe o]0 ¢ |2]e
8 9
8994 89|10/ 4 N z|C
0€ 1€
10 "
| 7(4]%[8]5 .
8 9
2 7(4a]l8]5
(I
8 9
04]2
4
80|42
]
FO[ 4] 2
n
T
(4|2 P.
n
00|42
4]
10042 . ;
| i |
| 4 | J
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Addressing mode
Symbol Function Details IMP | IMM | A DIR | DIRb | DIRX | DIR,Y| (DIR) | (DIR,X){ (DIR),Y{ L(DIR)
op|n | #fop|n op{n i #jop(n op|n{#op[n|#]opin|#|op|n|#|op(n|#]op(n|#]opin|#
BRA PC«PC+offset Jumps to the address indicated by
(Note 3) PG—PG+1 the program counter plus the offset
(carry occurred) value.
PG—PG-1
(borrow occurred)
BRK PCe-PC+2 Executes software interruption. 00{15( 2
M(S)—PG
SeS-1
M(S)—PCH
SeS-1
M(S)—PCL
SeS-1
M(S)«-PSH —
SeS-1 15
M(S)«<PSL
SeS-1
le-1
PCL~ADL
PCH«-ADM
PG«0016
BVC V=0? Branches when the contents of the
V flag is “0".
BVS V=1? Branches when the contents of the
V flag is “1".
CLB Mbe-0 Makes the contents of the speci- 14]8 |3
(Note 4) fied bit in the memory “0". 9]
CLC G0 Makes the contents of the C flag |18]2 | 1
g, n
CLI l0 Makes the contents of the | flag |58|2 | 1
"0". T
CwM m 0 Makes the contents of the m flag |D§2 |
uou. ’?
CLP PSbe-0 Specifies the bit position in the pro- 2| 4
cessor status register by the bit
pattern of the second byte in the 4|
instruction, and sets “0” in that bit.
CLv V0 Makes the contents of the V flag [8§|2 |1
uon_ ’2—‘
‘CMP Acc-M Compares the contents of the ac- 09| 2 5[ 4 D5( 5 |2 D216 |2 §C1j7 |2|D1|8 |2 C7|8 |2
(Note 1,2) cumulator with the contents of the ] n 6 | (6] T 9] 5]
memory. 12 2|6 273 128 (3 J42[9 |3 [e210] 3 [azf10]3
—q — —e — — —
C9 4 C5) 6 DSI? 02 8 C1 0 D1 " C7 0
CPX X-M Compares the contents of the in- E0| 2 E4| 4
(Note 11) dex register X with the contents of — —
the memory. 2 4
CPY Y-M Compares the contents of the in- 00| 2 4| 4
(Note 11) dex register Y with the contents of — —
the memory. 2 4
DEC AcceAcc-1 Decrements the contents of the ac- 1Al2 |1 |ce[ 7 D6{7 |2
{Note 11) or cumulator or memory by 1. 1 n gl
Me-M-1
4|4
Lipy
DEX XeX-1 Decrements the contents of the in- [CA|2 | 1
dex register X by 1. n
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Addressing mode Processor status register

Lom.y| aBs [assb]aesx[ass | asL [asLx]aes) [LaBs)|ass x| stk | rev [ompr]aeser] sk [ismy| Bk [Husiedkdo[s]7]6|s]4]3]2[1]0

op|n | # fop|n | #op|n |#]op|n|#]op|n |#]op|n|#]op{n|#]op|n|#fop[n|#]op|n{#]Jop{n|#]|op|n |#]op|n |#] op|n |#]Jop|n|#fop(n|#]opin|#|op[n|#] IPL [N|V|mix|D|I|Z|C
80(3|2
3]
833
B

by
blb&b
~

70[4(2 . BB NE
16)914 . .
1
. ofe . )
oo |o] . ol-
. 1o O] ofefo
* |+ |+ | Specified flag be-
comes “0".
oo 1ol .
07/10{ 2 |CD| 4 |3 DD| 6 3|09|63|CFl6|4|DF74 C3[5)2|03 8,2 Njel<]e|-]Z{C
i | [4] 71| |7 7 9 5 9
4212| 3 |42(6 | 4 42|1814]42(8|4]42/8|5(4219}5 42/ 7] 342/10( 3
D7]_3 CD6 009 091? ()Fg DFH C38 DS1
EC{4 |3 - | +IN -1 Z|C
i
4
CCl4 |3 . <IN -1 Z|C
n
ce| 73 DEI8 |3 T TN T 120
8 9
. <IN Z
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Addressing mode

Symbol Function Details imP | MM | A | DR |DIRb|DIRX|DIRY]| (DIR) | DIRX)| (DIR).Y

op(n|#fop/n|#|op|n|#|op|n|#]op|n |4#|op|n|#]op|n|#]op|n|#]Jopin|#]|op|n|#&

DEY YeY-1 Decrements the contents of the in- [88]2 | 1

dex register Y by 1. (2]
DIV A(quotient)«-B, A+M The numeral that places the con- 89)21|3 89123 |3 89124} 3 89|25| 3189|26| 3189j27| 3
(Note 2,9,13) | B(remainder) tents of accumulator B to the 29 25 3 k) 21 3

higher order and the contents of
accumulator A to the iower order is
divided by the contents of the 21 3 2% 2% 27 28
memory. The quotient is entered
into accumulator A and the remain-
der into accumuiator B.

Divs A(quotient)eB, A+M The numeral with sign that places 8912313 89(25| 3 89[261 3 89]27| 3189/28 3189|129 3
(Note 2,9,14) (with sign) | the contents of accumulator B to A9 AS BS| B2 Al B1
B(remainder) the higher order and the contents
of accumuiator A to the lower order
is divided by the contents of the 2| 2] ] 21 e |

memory. The quotient is entered
into accumulator A and the remain-
der into accumulator B.

EOR AcCCeACCYM Logical exclusive sum is obtained 492|2 45142 55512 52(6|2|41(7|2]51|8]2}47/8
(Note 1,2) of the contents of the accumulator ] n ? 5] ? T N
and the contents of the memory.
The result is placed into the accu- igi 3 jgi 3 ggi 3 ggi 3 jfi 3 gfﬁ 320
mulator. 4 6 8 8 10 1 10
EXTS Bit 7 of Acc=1 The signed 8-bit data stored in the 89142
(Note 1) b1s b7 bo low-order byte of the accumulator 8Bl
111 | | s extended to a 16-bit data. 4
Bit 7 of Acc=0 a2[412
b1s b7 bo LBB_
000000000 | 4
EXTZ Acc The 8-bit data stored in the low-or- egli 2
(Note 1) bis bs b7 bo der byte of the accumulator is ex- B,
000000000 | | tendedto a 16-bit data. Bits 810 15 rnE
of the accumulator are set to “0”. rim
4
INC ACCe-ACC+1 Increments the contents of the ac- M2 1|E8 7|2 Fg 712
(Note 1) or cumulator or memory by 1. B N N
McM+1
421412
A
INX XeX+1 Increments the contents of the in- Eei 1
dex register X by 1. 2
INY Ye=Y+1 Increments the contents of the in- [C8[2 | 1
dex register Y by 1. o]
JMP ABS Places a new address into the pro-
PCL—ADL gram counter and jumps to that
PCH«ADM new address.
ABL
PCL«ADL
PCH<—ADM
PG—ADH
(ABS)

PCL«(ADM, ADv)
PCH«—(ADM, ADL+1)

L(ABS)

PCL«(ADM, ADL)
PCH«(ADM, ADL+1)
PG«(ADM, ADL+2)

(ABS, X)
PCL«(ADM, ADL+X)
PCH«(ADM, ADL+X+1)
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Appendix 7. Machine instructions

Addressing mode Processor status register
LDIR.Y| ABS | ABSb|ABS,X|ABS,Y| ABL | ABLX| (ABS) |L(ABS)[(ABSX)| STK | REL |DIRbR[ABSpR| SR |(SR),Y| BLK M“"'R"Sd1()|9[a 7|6|5{4|3|2[1]0
op(n | # Jop|n | #]op|n |#|op|n | #]op|n |#]op|n|#|opjn|#]op(n|#] op|n|#|op[n|#]fop|n|#]op|n|#]op|n |#fop|n|#]op[n|#]opin|#]opin|#fopin|#]| IPL |N|V|m[x|D|I|Z|C
eIN{e|ele|elelZ]-
89[29/ 3 |89|23| 4 891251 4 189|25} 4 |89(25) 5 |89126 5 8924| 3189|127 3 e [*IN[V(«|=]-]+]Z|C
37 20 D 39 2F 3F 23 3
W | [2] 2| | [ | |8 | |8 25 | |9
89(31| 3 |8925| 4 89(27| 4 189|27| 4 |89{27| 5 | 89|28 5 89)26| 3 |89[291 5 e [«IN[Vie|s]-]+|Z|C
B7 AD B0 B9 AF BF| A3 83
2| | [ 2 | (= | (5 | [% ERRE
I57110| 2 |40[ 4 |3 506 (31596 | 3|4F|6 |4 [5F|7 14 43(5]2]53/8]2 «|=INj- Z| -
— —| I | — - — —
1 4 7 7 7 ] 6 ]
42/12(3 |42|6 | 4 42|18 |4 |42(8 |4 ]4218|5(42[9 |5 42|7(13]42/110( 3
I5713 406 SDg 599 4F9 5F11 438 53”
N Z
o] -\ Zf -
EE[7(3 FE[8 |3 TN T T2
8 9
N of- VA
N ol z
4213 50| 4|4 6C|4(3]0C|6(3]7Ci6|3
2] B | 5] | [7]
J
| |
|
|
|
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Appendix 7. Machine instructions

Addressing mode

Symbol Function Details IMP | IMM | A DIR | DIR,b | DIRX | DIR,Y{ (DIR) | (DIR,X)] (DIR),Y | L(DIR)

op|n|#Jop|ni#fop/n|#Jop|n|#opjn|#|op|n #]opjn |#{op[n|#]op|n|4#]opin|#fop|n ¥

JSR ABS Saves the contents of the program
M(S)«PCH counter (also the contents of the
S¢S-1 program bank register for ABL)
M(S)«PCL into the stack, and jumps to the
SeS-1 new address.

PCL—ADL
PCH«—ADM

ABL
M(S)-PG
SeS-1
M(S)PCH
SeS-1
M(S)—PCL
S¢S-1
PCL—ADL
PCH«—ADM
PG«ADH

(ABS, X)

M(S)PCH

SeS-1

M(S)PCL

SeS-1

PCL—(ADM, ADL+X)
PCHe(ADM, ADL+X+1)

LDA AcceM Enters the contents of the memory A9 2|2 A51 4 | 2 B3 5}2 B|6|2M|7|2|B1[8|2]A78 2
(Note 1,2) into the accumulator. B n 6] n N n n
o[4]3 426 |3 273 426 |3 [e2[9 |3 [«2]10] 3 [«2]10[3]
A A5, 6 BSB B2 8 At 0 Bt n A71—U‘
LDM MeIMM Enters the immediate value into 6443 7453
(Note 4) the memory. (5] n
LDT DTIMM Enters the immediate value into 89/5|3
the data bank register. CZ?
LDX XM Enters the contents of the memory R 2|2 As 4|2 8|52
(Note 11) into index register X. 2 4 6
LDY YeM Enters the contents of the memory A0j 212 A4l 42 B4 5)2
(Note 11) into index register Y. 7] n n
LSR m=0 Shifts the contents of the accumu- N2 1146072 5672
(Note 1) 0 - [b1s[- b0 — C lator or the contents of the memory — | —
one bit to the right. The bit 0 of the 2 8 8
m=1 accumulator or the memory is en- a2
0 - [o7[-Too]— C tered into the C flag. “0" is entered
into bit 15 (bit 7 when the m flag is “‘T
“n)
MPY B, AAxM Multiplies the contents of accumu- 8983 89[10| 3 89|11} 3 89[12| 3 89|13 3 [89[14| 3]89/14|3
(Note 2,10) lator A and the contents of the 09 05 1§ 12 01 1 07
memory. The higher order of the L || || L] L || |
result of operation are entered into 8 10 12 12 14 15 14
accumulator B, and the lower order
into accumulator A.
MPYS B, A—AxM (with sign) The content of the accumulator A 8983 89[10( 3 891143 89(12| 3 |89(13| 3 |69{14] 3 |89[14| 3
(Note 2,10) is multiplied by the content of 89 85 9 % 81 91 87
memory as signed data. The result
is a 32-bit data which is placed in — 1 — — — H— H
8 10 12 12 14 15 14

the accumulators B (upper 16 bits
of the result) and A (lower 16 bits
of the result).

MVN M(Y +k)—~M(X+k) Transmits the data block. The
(Note 7) k=0 to i-1 transmission is done from the
lower order address of the block.
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Appendix 7. Machine instructions

Addressing mode Processor status register
L(OIR,Y| ABS |ABS,b|ABS,X|ABS,Y| ABL {ABLX | (ABS) |[L(ABS)|(ABS,X)] STK | REL {DIRb,R|ABSHR| SR |(SR),Y| BLK &‘ﬂ:ﬁ'ﬁfgm{g]e 7(6(5[4(3{2]|1|0
op)n [ # Jop[n |#fop|n|#Jop[n|#]op|n|#]op{n|#]op|n|#]Jopin|#|op|n|#]op|n|#fopjn|#|opjn]|#]op|n|#fop|n|#]|opjn|#}fop[n|#fop|n|#]op|n|&]| IPL |N|V|m|x|D|I|Z|C
20163 22/8 | 4 FC|8| 3
] - -
7 9 9
B7|10( 2 |AD[4| 3 BDI6 | 3B9[613|AF)6|4]BF|7 4 A3|512|B3[8]2 oo INTo o] .1z
| | (4 7 7 7 9 6] | [
4212 3 |42|6 | 4 42(8 | 4 |42[8 | 41428 |5 [42|9 5 42(713 J42[10] 3
B713 AD6 1809 899 AF’_g‘ BF11 A38 33“
oc[5 [ 4 loel6 4 -
6 8
AE|413 BE[6| 3 -N z
4 7
AC|4 |3 BC(6 | 3 <IN z
4 7
473 56/1813 0 -iZ|C
8] B
189|16| 3 89|10 4 89|12| 489|12| 4 |89 12| 5 |89[13] 89[11] 3 89|14 3 JTONT-T-T-T-1- 1210
17 0D 10 19 OF 1F 03] 13
vl | [ | | gl | [13 | [i5 2l | [s]
89|16| 3 [89|10] 4 89|12/ 4 |89112| 4 |89|12{ 5189[13| 5 89}11| 3|89|14| 3 el feINfefe 1]+ 1Z]0
97 8D 90 9 6F| oF 83 93
— t— i — — +—i —q 1
17 10 13 13 13 15 12 15
54513
+
%—x?
5
I*
x 7
-2-II
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Appendix 7. Machine instructions

Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIR,Y | (DIR) }(DIR X)| (DIR).Y| LDIR)
op{n |#]op|n|#]op|n|#fop{n|#fop|n|#]opjn|#Jop(n |#fopin|#]op|n|#|op(n]|#]|op|n |#
MVP M(Y-K)e—M(X—k) Transmits the data block. Trans-
(Note 8) k=0~i-1 mission is done form the higher or-
der address of the data block.
NOP PCe«PC+1 Advances the program counter, [EAI2 |1
but performs nothing else. 21
ORA ACCe—ACCVM Logical sum per bit of the contents 09212 0542 15512 12|16 201|72]11}8]2]07]8 2
(Note 1,2) of the accumulator and the con- N n n n T n n
tents of the memory is obtained.
The result is enteredyinto the accu- 2413 4263 42L3 21813 Azia 2103 4233
mulator. 9% 05 15g 2] (YRl [ [Pfe
PEA M(S)—IMM2 The 3rd and the 2nd bytes of the
SeS-1 instruction are saved into the
M(S)—IMM1 stack, in this order.
SeS-1
PEI M(S)—M((DPR)+IMM+1) | Specifies 2 sequential bytes in the
SeS-1 direct page in the 2nd byte of the
M(S)—M((DPR)+IMM) instruction, and saves the contents
SS-1 into the stack.
PER EAR—PC+IMM2, IMM1 Regards the 2nd and 3rd bytes of
M(S)—EARH the instruction as 16-bit numerals,
Se5-1 adds them to the program counter,
M(S)—EARL and saves the result into the stack.
SeS-1
PHA m=0 Saves the contents of accumulator
M(S)eAH A into the stack.
SeS-1
M(S)—AL
Se-S-1
m=1
M(S)—AL
Se-S-1
PHB m=0 Saves the contents of accumulator
M(S)eBH B into the stack.
SeS-1
M(S)<BL
SeS-1
m=1
M(S)<BL
SeS5-1
PHD M(S)—DPRH Saves the contents of the direct
SeS-1 page register into the stack.
M(S)DPRL
SS-1
PHG M(S)«PG Saves the contents of the program
SeS-1 bank register into the stack.
PHP M(S)—PSH Saves the contents of the program
SeS-t status register into the stack.
M(S)PSL
S«S-1
PHT M(S)DT Saves the contents of the data
Se-S-1 bank register into the stack.
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Appendix 7. Machine instructions

Addressing mode Processor status register

Lomy| aes [assp]assx|assy| asL | asLx| (aBs)|LiaBs)|aBs x| stk | ReL [oiroR|asser] sk [sr)y] BLk [Muteieshglgls|7]6[5]4[3]2]1]0

op|n | # Jop[n | #|opin|#]op|n|#]op[n|#]op[n|#]op[n|#{fop|n|#]op|n|#|op|n|#fop{n|#]|op|n|#]opin|#]|op[n]#]Jop|n|#Jop[n|#fopin|#fopin|#] IPL [NiV|m|x|D]|1|Z|C
441913
i’
7)(7
H
+
%x?
17{10; 2|00 4 | 3 10]6]319(6)3J0F|6(4|1F|7 (4 03]5]2}1318]|2 efe | =INJ=f 11|12
" 4 BERE 7 9 6 9
42{12) 3 |42|6 | 4 42(8 {4 |42/ 814 (42/8|5]42{9|5 4217 | 3 ]42[10) 3
L I s 051 |91 *151 [ I3rgl |9rm
Fal513 elofe|efafa]e]ofs]e]e
7
M4l612 oo o] . ofetefe
]
7
162|513 BB
B
484 |1 efle oo |ofo]e]ofefele

084 |1

4B,

88 3|1
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Appendix 7. Machine instructions

Addressing mode

Symbot Function Details IMP | IMM A DIR | DIRb | DIR,X | DIR,Y | (DIR) |(DIR.X}| (DIR).Y| L(DIR)

op{n!#op{n|#]opin|#]op|n|#]op[n|#]op|n |#]op|n {#]|op{n|#]op|n|#]op|n|#]op|n|#

PHX x=0 Saves the contents of the index
M(S)eXH register X into the stack.

SS-1
M(S)eXL
SeS-1

x=1
M(S)XL
SeS-1

PHY x=0 Saves the contents of the index
M(S)eYH register Y into the stack.

Se-S-1
M(S)YL
SS-1

x=1
M(S)YL
SeS-1

PLA m=0 Restores the contents of the stack
SS+1 on the accumulator A.

AL—M(S)
SeS+1
AH—M(S)

m=1
SeS+1
AL—M(S)

PLB m=0 Restores the contents of the stack
SeS+1 on the accumulator B.

BL—M(S)
SeS+1
BH—M(S)

m=1
SeS+1
BL—M(S)

PLD SeS+1 Restores the contents of the stack
DPRL—M(S) on the direct page register.
SS+1
DPRH—M(S)

PLP SeS+1 Restores the contents of the stack
PSL«M(S) on the processor status register.
SS+1
PSH«M(S)

PLT SeS+1 Restores the contents of the stack
DTM(S) on the data bark register.

PLX x=0 Restores the contents of the stack
SS+1 on the index register X.

XLe—M(S)
SeS+1
XHeM(S)

x=1
S-S+t
XL—M(S)

PLY x=0 Restores the contents of the stack
Se-S+1 on the index register Y.

YLe-M(S)
SS+1
YHM(S)

x=1
SS+1
YL—M(S)
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Appendix 7. Machine instructions

Addressing mode Processor status register
LDIRY| ABS | ABS,b|ABSX|ABS,Y| ABL |ABLX| (ABS)|L(ABS)|(ABSX)| STK | REL [DIRbR[ABSHR| SR |(SR)Y| BLK lgg‘gg'-fgdglé 7/6[5|4]3{2|1]0
op|n | # |op[n | # |op|n | # Jop|n [ #Jop|n|#|op|n|#Jop|n |#|op|n|#]op|n|#Jop|n|#]op{n|#]op|n|#]Jopini#{op|n|#]Jop|n|#]Jop|n|#|opin|#fopin|#] IPL {N|V|m|x|D|I|Z|C
DA[4 | 1
4]
58141 .
n
685 |1 - IN Z
5]
2|72 . <IN . Z|-
68
7
B5]1
| 5|
| 2861 Value saved in stack.
|
s
AB| 6 | 1 . Nlslels|e]|lZ]~
I
6
fRAL5 |1 <INT. z
B
A5t e fo N e fete]-lz]>
; |
‘ ' 5
1
s
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Appendix 7. Machine instructions

Addressing mode
Symbol Function Details IMP | IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) |(DIRX)| (DIR),Y| L(DIR}
op|n | #|op|n|#fop|n|#Jop|n|#]fop[n|#]op|n|#]|op|ni#]op(n|#Jop/n|#]op|n|#%]op|n|#
PSH M(S)<A, B, X+ Saves the registers among accu-
(Note 5) mulator, index register, direct page
register, data bank register, pro-
gram bank register, or processor
status register, specified by the bit
pattern of the second byte of the
instruction into the stack.
PUL A, B, X...«-M(S) Restores the contents of the stack
(Note 6) to the registers among accumula-
tor, index register, direct page reg-
ister, data bank register, or proces-
sor status register, specified by the
bit pattern of the second byte of
the instruction.
RLA m=0 Rotates the contents of the accu- 8963
(Note 12) i bit rotate left mulator A, i bits to the left. 49 +
[ i
« [b15]--[bo]
m=1 6
i bit rotate left +
i
« [b7]-[bo]
RMPA m=0 Performs signed multiplication of
(Note 15) Repeat the data in the memory specified
B, AB, A+M(DT, X)x | by index register X and data bank
M(DT, Y)(with sign) | register, and the data in the
Xe-X42 memory specified by index register
YeY+2 Y and data bank register. The mul-
i—i-1 tiplication result is added as binary
Until i=0 addition to the data of which high-
order is the contents of accumula-
m=1 tor B, and of which low-order is the
Repeat contents of accumulator A. The
BL,AL—BLAL+M(DTX)x | high-order result is stored in accu-
M(DT, Y)(with sign) | mulator B, and the low-order result
XeX+1 is stored in accumulator A again.
YeY+1 After the addition, when the data
i—i-1 length flag (m) is “0”, each of the
Until i=0 contents of index register X and in-
dex register Y is incremented by 2.
Additionally, the number of multipli-
cation and addition is decremented
by 1. When the data length flag (m)
is “1”, each of the contents of index
register X and index register Y is
incremented by 1. Additionally, the
number of multiplication and addi-
tion is decremented by 1. The
above multiplication and addition
are repeated until the number of
multiplication and addition is “0”.
ROL m=0 Links the accumulator or the 2A12 (1]26]7 |2 7|2
(Note 1) memory to C flag, and rotates re- L L L]
| g oo}« [G)] sult o the left by 1 bit. 2 8 8
m=1 42]4 |2
24 |
«[br[-[bo] <—3 4
ROR m=0 Links the accumulator or the A2 | 166/ 7|2 w2
(Note 2) memory to C flag, and rotates re- | = —
Clo bl Tool — | gyt 1o the right by 1 bit. 2 8 8
424 12
=1 oAl |
€] (67 Too) 4
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Appendix 7. Machine instructions

Addressing mode Processor status register
Lor),Y| aBs [aBsp|assx]aBsy] AL [aBLx]aBs) [LiaBs)|es x| stk | reL [omror[asser] sr [smy] Bk [iiedhiog|s|7]6]s]4]a]2]1]0
op|n | # Jop[n | # Jop|n | # fop[n | # Jop|n | #fop[n | #|op{n | # {op|n |#Jop|n |#fop|n | # Jop{n |# op[n | #fopin|#op[n|#]op[n|#fop[nf#]op|n|#|opin|#]| IPL |N|V|m|[x|D|I|Z|C
EB11 2 .| of e . . . . o . .
+
2 + g
1
+
21+ 02
fB{12]2 If restored the contents
+ of PS, it becomes its
3ir + 4 value. And the other
*1; case is no change.
+
3y + dip
89|6|3]-|-|-INIV|-|-]-l-|Z|C
B2l +
i x 16
B
+
i x 16
%[7(3 ¥[8|3 efe«IN[-|-]-1-]-|Z|C
B B
6E| 713 TE|813 ol oIN[eTe] <] ] -l2Z]lC
8] B
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Appendix 7. Machine instructions

Addressing mode
Symbol Function Details IMP | IMM | A DIR | DIRb | DIRX | DIR,Y | (DIR) |(DIRX)] (DIR),Y{| L(DIR)
opln|#|op|n|#Jopin|#|opin|#]opin |#]opin|#|opin|#|op|n|#]|op|n|#|opln|#]op|n|#
RTI SeS+1 Returns from the interruption rou- [40|9
PSLM(S) tine.
SeS+1
PSH—M(S)
SS+1 -
PCLM(S) 9
SeS+1
PCH«M(S)
SS+1
PG«M(S)
RTL SeS+1 Returns from the subroutine. The [68|7
PCLM(S) contents of the program bank reg-
SeS+1 ister are also restored.
PCH«—M(S) 7]
SeS+1
PGM(S)
RTS SeS+1 Returns from the subroutine. The |60[5 |1
PCL—M(S) contents of the program bank reg- | | |
SeS+1 ister are not restored. 5
PCHeM(S)
SBC Acc, C—Acc-M-C Subtracts the contents of the E92|2 5412 F515 |2 F2i6 12|Et|7 2fF1|8[2]|€E7]812
(Note 1, 2) memory and the borrow from the n N 0 51 8] 9] 8]
tents th .
contents the accumulator EOE POE 12]73 12]6 |3 a2 |3 [4z]10[3 [e2f1o
E914 E56 FSB F2e E110 Fl11 Hm
SEB Mb «1 Makes the contents of the speci- 04813
(Note 4) fied bit in the memory “1”. B
SEC Ce1 Makes the contents of the C flag 3|2 | 1
g 5]
SE! le1 Makes the contents of the | flag |78{2|
SEM me1 Makes the contents of the m flag |F8{ 2| 1
u‘)). 7
SEP PSbe-1 Set the specified bit of the proces- E232
sor status register's lower byte -
(PSL) to “1”. 3
STA Me«Acc Stores the contents of the accumu- 854 |2 955 |2 Q|7 (2817 2]91|7|2]87|9 2
(Note 1) * lator into the memory. 5| B n N 5] m
2|63 42(7 13 42(9 (3 }42|9 |3 {42[9 13 {42113
85 7 95 7 92 10 81 0 91 10 87 12
STP Stops the oscillation of the oscilla- {08 —| 1
tor. ]
STX MeX Stores the contents of the index 8642 %)i 2
register X into the memory. 5] 5
STY MeY Stores the contents of the index 8412 M52
register Y into the memory. 5 5
TAD DPR«A Transmits the contents of the ac- [582] 1
cumulator A to the direct page reg- | |
ister. 2
TAS S<A Transmits the contents of the ac- |1Bj2 |1
cumulator A to the stack pointer. ]
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Appendix 7. Machine instructions

Addressing mode Processor status register

LDIR,Y| ABS |ABS,p|ABSX|ABS,Y| ABL | ABLX| (ABS) |L(ABS)|(ABSX){ STK | REL |DIRbR|ABSH,R| SR |(SR)Y| BLK |f"£“u',‘niﬁ“,‘,"0210[9[8 716|6(4(3[2{1]0
op|n | # fop|n | # lop|n | # Jopin | # lop[n | # op|n | # Jop[n | # [op|n | # Jop[n | # Jop|n | # fop|n | #]opin | #]op|n|# op[n|#op|n|#]opin|#fop{n|#|opin|#] IPL [N|V|m|x|D|I|{Z{C
Value saved in stack.

#

Frltol 2[eo] 4] s BB EBEGEEGHE 5|2 [rols 2 RANME Jzlc
1" 4 7 7 7 9 6 9
42|112( 3442|6 | 4 428 (4 142|814 14218 542(G |5 42(7 | 3]42/10{ 3
il [Br] ol el E] [P nlEm
ocl9 |4 NENEEEBRREE
M|
e | el el
el 1].
. .1 . o
*|*| *| Specified flag be-
comes “1”.
o702 e0]s |3 |5 |3 [ools | 3[er 6| 4]oFf7]4 NBACAE . .
ol | [ 5| | 5] | [&] | [o] 5| | [9]
421111 3 |42|7 | 4 42(7 | 4 |42|7 4 }42/8|5142{9 |5 421713 142{10| 3
a5 o] ol 951 (Fhl (T 871 (9]
8|53 . : ;
6]
8C[513 . . .
B
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Appendix 7. Machine instructions

Addressing mode
Symbol Function Details IMP | IMM DIR | DIRb | DIRX | DIR,Y | (DIR) | (DIRX)|(DIR),Y] LDIR)
op|n | #|op|n|#|op op| n op[n | #op|n|#]op|n|#Jop|n|#|op|n|#]fopin|#]op[n|#
TAX XA Transmits the contents of the ac- [M{2
cumulator A to the index register X. | [5|
TAY YA Transmits the contents of the ac- |82
cumulator A to the index register Y. | [5]
TBD DPR«B Transmits the contents of the ac- |42|4
cumulator B to the direct page reg- |58
ister. 4
TBS S«B Transmits the contents of the ac- [42[4
cumulator B to the stack pointer.  |1B[]
TBX XB Transmits the contents of the ac- |42|4
cumulator B to the index register X. [
TBY Y<B Transmits the contents of the ac- {42(4
cumulator B to the index register Y. |%8[]
TDA A<DPR Transmits the contents of the di- {7B|2
rect page register to the accumula- | |
tor A. 2
TDB B«DPR Transmits the contents of the di- [42(4
rect page register to the accumula- |78_J
tor B. 4
TSA AeS Transmits the contents of the stack [38(2
pointer to the accumulator A. 2]
TSB B«S Transmits the contents of the stack [42|4
pointer to the accumulator B. B
TSX XS Transmits the contents of the stack [BA(2
pointer to the index register X. o]
TXA AeX Transmits the contents of the index |8A|2
register X to the accumulator A. 2]
TXB BeX Transmits the contents of the index [42(4
register X to the accumulator B. |87
TXS SeX Transmits the contents of the index |9(2
register X to the stack pointer. 2]
TXY YeX Transmits the contents of the index [9B2
register X to the index register Y. o]
TYA AeY Transmits the contents of the index [98(2
register Y to the accumulator A. 71
TYB BeY Transmits the contents of the index {42(4 |2
register Y to the accumulator B. |9/
TYX XeY Transmits the contents of the index |[BB|(2
register Y to the index register X. 2]
wIT Stops the ¢CPU, ¢BIU. CB|—
XAB AsB Exchanges the contents of the ac- [89|5 |2
cumulator A and the contents of |28
the accumulator B.
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Addressing mode Processor status register
L(DIR),Y| ABS |ABS,b|ABS X|ABS,Y| ABL |ABLX/| (ABS)|L(ABS)|(ABS.X)] STK | REL |DIRb,R]ABSbR] SR [(SR),Y| BLK géﬂ;’ﬁ';fg10‘9|8 71615(4[3(2{|1|0
op|n [ # |op|n | #|op|n|#[op|n|#]opn|#|op{n|#]op|n|#] op|n|#]|op|n|#fopin|#jfopjn|#]op|n|#[op|n|#]|op{n]|#]op|n|#]|opjn]|#top|n|#]opin|#| IPL [N|V[mix[D|}|Z|C
S IN|elslelele]z]~

N ]|z

i

N ozl

N . Z

N el Z

N . z

N . z

e |+IN -2

Nlelelefe]elz

<IN| . z

N .|z

oo NT- |- z

<IN d

| SN z

| o |eiN|- Z

RINIS Z
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Notes for machine instructions table

A number of cycles on the upper row is the number when fetching
instructions at 2 ¢ access in low-speed running under the condition
of f (XIN) S 25 MHz. A number of cycles on the lower row is the num-
ber when fetching instructions at 3 ¢ access in high-speed running
under the condition of 25 MHz < f (XIN) £ 40 MHz.

The cycles’ number of addressing modes concerning DPR is the
number of the case of DPR="0". When DPR # “0”, the number of
cycles is incremented by 1.

The number of cycles shown in the table differs according to the
bytes fetched into the instruction queue buffer, or according to
whether the memory accessed is odd address or even address. It
also differs when the external area is accessed by BYTE="H". This
table shows the fastest number of cycles for each instruction.

Note 1. The operation code at the upper row is used for accumulator A, and
the operation at the lower row is used for accumulator B.

Note 2. When setting flag m=0 to handle the data as 16-bit data in the im-
mediate addressing mode, the number of bytes increments by 1.

Note 3. The operation code on the upper row is used for branching in the
range of —128 to +127, and the operation code on the lower row is
used for branching in the range of -32768 to +32767.

Note 4. When handling 16-bit data with flag m=0, the byte in the table is
incremented by 1.

Note 5.

Type of register A B [ X Y |DPR| DT | PG | PS
Number of cycles 2 2 2 2 2 1 1 2

The number of cycles corresponding to the register to be pushed are
added. The number of cycles when no pushing is done is 11. i1 indicates
the number of registers among A, B, X, Y, DPR, and PS to be saved. i2
indicates the number of registers among DT and PG to be saved.

Note 6.

Type of register A B X Y |DPR| DT | PS
Number of cycles 3 3 3 3 4 3 3

The number of cycles corresponding to the register to be pulled are
added. The number of cycles when no pulling is done is 12. i1 indicates
the number of registers among A, B, X, Y, DT, and PS to be restored.
i2z=1 when DPR is to be restored, and i2=0 when DPR is not to be re-
stored.

Note 7. The number of cycles is the case when the number of bytes to be
transferred is even.
When the number of bytes to be transferred is odd, the number is
calculated as;
5+(i/2)x7+6
Note that, (i/2) shows the integer part when i is divided by 2.

Note 8. The number of cycles is the case when the number of bytes to be
transfered is even.
When the number of bytes to be transfered is odd, the number is
calculated as;
9+(i/2)x7+8
Note that, (i/2) shows the integer part when i is divided by 2.
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Note 9. The number of cycles is the case in the 16-bit + 8-bit operation. The
number of cycles is incremented by 8 for 32-bit + 16-bit operation.

Note 10. The number of cycles is the case in the 8-bit x 8-bit operation. The
number of cycles is incremented by 4 for 16-bit x 16-bit operation.

Note 11. When setting flag x=0 to handle the data as 16-bit data in the imme-
diate addressing mode, the number of bytes increments by 1.

Note 12. When flag m is 0, the byte in the table is incremented by 1.

Note 13. When a zero division interrupt occurs, the number of cycles is the
number when it does not occur decremented by 3. It is regardless
of the data length.

Note 14. When a zero division interrupt occurs, the number of cycles is the
number when it does not occur decremented by 5. It is regardless
of the data length.

Note 15. The number of cycles is the case when flag mis 1.
When flag m=0, the number is calcuiated as;
6+20xi

7751 Group User's Manual 20-59



APPENDIX

Appendix 7. Machine instructions

Symbols in machine instructions table

Symbol Description Symbol Description
IMP Implied addressing mode v Exclusive OR
IMM Immediate addressing mode — Negation
A Accumulator addressing mode — Movement to the arrow direction
DIR Direct addressing mode -
DIR, b Direct bit addressing mode =
DIR, X Direct indexed X addressing mode Acc Accumulator
DIR, Y Direct indexed Y addressing mode A Accumulator A
(DIR) Direct indirect addressing mode AH Accumulator A’s upper 8 bits
(DIR, X) Direct indexed X indirect addressing mode AL Accumulator A’s lower 8 bits
(DIR), Y Direct indirect indexed Y addressing mode B Accumulator B
L (DIR) Direct indirect long addressing mode BH Accumulator B's upper 8 bits
L (DIR), Y Direct indirect long indexed Y addressing mode BL Accumulator B's lower 8 bits
ABS Absolute addressing mode X Index register X
ABS, b Absolute bit addressing mode XH Index register X’s upper 8 bits
ABS, X Absolute indexed X addressing mode Xt Index register X’s lower 8 bits
ABS, Y Absolute indexed Y addressing mode Y Index register Y
ABL Absolute long addressing mode YH Index register Y’s upper 8 bits
ABL, X Absolute long indexed X addressing mode YL Index register Y’s lower 8 bits
(ABS) Absolute indirect addressing mode S Stack pointer
L (ABS) Absolute indirect long addressing mode PC Program counter
(ABS, X) Absolute indexed X indirect addressing mode PCH Program counter’s upper 8 bits
STK Stack addressing mode PCL Program counter’s lower 8 bits
REL Relative addressing mode PG Program bank register
DIR,bR Direct bit relative addressing mode DT Data bank register
ABS, b, R Absolute bit relative addressing mode DPR Direct page register
SR Stack pointer relative addressing mode DPRH Direct page register’s upper 8 bits
(SR), Y Stack pointer relative indirect indexed Y DPRL Direct page register’s lower 8 bits
addressing mode PS Processor status register
BLK Block transfer addressing mode PSH Processor status register’s upper 8 bits
Multiplied Multiply and accumulate addressing mode PSL Processor status register’s lower 8 bits
. accumulation PSb Bit in processor status register
op Operation code M Memory
n Number of cycle M(S) Contents of memory at address indicated by
# Number of byte stack pointer
C Carry flag Mo Bit in memory location
V4 Zero flag ADH Value of 24-bit address’s upper 8-bit (A23-A16)
| Interrupt disable flag ADM Value of 24-bit address’s middle 8-bit (A15~A8)
D Decimal operation mode flag ADL Value of 24-bit address’s lower 8-bit (A7—A0)
X Index register length selection flag IMM Immediate value
m Data length selection flag EAR Executed address (16 bits)
\" Overflow flag EARH Upper 8-bit address executed
N Negative flag EARL Lower 8-bit address executed
IPL Processor interrupt priority level bn Bit position of accumulator or memory indicated
+ Addition by n
- Subtraction i Number of transfer byte, rotation or repeated
X Muttiplication operation
* Division i,i2 Number of registers pushed or pulled
AN Logical AND
\ Logical OR
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Appendix 8. Examples of noise immunity improvement

Generally effective examples of noise immunity improvements are described below. Although the effect of

these countermeasure depends on each system, refer to the following when an noise-related problem
occurs.

1. Short wiring length

The wiring on a printed circuit board may function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less possibility of noise insertion into the microcomputer.

(1) Wiring for RESET pin
Make the length of wiring connected to RESET pin as short as possible.

In particular, connect a capacitor between RESET pin and Vss pin with the shortest possible wiring
(within 20 mm).

Reason: If noise is input to RESET pin,
the microcomputer restarts operat- )
ion before the internal state of the Bgise M7 7ol
microcomputer is completely
initialized. This may cause a
Reset RESET
program runaway. circuit ¢
Vss Vss
Not
acceptable
M37751
Reset
circuit L[ |RESET
VSS"T Vss
Acceptable

Fig. 5. Wiring for RESET pin
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(2) Wiring for clock input/output pins
e Make the length of wiring connected to the clock input/output pins as short as possible.
e Make the length of wiring between the grounding lead of the capacitor, which is connected to
the oscillator and Vss pin of the microcomputer, as short as possible (within 20 mm).
e Separate the Vss pattern for oscillation from all other Vss patterns. (Refer to Figure 14.)

Reason: The microcomputer’s operation .
synchronizes with a clock generated Noise
by the oscillation circuit.

If noise enters clock 1/O pins, clock
waveforms may be deformed. This
may cause a malfunction or a
program runaway. XN XN
Also, if the noise causes a potential Xout H=Xour
difference between the Vss level Vss Vss
of the microcomputer and the Vss 7

level of an oscillator, the correct Not a@@@pz’f@/@f@ A@@@piﬁab/@
clock will not be input in the

M37751 M37751

L
O
e

microcomputer. Fig. 6. Wiring for clock input/output pins

(3) Wiring for CNVss pin
Connect CNVss pin to Vss pin with the shortest possible wiring.

Reason: The processor mode of the

microcomputer is influenced by a M37751 Noise M37751
potential at CNVss pin when -

CNVss and Vss pins are
connected.

. . CNVss
If the noise causes a potential
difference between CNVss and
Vss pins, the processor mode may
become unstable. This may cause
a microcomputer malfunction or 77
a program runaway. N@ZZ’A@@@@ZZ@@/@ A@@@pf@b/@

CNVss

Vss Vss

Fig. 7. Wiring for CNVss pin
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(4) Wiring for CNVss (V re) pin of built-in PROM version
< In single-chip or memory expansion modes>
e Connect CNVss (Ver) to Vss pin of the microcomputer with the shortest possible wiring.
e |f the above countermeasure can not be taken, insert an approximate 5 kQ resistor between
CNVss (Ver) and Vss pins and be sure to make the distance between the resistor and CNVss (Vee)
pin as short as possible.

< In microprocessor mode>
e Connect CNVss (Vee) pin to Vcc pin with the shortest possible wiring.

Reason: CNVss (Veer) pin is connected to the internal ROM in the low-impedance state. (Noise is
easily fed to the pin in this condition.)
If noise enters the CNVss (Ver) pin, incorrect instruction codes or data is fetched from the
built-in PROM. This may cause a program runaway.

Single-chip and

memory expansion modes Microprocessor mode

M37751 M37751
Shortest possible
distance vee
Approx. 5 kohms
CNVss(VPpP) - T CNVss(VPP)
i \
Vss i Shortest possible
i distance
777
CNVss pin is connected to CNVss pin is connected to
Vss pin with the shortest Vss pin with the shortest
possible wiring. possible wiring.

0 The above countermeasure is not necessary for BYTE (Vep) pin.

Fig. 8. Wiring for CNVss (V ep) pin of built-in PROM version
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2. Connection of bypass capacitor between Vss and Vcc lines
Connect an approximate 0.1 uF bypass capacitor as follows:
e Connect a bypass capacitor between the Vss and Vcc pins, at equal lengths.

e The wiring connecting the bypass capacitor between the Vss and Vcc pins should be as short as
possible.

e Use thicker wiring for the Vss and Vcc lines than the other signal lines.

Bypass capacitor

Wiring pattern Wiring pattern

HV LI

M37751

S cc

Fig. 9. Bypass capacitor between Vss and Vcc lines

20-64 7751 Group User’s Manual



APPENDIX

Appendix 8. Examples of noise immunity improvement

3. Wiring for analog input pins, analog power source pins, etc.

(1) Processing analog input pins
e Connect a resistor to the analog signal line, which is connected to an analog input pin, and make

the connection as close to the microcomputer as possible.
e Connect a capacitor between the analog input pin and AVss pin, as close to the AVss pin as

possible.

Reason: A signal which is input to the analog input pin is usually an output signal from a sensor.
The sensor which measures changes in status tends to be installed far from the microcomputer
printed circuit board. The result is long wiring that becomes an antenna which picks up
noise and feeds it into the microcomputer analog input pin.

If a capacitor between an analog input pin and AVss pin is grounded far away from AVss
pin, noise on the GND line may enter the microcomputer through the capacitor.

Thermistor

Noise
(Note 2)
M37751
RI
% ¢ AN\ ANi
\> =
Cl
$ AVss
77

Notes 1 : Design an external circuit for ANi pin so that charge/discharge is available within 1
cycle of ¢ap.
2 : This resistor and thermistor are used to divide resistance.

Reference value
RI : Approximately 100 to 1000 Q
Cl : Approximately 100 to 1000 pF

Fig. 10. Example of noise immunity improvement using thermistor
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(2) Processing analog power source pins, etc.
e Use independent power sources for Vcc, AVcc and Vrer pins.
e Insert capacitors between the AVcc and AVss pins, and between the Vrer and AVss pins.

Reasons: Prevents the A-D converter from noise on the Vcc line.

M37751
Reference value

AVcc Cl = 047 pF

C2 2z 047 pF
VREF

C1 Cc2 . .
AVss Note : Connect capacitors using the
thickest, shortest wiring possible.
ANi J—/\/\/\/f(sensor, etc.)

Fig. 11. Processing analog power source pins, etc.
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4. Oscillator protection
The oscillator which generates the basic clock for the microcomputer operations must be protected from
the affect of other signals.

(1) Distance oscillator from signal lines with large current flows
Install the microcomputer, especially the oscillator, as far as possible from signal lines which handle
currents larger than the microcomputer current value tolerance.

(2)

Reason:

A microcomputer is used in systems
which contain signal lines for
controlling motors, LEDs, thermal
heads, etc. Noise occurs due to
mutual inductance when a large
current flows through the signal
lines.

’ M37751
Mutual inductance MIUMU

XN
Large H— Xout
current Vss

Distance oscillator from signal lines with frequent potential level changes
e Install an oscillator and a connecting pattern of an oscillator away from signal lines in which

potential levels change frequently.
e Do not cross the signal lines over the clock-related or noise-sensitive signal lines.

Reason:

Signals lines with frequently
changing potential levels may affect
other signal lines at a rising or falling
edge. In particular, if the lines cross
over a clock-related signal line, clock
waveforms may be deformed, which
causes a microcomputer malfunction
or a program runaway.

Fig. 12. Connection of signal wires where a large
current flows

M37751
Do not cross.
O
22— XiN
=
’::I +—— XouTt
Vss

noy

O 1/O pin for signal with frequently
changing potential levels.

Fig. 13. Wiring of rapidly level changing signal wire

7751 Group User's Manual

20-67



APPENDIX

Appendix 8. Examples of noise immunity improvement

(3) Oscillator protection using Vss pattern
Print a Vss pattern on the bottom (soldering side) of a double-sided printed circuit board, under the
oscillator mount position.
Connect the Vss pattern to Vss pin of the microcomputer with the shortest possible wiring, separating
it from other Vss patterns.

An example on the bottom of an

oscillator.

M37751

Mounted pattern

example of an

oscillator unit.

‘{I L XIN
T XouT

Vss

Separate Vss lines for oscillation and supply.

Fig. 14. Vss pattern underneath mounted oscillator
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5. Setup for 1/O ports
Setup I/O ports by hardware and software as follows:

<Hardware protection>
e Connect a resistor of 100 ohms or more to an I/O port in series.

<Software protection>

e As for an input port, read data several times for checking whether input levels are equal or not.

e As for an output port, since the output data may reverse because of noise, rewrite data to its port Pi
register periodically.

e Rewrite data to port Pi direction registers periodically.

Data bus

Direction register
Port latch

Fig. 15. Setup for I/O ports
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6. Reinforcement of the power source line

For the Vss and Vcc lines, use thicker wiring than that of other signal lines.

e When using a multilayer printed circuit board, the Vss and Vcc patterns must each be one of the middle
layers.

e The following is necessary for double-sided printed circuit boards:
On one side, the microcomputer is installed at the center, and the Vss line is looped or meshed around
it. The vacant area is filled with the Vss line.
On the opposite side, the Vcc line is wired the same as the Vss line.
The power source lines of external devices which are connected by bus to the microcomputer must be
connected to the microcomputer's power source lines with the shortest possible wiring.

Reasons: With external devices connected to the microcomputer, the levels of many of the signal lines
(total external address buses: 24 bits) may change simultaneously, causing noise on the power
source line.
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Appendix 9. Q & A

Information which may be helpful in fully utilizing the 7751 Group is provided in
Q & A format.

In Q & A, as a rule, one question and its answer are summarized within one page. The upper box on each
page is a question, and a box below the question is its answer. (If a question or an answer extends to two
or more pages, there is a page number at the lower right corner.)

At the upper right corner of each page, the main function related to the contents of description in that page
is listed.
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Interrupt

Q

If an interrupt request (b) occurs while executing an interrupt routine (a), is the main routine is not
executed before the INTACK sequence for the next interrupt (b) is executed after the interrupt routine
(a) under execution is completed?

Sequence of
execution

RTI instruction

Interrupt routine (a) —> | €<— Main routine —>» | €— INTACK sequence
for interrupt (b)

Condition

e | is cleared to “0” with the RTI instruction.

e The interrupt priority level of the interrupt (b) is higher than the main routine IPL.
e The interrupt priority detection time is 2 cycles of ¢@.

A

Sampling for interrupt requests are performed by sampling pulses generated synchronously with the
CPU’s op-code fetch cycles.

(1) If the next interrupt request (b) occurs before the sampling pulse (O) for the RTI instruction is
generated, the microcomputer executes the INTACK sequence for (b) without executing the main
routine (not even one instruction) because sampling is completed while executing the RTI
instruction.

v Interrupt request (b)

U
=

RTI instruction

Sampling pulse

Interrupt routine (a) —>| «— INTACK sequence for interrupt (b)

(2) If the next interrupt request (b) occurs immediately after generating of the sampling pulse O , the
microcomputer executes one instruction of the main routine before executing the INTACK se-
guence for (b) because the interrupt request is sampled by the next sampling pulse O.

v Interrupt request (b)

0 O
Sampling pulse [ [

RTI instruction | One instruction executed

Interrupt routine (a) —» | <— Main routine —>» | <— INTACK sequence
for interrupt (b)
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Interrupt

Q

There is a routine where a certain interrupt request should not be accepted (with enabled acceptance
of all other interrupt requests). Accordingly, the program set the interrupt priority level select bits of
the interrupt to be not accepted to “0002” in order to disable it before executing the routine. However,
the interrupt request of that interrupt has been accepted immediately after the priority level had been
changed. Why did this occur and what can | do about it?

Interrupt request is DM #00H, XXXIC ; Writes “0002” to interrupt priority level select bits.

accepted in this— ; Clears interrupt request bit to “0.”

interval LDA A,DATA : Instruction at the beginning of the routine that
should not accept one certain interrupt request.

A

When changing the interrupt priority level, the microcomputer can behave “as if the interrupt request
is accepted immediately after it is disabled "_if the next instruction (the LDA instruction in the above
case) is already stored in the BIU’s instruction queue buffer and conditions to accept the interrupt
request which should not be accepted are met immediately before executing the instruction which is
in that buffer.

When writing to a memory or an 1/O, the CPU passes the address and data to the BIU. Then, the
CPU executes the next instruction in the instruction queue buffer while the BIU is writing data into
the actual address. Detection of interrupt priority level is performed at the beginning of each instruc-
tion.

In the above case, in the interrupt priority detection which is performed simultaneously with the
execution of the next instruction, the interrupt priority level before changing it is detected and the
interrupt request is accepted. It is because the CPU executes the next instruction before the BIU
finishes changing the interrupt priority levels.

Interrupt request generated

Sequence Of execution ) Interrupt I’equest accepted
Interrupt priority detection time <> <> <>
. Previous instruction LDM instruction LDA instruction
CPU Operat|0n executed executed executed
BIU operation (Instruction prefetch) Interrupt priority level select bits set

¢

Change of interrupt priority levels
completed

(1/2)
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Interrupt

A

[Sample program]
After an instruction which writes “0002” to the interrupt priority level select bits, fill the instruc-
tion queue buffer with the NOP instruction to make the next instruction not be executed before the
writing is completed.

LDM #00H, XXXIC ;

NOP
NOP
NOP
LDA A,DATA

To prevent this problem, use software to execute the routine that should not accept a certain interrupt
request after change of interrupt priority level is completed. The following shows a sample program.

Sets the interrupt priority level select bits to “0002.”

Instruction at the beginning of the routine that should not accept a certain
interrupt request

(2/2)
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Interrupt

(1) Which timing of clock @ is the external interrupts (input signals to the INTi pin) detected?
(2) How can four or more external interrupt input pins (INTi) be used?

(1) In both the edge sense and level sense, external interrupt requests occur when the input
signal to the INTi pin changes its level regardless of clock .
In the edge sense, the interrupt request bit is set to “1” at this time.

(2) There are two methods: one uses external interrupt’s level sense, and the other uses the
timer’'s event counter mode.

O Using external interrupt’s level sense
In hardware, input a logical sum of multiple interrupt signals (e.g., ‘a’, ‘b’, and ‘c’) to the INT:
pin, and input each signal to each corresponding port.
In software, check the port’s input levels in the INT; interrupt routine to determine that which
of the signals ‘a’, ‘b’, and ‘c’ is input.

M37751

Port

Port
Port

RN
1/

O Using timer’'s event counter mode
In hardware, input interrupt signals to the TAin pins or TBin pins.
In software, set the timer’s operating mode to the event counter mode and a value “000016"
into the timer register to the effective edge.
The timer’s interrupt request occurs when an interrupt signal (selected effective edge) is input.
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Serial 1/0 (UART mode)

In the case selecting the CTS function in UART (clock asynchronous serial 1/0) mode, when the
transmitting side check the CTS input level ?

A

It is check near the middle of the stop bit (when two stop bits are selected, the second stop bit).

Input level to CTSi pin is checked near here.

Transmitdata .............. >< De >< D7 >/ SP@ud ...

Transmitdata  ....coeeeeen. >< D6 >< D7 >/ SP SP

n: 1-bit length
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Hold function

Q

When “L” level is input to the HOLD pin, how long is the bus actually opened ?

A

The bus is opened after 50 ns at maximum has passed from the rising edge of next clock @ when
the HLDA pin output becomes “L” level.

cocker | LI LT LT LI TP L] L

HOLD | E | ;

HLDA | ; i

T Term where bus is open

tpxz(HoLD-Pz) : Maximum 50 ns
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Processor mode

Q

If the processor mode is switched as described below by using the processor mode bits (bits 1
and 0 at address 5Eis) during program execution, is there any precaution in software?

e Single-chip mode - Microprocessor mode
e Memory expansion mode - Microprocessor mode

A

If the processor mode is switched as described above by using the processor mode bits, the
mode is switched simultaneously when the cycle to write to the processor mode bits is completed.
Then, the program counter indicates the address next to the address (address XXXXis) that
contains the write instruction for the processor mode bits. Additionally, access to the internal
ROM area is disabled. However, since the instruction queue buffer can prefetch up to three
instructions, the address in the external ROM area and is accessed first after the mode is

switched is one of XXXXi1s_+ 1 to XXXXi1s_+ 4. The instructions at addresses XXXXiws + 1 to

below.)

XXXX1s + 3 in the internal ROM area can be executed. To prevent this problem, process the
following by software.

O Write the write instruction for the processor mode bits and next instructions (at least three
bytes) at the same addresses both in the internal ROM and external ROM areas. (See

NOP
NOP
NOP

XXXX16| LDM.

Internal ROM area

B #00000010B, PMR

External ROM area

----------- XXXX1s| LDM. B #00000010B, PMR

NOP

} At least NOP

three NOP
bytes :

O Transfer the write instruction for the processor mode bits to an internal RAM area and make
a branch to there in order to execute the write instruction. After that, make a branch to the
program address in the external ROM area. (Contents of the instruction queue buffer is
initialized by a branch instruction.)
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SFR

Q

Is there any SFR for which instructions that can be used to set registers or bits are limited?

A

Use the STA or LDM instruction to set the registers or the bits listed below. Do not use read-
modify-write instructions (i.e., CLB, SEB, INC, DEC, ASL, ASR, LSR, ROL, and ROR).

UARTO baud rate register (address 311s)

UART1 baud rate register (address 391s)

UARTO transmit buffer register (addresses 3315, 3216)

UART1 transmit buffer register (addresses 3Bis, 3Ais)

Timer A4 two-phase pulse signal processing select bit (bit 7 at address 44is)
Timer A3 two-phase pulse signal processing select bit (bit 6 at address 44ie)
Timer A2 two-phase pulse signal processing select bit (bit 5 at address 44ie)
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Clock

Q

Is there any precaution when f(Xi) > 25 MHz ?

A

Set the processor mode register 1 (address 5Fis) to the following.
b7 b0
lofo] [ Jofo]o]o]

Fix these bits to “0.”

Bus cycle when accessing external device

b5 b4

00:5¢
01:4¢p
10: 3¢

(1 1: Not selected)
Fix these bits to “0.”

The microcomputer becomes the following state by the setting above.

o fa, fs2, fi2s, Or fi024 can be selected for the operating clock of internal peripheral devices such
as timer.

SFR and internal ROM area are accessed at 3¢ bus cycle. Internal RAM area is accessed
at 2¢ bus cycle.

3@ 4@, or 5@ can be selected for the bus cycle when accessing an external device. 2¢ cannot
be selected for the bus cycle.
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Clock

Q

Is there any precaution when f(Xi) < 25 MHz ?

When setting the CPU running speed select bit (bit 3 at address 5Fi6) to “1,” SFR and internal
ROM access become faster than this bit is “0.” Accordingly, we recommend to set this bit to

wg v

However, do not set bits 5 to 3 at address 5Fis to “001..” When setting bit 3 at address 5Fis
to “1,” set bit 5, bit 4, or both bits 5 and 4 to “1” at the same time because bits 5 and 4 at

address 5F1s become “002" at reset.

b7

b0

lofo] |

1]

lo]o]

Fix these bits to “0.”

Clock source for peripheral devices

0 : g divided by 2

1:¢

Bus cycle when accessing external device
Set these bits to “012,” “102,” “112.”
(Not selected “002.")

b5 b4

00:4¢
01: 3¢
10: 2¢

Fix these bits to “0.”
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Substitute for 7700 Series/7750 Series

Q

Are there precautions when the 7751 Series substitutes for the 7700 Series or the 7750 Series?

The common precautions are described below. Refer to the relevant chapter for details.

*Fix the processor status register (PS) bits 15 to 11 to “0.” Do not set these bits to “1.”
*There are the structure differences in the processor mode register 0 (address 5Ei6) and the
processor mode register 1 (address 5Fus).

*The A-D conversion interrupt request bit (bit 3 at address 7016) is undefined at reset. Set this
bit to “0” by software before use.

«Clear the receive enable bit (bit 2 at addresses 3516, 3D1s) to “0” when clearing the overrun error
flag (bit 4 at addresses 3516, 3D16) to “0.”
This is only method that the overrun error flag is cleared to “0”

*There are instructions of which number of the instruction cycle is decreased. Accordingly, it is
possible that the instruction execution timing become faster.

*Part of the electrical characteristics, Ready function, Hold function, and the bus timing are
different.
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Watchdog timer

When detecting the software runaway by the watchdog timer, if not software reset but setting the
same value as the contents of the reset bector address to the watchdog timer interrupt bector
address is processed, how does it result in?

When branching to the reset branch address within the watchdog timer interrupt routine, how
does it result in?

The CPU registers and the SFR are not initialized in the above-mentioned way. Accordingly,
the user must perform the initial setting for these all by software.

The processor interrupt priority level (IPL) retains “7” of the watchdog timer interrupt priority
level, and that is not initialized. Consequently, all interrupt requests are not accepted.
When rewriting the IPL by software, save once the 16-bit immediate value to the stack area
and next restore that 16-bit immediate value to all bits of the processor status register (PS).

We recommend software reset in order to initialize the microcomputer for software runaway.
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This section briefly explains the terms used in this user’'s manual. The terms defined here apply to this

manual only.

Term

Meaning

Relevant term

Access

Means performing read, write, or read and write.

Access space

An accessible memory space of up to 16 Mbytes.

Access

Access characteristics

Means whether accessible or not.

Access

Baud rate

Means a transfer rate of Serial 1/0O.

Branch

Means moving the program’s execution point (= address) to another location.

Bus control signal

A generic name for ALE, E, BHE, R/W, RDY, HOLD, HLDA and
BYTE signals.

Count source

A signal that is counted by Timers A and B, the UARTI baud rate
register (BRGi) and Watchdog timer. That is fa/fs, fie/fs2, fea/fi2s,
fs12/f1024 selected by the count source select bits and others.

Down-count

Means decreasing by 1 and counting.

Up-count

External area

An accessible area for external devices connected in the memory
expansion or microprocessor mode. It is up to 16-Mbyte external
area.

Internal area

External bus

A generic name for the external address bus and the data bus.

External device

Devices connected externally to the microcomputer. A generic
name for a memory, an I/O device and a peripheral IC.

Internal area

An accessible internal area. A generic name for areas of the
internal RAM, internal ROM and the SFR.

External area

Interrupt routine

A routine that is automatically executed when an interrupt request
is accepted. Set the start address of this routine into the interrupt
vector address.

LSB first Means a transfer data format of Serial 1/0; LSB is transferred|MSB first
first.

MSB first Means a transfer data format of Serial 1/0; MSB is transferred|LSB first
first.

Overflow A state where the up-count resultant is greater than the counter|Under flow

resolution.

Up-count

Read-modify-write
instruction

An instruction that reads the memory contents, modifies them
and writes back to the same address. Relevant instructions are
the ASL, ASR, CLB, DEC, INC, LSR, ROL, ROR, SEB instructions.

Signal required for access

A generic name for bus control, address bus, and data bus signals.

Bus control

to external device signal
Stop mode A state where the oscillation circuit halts and the program execution | Wait mode
is stopped. By executing the STP instruction, the microcomputer
enters Stop mode.
UART Clock asynchronous serial /0. When used to designate the name | Clock
of a functional block, this term also means the serial 1/0 which|synchronous
can be switched to the cock synchronous serial /0. serial 1/0.
Under flow A state where the down-count resultant is greater than the counter| Qverflow

resolution.

Down-count
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Relevant term

Term Meaning
Up-count Means increasing by 1 and counting. Down-count
Wait mode A state where the oscillation circuit is operating, however, the|Stop mode

program execution is stopped. By executing the WIT instruction,
the microcomputer enters Wait mode.
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