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Preface

This user’'s manual describes Mitsubishi's CMOS 8-
bit microcomputers 38B5 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 38B5 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 Family
Software Manual.”

For details of development support tools, refer to the
“DEVELOPMENT SUPPORT TOOLS FOR
MICROCOMPUTERS” data book.



BEFORE USING THIS USER'S MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development.

1. Organization
e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX
This chapter includes a list of registers, and necessary information for systems development using
the microcomputer, the mask ROM confirmation (for mask ROM version), ROM programming confirmation,
and the mark specifications which are to be submitted when ordering.

2. Structure of Register
The figure of each register structure describes its functions, contents at reset, and attributes as follows:

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Contents immediately after reset release
| 1 0 11 l CPU mode register (CPUM) [Address : 3B 16]
A Name Functions At reseQ R:IW
- 1 1 =97 |Processor mode bits 00 : Single-chip mode o |58
T 01: } .
e 10: pNotavailable ,
o ! 11 0 |oio
o 2 |Stack page selection bit ot e o |oio
et 3 | Nothing arranged for these bits. These are write disabled 0 O:o
A 4 |bits. When these bits are read out, the contents are “0.” 0 |Oio
R 5 |Fix this bit to “0.” 0 |oio
L. g |Main clock division ratio selection 00 p= X2 (High-speed mode) 1 |o e)
! bits 0 1: ¢=Xn/8 (Middle-speed mode) :
! 10 : ¢= Xn/8 (Middle-speed mode) :
”””””””””””””” 7 11: ¢=Xn (Double-speed mode) 0 ®) E ©)
-: Bit in which nothing is arranged |:|: Bit that is not used for control of the corresponding function
Notes 1: Contents immediately after reset release
QeeeeeeQ” at reset release
Leseeee“1” at reset release
UndefinedesesesUndefined or reset release
UeeseesContents determined by option at reset release
2: Bit attributesesseseThe attributes of control register bits are classified into 3 bytes : read-only, write-only
and read and write. In the figure, these attributes are represented as follows :
ReseeceRead Weeeese\\/rite
QeseeceRead enabled O eseeee\Write enabled
[eseeeeRead disabled [ eseeee\\rite disabled
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HARDWARE

DESCRIPTION/FEATURES/APPLICATION/PIN CONFIGURATION

DESCRIPTION

The 38B5 group is the 8-bit microcomputer based on the 740 family
core technology.

The 38B5 group has six 8-bit timers, a 16-bit timer, a fluorescent dis-
play automatic display circuit, 12-channel 10-bit A-D converter, a se-
rial /0 with automatic transfer function, which are available for con-
trolling musical instruments and household appliances.
The 38B5 group has variations of internal memory size and packag-
ing. For details, refer to the section on part numbering.

For details on availability of microcomputers in the 38B5 group, refer
to the section on group expansion.

Built-in pull-down resistors connected to high-breakdown voltage ports
are available by specifying with the mask option in some products. For
the details, refer to the section on the mask option of pull-down resis-
tor.

FEATURES

® Basic machine-language instructions

® The minimum instruction execution time
(at 4.19 MHz oscillation frequency)

e Memory size

ROM Lo 24K to 60K bytes

RAM Lo 1024 to 2048 bytes
® Programmable input/output POrtS ........c.cceeviiiiiiiieiiicicni 55
e High-breakdown-voltage output ports ...........cccceeeiiieeeiiineenns 36
e Software pull-up resistors....... (PortsP5,P61to P65, P7,P84to P87, P9)
O [NEEITUPLS ..o 21 sources, 16 vectors
® TIMEIS Lt 8-bit [ 6, 16-bit O 1
o

Serial I/01 (Clock-synchronized)
(max. 256-byte automatic transfer function)

e Serial /02 (UART or Clock-synchronized) .................... 8-bit 1
© PWM oottt 14-bit 0 1
8-bit [J 1 (also functions as timer 6)
® A-D CONVEIEr ...ooiiiiiieiieiieiice e 10-bit O 12 channels
e Fluorescent display function .............ccccc....... Total 40 control pins
e Interrupt interval determination function .............ccccceiiiininen. 1
o Watchdog tIMEr ........ccuviiiiiiieiiee s 20-bit0 1
©® BUZZEI OULPUL ...ttt 1
e 2 Clock generating circuit

Main clock (XIN=XOUT) ...c.covveiiieninnnnnnn. Internal feedback resistor

Sub-clock (XciN—XcouT) Without internal feedback resistor
(connect to external ceramic resonator or quartz-crystal
oscillator)

Power source voltage

In high-speed mode 40to 55V
(at 4.19 MHz oscillation frequency and high-speed selected)

In middle-speed mode 27t055V
(at 4.19 MHz oscillation frequency and middle-speed selected)

IN low-speed MOE ........cceeeiiiiiiiiiiie s 27t055V
(at 32 kHz oscillation frequency)
e Power dissipation
In high-speed mode .........cccccoiiiiiiiiiiii e 35 mw
(at 4.19 MHz oscillation frequency)
IN low-speed MOE ........ccociiuiiiiiiiieiie e 60 uwW

(at 32 kHz oscillation frequency, at 3 V power source voltage)
Operating temperature range —20t0 85 °C

APPLICATION

Musical instruments, VCR, household appliances, etc.

PIN CONFIGURATION (TOP VIEW)

[a]
3
L
S
8
=
>
a

FLD2
FLD3
4/FLD4
FLDs

~4— P27/FLD7

~4—p POo/FLDs8

~4—p PO1/FLD9

~4—» P02/FLD10
~4—p PO3/FLD11
~4—» P04/FLD12
~4—p PO5/FLD13
~a—p POs/FLD14
~4—p PO7/FLD15
— P1o/FLD16

~— P23
60 | <—m P2.
- P2
— P11

~t— P22

58]
I57]
[56 ]
551
[54]
53]
[52]
[51]
[50]
l49]

P57/SRDY2/SCLk22 ~— [65 |
P56/ScLk21 ~—m [66 ]
P5s/TXD ~a— [67 |
P54/RXD ~—»- [68 ]
P53/ScLk12 < [69]
P52/ScLk11 - [70]
P51/SouT1 <= [71]
P50/SIN1 ~t—m= [72]

AVss — [73]

VREF ——=
P65/SsTB1/AN11 4= [75]
P64/INT4/SBUSY1/AN10 ~a—m= (76|
P63/ANo <= [77]
P62/Srov1/ANg < (78]
P77/AN7 < [19]

P76/AN6 ~—» [80 |

O

M38B5xXMxH-XXXXFP

FLD17
FLD19
FLD21

—» P14/FLD20
— P16/FLD22
— P17/FLD23

— P15

— P12/FLD18

—» P13

l47]
l46
5]
[2a]
m
1]

P30/FLD24
P31/FLD2s
P32/FLD26
P33/FLD27
P34/FLD2s
P3s/FLD29
P36/FLD3o
P37/FLDs1
P80/FLD32
P81/FLDs3
P82/FLDs4
P83/FLDs3s
-— Ve

~—» P84/FLD3s
~a—» P8s/RTPo/FLD37
~4—» P86/RTP1/FLD38

BIERERERkREREERERE

O

o]

ANS5 t—m- [ 1|
AN3 ~—m [ 3|
AN2 <t—m [ 4|
AN1-~—m [ 5|
ANo ~t—m [ 6|
P91/XcouT <—# [11]

P61/CNTRO/CNTR2 <—» [ 7|
(Note) P60/CNTR1 - [ g

P47/INT2— [ 9]
P90/XciN ~— [12]

RESET—»

P7s
P73
P72
P71
P70

Note: In the mask option type P, INT3 and CNTR1 cannot be used.

Package type : 80P6N-A
80-pin plastic-molded QFP

Vss—» [13]
XIN— [14]

XoUT «— [15]
Vec— [16]
P46/T30UT ~a—p [17]
P4s/T10UT -t— [18]
P44/PWM1 -— [19]
P43/Buzo1-a— [20]
(Note) P42/INT3-—» [21]
P41/INT1 -t—w [22]
P40/INTo -t [23]

P87/PWMo/FLD39 —m [24]

Fig. 1 Pin configuration of M38B5xMxH-XXXXFP
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HARDWARE

FUNCTIONAL BLOCK
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION

Table 1 Pin description (1)

Pin Name Function Function except a port function
Vcc, Vss Power source * Apply voltage of 4.0-5.5 V to Vcc, and 0 V to Vss.
VEE Pull-down * Apply voltage supplied to pull-down resistors of ports PO, P1, and P3.
power source
VREF Reference « Reference voltage input pin for A-D converter.
voltage
AVss Analog power « Analog power source input pin for A-D converter.
source » Connect to Vss.
RESET Reset input « Reset input pin for active “L.”
XIN Clock input « Input and output pins for the main clock generating circuit.
» Feedback resistor is built in between Xin pin and XouT pin.
« Connect a ceramic resonator or quartz-crystal oscillator between the XiNn and XouT pins to set the
Xout Clock output o
oscillation frequency.
* When an external clock is used, connect the clock source to the Xin pin and leave the XouT pin open.
* The clock is used as the oscillating source of system clock.
POo/FLDs— | I/O port PO « 8-bit 1/0 port. * FLD automatic display
PO7/FLD15 « 1/O direction register allows each pin to be individually programmed as either| pins
input or output.
« At reset, this port is set to input mode.
« A pull-down resistor is built in between port PO and the VEE pin.
* CMOS compatible input level.
« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEeE level.
Plo/FLDi6—| Output port P1 « 8-bit output port. * FLD automatic display
P17/FLD23 « A pull-down resistor is built in between port P1 and the VEEe pin. pins
« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEE level.
P20/Buzo2/ | 1/0 port P2 « 8-bit I/O port with the same function as port PO. * FLD automatic display
FLDo- « Low-voltage input level. pins
P27/FLD7 « High-breakdown-voltage P-channel open-drain output structure. * Buzzer output pin (P20)
P30/FLD24—| Output port P3 « 8-bit output port. * FLD automatic display
P37/FLD31 « A pull-down resistor is built in between port P3 and the VEEe pin. pins
« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEE level.
P40/INTo, 1/O port P4 « 7-bit I/O port with the same function as port PO. « Interrupt input pins
P41/INTz1, *« CMOS compatible input level In the mask option type P,
P42/INT3 « N-channel open-drain output structure. INT3 cannot be used.
P43/Buzo1 * Buzzer output pin
P44/PWM1 * PWM output pin
(Timer output pin)
P4s/T1iouT, « Timer output pin
P46/T30uT
P47/INT2 Input port P4 « 1-bit input port. « Interrupt input pin
« CMOS compatible input level.

1-4
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Table 2 Pin description (2)

HARDWARE
PIN DESCRIPTION

* CMOS 3-state output structure.

Pin Name Function Function except a port function
P50/Sing, 1/0 port P5 « 8-bit CMOS I/O port with the same function as port PO. « Serial 1/01 function pins
P51/Sourtt, * CMOS compatible input level.

P52/ScLkaz, * CMOS 3-state output structure.
P53/ScLk12
P54/RxD, « Serial 1/02 function pins
P5s/TxD,
P5e/ScLk21,
P57/SRDY2/
ScLk22
P60/CNTR1 | I/O port P6 « 1-bit I/O port with the same function as port PO. * Timer input pin
* CMOS compatible input level. In the mask option type P,
* N-channel open-drain output structure. CNTR1 cannot be used.
P61/CNTRo/  5-bit CMOS I/O port with the same function as port PO. * Timer 1/O pin
CNTR2 * CMOS compatible input level.
P62/SRDY1/ « CMOS 3-state output structure. « Serial /01 function pin
ANs » A-D conversion input pin
P63/AN9 * A-D conversion input pin
* Dimmer signal output pin
P64/INT4/ « Serial 1/01 function pin
SBusY1/AN1o, * A-D conversion input pin
P6s5/SsTB1/ « Interrupt input pin (P64)
AN11
P70/ANo— | I/O port P7 « 8-bit CMOS I/O port with the same function as port PO. » A-D conversion input pin
P77/AN7 * CMOS compatible input level.
*« CMOS 3-state output structure.
P8o/FLD32—| 1/O port P8 « 4-bit 1/0O port with the same function as port PO. « FLD automatic display pins
P83/FLD3s * Low-voltage input level.
 High-breakdown-voltage P-channel open-drain output structure.
P84/FLD36 * 4-bit CMOS I/O port with the same function as port PO.
P8s/RTPo/ « Low-voltage input level. * FLD automatic display pins
FLD37, * CMOS 3-state output structure  Real time port output
P86/RTP1/
FLD3s
P87/PWMo/ + FLD automatic display pins
FLD39 * 14-bit PWM output
P9o/XcIN, 1/0 port P9 « 2-bit CMOS I/O port with the same function as port PO. * 1/O pins for sub-clock generating
P91/Xcout * CMOS compatible input level. circuit (connect a ceramic resona-

tor or a quarts-crystal oscillator)

38B5 Group User’'s Manual
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HARDWARE
PART NUMBERING

PART NUMBERING

Product M38B5 7 M -

‘ X
be

XX EP

AS

Package type
FP : 80P6N-A package
FS : 80DO0 package

ROM number

Omitted in One Time PROM version shipped in
blank and EPROM version.

3 digits for M38B57M6-XXXFP and One Time
PROM version.

High-breakdown voltage pull-down option
Regarding option contents, refer to section “
MASK OPTION OF PULL-DOWN RESISTOR".
For the M38B57M6-XXXFP, One Time PROM
version, and EPROM version, there is not the
option specification.

ROM/PROM size
1 4096 bytes

: 8192 bytes
112288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes
: 36864 bytes
1 40960 bytes
1 45056 bytes
1 49152 bytes
: 53248 bytes
: 57344 bytes
: 61440 bytes

TMUOW>OO~NOOAWNRE

The first 128 bytes and the last 2 bytes of ROM
are reserved areas ; they cannot be used for
users.

Memory type
M : Mask ROM version
E : EPROM or One Time PROM version

RAM size

: 192 bytes

: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes
: 1536 bytes
: 2048 bytes

OCoO~NOOOBMWNEO

Fig. 3 Part numbering
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GROUP EXPANSION

Mitsubishi plans to expand the 38B5 group as follows:

Memory Type
Support for Mask ROM, One Time PROM and EPROM versions.

Memory Size

HARDWARE
GROUP EXPANSION

ROM/PROM size ..... .... 24K to 60K bytes

RAM SIZ€ ...oiiiiiiiieic e 1024 to 2048 bytes

Package

BOPBN-A ..o 0.8 mm-pitch plastic molded QFP

80D0 ..ocveeeiieeeiie 0.8 mm-pitch ceramic LCC (EPROM version)

Mass product
ROM size (bytes)
[510] 4 H Moo H TToTTTTTTTe
15757 3 1 e e New product
52Kf-m s T Pt Mass producy e et ‘
s e e —
A4K[ e EREEEEEEEEE R AAARREEEEEEEEE e
20 e et et A
1C 5] e e e e
32K[- T e
,,,,,,,,,, o ._._____.Massproduct i i
28K| N ! T ! K !
e o T ,
0 R R ey e b E b ‘
16K~ AR EEEEEEEEEE e e ERREEE R R REREEEEEE :
12K~ SR e R R L L L e R :
R e R aals B :
AKp = T :
256 512 768 1,024 1,536 2,048
RAM size (bytes)
Note : Products under development or planning : the development schedule and specifications may be revised without notice.

Fig. 4 Memory expansion plan

Currently supported products are listed below.

Table 3 List of supported products

As of Nov. 1998

(P) ROM size (bytes) RAM si
Product ROM size for User ( ) size (bytes) Package Remarks
24576 Mask ROM version
- 1024 -
M3BB57MB-XXXFP (24446) 0 8OPEN-A Corresponded to mask option
M38B57MCH-XXXXFP égégg) 1024 80P6N-A Mask ROM version
61440 Mask ROM version
i, 204 i,
M3BBSOMPH-XXXXFP (61310) 048 8OPEN-A Corresponded to mask option
M38B59EF-XXXFP (gigig) 2048 80P6N-A One Time PROM version
M38B59EFFP (gigig) 2048 80P6N-A One Time PROM version (blank)
61440 .
204
M38B59EFFS (61310) 048 80D0 EPROM version

38B5 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 38B5 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Series addressing modes and machine
instructions or the 740 Series Software Manual for details on the
instruction set.
Machine-resident 740 Series instructions are as follows:

The FST and SLW instructions cannot be used.

The STP, WIT, MUL, and DIV instructions can be used.

[Accumulator (A)]
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

[Index Register X (X)]

The index register X is an 8-bit register. In the index addressing
modes, the value of the OPERAND is added to the contents of
register X and specifies the real address.

[Index RegisterY (Y)]

The index register Y is an 8-bit register. In partial instruction, the
value of the OPERAND is added to the contents of register Y and
specifies the real address.

[Stack Pointer (S)]

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. This register indicates start address of stored area
(stack) for storing registers during subroutine calls and interrupts.
The low-order 8 bits of the stack address are determined by the
contents of the stack pointer. The high-order 8 bits of the stack ad-
dress are determined by the stack page selection bit. If the stack
page selection bit is “0” , the high-order 8 bits becomes “0016". If
the stack page selection bit is “1”, the high-order 8 bits becomes
“0116".

The operations of pushing register contents onto the stack and
popping them from the stack are shown in Figure 6.

Store registers other than those described in Figure 6 with pro-
gram when the user needs them during interrupts or subroutine
calls.

[Program Counter (PC)]
The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 b0
A Accumulator
b7 b0
X Index register X
b7 b0
Y Index register Y
b7 b0
S Stack pointer
b15 b7 b0
PCH PCL Program counter
b7 b0
N|V|T|B|D|1|Z|C| Processor status register (PS)
I—Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag
Break flag
Index X mode flag
Overflow flag
Negative flag

Fig. 5 740 Family CPU register structure
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HARDWARE
FUNCTIONAL DESCRIPTION

Push return address
on stack

|On-going Routine|

Interrupt request
(Note)

—

M (S)« (PCH)

Execute JSR

G« -1

[
[ M(S)«(PCH) |

S «(5)-1
M (S)< (PC)

)<« (S)-1

T
'

Execufe RTS

POP return
address from stack

Interrupt
Service Routine

|

Execute RTI

Push return address
on stack

Push contents of processor
status register on stack

|

| Flag is set from “0” to “1”
Fetch the jump vector

)<« +1
(PS) < M (S)

) «(S)+1

(PCL)€C M (S)

(PCH)«M (S)

Note: Condition for acceptance of an interrupt —» Interrupt enable flag is “1”

Interrupt disable flag is “0”

POP contents of
processor status
register from stack

POP return
address
S €«O)*+1]| from stack

Fig. 6 Register push and pop at interrupt generation and subroutine call

Table 4 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

38B5 Group User's Manual

1-9



HARDWARE
FUNCTIONAL DESCRIPTION

[Processor status register (PS)]

The processor status register is an 8-bit register consisting of 5
flags which indicate the status of the processor after an arithmetic
operation and 3 flags which decide MCU operation. Branch opera-
tions can be performed by testing the Carry (C) flag , Zero (2) flag,
Overflow (V) flag, or the Negative (N) flag. In decimal mode, the Z,
V, N flags are not valid.

«Bit 0: Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

*Bit 1: Zero flag (2)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0".

«Bit 2: Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1".

«Bit 3: Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

Table 5 Set and clear instructions of each bit of processor status register

Bit 4: Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”". When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1”.

Bit 5: Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory. When the T flag is “1”, direct
arithmetic operations and direct data transfers are enabled
between memory locations.

*Bit 6: Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.

*Bit 7: Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED — SET — —
Clear instruction CLC - CLI CLD - CLT CLVv -

1-10 38B5 Group User’'s Manual




HARDWARE
FUNCTIONAL DESCRIPTION

[CPU Mode Register (CPUM)] 003B 16

The CPU mode register contains the stack page selection bit and
the internal system clock selection bit etc.

The CPU mode register is allocated at address 003B16.

b7 b0
LLT T T T LT i,
L Processor mode bits

b1 b0
0 0: Single-chip mode
01:

10: |Notavailable
11:

Stack page selection bit
0: Page 0
1: Page 1

Xcour drivability selection bit
0: Low drive
1: High drive

Port Xc switch bit
0: 1/O port function
1: XcIN—XcouT oscillating function

Main clock (XIN—XouT) stop bit
0: Oscillating
1: Stopped

Main clock division ratio selection bit
0: f(XIN) (high-speed mode)
1: f(XiN)/4 (middle-speed mode)

Internal system clock selection bit
0: XIN-XouT selection (middle-/high-speed mode)
1: XcIN-XcouT selection (low-speed mode)

Fig. 7 Structure of CPU mode register
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HARDWARE
FUNCTIONAL DESCRIPTION

Memory

Special function register (SFR) area

The special function register (SFR) area in the zero page contains
control registers such as I/0 ports and timers.

RAM

RAM is used for data storage and for stack area of subroutine calls
and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing, and the other areas are user areas for storing pro-
grams.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.

Zero page

The 256 bytes from addresses 000016 to 00FF16 are called the zero
page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mode can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special page

The 256 bytes from addresses FF0016 to FFFF16 are called the spe-
cial page area. The special page addressing mode can be used to
specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

RAM area
RAM size Address
(byte) XXXX16
192 00FF16
256 013F16
384 01BF16
512 023F16
640 02BF16
768 033F16
896 03BF16
1024 043F16
1536 063F16
2048 083F16
ROM area
ROM size Address Address
(byte) YYYY16 777716
4096 F00016 F08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016
40960 600016 608016
45056 500016 508016
49152 400016 408016
53248 300016 308016
57344 200016 208016
61440 100016 108016

000016
RAM SFR area 1
004016 Zero page
010016
XXXXK16 frorrrmmmmssenrnrmmmssnnnnnnanennneee
Reserved area
044016
Not used (Note)
OEFO016
OEFF16 SFR area 2
OF0016 - -
RAM area for Serial I/O automatic
transfer
ROM OFFF16 | RAM area for FLD automatic display
[YYYYe [
Reserved ROM area
(common ROM area, 128 byte)
277716
FF0016 .
FFDC16 Special page
Interrupt vector area
FFFE16 R d ROM
| FFFF1s eserve area )

Note: When 1024 bytes or more are used as RAM area, this area can be used.

Fig. 8 Memory map diagram
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HARDWARE
FUNCTIONAL DESCRIPTION

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B16
001C16
001D16
001E16
001F16

OEFO16
OEF116
OEF216
OEF316
OEF416
OEF516
OEF616
OEF716

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)

Port P8 direction register (P8D)

Port P9 (P9)

Port P9 direction register (P9D)

PWM register (high-order) (PWMH)

PWM register (low-order) (PWM L)

Baud rate generator (BRG)

UART control register (UARTCON)

Serial 1/01 automatic transfer data pointer (SIO1DP)

Serial /01 control register 1 (SIO1CON1)

Serial /01 control register 2 (SIO1CONZ2)

Serial /01 register/Transfer counter (SIO1)

Serial /01 control register 3 (SIO1CON3)

Serial 1/02 control register (SIO2CON)

Serial /02 status register (SIO2STS)

Serial I/02 transmit/receive buffer register (TB/RB)

Pull-up control register 1 (PULL1)

Pull-up control register 2 (PULL2)

P1FLDRAM write disable register (PLFLDRAM)

P3FLDRAM write disable register (P3FLDRAM)

FLDC mode register (FLDM)

Tdisp time set register (TDISP)

Toffl time set register (TOFF1)

Toff2 time set register (TOFF2)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

OEF816
OEF916
OEFA16
OEFB16
OEFC1s6
OEFD16
OEFE16
OEFF16

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

Timer 5 (T5)

Timer 6 (T6)

PWM control register (PWMCON)

Timer 6 PWM register (T6BPWM)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 56 mode register (T56M)

Watchdog timer control register (WDTCON)

Timer X (low-order) (TXL)

Timer X (high-order) (TXH)

Timer X mode register 1 (TXM1)

Timer X mode register 2 (TXM2)

Interrupt interval determination register (IID)

Interrupt interval determination control register (IDCON)

A-D control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

Interrupt source switch register (IFR)

Interrupt edge selection register INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1(IREQ1)

Interrupt request register 2(IREQ2)

Interrupt control register 1(ICON1)

Interrupt control register 2(ICON2)

FLD data pointer (FLDDP)

Port POFLD/port switch register (POFPR)

Port P2FLD/port switch register (P2FPR)

Port P8FLD/port switch register (P8FPR)

Port P8FLD output control register (P8FLDCON)

Buzzer output control register (BUZCON)

Fig. 9 Memory map of special function register (SFR)
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HARDWARE
FUNCTIONAL DESCRIPTION

I/O Ports

[Direction Registers] PiD

The 38B5 group has 55 programmable 1/0 pins arranged in eight
individual 1/0O ports (PO, P2, P40—P4e, and P5-P9). The I/O ports
have direction registers which determine the input/output direction of
each individual pin. Each bit in a direction register corresponds to
one pin, and each pin can be set to be input port or output port. When
“0” is written to the bit corresponding to a pin, that pin becomes an
input pin. When “1” is written to that pin, that pin becomes an output
pin. If data is read from a pin set to output, the value of the port
output latch is read, not the value of the pin itself. Pins set to input
(the bit corresponding to that pin must be set to “0”) are floating and
the value of that pin can be read. If a pin set to input is written to, only
the port output latch is written to and the pin remains floating.

[High-Breakdown-Voltage Output Ports]

The 38B5 group has 5 ports with high-breakdown-voltage pins (ports
P0-P3 and P80-P83). The high-breakdown-voltage ports have P-
channel open-drain output with Vcc- 45 V of breakdown voltage. Each
pin in ports PO, P1, and P3 has an internal pull-down resistor con-
nected to VEe. Atreset, the P-channel output transistor of each port
latch is turned off, so that it goes to VEE level (“L") by the pull-down
resistor.

Writing “1” (weak drivability) to bit 7 of the FLDC mode register (ad-
dress OEF416) shows the rising transition of the output transistors for
reducing transient noise. At reset, bit 7 of the FLDC mode register is
set to “0” (strong drivability).

[Pull-up Control Register] PULL

Ports P5, P61—-P6s, P7, P84—P87 and P9 have built-in programmable
pull-up resistors. The pull-up resistors are valid only in the case that
the each control bit is set to “1” and the corresponding port direction
registers are set to input mode.

b7 b0
Pull-up control register 1
L(PULLl : address OEFO 16)
P50, P51 pull-up control bit

P52, P53 pull-up control bit

P54, P55 pull-up control bit

P56, P57 pull-up control bit

P61 pull-up control bit

P62, P63 pull-up control bit

P64, P65 pull-up control bit

Not used
(returns “0” when read)

b7 b0
Pull-up control register 2
L(PULLZ : address OEF1 16)
P70, P71 pull-up control bit

P72, P73 pull-up control bit

P74, P75 pull-up control bit

P76, P77 pull-up control bit

P84, P85 pull-up control bit

P86, P87 pull-up control bit

P90, P91 pull-up control bit

Not used
(returns “0” when read)

~

~

.

\

0: No pull-up
1: Pull-up

0: No pull-up
1: Pull-up

Fig. 10 Structure of pull-up control registers
PULL2)

(PULL1 and
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Table 6 List of I/O port functions (1)

HARDWARE
FUNCTIONAL DESCRIPTION

Pin Name | Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
POo/FLDs— | Port PO |Input/output, | CMOS compatible input level | FLD automatic display function | FLDC mode register (1)
PO7/FLD15 individual bits | High-breakdown voltage P- Port POFLD/port switch register

channel open-drain output

with pull-down resistor
Plo/FLD16—| Port P1 | Output High-breakdown voltage P- FLDC mode register 2)
P17/FLD23 channel open-drain output

with pull-down resistor
P20/Buzo2/ | Port P2 |Input/output, | Low-voltage input level Buzzer output (P20) FLDC mode register 3)
FLDo individual bits | High-breakdown voltage P- | FLD automatic display function | Port P2FLD/port switch register
P21/FLD1— channel open-drain output FLD automatic display function | Buzzer output control register| (1)
P27/FLD7
P3o/FLD24—| Port P3 | Output High-breakdown voltage P- FLDC mode register 2)
P37/FLD31 channel open-drain output

with pull-down resistor
P40/INTo, Port P4 | Input/output, | CMOS compatible input level | External interrupt input Interrupt edge selection register (5-1)
P41/INT1, individual bits | N-channel open-drain output | In the mask option type P, INT3 (5-2)
P42/INT3 cannot be used.
P43/Buzo1 Buzzer output Buzzer output control register|  (4)
P44/PWM1 PWM output Timer 56 mode register (6)
P4s/T1ouT Timer output Timer 12 mode register (@)
P46/T30uUT Timer output Timer 34 mode register (@)
P47/INT2 Input CMOS compatible input level | External interrput input Interrupt edge selection register 8)

Interrupt interval determination
control register

P50/Sin1 Port P5 | Input/output, | CMOS compatible input level | Serial I/O1 function 1/O Serial /01 control register 1, 2 9)
P51/Sourtt, individual bits | CMOS 3-state output (10)
P52/ScLki1,
P53/ScLk12
P54/RxD, Serial I/02 function 1/0 Serial I/02 control register|  (9)
P5s/TxD, UART control register (10)
P56/ScLk21
P57/SRpv2/ (11)
ScLk22
P60/CNTR1 | Port P6 CMOS compatible input level | External count input Interrupt edge selection register (5-1)

N-channel open-drain output | In the mask option type P, (5-2)
P61/CNTRo/ CMOS compatible input level | CNTRz1 cannot be used. (12)
CNTR2 CMOS 3-state output
P62/Srpv1/ Serial 1/01 function I/O Serial /01 control register 1, 2 (13)
ANs A-D conversion input A-D control register
P63/AN9 A-D conversion input A-D control register (14)

Dimmer signal output P8FLD output control bit
P64/INT4/ Serial I/0O1 function 1/0 Serial 1/01 control register 1, 2 (15)
SBusY1/AN10 A-D conversion input A-D control register
External interrupt input Interrupt edge selection register
P65/SsTB1/ Serial I/0O1 function 1/0 Serial /01 control register 1, 2 (16)
AN11 A-D conversion input A-D control register
P70/ANo— | Port P7 A-D conversion input A-D control register (14)
P77/AN7
38B5 Group User’'s Manual 1-15



HARDWARE
FUNCTIONAL DESCRIPTION

Table 7 List of I/O port functions (2)

Pin Name | Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
P8o/FLD32— | Port P8 | Input/output, | Low-voltage input level FLD automatic display function | FLDC mode register (2)
P83/FLD3s individual bits | High-breakdown voltage P- Port P8FLD/port switch register

channel open-drain output
P84/FLD36 Low-voltage input level a7)
P85/RTPo/ CMOS 3-state output FLD automatic display function | FLDC mode register (18)
FLD37, Real time port output Port P8FLD/port switch register
P86/RTP1/ Timer X mode register 2
FLD3s
P87/PWMo/ FLD automatic display function | FLDC mode register (29)
FLD3g PWM output Port P8FLD/port switch register

PWM control register

P9o/XcIN Port P9 CMOS compatible input level | Sub-clock generating circuit I/O | CPU mode register (20)
P91/Xcout CMOS 3-state output (21)

Notes 1 : How to use double-function ports as function 1/O ports, refer to the applicable sections.
2 : Make sure that the input level at each pin is either 0 VV or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.

1-16

38B5 Group User’'s Manual



HARDWARE
FUNCTIONAL DESCRIPTION

(1) Ports PO, P21-P27, P80-P83

FLD/Port
switch register

Dimmer signal (Note 1) —#°

+——»|Direction registerf—

Local data
bus | A
Data bus —

O

(Note 2)

O ki

<
m
m

(3) Port P20

Buzzer control signal

Local data T
bus ]

T

|

Data bus —

(5-1) Ports P40—-P42, P6o

Direction register

Port latch

~N
INTo,INT1,INT3 interrupt input J
CNTRzinput
Timer 4 external clock input

(6) Port P44

Timer 6 output selection bit —

Direction register
Port latch

=

e

it

Timer 6 output—— >——

% (Note 2)
VEE

(2) Ports P1, P3

Local data Dimmer signal (Note 1) —mo
bus

o Port latch
Data bus ——1—="—_Portiach _}—

A
N

(4) Port P43

Buzzer control signal
Buzzer signal output

Direction register

Data bus

(5-2) Ports P42, P60 (in mask option type P)

Direction register

Port latch

(7) Ports P45, P46

Timer 1 output bit ___
Timer 3 output bit

Direction register
Data bus —¢=| Port latch

Timer 1 output :
Timer 3 output —- (Note3)

* High-breakdown-voltage P-channel transistor
Notes 1: The dimmer signal sets the Toff timing.
2: A pull-down resistor is not built in to ports P2 and P
3: In the mask option type P, the hysteresis circuit of |
part is not built-in.

Fig. 11 Port block diagram (1)
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(8) Port P47

Data bus

VA

INT2 interrupt @ o
input

(10) Ports P51-P53, P55, P56

P-channel output disable signal (P51,P55) —
Output OFF control signal
Serial /02 mode selection bit —

Pull-up control % ?
J
»—

o).

Direction register

< ‘ @
TxD, Sout or ScLk + J

Serial clock input e
P52,P53,P56

(12) Port P61

Pull-up control 4

Timer X operating mode bit — 4{

Direction register —D—{ »?

oata s o paren =g

"
.

N

Timer X output ——— >—
CNTRo,CNTRz input
Timer 2, Timer X external clock input

o
b

(9) Ports P50, P54

Pull-up control %

5
e

B
Data bus —t+{_Poriach | Pa]
~N J

Serial I/O input

(11) Port P57

Pull-up control 4{

Srov2 output enable bit — —

—>{ Direction register ’_T\ @—1

Data bus —-+] poriaen =

g
.

TT_I_TVLCb
o

<}
Serial ready output ——— >——

Serial clock input <€<—

(13) Port P62

“Pull-up control —]|
P62/SroY1:-P64/Seusy1 ___
pin control bit

Data bus — ] =

J
.

N\
Serial ready output —[>—
Serial ready input -~

A-D conversion input<—o\—

Analog input pin selection bit

Fig. 12 Port block diagram (2)
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“Puil-up control —|
% P62/Srov1-P64/SBUsYL
pin control bit
? ——-{ Direction register ﬂm -
1o Y]
Data bus —9 4D°_{ =

.
: | 4

Seusy1 output ﬁ} > }; input
INT4 interrupt input, Ssusyz input selection
bit

(14) Ports P63, P7 (15) Port P64 ?
-
J
-

Pull-up control

WUW—CP

Dimmer output control bit (P63) —

Direction register
Port latch

Data bus -

Dimmer signal output (P63) —{ >— -
A-D conversion input - o] A-D conversion input

Analog input pin selection bit

(16) Port P65 ? (17) Port P84
Pull-up control %
J
[

P6s5/SsTe1 pin control bit — —
om0 .
S %

Dimme’(sl\i‘%“a' Pull-up control%

FLD/Port
switch register

te)

as
—
Ens
8]
L

O

1 Direction register

Local data |

bus _l
Databus — 4 ,o—b‘ Port latch

<] ]
Sste1 output ——— >— ?
\[

-t

A-D conversion input -~ o

(18) Ports P8s, P86 (19) Port P87
Dimmer signal ?
(N%te) ‘Pull-up control up control %5 Dimmer signal Pull-up control%?
FLD/Port (Note) a
switch register L ~ P87/PWM -
° 5 Real time port switch register . o | output enable A
4 control bit 4 bit

+——»| Direction register ‘ l j 4@
irection register
Local data :1:)—&4& | o Local data __| g
bus
jr

bus ]
_l(o—ﬂ Port latch _l
Data bus —1 T 1 Data bus — Port latch i

N | N

RTP output — > PWMOo output —| >

—

(20) Port P90 (21) Port P91

Pull-up control

€L
LIfL¢,

Pull-up control -
Port Xc switch bit

Direction register

Port Xc switch bit

D —

D
KW

Port latch

Data bus

T

~N )
J Oscillator
Port P9o —{?o—
Sub-clock generating circuit input —— ; .
Port Xc switch bit

* High-breakdown-voltage P-channel transistor
Note: The dimmer signal sets the Toff timing.

Fig. 13 Port block diagram (3)
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Interrupts
Interrupts occur by twenty one sources: five external, fifteen internal,
and one software.

(1) Interrupt Control

Each interrupt except the BRK instruction interrupt have both an
interrupt request bit and an interrupt enable bit, and is controlled by
the interrupt disable flag. An interrupt occurs if the corresponding
interrupt request and enable bits are “1” and the interrupt disable flag
is “0.” Interrupt enable bits can be set or cleared by software. Inter-
rupt request bits can be cleared by software, but cannot be set by
software. The BRK instruction interrupt and reset cannot be disabled
with any flag or bit. The | flag disables all interrupts except the BRK
instruction interrupt and reset. If several interrupts requests occurs
at the same time the interrupt with highest priority is accepted first.

(2) Interrupt Operation
Upon acceptance of an interrupt the following operations are auto-
matically performed:
1. The contents of the program counter and processor status
register are automatically pushed onto the stack.
2. The interrupt disable flag is set and the corresponding
interrupt request bit is cleared.
3. The interrupt jump destination address is read from the vector
table into the program counter.

mNotes on Use
When the active edge of an external interrupt (INTo—INT4) is set or
when switching interrupt sources in the same vector address, the
corresponding interrupt request bit may also be set. Therefore, please
take following sequence:

(1) Disable the external interrupt which is selected.

(2) Change the active edge in interrupt edge selection register

(3) Clear the set interrupt request bit to “0.”

(4) Enable the external interrupt which is selected.
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Table 8 Interrupt vector addresses and priority

HARDWARE

FUNCTIONAL DESCRIPTION

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source |Priority Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo 2 FFFB16 FFFA16 At detection of either rising or falling edge of | External interrupt
INTo input (active edge selectable)
INT1 3 FFF916 FFF816 At detection of either rising or falling edge of | External interrupt
INT2 input (active edge selectable)
INT2 4 FFF716 FFF616 At detection of either rising or falling edge of | External interrupt
_____ INT2 input (active edge selectable)
Remote control/ | At 8-bit counter overfiow | %Iiﬂv@nﬁer_ruﬁn@va T
counter overflow determination is operating
Serial /01 5 FFF516 FFF416 At completion of data transfer Valid when serial 1/0 ordinary
. _ |modeisselected
“Serial I/0 auto- | At completion of the last data transfer Valid when serial I/0O automatic
matic transfer transfer mode is selected
Timer X 6 FFF316 FFF216 At timer X underflow
Timer 1 7 FFF116 FFFO16 At timer 1 underflow
Timer 2 8 FFEF16 FFEE16 At timer 2 underflow STP release timer underflow
Timer 3 9 FFED16 FFEC16 At timer 3 underflow
Timer 4 10 FFEB16 FFEA16 At timer 4 underflow (Note 3)
Timer 5 11 FFE916 FFE816 At timer 5 underflow
Timer 6 12 FFE716 FFE616 At timer 6 underflow
Serial /02 receive 13 FFE516 FFE416 At completion of serial I/02 data receive
INT3 14 FFE316 FFE216 At detection of either rising or falling edge of | External interrupt (Note 4)
INT3 input (active edge selectable)
Serial 1102 transmit | | Atcompletion of serial /02 data transmit |
INT4 15 FFE1l16 FFEO16 At detection of either rising or falling edge of | External interrupt
INT4 input (active edge selectable)
Valid when INTa4 interrupt is selected
“A-D conversion | | At completion of A-D conversion | Valid when A-D conversion is selected
FLD blanking 16 FFDF16 FFDE16 At falling edge of the last timing immediately | Valid when FLD blanking
] | before blanking period starts _________| interruptis selected
FLD digit At rising edge of digit (each timing) Valid when FLD digit interrupt is selected
BRK instruction 17 FFDD16 FFDCu1e At BRK instruction execution Non-maskable software interrupt

Notes 1 : Vector addresses contain interrupt jump destination addresses.
2 : Reset function in the same way as an interrupt with the highest priority.
3 : In the mask option type P, timer 4 interrupt whose count source is CNTRz1 input cannot be used.
4 : In the mask option type P, INT3 interrupt cannot be used.

38B5 Group User’'s Manual

1-21



HARDWARE
FUNCTIONAL DESCRIPTION

Interrupt request bit ——

Interrupt enable bit —

Interrupt disable flag I—9

BRK instruction

Interrupt request

Fig. 14 Interrupt control

b7 b0 |nterrupt source switch register

(IFR : address 003916)

INTs/serial 1/02 transmit interrupt switch bit (Note 1)
0 : INTz interrupt

1: Serial /02 transmit interrupt

INT4/AD conversion interrupt switch bit

0 : INT4 interrupt

1: A-D conversion interrupt

Not used (return “0” when read)

(Do not write “1” to these bits.)

b7 bO Interrupt edge selection register
(INTEDGE : address 003A1s)

INTo interrupt edge selection bit
INT1 interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit (Note 1)
INT4 interrupt edge selection bit
Not used (return "0" when read)
CNTRo pin edge switch bit

CNTRu1 pin edge switch bit (Note 1)

b7 bO  Interrupt request register 1 b7
(IREQ1 : address 003C1s)

0 : Rising edge count
1: Falling edge count

0 : Falling edge active
1: Rising edge active

bO Interrupt request register 2
(IREQ2 : address 003Dzs)

INTo interrupt request bit
INT1 interrupt request bit
INT2 interrupt request bit
HRemote controller/counter overflow interrupt
request bit

{ Serial 1/01 interrupt request bit

Serial I/0 automatic transfer interrupt request bit

——————— Timer X interrupt request bit
Timer 1 interrupt request bit

Timer 4 interrupt request bit (Note 2)

Timer 5 interrupt request bit

Timer 6 interrupt request bit

Serial /02 receive interrupt request bit

INT3/serial 1/02 transmit interrupt request bit (Note 2)
INT4 interrupt request bit

AD conversion interrupt request bit

FLD blanking interrupt request bit

FLD digit interrupt request bit

Timer 2 interrupt request bit
Timer 3 interrupt request bit

b7 b0 Interrupt control register 1 b7
(ICONL1 : address 003Ez1s)

Not used (returns “0” when read)

0 : No interrupt request issued
1 : Interrupt request issued

b0 Interrupt control register 2
(ICON2 : address 003Fz6)

INTo interrupt enable bit
INT1 interrupt enable bit
{INTz interrupt enable bit

Remote controller/counter overflow interrupt
enable bit

Serial /01 interrupt enable bit

Serial I/0 automatic transfer interrupt enable bit
Timer X interrupt enable bit

Timer 1 interrupt enable bit

Timer 4 interrupt enable bit (Note 3)
Timer 5 interrupt enable bit
Timer 6 interrupt enable bit

Serial 1/02 receive interrupt enable bit .
INT3/serial 1/02 transmit interrupt enable bit (Note 3)

INT4 interrupt enable bit

AD conversion interrupt enable bit
FLD blanking interrupt enable bit
FLD digit interrupt enable bit

Timer 2 interrupt enable bit
Timer 3 interrupt enable bit

Not used (returns “0” when read)
(Do not write “1” to this bit.)

0 : Interrupt disabled
1: Interrupt enabled

Notes 1: In the mask option type P, these bits are not available because CNTR1 function and INT3 function cannot be used.
2: In the mask option type P, if timer 4 interrupt whose count source is CNTR1 input and INT3 interrupt are selected, these bits do not become “1”.
3: In the mask option type P, timer 4 interrupt whose count source is CNTR1 input and INT3 interrupt are not available.

Fig. 15 Structure of interrupt related registers
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Timers

8-Bit Timer

The 38B5 group has six built-in timers : Timer 1, Timer 2, Timer 3,
Timer 4, Timer 5, and Timer 6.

Each timer has the 8-bit timer latch. All timers are down-counters.
When the timer reaches “0016,” an underflow occurs with the next
count pulse. Then the contents of the timer latch is reloaded into the
timer and the timer continues down-counting. When a timer
underflows, the interrupt request bit corresponding to that timer is
setto “1.”

The count can be stopped by setting the stop bit of each timer to “1.”
The internal system clock can be set to either the high-speed mode
or low-speed mode with the CPU mode register. At the same time,
timer internal count source is switched to either f(XiN) or f(XcIN).

e Timer 1, Timer 2

The count sources of timer 1 and timer 2 can be selected by setting
the timer 12 mode register. A rectangular waveform of timer 1 under-
flow signal divided by 2 can be output from the P4s/T1out pin. The
active edge of the external clock CNTRo can be switched with the bit
6 of the interrupt edge selection register.

At reset or when executing the STP instruction, all bits of the timer 12
mode register are cleared to “0,” timer 1 is set to “FF16,” and timer 2
is set to “0l1e.”

e Timer 3, Timer 4

The count sources of timer 3 and timer 4 can be selected by setting
the timer 34 mode register. A rectangular waveform of timer 3 under-
flow signal divided by 2 can be output from the P4e/T3out pin. The
active edge of the external clock CNTR1 (Note) can be switched with
the bit 7 of the interrupt edge selection register.

Note: In the mask option type P, CNTR1 function cannot be used.

e Timer 5, Timer 6

The count sources of timer 5 and timer 6 can be selected by setting
the timer 56 mode register. A rectangular waveform of timer 6 under-
flow signal divided by 2 can be output from the P44/PWMz pin.

e Timer 6 PWM 1 Mode

Timer 6 can output a PWM rectangular waveform with “H” duty cycle
n/(n+m) from the P44/PWM: pin by setting the timer 56 mode regis-
ter (refer to Figure 18). The n is the value set in timer 6 latch (address
002516) and m is the value in the timer 6 PWM register (address
002716). If nis “0,” the PWM output is “L,” if m is “0,” the PWM output
is “H” (n = 0 is prior than m = 0). In the PWM mode, interrupts occur
at the rising edge of the PWM output.

HARDWARE
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b7 bo

Timer 12 mode register

(T12M: address 002816)
Timer 1 count stop bit
0 : Count operation
1: Count stop
Timer 2 count stop bit
0 : Count operation
1: Count stop
Timer 1 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16
01 : f(Xcin)
10 : f(Xin)/16 or f(Xcin)/32
11 : f(Xin)/64 or f(Xcin)/128
Timer 2 count source selection bits
00 : Underflow of Timer 1
01 : f(Xcin)
10 : External count input CNTRO
11 : Not available
Timer 1 output selection bit (P4s)
0:1/O port
1: Timer 1 output
Not used (returns “0” when read)
(Do not write “1" to this bit.)

b7
Timer 34 mode register
(T34M: address 002916)

Timer 3 count stop bit

0 : Count operation

1: Count stop

Timer 4 count stop bit

0 : Count operation

1: Count stop

Timer 3 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : Underflow of Timer 2

10 : f(Xin)/16 or f(Xcn)/32

11 : f(Xin)/64 or f(Xcin)/128

Timer 4 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : Underflow of Timer 3

10 : External count input CNTR1 (Note)
11 : Not available

Timer 3 output selection bit (P4s)
0: I/O port

1: Timer 3 output

Not used (returns “0” when read)
(Do not write “1” to this bit.)

b7 bo
Timer 56 mode register
(T56M: address 002A16)
I— Timer 5 count stop bit
0 : Count operation
1: Count stop
Timer 6 count stop bit
0 : Count operation
1: Count stop
Timer 5 count source selection bit
0 : f(Xin)/8 or f(Xcin)/16
1 : Underflow of Timer 4
Timer 6 operation mode selection bit
0 : Timer mode
1: PWM mode
Timer 6 count source selection bits
00 : f(Xi)/8 or f(Xc)/16
01 : Underflow of Timer 5
10 : Underflow of Timer 4
11 : Not available
Timer 6 (PWM) output selection bit (P44)
0:1/0 port
1: Timer 6 output
Not used (returns “0” when read)
(Do not write “1” to this bit.)

Note: In the mask option type P, CNTR1 function cannot be used.

Fig. 16 Structure of timer related register
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Internal system clock
selection bit

“01”
Q

“00"

Q0

P45/T10UT P4s latch

«117

Data bus

Timer 1 latch (8)

Timer 1 count source
selection bits

A e

Timer 1 count
stop bit

Timer 1 output selection bit

P4s direction register

“00"

—o
“01"

“107

Rising/Falling
P61/CNTRO/CNTR2 ( >—4: >{ active edge switch

P46/T30UT P4e latch

Timer 2 latch (8)

Timer 2 count source
selection bits 0116

P

Timer 2 count
stop bit

Timer 3 latch (8)

Timer 3 count source
selection bits

Timer 3 output selection bit

P4s direction register

P60/CNTR1
(Note)

..%o } Timer 3 (8)
00" s
10 Timer 3 count d.
10 o stop bit
11
Timer 4 latch (8)
«g17| Timer 4 count source
Q selection bits
70 O > Timer 4 (8)
S

stop bit

paaPwM1 O

P44 direction register

Timer 6 output selection bit

Timer 5 latch (8)

Timer 5 count source
selection bit

S

Timer 5 count
stop bit

“01"
Q

L—o
“00"
“107

o

Timer 6 latch (8)

Timer 6 count source
selection bits

S e

Timer 6 count *
stop bit

Timer 6 PWM register (8)

Timer 6 operation
mode selection bit

Note: In the mask option type P, CNTR1 function cannot be used.

RESET

‘ STP instruction

Timer 1 interrupt request

Timer 2 interrupt request

Timer 3 interrupt request

Timer 4 interrupt request

Timer 5 interrupt request

Timer 6 interrupt request

Fig. 17 Block diagram of timer
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Timer6 —>

countsource [ ||| || .----- PO I I I O O I I

Timer 6 PWM J

mode

nOts | m O ts
—|~

(n+m) O ts

- o
- -

l i

Timer 6 interrupt request Timer 6 interrupt request

Note: PWM waveform (duty : n/(n + m) and period: (n + m) 0O ts) is output.
n : setting value of Timer 6
m: setting value of Timer 6 PWM register
ts: period of Timer 6 count source

Fig. 18 Timing chart of timer 6 PWM 1 mode
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16-Bit Timer

Timer X is a 16-hit timer that can be selected in one of four modes by
the Timer X mode registers 1, 2 and can be controlled the timer X
write and the real time port by setting the timer X mode registers.
Read and write operation on 16-bit timer must be performed for both
high- and low-order bytes. When reading a 16-bit timer, read from
the high-order byte first. When writing to 16-bit timer, write to the low-
order byte first. The 16-bit timer cannot perform the correct operation
when reading during write operation, or when writing during read
operation.

e Timer X

Timer X is a down-counter. When the timer reaches “000016,” an
underflow occurs with the next count pulse. Then the contents of the
timer latch is reloaded into the timer and the timer continues down-
counting. When a timer underflows, the interrupt request bit corre-
sponding to that timer is set to “1.”

(1) Timer mode
A count source can be selected by setting the Timer X count source
selection bits (bits 1 and 2) of the Timer X mode register 1.

(2) Pulse output mode

Each time the timer underflows, a signal output from the CNTR2 pin
is inverted. Except for this, the operation in pulse output mode is the
same as in timer mode. When using a timer in this mode, set the port
shared with the CNTR2 pin to output.

(3) Event counter mode

The timer counts signals input through the CNTR2 pin. Except for
this, the operation in event counter mode is the same as in timer
mode. When using a timer in this mode, set the port shared with the
CNTR2 pin to input.

(4) Pulse width measurement mode

A count source can be selected by setting the Timer X count source
selection bits (bits 1 and 2) of the Timer X mode register 1. When
CNTR2 active edge switch bit is “0,” the timer counts while the input
signal of the CNTR2 pin is at “H.” When it is “1,” the timer counts
while the input signal of the CNTRz pin is at “L.” When using a timer
in this mode, set the port shared with the CNTR2 pin to input.

m Note

*Timer X Write Control

If the timer X write control bit is “0,” when the value is written in the
address of timer X, the value is loaded in the timer X and the latch at
the same time.

If the timer X write control bit is “1,” when the value is written in the
address of timer X, the value is loaded only in the latch. The value in
the latch is loaded in timer X after timer X underflows.

When the value is written in latch only, unexpected value may be set
in the high-order counter if the writing in high-order latch and the
underflow of timer X are performed at the same timing.

*Real Time Port Control

While the real time port function is valid, data for the real time port
are output from ports P8s and P86 each time the timer X underflows.
(However, if the real time port control bit is changed from “0” to “1,”
data are output without the timer X.) When the data for the real time
port is changed while the real time port function is valid, the changed
data are output at the next underflow of timer X.

Before using this function, set the corresponding port direction regis-
ters to output mode.
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Real time port

control bit  «q» b Data bus
Pa o—Q —— P85 data for real time port
5
<
Real time port
P8s direction Latch | | control bit (P8s) “0 Timer X mode register
register P8s latch “q write signal
Real time port 0
control bit  “1” i
Q D |« P86 data for real time port
<
A “0” Latch | | Real time port
Ilf’ezeisctjgrectlon P8s latch control bit (P86)."0 Timer X mode register
XcIN wgn write signal
O o
Internal system clock
@L."Y  selection bit
© 112
% Count source selection bit
& |64
a o )
Timer X stop Timer X write
Timer X operating control bit control bit
CNTR2 active mode bits - - -
edge switch bit “00” “01” 11" Timer X latch (low-order) (8) |T|mer X latch (high-order) (8) |
P61/CNTRo/CNTR2 O—' Timer X (low-order) (8) | Timer X (high-order) (8) I — Timer X
interrupt request
0, i
Pulse width >
measurement mode
CNTR2 active 5 Pulse output mode
edge switch bit 0"
Q
T
o “1” 3
P61 direction Q
register P61 latch
Pulse output mode
CNTRo
Fig. 19 Block diagram of timer X
b7 b0 b7 b0

L

Timer X mode register 1
(TXML1 : address 002Ez16)

Timer X write control bit
0 : Write data to both timer latch and timer
1 : Write data to timer latch only
Timer X count source selection bits
b2 bl
0 0 :f(Xin)/2 or f(Xcin)/4
0 1 :f(Xin)/8 or f(Xcin)/16
1 0 :f(Xin)/64 or f(Xcin)/128
1 1 :Notavailable
Not used (returns "0" when read)
Timer X operating mode bits
b5 b4
0 0:Timer mode
0 1:Pulse output mode
1 0: Eventcounter mode
1 1:Pulse width measurement mode

—— CNTR2 active edge switch bit

0 : « Event counter mode ; counts rising edges
« Pulse output mode ; output starts with “H” level

Timer X mode register 2
(TXM2 : address 002F16)

—— P86 data for real time port

« Pulse width measurement mode ; measures “H” periods

1 : « Event counter mode ; counts falling edges
« Pulse output mode ; output starts with “L” level

« Pulse width measurement mode ; measures “L” periods

—— Timer X stop control bit

0 : Count operating
1 : Count stop

Real time port control bit (P85)
0 : Real time port function is invalid
1 : Real time port function is valid
Real time port control bit (P86)
0 : Real time port function is invalid
1 : Real time port function is valid
P8s data for real time port

Not used (returns "0" when read)

Fig. 20 Structure of timer X related registers
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Serial 1/0 FLD automatic display RAM).

e Serial /01 The P62/Sroy1/ANs, P64/INT4/Ssusy1/AN10, and P65/SsTe1/AN11
Serial /01 is used as the clock synchronous serial I/O and has an pins each have a handshake 1/O signal function and can select
ordinary mode and an automatic transfer mode. In the automatic either “H” active or “L” active for active logic.

transfer mode, serial transfer is performed through the serial I/0
automatic transfer RAM which has up to 256 bytes (addresses
0F0016 to OFFF16: addresses 0F6016 to OFFF16 are also used as

Main address  Local address Main Local
bus bus Serial 1/0 automatic data bus data bus
. —\| transfer RAM ]
(0F0016—O0FFF16)

L=

Serial /01

::)M decoder |< —|automatic transfer

data pointer

L Serial /01
automatic transfer
controller

) I
Internal system Serial /01
clock selection bit control register 3

—

XcIN

P6s latch

Divider

‘0" o (P6s/SsTa1 pin control bit)
P6s/Sster O ug2© 1/128

P62/SrDY1+P64/SBUSYL P64 |atch 1/256 o
pin control bit

Internal synchronous
Serial /01 clock selection bits
synchronous clock
selection bit  «g”

P64/SBusy1

P62/SRpY1°P64/SBUSY1
pin control bit P62 latch

Synchronous | o _©
circuit
P62/Srov1 a Serial /01 clock
wqn %] pin selection bit 17

1
T Serial transfer

»- Serial /101
status flag

interrupt request

P52 latch
ol
P52/Scikir O o

l O_Ko—j——{ Serial 1/01 counter

P5y/Scikiz O Serial /01 clock
“0" pin selection bits

P53 latch

- O e P51 latch
P51/Sout1 °

“1" Serial transfer selection bits

Psosn: O | Serial /01 register (8)

Fig. 21 Block diagram of serial /01
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b7 b0
’ ‘ ‘ ‘ ‘ ‘ Serial 1/01 control register 1

(SIO1CONL1 (SC11): address 001916)

Serial transfer selection bits
00: Serial I/0 disabled (pins P62,P64,P65,and P50—P53 are 1/0 ports)
01: 8-bit serial I/0
10: Not available
11: Automatic transfer serial I/O (8-bits)

Serial 1/01 synchronous clock selection bits (P65/SSTB1 pin control bit)
00: Internal synchronous clock (P65 pin is an I/O port.)
01: External synchronous clock (P65 pin is an I/O port.)
10: Internal synchronous clock (P65 pin is an SSTB1 output.)
11: Internal synchronous clock (P65 pin is an SSTB1 output.)

Serial I/O initialization bit
0: Serial I/O initialization
1: Serial /0 enabled

Transfer mode selection bit
0: Full duplex (transmit and receive) mode (P50 pin is an SIN1 input.)
1: Transmit-only mode (P50 pin is an 1/O port.)

Transfer direction selection bit
0: LSB first
1: MSB first

Serial I/01 clock pin selection bit
0:SCLK11 (P53/SCLK12 pin is an I/O port.)
1:SCLK12 (P52/SCLK11 pin is an /O port.)

b7 b0

‘ ‘ ‘ ‘ ‘ Serial /01 control register 2
(SIO1CON2 (SC12): address 001A16)

P62/SRDY1 « P64/SBUSY1 pin control bits
0000: Pins P62 and P64 are 1/O ports
0001: Not used
0010: P62 pin is an SRDY1 output, P64 pin is an I/O port.
0011: P62 pin is an SRDY1 output, P64 pin is an I/O port.
0100: P62 pin is an 1/O port, P64 pin is an SBUSY1 input.
0101: P62 pin is an I/O port, P64 pin is an SBUSY1 input.
0110: P62 pin is an /O port, P64 pin is an SBUSY1 output.
0111: P62 pin is an I/O port, P64 pin is an SBUSY1 output.
1000: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1001: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1010: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1011: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1100: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1101: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1110: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1111: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.

SBUSY1 output « SSTB1 output function selection bit
(Valid in automatic transfer mode)

0: Functions as each 1-byte signal

1: Functions as signal for all transfer data

Serial transfer status flag
0: Serial transfer completion
1: Serial transferring

SOUT1 pin control bit (at no-transfer serial data)
0: Output active
1: Output high-impedance

P51/SouT1 P-channel output disable bit
0: CMOS 3-state (P-channel output is valid.)
1: N-channel open-drain (P-channel output is invalid.)

Fig. 22 Structure of serial /01 control registers 1, 2
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(1) Serial 1/01 Operation

Either the internal synchronous clock or external synchronous clock
can be selected by the serial /01 synchronous clock selection bits
(b2 and b3 of address 001916) of serial I/O1 control register 1 as
synchronous clock for serial transfer.

The internal synchronous clock has a built-in dedicated divider where
7 different clocks are selected by the internal synchronous clock
selection bits (b5, b6 and b7 of address 001Czie) of serial 1/01
control register 3.

The P62/SrpY1/ANs, P64/INT4/Susy1/AN10, and P65/SsTB1/AN11
pins each select either 1/0O port or handshake 1/0 signal by the
serial I/01 synchronous clock selection bits (b2 and b3 of address
001916) of serial /01 control register 1 as well as the P62/Srpv1 ¢
P64/SBusy1 pin control bits (b0 to b3 of address 001Au1s) of serial
I/01 control register 2.

For the SouT1 being used as an output pin, either CMOS output or
N-channel open-drain output is selected by the P51/SouTt1 P-chan-
nel output disable bit (b7 of address 001Az6) of serial /01 control
register 2.

Either output active or high-impedance can be selected as a SouT1
pin state at serial non-transfer by the Sout1 pin control bit (b6 of
address 001Azs6) of serial /01 control register 2. However, when
the external synchronous clock is selected, perform the following
setup to put the SouT1 pin into a high-impedance state.

When the Scik1 input is “H” after completion of transfer, set the
SouT1 pin control bit to “1.”

When the ScLk1 input goes to “L” after the start of the next serial
transfer, the SouT1 pin control bit is automatically reset to “0” and
put into an output active state.

Regardless of whether the internal synchronous clock or external
synchronous clock is selected, the full duplex mode and the trans-
mit-only mode are available for serial transfer, one of which is se-
lected by the transfer mode selection bit (b5 of address 001916) of
serial /01 control register 1.

Either LSB first or MSB first is selected for the 1/0 sequence of the
serial transfer bit strings by the transfer direction selection bit (b6 of
address 001916) of serial /01 control register 1.

When using serial /01, first select either 8-bit serial I/O or auto-
matic transfer serial I/O by the serial transfer selection bits (b0 and
b1 of address 001916) of serial I/O1 control register 1, after comple-
tion of the above bit setup. Next, set the serial 1/O initialization bit
(b4 of address 001916) of serial I/O1 control register 1 to “1” (Serial
1/0 enable) .

When stopping serial transfer while data is being transferred, re-
gardless of whether the internal or external synchronous clock is
selected, reset the serial I/O initialization bit (b4) to “0.”

000
001
010
011
100
101
110

Serial /01 control register 3
(SIO1CONB3 (SC13): address 001C16)

Automatic transfer interval set bits
00000: 2 cycles of transfer clocks
00001: 3 cycles of transfer clocks

1i110: 32 cycles of transfer clocks
11111: 33 cycles of transfer clocks

Data is written to a latch and read from a decrement counter.

Internal synchronous clock selection bits
: f(XIN)/4 or f(XCIN)/8

: f(XIN)/8 or f(XCIN)/16

: f(XIN)/16 or f(XCIN)/32

: f(XIN)/32 or f(XCIN)/64

: f(XIN)/64 or f(XCIN)/128

: f(XIN)/128 or f(XCIN)/256

: f(XIN)/256 or f(XCIN)/512

Fig. 23 Structure of serial /01 control register 3
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(2) 8-hit Serial I/0 Mode

Address 001Bzs is assigned to the serial 1/01 register.

When the internal synchronous clock is selected, a serial transfer
of the 8-bit serial I/O is started by a write signal to the serial I/01
register (address 001B1s).

The serial transfer status flag (b5 of address 001Au1s) of serial /01
control register 2 indicates the shift register status of serial /01,
and is set to “1” by writing into the serial I/O1 register, which be-
comes a transfer start trigger and reset to “0” after completion of 8-
bit transfer. At the same time, a serial /01 interrupt request occurs.
When the external synchronous clock is selected, the contents of
the serial I/01 register are continuously shifted while transfer clocks
are input to SciLki1. Therefore, the clock needs to be controlled ex-
ternally.

(3) Automatic Transfer Serial I/0O Mode

The serial I/01 automatic transfer controller controls the write and

read operations of the serial I/O1 register, so the function of ad-

dress 001Bz1s6 is used as a transfer counter (1-byte units).

When performing serial transfer through the serial I/O automatic

transfer RAM (addresses 0F0016 to OFFFu16), it is necessary to set

the serial 1/01 automatic transfer data pointer (address 001816)

beforehand.

Input the low-order 8 bits of the first data store address to be seri-

ally transferred to the automatic transfer data pointer set bits.

When the internal synchronous clock is selected, the transfer inter-

val for each 1-byte data can be set by the automatic transfer inter-

val set bits (b0 to b4 of address 001Czs) of serial I/O1 control regis-

ter 3 in the following cases:

1. When using no handshake signal

2. When using the Srby1 output, SBusy1 output, and SsTs1 output
of the handshake signal independently

3. When using a combination of SrRpvy1 output and SsTB1 output or a
combination of Ssusy1 output and SsTB1 output of the handshake
signal

It is possible to select one of 32 different values, namely 2 to 33

cycles of the transfer clock, as a setting value.

When using the Seusy1 output and selecting the SBusy1 output ¢

SsTB1 output function selection bit (b4 of address 001Aze6) of serial

1/01 control register 2 as the signal for all transfer data, provided

HARDWARE
FUNCTIONAL DESCRIPTION

that the automatic transfer interval setting is valid, a transfer inter-
val is placed before the start of transmission/reception of the first
data and after the end of transmission/reception of the last data.
For SsTB1 output, regardless of the contents of the Ssusy1 output ¢
SstB1 output function selection bit (b4), the transfer interval for each
1-byte data is longer than the set value by 2 cycles.

Furthermore, when using a combination of Ssusy1 output and SsTs1
output as a signal for all transfer data, the transfer interval after the
end of transmission/reception of the last data is longer than the set
value by 2 cycles.

When the external synchronous clock is selected, automatic trans-
fer interval setting is disabled.

After completion of the above bit setup, if the internal synchronous
clock is selected, automatic serial transfer is started by writing the
value of “number of transfer bytes - 1” into the transfer counter
(address 001B1s).

When the external synchronous clock is selected, write the value of
“number of transfer bytes - 1” into the transfer counter and input an
internal system clock interval of 5 cycles or more. After that, input
transfer clock to ScLku.

As a transfer interval for each 1-byte data transfer, input an internal
system clock interval of 5 cycles or more from the clock rise time of
the last bit.

Regardless of whether the internal or external synchronous clock
is selected, the automatic transfer data pointer and the transfer
counter are decremented after each 1-byte data is received and
then written into the automatic transfer RAM. The serial transfer
status flag (b5 of address 001Au1s) is set to “1” by writing data into
the transfer counter. Writing data becomes a transfer start trigger,
and the serial transfer status flag is reset to “0” after the last data is
written into the automatic transfer RAM. At the same time, a serial
1/01 interrupt request occurs.

The values written in the automatic transfer data pointer set bits
(b0 to b7 of address 001816) and the automatic transfer interval set
bits (b0 to b4 of address 001C1s6) are held in the latch.

When data is written into the transfer counter, the values latched in
the automatic transfer data pointer set bits (b0 to b7) and the auto-
matic transfer interval set bits (b0 to b4) are transferred to the
decrement counter.

b7 b0

Serial /01 automatic transfer data pointer
(SIO1DP: address 001816)

Automatic transfer data pointer set bits
Specify the low-order 8 bits of the first data store address on the serial I/O automatic
transfer RAM. Data is written into the latch and read from the decrement counter.

Fig. 24 Structure of serial /01 automatic transfer data pointer
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Automatic transfer
data pointer

Automatic transfer RAM

FFFi1e

\ 5216

| —> F5216

F5116

F5016

F4F16 v

FAE16

Transfer counter

0416

FOO16

Ty

SINL —> |

| —> Sout1

Serial 1/01 register

Fig. 25 Automatic transfer serial I/O operation

1-32

38B5 Group User’'s Manual




(4) Handshake Signal

1. SsTB1 output signal

The SsTB1 output is a signal to inform an end of transmission/re-
ception to the serial transfer destination . The SsTs1 output signal
can be used only when the internal synchronous clock is selected.
In the initial status, namely, in the status in which the serial 1/0
initialization bit (b4) is reset to “0,” the SsTB1 output goes to “L,” or
the SsTB1 output goes to “H.”

At the end of transmit/receive operation, when the data of the serial
1/01 register is all output from SouT1, pulses are output in the pe-
riod of 1 cycle of the transfer clock so as to cause the SsTs1 output
to go “H” or the SsTB1 output to go “L.” After that, each pulse is
returned to the initial status in which SsTB1 output goes to “L” or the
SsTB1 output goes to “H.”

Furthermore, after 1 cycle, the serial transfer status flag (b5) is re-
set to “0.”

In the automatic transfer serial I/O mode, whether the SsTB1 output
is to be active at an end of each 1-byte data or after completion of
transfer of all data can be selected by the Seusy1 output « SsTB1
output function selection bit (b4 of address 001Az1s) of serial I/01
control register 2.

SsTB1 [ ]

Serial transfer
_] L

status flag

SCLK1

SouT1 L XX XXX X

Fig. 26 SsTB1 output operation

2. SBusY1 input signal

The Ssusv1 input is a signal which receives a request for a stop of
transmission/reception from the serial transfer destination.

When the internal synchronous clock is selected, input an “H” level
signal into the Ssusy1 input and an “L” level signal into the Ssusy1
input in the initial status in which transfer is stopped.

When starting a transmit/receive operation, input an “L” level signal
into the Seusyz input and an “H” level signal into the Susy1 input in
the period of 1.5 cycles or more of the transfer clock. Then, transfer
clocks are output from the ScLk1 output.

When an “H” level signal is input into the Ssusy1 input and an “L”
level signal into the Seusy1 input after a transmit/receive operation
is started, this transmit/receive operation are not stopped immedi-
ately and the transfer clocks from the ScLk1 output is not stopped
until the specified number of bits are transmitted and received.
The handshake unit of the 8-bit serial I/O is 8 bits and that of the
automatic transfer serial 1/0 is 8 bits.

HARDWARE
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SBUSY1

ScLK1

SouT1 VXXX XXX

Fig. 27 Ssusy1 input operation (internal synchronous clock)

When the external synchronous clock is selected, input an “H” level
signal into the Ssusy1 input and an “L” level signal into the SBusy1
input in the initial status in which transfer is stopped. At this time,
the transfer clocks to be input in ScLk1 become invalid.

During serial transfer, the transfer clocks to be input in ScLk1 be-
come valid, enabling a transmit/receive operation, while an “L” level
signal is input into the Ssusyz1 input and an “H” level signal is input
into the Ssusv1 input.

When changing the input values in the Ssusy1 input and the Seusy1
input at these operations, change them when the Scik1 inputis in a
high state.

When the high impedance of the SouT1 output is selected by the
SouT1 pin control bit (b6), the SouTt1 output becomes active, en-
abling serial transfer by inputting a transfer clock to ScLk1, while an
“L” level signal is input into the Ssusv1 input and an “H” level signal
is input into the Seusvz input.

SBUSY1

ScLK1
Invalid

Soutt CX XXX XXX

(Output high-impedance)

Fig. 28 SBusvy1 input operation (external synchronous clock)

3. Ssusy1 output signal

The SBusvy1 output is a signal which requests a stop of transmis-
sion/reception to the serial transfer destination. In the automatic
transfer serial I/O mode, regardless of the internal or external syn-
chronous clock, whether the Ssusy1 output is to be active at trans-
fer of each 1-byte data or during transfer of all data can be selected
by the Susv1 output » SsTtB1 output function selection bit (b4).

In the initial status, the status in which the serial I/O initialization bit
(b4) is reset to “0,” the SBusy1 output goes to “H” and the Ssusy1
output goes to “L.”
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When the internal synchronous clock is selected, in the 8-bit serial
I/O mode and the automatic transfer serial /O mode (SBusy1 out-
put function outputs in 1-byte units), the Ssusy1 output goes to “L”
and the Ssusy1 output goes to “H” before 0.5 cycle (transfer clock)
of the timing at which the transfer clock from the ScLk1 output goes
to “L” at a start of transmit/receive operation.

In the automatic transfer serial /O mode (the Ssusy1 output func-
tion outputs all transfer data), the Susy1 output goes to “L” and the
SBUSY1 output goes to “H” when the first transmit data is written into
the serial 1/01 register (address 001Bus).

When the external synchronous clock is selected, the Susy1 out-
put goes to “L” and the Ssusv1 output goes to “H” when transmit

data is written into the serial I/O1 register to start a transmit opera-
tion, regardless of the serial I/O transfer mode.

At termination of transmit/receive operation, the SBusy1 output re-
turns to “H” and the SBUSY1 output returns to “L”, the initial status,
when the serial transfer status flag is set to "0", regardless of whether
the internal or external synchronous clock is selected.
Furthermore, in the automatic transfer serial I/O mode (Ssusy1 out-
put function outputs in 1-byte units), the Ssusy1 output goes to “H”
and the Seusy1 output goes to “L” each time 1-byte of receive data
is written into the automatic transfer RAM.

SBUSY1 |
Serial transfer 3
status flag — ‘7

SCLK1

SouT1 L XX XXX XX

SBUSY1 *]

Serial transfer :
status flag S

—
I
SCLK1

Write to Serial |
1/01 register !

Fig. 29 Ssusy1 output operation
(internal synchronous clock, 8-bits serial 1/0)

Fig. 30 SBusy1 output operation

(external synchronous clock, 8-bits serial 1/0)

Serial 1/01 register

Automatic transfer
interval -~

Seuk % Sy uys

- Automatic transfer RAM

Automatic transfer RAM
- Serial 1/01 register H

SBUSY1

Serial transfer

status flag

|
L

Sout1 XXXXX X XXX

Fig. 31 Ssusy1 output operation in automatic transfer serial I/O mode
(internal synchronous clock, S Busy1 output function outputs each 1-byte)
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4. SrbY1 output signal

The Srpy1 output is a transmit/receive enable signal which informs
the serial transfer destination that transmit/receive is ready. In the
initial status, when the serial I/O initialization bit (b4) is reset to “0,”
the SrRpY1 output goes to “L” and the Srpy1 output goes to “H”. After
transmitted data is stored in the serial I/O1 register (address 001Bz16)
and a transmit/receive operation becomes ready, the Srpv1 output
goes to “H” and the Srpy1 output goes to “L”. When a transmit/
receive operation is started and the transfer clock goes to “L”", the
SRDY1 output goes to “L” and the Srpvy1 output goes to “H”.

5. Srpy1 input signal

The Sroy1 input signal becomes valid only when the SrRpy1 input
and the Ssusvy1 output are used. The Srpv1 input is a signal for
receiving a transmit/receive ready completion signal from the serial
transfer destination.

When the internal synchronous clock is selected, input a low level
signal into the Srov1 input and a high level signal into the SRDY1
input in the initial status in which the transfer is stopped.

When an “H” level signal is input into the Srpy1 input and an “L”
level signal is input into the Srbvz input for a period of 1.5 cycles or
more of transfer clock, transfer clocks are output from the Scik1
output and a transmit/receive operation is started.

After the transmit/receive operation is started and an “L” level sig-
nal is input into the SrRpy1 input and an “H” level signal into the
SRDV1 input, this operation cannot be immediately stopped.

After the specified number of bits are transmitted and received, the
transfer clocks from the Scik1 output is stopped. The handshake
unit of the 8-bit serial I/0 and that of the automatic transfer serial
1/O are of 8 bits.

When the external synchronous clock is selected, the Srpy1 input
becomes one of the triggers to output the Ssusvz signal.

To start a transmit/receive operation (Seusy1 output: “L,” SBusY1
output: “H”), input an “H” level signal into the Sroyz1 input and an “L”
level signal into the Sroy1 input, and also write transmit data into
the serial /01 register.

HARDWARE
FUNCTIONAL DESCRIPTION

SRDY1

1/01 register

Write to serial f

ScLK1 ‘

Fig. 32 SRDY1 output operation

SRDY1

SCLK1

SouT1

[
XXX XXX

Fig. 33 Srpby1 input operation (internal synchronous clock)
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Scilkl — 3 ScLk1

SRDY1 —— P SRDY1

SBusyl @ SBuUsY1

A: B:

Internal synchronous
clock selection

clock selection

External synchronous

Write to serial ]
I/01 register

SRDY1 ‘ ‘

SBUSY1 |

ScCLK1

Write to serial
I/01 register

Fig. 34 Handshake operation at serial /01 mutual connecting (1)

SCLK1 —— | SCLK1
SRDY1 |<e@—— SRDY1

SBUSY1 —— | SBUSY1

A: B:

Internal synchronous
clock selection

External synchronous
clock selection

Write to serial
1/01 register

SRDY1 ﬁ

SBUSY1

ScLK1

Write to serial |
1/01 register

Fig. 35 Handshake operation at serial /01 mutual connecting (2)
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e Serial 1/02

Serial 1/02 can be used as either clock synchronous or asynchro-
nous (UART) serial I/O. A dedicated timer (baud rate generator) is
also provided for baud rate generation during serial /02 operation.

(1) Clock Synchronous Serial /O Mode
The clock synchronous serial I/O mode can be selected by setting
the serial 1/02 mode selection bit (b6) of the serial I/02 control reg-

ister (address 001D1s) to “1.” For clock synchronous serial 1/0, the
transmitter and the receiver must use the same clock for serial I/02
operation. If an internal clock is used, transmit/receive is started by
a write signal to the serial I/02 transmit/receive buffer register (TB/
RB) (address 001Fze).

When P57 (ScLk22) is selected as a clock 1/0 pin,m output
function is invalid, and P56 (ScLk21) is used as an I/O port.

Data bus

Address 001F16

[ Serial 1/02 control register ]Address 001D16

[ Receive buffer register | Receive buffer full flag (RBF)

O

P54/RxD

g
PSe/Sciia K Serial /02 clock I/O pin selection bit
O

Receive shift register

-—— = Receive interrupt request (RI)

Clock control circuit

Shift clock

P57/Srov2/Scik2z Ougs

XiN

0 . :
O——-Q_ Internal system clock selection bit
Serial 1/02 synchronous clock selection bit:

%RG count source selection bit  pyision ratio 1/(n+1)

-
BRG clock Address 001616
switch bit
r— 0——0 Falling edge detector Clock control circuit - . )
PS7/SrovaiSeikz2 Serial 1102 FIF Shift clock Transmit shift register shift
clock 1/0 pin completion flag (TSC)
selection bit e ——— - Transmit interrupt source selection bit
P55/TxD O Transmit shift register Transmit interrupt request (TI)

Transmit buffer register

}—f/b——w;wsmit buffer empty flag (TBE)

Serial /02 status register ]Address 001E16

T |
”Address 001F16 T

Data bus

Fig. 36 Block diagram of clock synchronous serial 1/02

Transmit/Receive shift clock
(1/2—1/2048 of internal
clock or external clock)

Serial 1/02 output TxD

Serial /02 input RxD Do X b1 X D2 D3 pa X b5 X De p7. X
Receive enable signal SRDY2
Write-in signal to serial /02 transmit/receive [—
buffer register (address 001F 16)
\j \j
TBE=0 _ " RBF = 1
® TeE=1 TSC=1
TSC=0 Overrun error (OE)
detection
Notes 1 : The transmit interrupt (T1) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the
transmit shift operation has ended (TSC=1), by setting transmit interrupt source selection bit (TIC) of the serial /02
control register.
2 : If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial
data is output continuously from the TxD pin.
3 : The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1.”
Fig. 37 Operation of clock synchronous serial I/02 function
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(2) Asynchronous Serial I/0 (UART) Mode

The asynchronous serial I/O (UART) mode can be selected by clear-
ing the serial /02 mode selection bit (b6) of the serial /02 control
register (address 001Dz1s) to “0.” Eight serial data transfer formats
can be selected and the transfer formats used by the transmitter
and receiver must be identical.

The transmit and receive shift registers each have a buffer (the two
buffers have the same address in memory). Since the shift register
cannot be written to or read from directly, transmit data is written to
the transmit buffer, and receive data is read from the receive buffer.
The transmit buffer can also hold the next data to be transmitted,
and the receive buffer can receive 2-byte data continuously.

Data bus

Address 001F16

Serial 1/02 control register] Address 001D16

OE Receive buffer register

Character length selection bit
P54/RxD

Receive buffer full flag (RBF)
Receive interrupt request (RI)

7 bit Receive shift register |
8 bit

PE FE

1/16
UART control register

Address 001716

o
P56/ScLk21 Serial 1/02 clock /O pin
selection bit

Serial 1/02 synchronous
clock selection bit

»{Clock control circuit}—

P57/Srov2/Scik22 Qugn

XiN O—K

Internal system clock selection bit
.

BRG count source

K selection bit Division ratio 1/(n+1)
Xein O 15 O P Baud rate generator
BRG clock Address 001616
. A 1/4
switch bit

ST/SP/PA generator ™

{Transrr

P5s5/TxD O

B

Character length selection bit

Address 001F16

ransmit shift register

Transmit buffer register

. Transmitshift register shift
completion flag (TSC)

Transmit interrupt source selection bit
L e L
> Transmit interrupt request (TI)

Transmit buffer empty flag (TBE)

[ Serial 1/02 status register ]Address 001E16
J

Data bus

Fig. 38 Block diagram of UART serial 1/02

Transmit or receive clock

Write-in signal to
transmit buffer register

_ 1
T!E=O

TSC=0
TBE=1

Serial I/02 output TXD

1 start bit
7 or 8 data bit
1 or 0 parity bit

Read-out signal from receive h
9 1 or 2 stop bit

buffer register

)
X

* G"éné-r-éted at 2nd bit in 2-stop
bit mode

Serial 1/02 input RxD

RBF=1

Fig. 39 Operation of UART serial 1/02 function
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[Serial 1/02 Control Register] SIO2CON (001D 16)
The serial 1/02 control register contains eight control bits for serial
1/02 functions.

[UART Control Register] UARTCON (0017 16)
This is a 7 bit register containing four control bits, which are valid
when UART is selected, two control bits, which are valid when using
serial 1/02, and one control bit, which is always valid.

Data format of serial data receive/transfer and the output structure of
the P55/TxD pin, etc. are set by this register.

[Serial /02 Status Register] SIO2STS (001E 16)
The read-only serial I/O2 status register consists of seven flags (b0
to b6) which indicate the operating status of the serial 1/02 function
and various errors. Three of the flags (b4 to b6) are only valid in the
UART mode. The receive buffer full flag (b1) is cleared to “0” when
the receive buffer is read.

The error detection is performed at the same time data is transferred
from the receive shift register to the receive buffer register, and the
receive buffer full flag is set. A writing to the serial 1/02 status regis-

HARDWARE
FUNCTIONAL DESCRIPTION

ter clears error flags OE, PE, FE, and SE (b3 to b6, respectively).
Writing “0” to the serial 1/02 enable bit (SIOE : b7 of the serial 1/02
control register) also clears all the status flags, including the error
flags.

All bits of the serial I/O2 status register are initialized to “0” at reset,
but if the transmit enable bit (b4) of the serial /02 control register
has been set to “1,” the transmit shift register shift completion flag
(b2) and the transmit buffer empty flag (b0) become “1.”

[Serial 1/02 Transmit Buffer Register/Receive
Buffer Register] TB/RB (001F 16)

The transmit buffer and the receive buffer are located in the same
address. The transmit buffer is write-only and the receive buffer is
read-only. If a character bit length is 7 bits, the MSB of data stored in
the receive buffer is "0".

[Baud Rate Generator] BRG (0016 16)

The baud rate generator determines the baud rate for serial transfer.
With the 8-bit counter having a reload register, the baud rate genera-
tor divides the frequency of the count source by 1/(n+1), where n is
the value written to the baud rate generator.

ﬁw Serial 1/02 status register

(SIO2STS : address 001Ez16)
Transmit buffer empty flag (TBE)
0: Buffer full

1: Buffer empty

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

— Transmit shift register shift completion flag (TSC)
0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns "1" when read)

b7 b0 UART control register
(UARTCON : address 001716)
Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

—— Parity selection bit (PARS)
0: Even parity
1: Odd parity

— Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P5s/TxD P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open-drain output (in output mode)

BRG clock switch bit
0: XIN or XCIN (depends on internal system clock)
1: XCIN

Serial 1/02 clock 1/O pin selection bit

1: SCLK22 (P56/SCLK21 pin is used as /O port.)

Not used (return "1" when read)

b7

b0~ Serial 1/02 control register

0: SCLK21 (P57/SCLK22 pin is used as 1/O port or SRDY2 output pin.)

(SIO2CON : address 001D1s)

BRG count source selection bit (CSS)
0: f(Xin) or f(XcIn)/2 or f(XcIN)
1: f(Xin)/4 or f(XcIn)/8 or f(XciN)/4

Serial 1/02 synchronous clock selection bit (SCS)
0: BRG/ 4
(when clock synchronous serial 1/0 is selected)
BRG/16 (UART is selected)
1: External clock input
(when clock synchronous serial I/O is selected)
External clock input/16 (UART is selected)

—— SRbY2 output enable bit (SRDY)
0: P57 pin operates as ordinary 1/0 pin
1: P57 pin operates as Srby2 output pin

———— Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial I/02 mode selection bit (SIOM)
0: Asynchronous serial I/0O (UART)
1: Clock synchronous serial 1/0

Serial 1/02 enable bit (SIOE)
0: Serial 1/02 disabled

(pins P54 to P57 operate as ordinary 1/O pins)
1: Serial I/02 enabled

(pins P54 to P57 operate as serial 1/O pins)

Fig. 40 Structure of serial 1/02 related register
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FLD Controller

The 38B5 group has fluorescent display (FLD) drive and control cir-

cuits.

The FLD controller consists of the following components:
40 pins for FLD control pins

*FLDC mode register

*FLD data pointer

*FLD data pointer reload register

*Tdisp time set register

*Toffl time set register

*Toff2 time set register

*Port POFLD/port switch register

*Port P2FLD/port switch register

«Port P8FLD/port switch register

«Port P8 FLD output control register

*FLD automatic display RAM (max. 160 bytes)

A gradation display mode can be used for bright/dark display as a
display function.

Local address bus

Main address bus

OF6016

OFFF16

FLD automatic display RAM

FLDC mode register
(OEF416)

FLD data pointer
reload register

(OEF816)

=

Address
decoder

!

FLD data pointer
(OEF816)

[

Timing generator|

Local
data bus

Main
data bus

FLD/P| P20/FLDo
FLD/P| P21/FLD1
FLD/P| P22/FLD2
FLD/P| P23/FLD3
FLD/P| P24/FLD4
FLD/P| P25/FLDs
FLD/P| P26/FLDs
FLD/P| P27/FLD7
OEFA16 000416

FLD/P| POo/FLDs

FLD/P|P01/FLDg

FLD/P|P02/FLD10o
FLD/P|PO3/FLD11
FLD/P|P04/FLD12
FLD/P|POs/FLD13
FLD/P|PQs/FLD14
FLD/P|PO7/FLD1s
OEF916 000016

P1o/FLD1is
P11/FLDi7
P12/FLD1is
P13/FLD19 _
P14/FLD20o
P1s/FLD21
Ple/FLD22
P17/FLD23

000216

P30/FLD24
P31/FLD2s
P32/FLD2s
P33/FLD27
P34/FLDz2s
P3s/FLD29
P36/FLD30
P37/FLD31

000616

FLD/P|P8o/FLD32
FLD/P|P81/FLD33
FLD/P|P82/FLD34
FLD/P|P83/FLD3s
FLD/P|P84/FLD3s
FLD/P|P8s/FLD37
FLD/P|P86/FLD3s
FLD/P|P87/FLD39
OEFB1s 001016

FLD blanking interrupt
FLD digit interrupt

Fig. 41 Block diagram for FLD control circuit
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[FLDC Mode Register] FLDM

The FLDC mode register is a 8-bit register respectively which is used
to control the FLD automatic display and to set the blanking time
Tscan for key-scan.

b7 bO

FLDC mode register
(FLDM: address OEF416)

Automatic display control bit (PO, P1, P2, P3, P8)
0 : General-purpose mode
1 : Automatic display mode
——— Display start bit
0 : Stop display
1: Display
(start to display by switching “0” to “1”)
Tscan control bits
00 : FLD digit interrupt (at rising edge of each digit)

% % B 13::2 FLD blanking interrupt o
11:3 0 Tdisp (at falling edge of the last digit)

Timing number control bit

0 : 16 timing mode

1: 32 timing mode

Gradation display mode selection control bit
0 : Not selecting

1: Selecting (Note)

Tdisp counter count source selection bit

0 : f(XIN)/16 or f(XCIN)/32

1: f(XIN)/64 or f(XCIN)/128

High-breakdown voltage port drivability selection bit
0 : Drivability strong

1 : Drivability weak

Notes 1: When a gradation display mode is selected, a number of timing is max. 16
timing. (Set the timing number control bit to “0.”)
2: When changing bit 4 (timing number control bit) or bit 5 (gradation display
mode selection control bit), set “0” to bit 1 (display start bit) to perform at
display stop state.

Fig. 42 Structure of FLDC mode register
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FLD automatic display pins

When the automatic display control bits of the FLDC mode register
(address OEF416) are set to “1,” the ports of PO, P1, P2, P3 and P8
are used as FLD automatic display pins.

When using the FLD automatic display mode, set each port to the
FLD pin or the general-purpose port using the respective switch reg-
ister in accordance with the number of segments and the number of
digits.

Table 9 Pins in FLD automatic display mode

This setting is performed by writing a value into the FLD/port switch
register (addresses OEF916 to OEFB16) of each port.

This setting can be performed in units of bit. When “0” is set, the port
is set to the general-purpose port. When “1” is set, the port is set to
the FLD pin. There is no restriction on whether the FLD pin is to be
used as a segment pin or a digit pin.

Port Name | Automatic Display Pins

Setting Method

PO, P2, FLDo—FLD1s The individual bits of the FLD/port switch register (addresses OEF916—0EFB16) can be set each pin
P80—P83 FLD32—FLD3s either FLD port (“1”) or general-purpose port (“0").

P1, P3 FLD16—FLD31 None (FLD only)

P84—P87 FLD36—FLD39 The individual bits of the FLD/port switch register (address OEFB16) can be set each pin to either

FLD port (“1") or general-purpose port (“0”).

The output can be reversed by the port P8 FLD output control register (address OEFC1s).

The port output format is the CMOS output format. When using the port as a display pin, a driver
must be installed externally.

Setting example 1 Setting example 2
Number of segments 15 25
Number of digits 8 15
Port P2 0 | P20 1 |FLDo(SEG1)
0|P21 1|FLD1(SEG2)
0| P22 1 |FLD2(SEG3)
0| P23 1 |FLD3(SEG4)
0| P24 1 |FLD4(SEGs)
0| P2s 1 |FLDs5(SEGse)
0| P26 1 |FLDs(SEGT7)
0| P27 1|FLD7(SEGs)
Port PO 1 [ FLD8(SEG1) 1 [FLDs(SEG9)
0| Po1 1 [FLD9(SEG10)
0 | PO2 1 |FLD10(SEG11)
0| P03 1 |FLD11(SEG12)
0| P04 1 [FLD12(SEG13)
0 | POs 1 |FLD13(SEG14)
1 | FLD14(SEG2) 1 |FLD14(SEG15)
1| FLD15(SEG3) 1 |FLD15(SEG16)
Port P1 FLD16(DIG1) |1 FLD16(DIG1) |1
FLD17(DIG2) |1 FLD17(DIG2) |1
FLD18(DIG3) |1 FLD18(DIG3) |1
FLD19(DIG4) |1 FLD19(DIG4) |1
FLD20(SEG4) |0 FLD20(DIGs) |1
FLD21(SEGs) |0 FLD21(DIG6) |1
FLD22(SEG6) |0 FLD22(DIG7) |1
FLD23(SEG7) |0 FLD23(DIGs) |1
Port P3 FLD24(SEGs8) |0 FLD24(DIG9) |1
FLD25(SEG9) |0 FLD25(DIG10) |1
FLD26(SEG10) |0 FLD26(DIG11) |1
FLD27(SEG11) |0 FLD27(DIG12) |1
FLD2s(DIGS) |1 FLD28(DIG13) |1
FLD29(DIGs) |1 FLD29(DIG14) |1
FLD30o(DIG7) |1 FLD30(DIG15) |1
FLD31(DIG8) |1 FLD31(SEG17) |0
Port P8 TFLDzz(SEGu) 1 |FLD32(SEG18)
1 | FLD33(SEG13) 1 [FLD33(SEG19)
1 | FLD34(SEG14) 1 |FLD34(SEG20)
1 | FLD35(SEG15) 1 |FLD35(SEG21)
0 |P84 1 |FLD36(SEG22)
0 |P8s 1 |FLD37(SEG23)
0|P8s 1 |FLD38(SEG24)
0 |P87 1 |FLD39(SEG25)
t
Value of FLD/port switch register

Setting example 3 Setting example 4
18 16
20 10

0 |P20 0| P20

0 (P21 0|P21

1 |FLD2(SEG1) 0| P22

1 [FLD3(SEG2) 0]pP23

1 |[FLD4(SEG3) 0|P2s

1 |FLDs(SEG4) 0| P25

1 |FLDs(SEGSs) 1| FLD4(SEG1)

1 |FLD7(SEGs) 1| FLD5(SEG2)

1 [FLDs(DIG1) 1| FLD6(SEG3)

1 |FLD9(DIG2) 1| FLD7(SEGa4)

1 |FLD10(DIG3) 1 |FLD8(SEGS)

1 |FLD11(DIG4) 1 |FLD9(SEGe)

1 |FLD12(DIGS) 1 |FLD10(SEG?)

1 | FLD13(DIGé) 1 |FLD11(SEGs)

1 [FLD14(DIG7) 1 |FLD12(SEGo9)

1 |FLD15(DIG8) 1 |FLD13(SEG10)
FLD16(DIG9) |1 FLD16(DIG1) |1
FLD17(DIG10) |1 FLD17(DIG2) 1
FLD18(DIG11) |1 FLD18(DIG3) 1
FLD19(DIG12) |1 FLD19(DIG4) |1
FLD20(DIG13) |1 FLD20(DIGs) 1
FLD21(DIG14) |1 FLD21(DIG6) |1
FLD22(DIG15) |1 FLD22(DIG7) 1
FLD23(DIG16) |1 | FLD23(DIG8) |1 |
FLD24(DIG17) |1 FLD24(DIG9) |1
FLD25(DIG18) |1 FLD25(DIG10) |1
FLD26(DIG19) |1 FLD14(SEG11) |1
FLD27(DIG20) |1 FLD15(SEG12) |1
FLD28(SEG7) |0 FLD26(SEG13) |0
FLD29(SEGs) |0 FLD27(SEG14) | 0
FLD30(SEGY) |0 FLD28(SEG1s) | 0
FLD31(SEG10) | o FLD29(SEG16) |0

1 |FLD32(SEG11) 0 |P8o ]

1 |FLD33(SEG12) 0 | P81 Value of FLDRAM write disable register

1 |FLD34(SEG13) 0|P82 If data is set to “1", data is protected.

1 |FLD35(SEG14) 0 | P83 This setting does not decide the FLD

1 |FLD36(SEG15) 0 |P8a port function (SEG/DIG).

1 |FLD37(SEG16) 0 |P8s

1 |FLD38(SEG17) 0| P8s

1 |FLD39(SEG18) 0 | P87

Fig. 43 Segment/Digit setting example
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HARDWARE
FUNCTIONAL DESCRIPTION

FLD automatic display RAM
The FLD automatic display RAM uses the 160 bytes of addresses
0F6016 to OFFF16. For FLD, the 3 modes of 16-timing ordinary mode,
16-timingegradation display mode and 32-timing mode are available
depending on the number of timings and the presence/absence of
gradation display.
The automatic display RAM in each mode is as follows:
(1) 16-timingsOrdinary Mode
The 80 bytes of addresses 0FBO016 to OFFF16 are used as a FLD
display data store area. Because addresses OF6016 to OFAF16
are not used as the automatic display RAM, they can be the ordi-
nary RAM or serial I/0O automatic transfer RAM.
(2) 16-timingeGradation Display Mode
The 160 bytes of addresses 0F6016 to OFFF16 are used. The 80
bytes of addresses OFB016 to OFFF16 are used as an FLD dis-
play data store area, while the 80 bytes of addresses 0F6016 to
OFAF16 are used as a gradation display control data store area.
(3) 32-timing Mode
The 160 bytes of addresses 0F6016 to OFFF16 are used as an
FLD display data store area.

[FLD Data Pointer and FLD Data Pointer Reload Register]
FLDDP (OEF816)

Both the FLD data pointer and FLD data pointer reload register are
8-bit registers assigned at address 0EF816. When writing data to this
address, the data is written to the FLD data pointer reload register;
when reading data from this address, the value in the FLD data pointer
is read.

16-timingeordinary mode 16-timingegradation display mode 32-timing mode
OF6016 O0F6016 0F6016
Gradation display
Not used control data stored
area
1 to 32 timing display
OFBO16 OFBO16 data stored area
1 to 16 timing display 1 to 16 timing display
data stored area data stored area
OFFF16 OFFF16 OFFF16

Fig. 44 FLD automatic display RAM assignment
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HARDWARE
FUNCTIONAL DESCRIPTION

Data setup
(1) 16-timingeOrdinary Mode

The area of addresses OFBO16 to OFFF16 are used as a
FLD automatic display RAM.

When data is stored in the FLD automatic display RAM,
the last data of FLD port P2 is stored at address OFBOzus,
the last data of FLD port PO is stored at address OFCOzus,
the last data of FLD port P1 is stored at address OFDOus,
the last data of FLD port P3 is stored at address OFEOz1s,
and the last data of FLD port P8 is stored at address OFFO1s,
to assign in sequence from the last data respectively.

The first data of the FLD port P2, PO, P1, P3, and P8 is stored at
an address which adds the value of (the timing number — 1) to the
corresponding address OFB016, OFC0O16, OFDO16, OFEOQ16, and
OFFOzs.

Set the FLD data pointer reload register to the value given by the
timing number — 1. “1” is always written to bits 7, 6, and 5. Note
that “0” is always read from bits 7, 6, and 5 when reading. “1” is
always set to bit 4, but this bit become written value when read-
ing.

(2) 16-timingeGradation Display Mode

Display data setting is performed in the same way as that of the
16-timingeordinary mode. Gradation display control data is ar-
ranged at an address resulting from subtracting 005016 from
the display data store address of each timing and pin. Bright dis-
play is performed by setting “0,” and dark display is performed by
setting “1.”

Set the FLD data pointer reload register to the value given by the
timing number — 1. “1” is always written to bits 7, 6, and 5. Note
that “0” is always read from bits 7, 6, and 5 when reading. “1” is
always set to bit 4, but this bit become written value when read-
ing.

(3) 32-timing Mode

The area of addresses OF6016 to OFFF16 are used as a FLD au-
tomatic display RAM. When data is stored in the FLD automatic
display RAM, the last data of FLD port P2 is stored at address
0F601s, the last data of FLD port PO is stored at address 0F801s,
the last data of FLD port P1 is stored at address OFAOQz1s,
the last data of FLD port P3 is stored at address OFCOzs,
and the last data of FLD port P8 is stored at address OFEOus,
to assign in sequence from the last data respectively.

The first data of the FLD port P2, PO, P1, P3, and P8 is stored
at an address which adds the value of (the timing number — 1)
to the corresponding address 0F6016, 0F8016, OFAO16, OFCO1s,
and OFEOze.

Set the FLD data pointer reload register to the value given by
the timing number —1. “1” is always written to bits 7, 6, and 5.
Note that “0” is always read from bits 7, 6, and 5 when reading.

Number of FLD segments: 15
Number of timing: 8
(FLD data pointer reload register = 7)

e | 7 6 5 4 3
OFBO016

OFB1l16
0FB216
OFB316
0FB416
0FB516
OFB616
OFB716
OFB816
0FB916
O0FBA16
OFBB16
OFBC16
OFBD16
OFBE16
OFBF16
OFCO16
OFC116
OFC216
OFC316
OFC416
OFC516
OFC616
OFC716
OFC816
O0FC916
OFCA16
OFCB16
OFCCi6
OFCD16
OFCE16
OFCF16
OFDO16
OFD116
OFD216
OFD316
OFD416
OFD516
OFD616
OFD716
OFD816
O0FD916
OFDA16
OFDB16
OFDC16
OFDD16
OFDE16
OFDF16

2

1

0

[

OFEO16

OFEl16

OFE216

OFE316

OFE416

OFE516

OFE616

OFE716

OFE816
OFE916
OFEA16
OFEB16
OFEC16
OFED16
OFEE16
OFEF16
OFF016
OFF116
OFF216
OFF316
OFF416
OFF516
OFF616
OFF716
OFF816
O0FF916
OFFA16
OFFB16
OFFC16
OFFD16
OFFE16
OFFF16

The last timing
(The last data of FLDP2)

Timing for start
(The first data of FLDP2)

FLDP2 data area

The last timing
(The last data of FLDPO)

Timing for start
(The first data of FLDPO)

FLDPO data area

The last timing
(The last data of FLDP1)

Timing for start
(The first data of FLDP1)

FLDP1 data area

The last timing
(The last data of FLDP3)

Timing for start
(The first data of FLDP3)

FLDP3 data area

The last timing
(The last data of FLDP8)

Timing for start
(The first data of FLDP8)

FLDP8 data area

Note: [_]shaded area is used for segment.
[ shaded area is used for digit.

Fig. 45 Example of using FLD automatic display RAM in
16-timingeordinary mode
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Number of FLD segments: 25
Number of timing: 15
(FLD data pointer reload register = 14)

a7 6 5 4 3 2 1 0 e 7 6 5 4 3 2 1 0
0FBO016 The last timing 0F6016 The last timing
OFB116 (The last data of FLDP2) OF6116 (The last data of FLDP2)
0FB216 O0F6216
0FB316 OF6316
OFB416 O0F6416
0FB516 OF6516
0FB616 OF6616
OFB716 FLDP2 data area OF6716 FLDP2 gradation
OFB816 0F6816 display data area
0FB916 0F6916
OFBA16 OF6A16
OFBB16 OF6B16
OFBC16 OF6C16
OFBD16 OF6D16
OFBE16 Timing for start OF6E16 Timing for start
OFBF16 (The first data of FLDP2) OF6F16 < (The first data of FLDP2)
OFCO16 The last timing 0F7016 The last timing
OFCl16 (The last data of FLDPO) OF7116 (The last data of FLDP0)
OFC216 O0F7216
OFC316 OF7316
OFC416 OF7416
OFC516 OF7516
OFC616 OF7616
OFC716 FLDPO data area OF7716 FLDPO gradation
OFC816 OF7816 display data area
OFC916 0F7916
OFCA16 OF7A16
OFCB16 OF7B16
OFCC16 OF7C16
OFCD16 OF7D16
OFCE16 Timing for start OF7E16 imi
OFCF16 ) (e gLset gastftﬁ‘rf] iELDPO) OF7F16 ; (The }—ilr?tlggatfgro?sl'jDPO)
| (The last data of FLDP1) 0Fgoie (The I Bt Ui o)
OF8216
0F8316
O0F8416
OF8516
OF8616 .
FLDP1 data area OF8716 fisplay Soaton
0F8816
0F8916
OF8A16
O0F8B16
OF8C16
0F8D16
Timing for start OF8E16 ‘T Timing for start
(The first data of FLDP1) OF8F16 (The first data of FLDP1)
N\ The last timing 0F9016 The last timing
(The last data of FLDP3) OF9116 (The last data of FLDP3)
0F9216
0F9316
0F9416
O0F9516
0F9616 .
FLDP3 data area 0F9716 ;';'3;3 gradation
0F9816
0F9916
O0F9A16
O0F9B16
0F9C16
0F9D16
Timing for start OF9E16 Timing for start
(The first data of FLDP3) OF9F16 (The %Set %astf\tﬁ; iﬁ;DF@)
The last timin
giigiz (The last data of FEDPS) giﬁ(ﬁz (The last data of FLDP8)
OFF216 O0FA216
OFF316 OFA316
OFF416 OFA416
OFF516 OFAS516
OFF616 OFAG16 .
OFF716 FLDP8 data area OFA716 Eﬁﬂiﬁ 3;?3?:22
OFF816 OFA816
OFF916 OFA916
OFFA16 OFAA16
OFFB16 OFAB16
OFFC16 OFAC16
OFFD16 OFAD16
OFFE16 Timing for start OFAE16 T Timing for start
OFFF16 (The first data of FLDP8) OFAF16 (The first data of FLDP8)
Note: [__]shaded area is used for segment. Note: [_Ishaded area is used for gradation display data.

shaded area is used for digit.

Fig. 46 Example of using FLD automatic display RAM in 16-timingegradation display mode
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HARDWARE

FUNCTIONAL DESCRIPTION

Number of FLD segments: 18
Number of timing: 20

0FBO016

O0FB416

(FLD data pointer reload register = 19)

OFB516
OFB616

O0FB716

O0FB816

O0FB916
OFBA16

OFBB16

0FBC16

0FBD16
OFBE16

OFBF16

OFCO016

OFC116
OFC216
OFC316
OFC416
OFC516
OFC616
OFC716
OFC816
OFC916
OFCA16
OFCB16
OFCC16
OFCD16
OFCE16
OFCF16
OFDO016
OFD116
OFD216
OFD316
OFDA416
OFD516
OFD616
OFD716
OFD816
0FD916
OFDA16
OFDB16
OFDC16
OFDD16
OFDE16
OFDF16
OFEO16
OFE116
OFE216
OFE316
OFE416
OFE516
OFE616

~—  Timing for start
(The first data of FLDP1)

The last timing
(The last data of FLDP3)

FLDP3 data area

{ Timing for start
(The first data of FLDP3)

OFE716

OFE816

OFE916
OFEA16

OFEB16

OFEC16

OFED16
OFEE16

OFEF16

OFFO016

OFF116
OFF216

The last timing
(The last data of FLDP8)

FLDP8 data area

OFF316

Timing for start

OFF416

OFF516
OFF616

OFF716

OFF816

OFF916
OFFA16

OFFB16

OFFC16

OFFD16
OFFE16

OFFF16

Note: [_]shaded area is used for segment.
[ shaded area is used for digit.

(The first data of FLDP8)

The last timing
(The last data of FLDP2)

FLDP2 data area

Timing for start
(The first data of FLDP2)

N The last timing

(The last data of FLDPO)

FLDPO data area

— Timing for start
(The first data of FLDPO)

The last timing
(The last data of FLDP1)

K FLDP1 data area

Fig. 47 Example of using FLD automatic display RAM in 32-timing mode
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Digit data protect function

The FLD automatic display RAM is provided with a data protect
function that disables the RAM area data to be rewritten as digit
data.

This function can disable data from being written in optional bits in
the RAM area corresponding to P1 to P3. A programming load can
be reduced by protecting an area that requires no change after
data such as digit data is written.

Write digit data beforehand; then set “1” in the corresponding bits.
With this, the setting is completed.

The data protect area becomes the maximum RAM area of P1 and
P3. For example, when bit 0 of P1 is protected in the 16-
timingeordinary mode, bits 0 of RAM addresses 0FDO16 to OFDF16
can be protected. Likewise, in the 16-timingegradation display mode,
bits 0 of addresses OFDO016 to OFDF16 and 0F8016 to OF8F16 can be
protected. In the 32-timing mode, bits 0 of addresses 0FAO16 to
OFBF16 can be protected.

HARDWARE
FUNCTIONAL DESCRIPTION

b7 b0
P1FLDRAM write disable register

(P1FLDRAM : address OEF215)

FLDRAM corresponding to P1o
—— FLDRAM corresponding to P11
FLDRAM corresponding to P12
FLDRAM corresponding to P13
FLDRAM corresponding to P14
FLDRAM corresponding to P15
FLDRAM corresponding to P16
FLDRAM corresponding to P17

0: Operating normally
1: Write disabled

b7 b0
P3FLDRAM write disable register

|_(P3FLDRAM : address OEF316)

FLDRAM corresponding to P30
—— FLDRAM corresponding to P31
FLDRAM corresponding to P32
FLDRAM corresponding to P33
FLDRAM corresponding to P34
FLDRAM corresponding to P35
FLDRAM corresponding to P36
FLDRAM corresponding to P37

0: Operating normally
1: Write disabled

Fig. 48 Structure of FLDRAM write disable register
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Setting method when using the grid scan type FLD
When using the grid scan type FLD, set “1” in the RAM area corre-
sponding to the digit ports that output “1” at each timing. Set “0” in
the RAM area corresponding to the other digit ports.

Number of timing: 10

The first second third..............coce.e. 9th  10th

DIG10 (P31)
DIG9 (P30)
DIGS (P17)

DIG2 (P11) ’—‘
DIG1 (P10) ’—L
Segment output ﬂ K‘>\ H _____ H A‘>\

Fig. 49 Example of digit timing using grid scan type

Number of FLD segments: 16

Number of timing: 10

(FLD data pointer reload register = 9)

ngess > 7 6 54 3 2 1 0

OFBO016 The last timing

OFB1l16 (The last data of FLDP2)
OFB216
OFB316
0FB416
0FB516
OFB616
OFB716 FLDP?2 data area
0FB816
0FB916 Timing for start
OFBA16 (The first data of FLDP2)
OFBB16
OFBC16
OFBD16
OFBE16
OFBF16
OFCO016 ~—\— The last timing
OFCl16 (The last data of FLDPO)
OFC216
OFC316
OFC416
OFC516
OFC616
OFCT16 FLDPO data area
OFC816
OFC916 Timing for start
OFCA16 (The first data of FLDPO)
OFCB16
OFCCi6
OFCD16

OFCE16
OFCF16

The last timing
(The last data of FLDP1)

FLDP1 data area

—  Timing for start
(The first data of FLDP1)

The last timing
(The last data of FLDP3)

OFE716
OFEB816
OFE916 {—  Timing for start

OFEA16 (The first data of FLDP3)
OFEB16
OFEC16
OFED16
OFEE16
OFEF16
OFFO016 <\ The last timing

OFF116 (The last data of FLDP8)
OFF216
OFF316
OFF416
OFF516
OFF616
OFFT716 FLDPS data area
OFF816
OFF916 t<~—{—  Timing for start

OFFA16 (The first data of FLDP8)
OFFB16
OFFC16
OFFD16
OFFE16
OFFF16

Note: [ shaded area is used for segment.
[ shaded area is used for digit.

FLDP3 data area

Fig. 50 Example of using FLD automatic display RAM
using grid scan type
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HARDWARE
FUNCTIONAL DESCRIPTION

Timing setting

Each timing is set by the FLDC mode register, Tdisp time set regis-

ter, Toffl time set register, and Toff2 time set register.

*Tdisp time setting
Set the Tdisp time by the Tdisp counter count source selection bit of
the FLDC mode register and the Tdisp time set register.
Supposing that the value of the Tdisp time set register is n, the
Tdisp time is represented as Tdisp = (n+1) O t (t: count source
synchronization).

When the Tdisp counter count source selection bit of the FLDC mode
register is “0” and the value of the Tdisp time set register is 200
(C81s), the Tdisp time is: Tdisp = (200+1) [0 4 (at XiIN= 4 MHz) = 804
pus. When reading the Tdisp time set register, the value in the
counter is read out.

*Toffl time setting
Set the Toffl time by the Toffl time set register.
Supposing that the value of the Toffl time set register is n1, the
Toffl time is represented as Toffl =nl1 O t.
When the Tdisp counter count source selection bit of the FLDC mode
register is “0” and the value of the Toffl time set register is 30
(1Ez1s), Toffl =30 O 4 (at XiN =4 MHz) = 120 ps.
Set a value of 0316 or more to the Toffl time set register (address
OEF616).

*Toff2 time setting
Set the Toff2 time by the Toff2 time set register.
Supposing that the value of the Toff2 time set register is n2, the
Toff2 time is represented as Toff2=n2 0 t.
When the Tdisp counter count source selection bit of the FLDC mode
register is “0” and the value of the Toff2 time set register is 180
(B41s), Toff2 =180 O 4 (at XIN =4 MHz) = 720 ps.
This Toff2 time setting is valid only for FLD ports which are in the
gradation display mode and whose gradation display control RAM
value is “1.”
When setting “1” to bit 7 of the P8FLD output control register (ad-
dress OEFC16), set a value of 0316 or more to the Toff2 time set
register (address OEF716).

FLD automatic display start

To perform FLD automatic display, set the following registers.
*Port POFLD/port switch register

*Port P2FLD/port switch register

*Port P8FLD/port switch register

*FLDC mode register

*Tdisp time set register

*Toffl time set register

*Toff2 time set register

*FLD data pointer

FLD automatic display mode is selected by writing “1” to the bit O of
the FLDC mode register (address 0EF416), and the automatic dis-
play is started by writing “1” to bit 1. During FLD automatic display,
bit 1 of the FLDC mode register (address 0EF416) always keeps “1,”
and FLD automatic display can be interrupted by writing “0” to bit 1.

Key-scan

When a key-scan is performed with the segment during key-scan

blanking period Tscan, take the following sequence:

1. Write “0” to bit O of the FLDC mode register (address OEF416).

2. Set the port corresponding to the segment for key-scan to the
output port.

3. Perform the key-scan.

4. After the key-scan is performed, write “1” to bit 0 of FLDC mode
register (address OEF416).

m Note

When performing a key-scan according to the above step 1 to 4, take
the following points into consideration.

1. Do not set “0” in bit 1 of the FLDC mode register (address OEF416).
2. Do not set “1” in the ports corresponding to digits.

38B5 Group User's Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

Segment
Digit output ﬁ

Repeat synchronous
Tdisp Tscan
Tn | Tn-1 Tn-2 ﬁ)’)‘ T4 T3 T2 T1
[ VN VR Y A YR Y SR Y SN VAN V ED=< I V IR VN VD Y I |
T\\ \
? Segment setting by software

FLD digit interrupt request occurs at the rising
edge of digit (each timing).

Segment
Digit

Segment
Digit

FLD blanking interrupt request occurs
at the falling edge of the last timing.

When a gradation display mode is selected

Toffl
Tdisp
Toffl
Toff2
Tdisp

n: Number of timing

FLDC mode register is “1,” and the
corresponding gradation display control

<Pin under the condition that bit 5 of the
data value is “1.”

Fig. 51 FLDC timing

1-50

38B5 Group User's

Manual




P84 to P87 FLD output reverse function

P84 to P87 are provided with a function to reverse the polarity of the
FLD output. This function is useful in adjusting the polarity when
using an externally installed driver.

The output polarity can be reversed by setting “1” to bit 0 of the port
P8 FLD output control register.

P84 to P87 FLDRAM write disable function

This function can disable writing data in the RAM area correspond-
ing to P84 to P87. This function can be set by setting “1” to bit 1 of the
port P8FLD output control register (address OEFC16).

P84 to P87 Toff invalid function

P84 to P87 can output waveform in which Toff is invalid, when P84 to
P87 is selected FLD ports (See Figure 52).

The function is useful when using a 4 bits - 16 bits decoder. The Toff
can be invalid by setting “1” to bit 2 of the port P8FLD output control
register (address OEFC1s6).

P84 to P87 output delay function

P84 to P87 can output waveform in which is delayed for 16 ps, when
selecting FLD port and selecting Toff invalid function (See Figure
52). When using a 4 bits — 16 bits decoder, the function can be use-
ful for prevention of leak radiation caused by phase discrepancy be-
tween segment output waveform and digit output waveform. This func-
tion can be set by setting “1” to bit 3 of the port P8FLD output control
register (address OEFC1s6).

Dimmer signal output function

P63 can output the dimmer signal. When using a 4 bits - 16 bits
decoder, the dimmer signal can be used as a control signal for a 4
bits - 16 bits decoder. When using M35501FP, the dimmer signal
can be used as the CLK signal. The dimmer signal can be output by
setting “1” to bit 4 of the port P8FLD output control register (address
OEFCi1s).

HARDWARE
FUNCTIONAL DESCRIPTION

Segment
Digit

At Toff2 control bit = “0” in
gradation display mode
(at gradation display
control data= “1")

At Toff2 control bit = “1"in

gradation display mode / )
(at ion display

control data= “1")

Toffl

Toff2

Tdisp

Dimmer signal

P84-P87 )’

Toff invalid

P84—P87
Toff invalid X
Delay H{

16 ps

Fig. 52 P84 to P87 FLD output waveform

Toff2 SET/RESET change function

The value of the Toff2 time set register is valid when gradation dis-
play mode is selected. The FLD ports output (set) the data of display
RAM at the end of the Toff1 time and output “0” (reset) at the end of
the Toff2 time, when bit 7 of the port PBFLD output control register is
“0”.

The FLD ports output (set) the data of display RAM at the end of the
Toff2 time and output “0” (reset) at the end of Tdisp time, when bit 7
of the port P8FLD output control register is “1”.

b7 b0

Port P8FLD output control register
(PBFLDCON: address OEFC1s)

L P84—P87 FLD output reverse bit
0: Output normally
1: Reverse output

P84—P87 FLDRAM write disable bit
0: Operating normally
1: Write disabled

P84—P87 Toff invalid bit
0: Operating normally
1: Toff invalid

P84—P87 delay control bit (Note)
0: No delay
1: Delay

P63/ANs dimmer output control bit
0: Ordinary port
1: Dimmer output

Not used (“0” at reading)

Toff2 control bit
0: Gradation display data is reset at Toff2
(set at Toff1)
1: Gradation display data is set at Toff2
(reset at Tdisp)

Note: Valid only when selecting FLD port and P84—P87 Toff invalid function

Fig. 53 Structure of port P8 FLD output control register
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FUNCTIONAL DESCRIPTION

A-D Converter
The 38B5 group has a 10-bit A-D converter. The A-D converter per-
forms successive approximation conversion.

[A-D Conversion Register] AD

One of these registers is a high-order register, and the other is a low-
order register. The high-order 8 bits of a conversion result is stored
in the A-D conversion register (high-order) (address 003416), and
the low-order 2 bits of the same result are stored in bit 7 and bit 6 of
the A-D conversion register (low-order) (address 00331s).
During A-D conversion, do not read these registers.

[A-D Control Register] ADCON

This register controls A-D converter. Bits 3 to 0 are analog input pin
selection bits. Bit 4 is an AD conversion completion bit and “0” during
A-D conversion. This bit is set to “1” upon completion of A-D conver-
sion.

A-D conversion is started by setting “0” in this bit.

[Comparison Voltage Generator]
The comparison voltage generator divides the voltage between AVss
and VREer, and outputs the divided voltages.

[Channel Selector]

The channel selector selects one of the input ports P77/AN7—P70/
ANo, and P65/SsTB1/AN11—P62/SrDY1/ANsg and inputs it to the com-
parator.

When port P64 is selected as an analog input pin, an external inter-
rupt function (INT4) is invalid.

[Comparator and Control Circuit]

The comparator and control circuit compares an analog input
voltage with the comparison voltage and stores the result in the A-D
conversion register. When an A-D conversion is completed, the
control circuit sets the AD conversion completion bit and the AD

conversion interrupt request bit to “1.”

Note that the comparator is constructed linked to a capacitor, so set
f(XiN) to at least 250 kHz during A-D conversion. Use a CPU system
clock dividing the main clock Xin as the internal system clock.

b7 b0

HEEENEEN
HENE

A-D control register
(ADCON: address 003216)

Analog input pin selection bits

0000: P70/ANO

0001: P71/AN1

0010: P72/AN2

0011: P73/AN3

0100: P74/AN4

0101: P75/AN5

0110: P76/AN6

0111: P77/AN7

1000: P62/SRDY1/AN8
1001: P63/AN9

1010: P64/INT4/SBUSY1/AN10
1011: P65/SSTB1/AN11

AD conversion completion bit
0: Conversion in progress
1: Conversion completed

Not used (returns “0” when read)

A-D conversion register (high-order)
(ADH: address 003416)

AD conversion result stored bits

A-D conversion register (low-order)
(ADL: address 003316)

Not used (returns “0” when read)

AD conversion result stored bits

Fig. 54 Structure of A-D control register

Data bus

b0

A-D control register [__| | ]

[T T T
t) ) )

I

P70/ANo O— A-D control circuit | = A-D interrupt request
P71/AN1 O—> ] |
P72/AN2 O—>
P73/AN3 O—>f g Comparator A-D conversion register (H)| A-D conversion register (L) |
P74/AN4 O— @ (Address 003416) (Address 003316)
P75/ANs O—| 3 v
P76/AN6 O—> E Resistor ladder
P77/AN7 O—>| %
P62/SRDY1/AN8 O—| C T -
P63/AN9 O—| © o g
P64/INT4/SBUSY1/AN10 O— AVSS @REF
P65/SSTBI/AN11O— |

Fig. 55 Block diagram of A-D converter
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Pulse Width Modulation (PWM)

The 38B5 group has a PWM function with a 14-bit resolution. When
the oscillation frequency XiN is 4 MHz, the minimum resolution bit
width is 250 ns and the cycle period is 4096 ps. The PWM timing
generator supplies a PWM control signal based on a signal that is

the frequency of the Xin clock.

The explanation in the rest assumes XiN =4 MHz.

HARDWARE

FUNCTIONAL DESCRIPTION

Data bus

( Itis setto “1”
when write.

)—

PWM register (low-order)
(address 001516)

bit7 bits

bit0

bit0

|

PWAM register (high-order)
(address 001416)

PWM latch (14-bit)

°\g

MSB

LSB

P87 latch

P87/PWMo

PWM

14-bit PWM circuit

system clock

(4MHz) @

When an internal

XciNn O
selection bit is set
18 1o 0

XiIN O—»C

Timing (64 ps cycle)
generating
unit for PWM (4096 ps cycle)

L ®)
P87/PWM output
selection bit

P87/PWM output
selection bit

P87 direction
register

Fig. 56 PWM block diagram
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1. Data setup

The PWM output pin also function as port P87. Set port P87 to be the
PWM output pin by setting bit 0 of the PWM control register (address
002616) to “1.” The high-order 8 bits of output data are set in the
high-order PWM register PWMH (address 001416) and the low-order
6 bits are set in the low-order PWM register PWML (address 0015z1s6).

2. PWM operation

The timing of the 14-bit PWM function is shown in Figure 57.

The 14-bit PWM data is divided into the low-order 6 bits and the
high-order 8 bits in the PWM latch.

The high-order 8 bits of data determine how long an “H" level signal

3. Transfer from register to latch

Data written to the PWML register is transferred to the PWM latch
once in each PWM period (every 4096 ps), and data written to the
PWMH register is transferred to the PWM latch once in each sub-
period (every 64 ps). When the PWML register is read, the contents
of the latch are read. However, bit 7 of the PWML register indicates
whether the transfer to the PWM latch is completed; the transfer is
completed when bit 7 is “0.”

Table 10 Relationship between low-order 6-bit data and setting
period of ADD bit

is output during each sub-period. There are 64 sub-periods in each Low-order Sub-periods tm lengthened (m = 0 to 63)
period, and each sub-period tis 256 O 1 (= 64 us) long. The signal's 6-bit datf;
“H” has a length equal to N times T, and its minimum resolution = 250 000000 | None
ns. 000001 | m=32
The last bit of the sub-period becomes the ADD bit which is specified 000010 | m=16,48
either “H” or “L,” by the contents of PWML. As shown in Table 10, the 000100 | m=8,24,40,56
ADD bit is decided either “H” or “L.” 001000 | m=4,12,20, 28, 36,44, 52, 60
That is, only in the sub-period tm shown in Table 10 in the PWM 010000 | m=2,6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
cycle period T = 64t, the “H” duration is lengthened during the mini- 100000 | M=1,3,5 7, cooeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeneeny 57,59, 61, 63
mum resolution width T period in comparison with the other period.
For example, if the high-order eight bits of the 14-bit data are “0316”
and the low-order six bits are “051s,” the length of the “H” level output
in sub-periods ts, t24, t32, t40 and tse is 4 T, and its length 3 1 in all
other sub-periods.
Time at the “H” level of each sub-period almost becomes equal be-
cause the time becomes length set in the high-order 8 bits or be-
comes the value plus T, and this sub-period t (= 64 ps, approximate
15.6 kHz) becomes cycle period approximately.
4096 us
~_ 64us _64us | 64pus | 64upus __64ps
m=0 m=7 m=38 m=9 m =63
N )
o - E - - - - e -t
15.75 ps 15.75 ps 15.75 ps 16.0 ps 15.75 ps 15.75 ps 15.75 ps

Pulse width modulation register H: 00111111

Pulse width modulation register L: 000101

Sub-periods where “H” pulse width is 16.0 us: m = 8, 24, 32, 40, 56

Sub-periods where “H” pulse width is 15.75 ps: m = all other values

Fig. 57 PWM timing
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b7 b0

PWM control register
(PWMCON: address 00261s)

L P87/PWM output selection bit
0: 1/0O port
1: PWM output

Not used (return “0” when read)

Fig. 58 Structure of PWM control register

Data 6A16 stored at address 001416 Data 7B16 stored at address 001416
PWM register
(high-order) 5916 ‘ '\ 6A16 \ 7B16
Data 2416 stored at address 001516 Bit 7 cleared after transfer Data 3516 stored at address 001516
PWM register e
(low-order) 1316 Adie N\ 2416 A\ 3516
\ Transfer from register to latch 3516/4 \ Transfer from register to latch
a\xl\élill)atch ‘ 165316 ‘ \\1A9315 k 1AA416 ‘ 1AA416 ‘ \ 1EE416 L‘ 1EF516
i
_ —— When bit 7 of PWML is “0,” transfer
T = 4096 ps | from register to latch is disabled.
(640 64 ps) ‘
//,//’// t=64ps \\'\“‘\*~\»\.‘
(Example 1) 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B [6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A
PWM output
Low-order 6-bits
output 5 2 5 5 5 5 5
H = 6A16
L=2416 | 6Bl6..c..... 6AL............ 28 times 106 [J 64 + 36
(107) (106)
(Example 2) A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B
PWM output

Low-order 6 bits
output

H = 6A16
L-1816 | 6Bie......24times  BAl6.....

PN - t=64ps T ——
(256 0 0.25 pis)

Minimum bit width T=025ps

PWM output . 6A 69 |68 | 67 02 01 6A 69 |68 | 67 02 {01
@ ADD ADD
8-bit counter 02 01 00 |[FF FE FD FC .o (97 96 95 | oo 02 01 00 |FF FE FD FC o 97 96 95

The ADD portions with /
additional T are determined
either “H” or “L” by low-order
6-bit data.

“H” period length specified by PWMH

-—
256 T (64 ps), fixed

Fig. 59 14-bit PWM timing

38B5 Group User’'s Manual 1-55



HARDWARE
FUNCTIONAL DESCRIPTION

Interrupt Interval Determination Function

The 38B5 group has an interrupt interval determination circuit.

This interrupt interval determination circuit has an 8-bit binary up

counter. Using this counter, it determines a duration of time from the

rising edge (falling edge) of an input signal pulse on the P47/INT2 pin
to the rising edge (falling edge) of the signal pulse that is input next.

How to determine the interrupt interval is described below.

1. Enable the INT2 interrupt by setting bit 2 of the interrupt control
register 1 (address 003E16). Select the rising interval or falling
interval by setting bit 2 of the interrupt edge selection register
(address 003Azs).

2. Set bit 0 of the interrupt interval determination control register
(address 003116) to “1” (interrupt interval determination operat-
ing).

3. Select the sampling clock of 8-bit binary up counter by setting bit
1 of the interrupt interval determination control register. When
writing “0,” f(XiN)/128 is selected (the sampling interval: 32 ps at
f(XiIN) = 4.19 MHz); when “1,” f(XIN)/256 is selected (the sampling
interval: 64 pus at f(XIN) = 4.19 MHz).

4. When the signal of polarity which is set on the INT2 pin (rising or
falling edge) is input, the 8-bit binary up counter starts count-
ing up of the selected counter sampling clock.

5. When the signal of polarity above 4 is input again, the value of the
8-bit binary up counter is transferred to the interrupt interval
determination register (address 003016), and the remote control
interrupt request occurs. Immediately after that, the 8-bit binary
up counter continues to count up again from “0016.”

6. When count value reaches “FF1s,” the 8-bit binary up counter stops
counting up. Then, simultaneously when the next counter sam-
pling clock is input, the counter sets value “FF1s6” to the interrupt
interval determination register to generate the counter overflow
interrupt request.

Noise filter

The P47/INT2 pin builds in the noise filter.

The noise filter operation is described below.

1. Select the sampling clock of the input signal with bits 2 and 3 of
the interrupt interval determination control register. When not
using the noise filter, set “00.”

2. The P47/INT2 input signal is sampled in synchronization with the
selected clock. When sampling the same level signal in a series
of three sampling, the signal is recognized as the interrupt
signal, and the interrupt request occurs.

When setting bit 4 of interrupt interval determination control
register to “1,” the interrupt request can occur at both rising and
falling edges.

When using the noise filter, set the minimum pulse width of the
INT2 input signal to 3 cycles or more of the sample clock.

Note: In the low-speed mode (CM7 = 1), the interrupt interval deter-
mination function cannot operate.

clock selection bit ~ f(XiNn)/256 —o

INT2 interrupt input Noise filter

|

Noise filter sampling
clock selection bit

i

1 128

1/32T 1 |6’4

Divider

|

f(XiN)

Counter sampling  f(Xin)/128 ——= |

One-sided/both-sided
detection selection bit

8-bit binary up
counter

Counter overflow
interrupt request
or remote control

‘ interrupt request

Interrupt interval
determination register

address 003016

Fig. 60 Interrupt interval determination circuit block diagram
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b7 b0,
Interrupt interval determination control register
(IIDCON: address 003116)
Interrupt interval determination circuit operating selection bit

0 : Stopped
1: Operating

Counter sampling clock selection bit
0: f(Xin)/128
1: f(XiN)/256

Noise filter sampling clock selection bits (INT2)
00 : Filter stop

01 : f(Xin)/32

10 : f(Xin)/64

11 : f(Xin)/128

One-sided/both-sided edge detection selection bit
0: One-sided edge detection
1 : Both-sided edge detection (can be used when using a noise filter)

Not used (return “0” when read)

Fig. 61 Structure of interrupt interval determination control register

(When IIDCON4 = “0")
Noise filter f f f f f { f f f f f f } f } f f f } f
sampling clock
INT2 pin j—I—I—‘
Acceptance of
interrupt
Counter sampling
clock

8-bit binary up
counter value

N 6 FF

Interrupt interval ¢ ‘

determination | N i 6 FF

register value Remote control Remote control Counter overflow
interrupt request interrupt request interrupt request

Fig. 62 Interrupt interval determination operation example (at rising edge active)

(When IIDCON4 = “17)
Noise filter f f f { } f } f f f f f f f } f { f } {
sampling clock
INT2 pin
Acceptance of , { ’ } ,
interrupt

Counter sampling
clock

8-bit binary up
counter value

N 2 3 2 FF
Interrupt interval ; ' * * +
determination l N \ 2 | 3 | 2 | FF s
register value
Remote control  Remote control Remote control  Remote control Counter overflow
interrupt request  interrupt request  interrupt request  interrupt request interrupt request

Fig. 63 Interrupt interval determination operation example (at both-sided edge active)

38B5 Group User’'s Manual 1-57



HARDWARE
FUNCTIONAL DESCRIPTION

Watchdog Timer

The watchdog timer gives a mean of returning to the reset status
when a program cannot run on a normal loop (for example, because
of a software runaway). The watchdog timer consists of an 8-bit watch-
dog timer L and a 12-bit watchdog timer H.

e Standard operation of watchdog timer

When any data is not written into the watchdog timer control register
(address 002Bz1s6) after resetting, the watchdog timer is in the stop
state. The watchdog timer starts to count down by writing an optional
value into the watchdog timer control register (address 002B16) and
an internal reset occurs at an underflow of the watchdog timer H.
Accordingly, programming is usually performed so that writing to the
watchdog timer control register (address 002B16) may be started
before an underflow. When the watchdog timer control register
(address 002Bu1s) is read, the values of the high-order 6 bits of the
watchdog timer H, STP instruction disable bit, and watchdog timer H
count source selection bit are read.

(1) Initial value of watchdog timer

At reset or writing to the watchdog timer control register (address
002B16), a watchdog timer H is set to “FFF16” and a watchdog timer
L to “FF1e.”

(2) Watchdog timer H count source selection bit operation
Bit 7 of the watchdog timer control register (address 002B16) permits
selecting a watchdog timer H count source. When this bit is set to

“0,” the underflow signal of watchdog timer L becomes the count
source. The detection time is set then to f(XiN) = 2.1 s at 4 MHz
frequency and f(XciN) = 512 s at 32 kHz frequency.

When this bit is set to “1,” the count source becomes the signal
divided by 8 for f(Xin) (or divided by 16 for f(Xcin)). The detection
time in this case is set to f(XIN) = 8.2 ms at 4 MHz frequency and
f(XcIN) = 2 s at 32 KHz frequency. This bit is cleared to “0” after
resetting.

(3) Operation of STP instruction disable bit

Bit 6 of the watchdog timer control register (address 002B16) permits
disabling the STP instruction when the watchdog timer is in opera-
tion.

When this bit is “0,” the STP instruction is enabled.

When this bit is “1,” the STP instruction is disabled.

Once the STP instruction is executed, an internal resetting occurs.
When this bit is set to “1,” it cannot be rewritten to “0” by program.
This bit is cleared to “0” after resetting.

m Note

When releasing the stop mode, the watchdog timer performs its count
operation even in the stop release waiting time. Be careful not to
cause the watchdog timer H to underflow in the stop release waiting
time, for example, by writing data in the watchdog timer control reg-
ister (address 002B16) before executing the STP instruction.

“FF16” is set when
watchdog timer

Internal system clock©

selection bit 1/8

(Note)

control registeris """ “FFF16” is set
written to. . when watchdog
\ o timer control
Watchdog timer L (8) o register is written

Data bus

to.

wpr Watchdog timer H (12)
Watchdog timer H count

STP instruction disable bit
STP instruction

source selection bit

Reset

P ——— Internal reset
circuit

RESET O_%}

Note: Either high-speed, middle-speed or low-speed mode is selected by bit 7 of CPU mode register.

Fig. 64 Block diagram of watchdog timer

b7 b0

Watchdog timer control register
(WDTCON : address 002B1¢)

Watchdog timer H (for read-out of high-order 6 bit)

STP instruction disable bit
0: STP instruction enabled
1: STP instruction disabled

Watchdog timer H count source selection bit
0: Watchdog timer L underflow
1: f(Xin)/8 or f(Xcin)/16

Fig. 65 Structure of watchdog timer control register
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Buzzer Output Circuit

The 38B5 group has a buzzer output circuit. One of 1 kHz, 2 kHz and
4 kHz (at Xin = 4.19 MHz) frequencies can be selected by the buzzer
output control register (address OEFD1s). Either P43/Buzo1 or P20/
Buzoz2/FLDo can be selected as a buzzer output port by the output
port selection bits (b2 and b3 of address OEFDzs).

The buzzer output is controlled by the buzzer output ON/OFF bit
(b4).

Port latch

1/1024

f(XIN) Divi 1/2048 \C
— Divider 70062 ) Buzzer output
———O ’7

Buzzer output ON/OFF bit

Output port control signal
Port direction register

Fig. 66 Block diagram of buzzer output circuit

b7 bo
Buzzer output control register
(BUZCON: address OEFD16)

Output frequency selection bits (Xin = 4.19 MHz)
00 : 1 kHz (f(XiN)/4096)

01 : 2 kHz (f(XiN)/2048)

10 : 4 kHz (f(Xin)/1024)

11 : Not available

Output port selection bits

00 : P20 and P43 function as ordinary ports.

01 : P43/Buzo1 functions as a buzzer output.

10 : P20/Buzo2/FLDo functions as a buzzer output.
11 : Not available

Buzzer output ON/OFF bit
0 : Buzzer output OFF (“0” output)
1: Buzzer output ON

Not used (return “0” when read)

Fig. 67 Structure of buzzer output control register
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Reset Circuit

To reset the microcomputer, RESET pin should be held at an “L”
level for 2 ps or more. Then the RESET pin is returned to an “H” level
(the power source voltage should be between 2.7 VV and 5.5 V, and
the oscillation should be stable), reset is released. After the reset is
completed, the program starts from the address contained in address
FFFDazs (high-order byte) and address FFFCas (low-order byte). Make
sure that the reset input voltage is less than 0.5 V for Vcc of 2.7 V
(switching to the high-speed mode, a power source voltage must be
between 4.0 V and 5.5 V).

.,_— Poweron

> (Note)
Power source i
voltage :
ov {
Reset input /
voltage =" 0.2Vce
ov 3

Note : Reset release voltage ; Vcc=2.7 V

RESET Vce
4”7
RESET Vce

Power source
voltage detection
circuit

Fig. 68 Reset circuit example

w UL

RESET

Internal
reset

Address

X 2 X 2 X 2 X 2 Xrrrc X FrrD Xaos aoiX

XX

SYNC

XXX

X apbe X Aps X
]

>
a3 >

Xin: about 4000 cycles

Notes 1: The frequency relation of f(Xin) and f(¢) is f(XiNn)=4 « f(¢).
2: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 69 Reset sequence
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(1) PortPO

(2) Port PO direction register
(3) PortP1

(4) PortP2

(5) Port P2 direction register
(6) Port P3

(7) PortP4

(8) Port P4 direction register
(9) Port P5

(10) Port P5 direction register
(11) Port P6

(12) Port P6 direction register
(13) Port P7

(14) Port P7 direction register
(15) Port P8

(16) Port P8 direction register
(17) Port P9

(18) Port P9 direction register
(19) UART control register
(20) Serial 1/01 control register 1
(21) Serial 1/01 control register 2
(22) Serial 1/01 control register 3
(23) Serial 1/02 control register
(24) Serial 1/02 status register
(25) Timer 1

(26) Timer 2

(27) Timer 3

(28) Timer 4

(29) Timer 5

(30) Timer 6

(31) PWM control register

(32) Timer 12 mode register

0: Not fixed

Address Register contents

000015
000110
000220
0046
000516
000615
000815
000915
00
o008
0005
00015
oo0e:s
o00F s
001016
o016
001210
001310
001726
001910
014
00118
001018
1€
002016
002116
002216
002316
02415
02515
002610
002816

Address Register contents

(33) Timer 34 mode register 002916
(34) Timer 56 mode register 002A16
(35) Watchdog timer control register ~ 002B16

(36) Timer X (low-order) 002C16
(37) Timer X (high-order) 002D16

(38) Timer X mode register 1 002E16
(39) Timer X mode register 2 002F16
(40) Interrupt interval determination ~ 003116
control register
(41) A-D control register 003216
(42) Interrupt source switch register ~ 003916
(43) Interrupt edge selection register  003A16
(44) CPU mode register 003B16
(45) Interrupt request register 1 003C16
(46) Interrupt request register 2 003D16
(47) Interrupt control register 1 003E16
(48) Interrupt control register 2 003F16
(49) Pull-up control register 1 OEF016
(50) Pull-up control register 2 OEF1l16
(51) PIFLDRAM write disable register OEF21s

(52) P3FLDRAM write disable register 0EF316

(53) FLDC mode register OEF416
(54) Tdisp time set register OEF516
(55) Toffl time set register OEF616
(56) Toff2 time set register OEF716

(57) Port POFLD/port switch register ~ OEF916
(58) Port P2FLD/port switch register OEFA1e
(59) Port P8FLD/port switch register  OEFB1s
(60) Port PSFLD output control register OEFC16
(61) Buzzer output control register OEFD16

(62) Processor status register GOIEEEEENEE
(63) Program counter (PCH)

(PCL) | FFFCie contents

Since the initial values for other than above mentioned registers and RAM contents are indefinite at reset, they must be set.

Fig. 70 Internal status at reset
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Clock Generating Circuit

The 38B5 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XiNn and
Xout (Xcin and Xcout). Use the circuit constants in accordance with
the resonator manufacturer's recommended values. No
external resistor is needed between XiN and XouT since a feedback
resistor exists on-chip. However, an external feedback resistor is
needed between Xcin and Xcour.

Immediately after power on, only the Xin oscillation circuit starts
oscillating, and Xcin and Xcout pins function as 1/0O ports.

o Frequency control

(1) Middle-speed mode

The internal system clock is the frequency of Xin divided by 4. After
reset, this mode is selected.

(2) High-speed mode
The internal system clock is the frequency of Xin.

(3) Low-speed mode
The internal system clock is the frequency of Xcin divided by 2.

m Note

If you switch the mode between middle/high-speed and low-speed,
stabilize both Xin and Xcin oscillations. The sufficient time is required
for the sub clock to stabilize, especially immediately after power on
and at returning from stop mode. When switching the mode between
middle/high-speed and low-speed, set the frequency on condition
that f(XiN) > 3f(XcIn).

(4) Low power consumption mode

The low power consumption operation can be realized by stopping
the main clock Xin in low-speed mode. To stop the main clock, set bit
5 of the CPU mode register to “1.” When the main clock XN is re-
started (by setting the main clock stop bit to “0”), set enough time for
oscillation to stabilize.

By clearing furthermore the Xcout drivability selection bit (b3) of CPU
mode register to “0,” low power consumption operation of less than
200 pA (f(Xcin) = 32 kHz) can be realized by reducing the drivability
between Xcin and XcouT. At reset or during STP instruction execu-
tion this bit is set to “1” and a strong drivability that has an easy
oscillation start is set.

e Oscillation control

(1) Stop mode

If the STP instruction is executed, the internal system clock stops at
an “H” level, and Xin and Xcin oscillators stop. Timer 1 is set to “FF1e”
and timer 2 is set to “0116.”

Either Xin divided by 8 or Xcin divided by 16 is input to timer 1 as
count source, and the output of timer 1 is connected to timer 2. The
bits of the timer 12 mode register are cleared to “0.” Set the interrupt
enable bits of the timer 1 and timer 2 to disabled (“0”) before execut-
ing the STP instruction. Oscillator restarts when an external interrupt
is received, but the internal system clock is not supplied to the CPU
until timer 1 underflows. This allows time for the clock circuit oscilla-
tion to stabilize.

(2) Wait mode

If the WIT instruction is executed, the internal system clock stops at
an “H” level. The states of Xin and Xcin are the same as the state
before executing the WIT instruction. The internal system clock re-
starts at reset or when an interrupt is received. Since the oscillator
does not stop, normal operation can be started immediately after the
clock is restarted.

XCIN  XcouT XIN

" LD
;_CCIN;_CCOUT 7J;_CIN 7J;_COUT

Fig. 71 Ceramic resonator circuit

XCIN___Xcout XN Xout

open open
External oscillation circuit

External oscillation circuit

or external pulse

e LT e T
Vss Vss

Fig. 72 External clock input circuit
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XCIN Xcout

Port Xc
switch bit (Note 3)

Timer 1 count source Timer 2 count source
selection bit (Note 2) selection bit (Note 2)

-

Internal system clock
selection bit (Notes 1, 3)
Low-speed mode 0
g

B L™ e =0

High-speed or
middle-speed
mode

Main clock division ratio
selection bits (Note 3)

Middle-speed mode
o

0 Timing ¢ (internal clock)

High-speed or

—o<l— Main clock stop bit low-speed mode
(Note 3)

R——STP instruction WIT instruction——{ R R [— STP instruction

Reset
Interrupt disable flag |
Interrupt request

Notes 1: When low-speed mode is selected, set the port Xc switch bit (b4) to “1.”
2: Refer to the structure of the timer 12 mode register.
3: Refer to the structure of the CPU mode register.

Fig. 73 Clock generating circuit block diagram
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Middle-speed mode

CM7=0(4 MHz selected)
CMe=1(middle-speed)
CMs=0(XIN oscillating)
CMa4=0(32 kHz stopped)

CM7=0(4 MHz selected)
CMe=1(middle-speed)
CMs=0(XIn oscillating)
CM4=1(32 kHz oscillating)

CM7=1(32 kHz selected)
CMe=1(middle-speed)
CMs=0(XIN oscillating)
CM4=1(32 kHz oscillating)

High-speed mode
(=4 MHz)

CM7=0(4 MHz selected)
CMe=0(high-speed)
CMs=0(XIN oscillating)
CM4=0(32 kHz stopped)

CMs
“1" €=—>Q"

(@=1 MHz)

High-speed mode
(=4 MHz)

CM7=0(4 MHz selected)
CMse=0(high-speed)
CMs=0(XIN oscillating)
CM4=1(32 kHz oscillating)

Middle-speed mode
(@=1 MHz)

Low-speed mode
(=16 kHz)

Low-speed mode
(=16 kHz)

CMse
17 =—> Q"

CM7=1(32 kHz selected)
CMe=0(high-speed)
CMs=0(XIN oscillating)
CMa=1(32 kHz oscillating)

CPU mode register
(CPUM : address 003B 16)

|

CM4 : Port Xc switch bit

0: I/O port function

1: Xcin-Xcourt oscillating function
CMs : Main clock (Xin- Xour) stop bit

0: Oscillating
1: Stopped
o CMe: Main clock division ratio selection bit
Low-power dissipation mode Low-power dissipation mode 0: f(Xv) (High-speed mode)
(=16 kHz) oM (¢=16 kHz) 1: f{(Xin)/4 (Middle-speed mode)
CM7=1(32 kHz selected) o (__6)“ " CM7=1(32 kHz selected) CM7: Internal system clock selection bit
1 0 CMs=0(high-speed) 0: Xin—Xout selected (Middle-/High-speed mode)

Notes 1:
2:

[0 N4, I NI 4V)

CMe=1(middle-speed)
CMs=1(XIN stopped)
CM4=1(32 kHz oscillating)

CMs=1(XIN stopped) 1: Xcin—Xcour selected (Low-speed mode)

CM4=1(32 kHz oscillating)

Switch the mode by the allows shown between the mode blocks. (Do not switch between the mode directly without an allow.)
The all modes can be switched to the stop mode or the wait mode and return to the source mode when the stop mode or the wait
mode is ended.

: Timer operates in the wait mode.

- When the stop mode is ended, a delay of approximately 1 ms occurs by Timer 1 in middle-/high-speed mode.

: When the stop mode is ended, a delay of approximately 0.25 s occurs by Timer 1 in low-speed mode.

: The example assumes that 4 MHz is being applied to the X IN pin and 32 kHz to the X CIN pin. gindicates the internal system clock.

Fig. 74 State transitions of system clock
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NOTES ON PROGRAMMING/NOTES ON USE

NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (1) which is “1.” After a
reset, initialize flags which affect program execution. In particular, it
is essential to initialize the index X mode (T) and the decimal mode
(D) flags because of their effect on calculations.

Interrupts

The contents of the interrupt request bits do not change immediately
after they have been written. After writing to an interrupt request reg-
ister, execute at least one instruction before performing a BBC or
BBS instruction.

Decimal Calculations

*To calculate in decimal notation, set the decimal mode flag (D) to
“1,” then execute an ADC or SBC instruction. Only the ADC and
SBC instructions yield proper decimal results. After executing an
ADC or SBC instruction, execute at least one instruction before ex-
ecuting a SEC, CLC, or CLD instruction.

In decimal mode, the values of the negative (N), overflow (V), and
zero (Z) flags are invalid.

Timers
If a value n (between 0 and 255) is written to a timer latch, the fre-
guency division ratio is 1/(n+1).

Multiplication and Division Instructions

*The index X mode (T) and the decimal mode (D) flags do not affect
the MUL and DIV instruction.

*The execution of these instructions does not change the contents of
the processor status register.

Ports

The contents of the port direction registers cannot be read. The

following cannot be used:

*The data transfer instruction (LDA, etc.)

*The operation instruction when the index X mode flag (T) is “1”
*The addressing mode which uses the value of a direction register
as an index

*The bit-test instruction (BBC or BBS, etc.) to a direction register
*The read-modify-write instructions (ROR, CLB, or SEB, etc.) to a
direction register.

Use instructions such as LDM and STA, etc., to set the port direction
registers.

Serial 1/0

*Using an external clock

When using an external clock, input “H” to the external clock input
pin and clear the serial I/0O interrupt request bit before executing
serial 1/0 transfer and serial /0O automatic transfer.

*Using an internal clock

When using an internal clock, set the synchronous clock to the in-
ternal clock, then clear the serial I/O interrupt request bit before ex-
ecuting a serial I/0 transfer and serial I/O automatic transfer.

A-D Converter

The comparator uses internal capacitors whose charge will be lost if
the clock frequency is too low.

Therefore, make sure that f(XiN) is at least on 250 kHz during an A-D
conversion.

Do not execute the STP or WIT instruction during an A-D conver-
sion.

Instruction Execution Time

The instruction execution time is obtained by multiplying the frequency
of the internal system clock by the number of cycles needed to ex-
ecute an instruction.

The number of cycles required to execute an instruction is shown in
the list of machine instructions.

The frequency of the internal system clock is the same of the Xin
frequency in high-speed mode.

At STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode register
are cleared.

The Xcourt drivability selection bit (the CPU mode register) is set to
“1” (high drive) in order to start oscillating.

NOTES ON USE

Notes on Built-in EPROM Version

The P47 pin of the One Time PROM version or the EPROM version
functions as the power source input pin of the internal EPROM.
Therefore, this pin is set at low input impedance, thereby being af-
fected easily by noise.

To prevent a malfunction due to noise, insert a resistor (approx. 5
kQ) in series with the P47 pin.
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HARDWARE

DATA REQUIRED FOR MASK ORDERS/DATA REQUIRED FOR ROM WRITING ORDERS/ROM PROGRAMMING METHOD

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (three identical cop-
ies)

DATA REQUIRED FOR ROM WRITING OR-

DERS

The following are necessary when ordering a ROM writing:

(1) ROM Writing Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (three identical cop-
ies)

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version and the
EPROM version can be read or programmed with a general purpose
PROM programmer using a special programming adapter. Set the
address of PROM programmer in the user ROM area.

Table 11 Special programming adapter

Package Name of Programming Adapter
80P6N-A PCA7438F-80A
80D0 PCA7438L-80A

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 75 is recommended to verify programming.

Programming with PROM
programmer

N

Screening (Note)
(150°C for 40 hours)

G

Verification with
PROM programmer

N

Functional check in
target device

Note: The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.

Fig. 75 Programming and testing of One Time PROM version
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MASK OPTION OF PULL-DOWN RESISTOR
(object product: M38B5XMXH-XXXFP)

Whether built-in pull-down resistors are connected or not to high-
breakdown voltage ports P20 to P27 and P8o to P83 can be specified
in ordering mask ROM. The option type can be specified from among
8 types; A to G, P as shown Table 12.

Table 12 Mask option type of pull-down resistor
Connective port of pull-down resistor

Otsgzn (connected at “1” writing) Restriction
P20|P21|P22|P23|P24|P25|P26|P27|P80|P81|P82|P83

A ($41)

B ($42) 1)1

C ($43) 11|11

D ($44) 111|111

EG4S) |1 [1|1]1]afa1]1]1

F@46)[ 1 |11 |21 1|22 [21|1]1

G@®47) 1|12 fj1|1fafafl1fa1]1 111

P@s50) 1 12112l a]1]1 (Note 4)

Notes 1: The electrical characteristics of high-breakdown voltage ports
P20 to P27 and P80 to P83’s built-in pull-down resistors are the
same as that of high-breakdown voltage ports P0Oo to PO7.

2: The absolute maximum ratings of power dissipation may be
exceed owing to the number of built-in pull-down resistor. After
calculating the power dissipation, specify the option type.

3: One time PROM version and EPROM version cannot be
specified whether built-in pull-down resistors are connected or not
likewise option type A.

4: INT3 function and CNTR1 function cannot be used in the option
type P.

Power Dissipation Calculating Method

e Fixed number depending on microcomputer’s standard

* VoH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA

* Resistor value 43 V /900 pA = 48 kQ (min.)

» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [
15 mA =75 mW

e Fixed number depending on use condition

* Apply voltage to VEE pin: Vcc — 45 V

* Timing number a; digit number b; segment number c

* Ratio of Toff time corresponding Tdisp time: 1/16

» Turn ON segment number during repeat cycle: d

« All segment number during repeat cycle: ¢ (=a U ¢)

* Total number of built-in resistor: for digit; f, for segment; g
« Digit pin current value h (mA)

» Segment pin current value i (mA)

(1) Digit pin power dissipation

{h O b O (1-Toff/Tdisp) O voltage} / a
(2) Segment pin power dissipation

{i0d0O (1-Toff/Tdisp) O voltage} / a
(3) Pull-down resistor power dissipation (digit)

{power dissipation per 1 digit O (b O f/ b) O (1-Toff/Tdisp) } / a
(4) Pull-down resistor power dissipation (segment)

{power dissipation per 1 segment J (d 0 g/ ¢) O (1-Toff/Tdisp) } / a
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

D+ @+ @)+ @4+ (5) =XmW

HARDWARE

MASK OPTION OF PULL-DOWN RESISTOR

Power Dissipation Calculating example 1

e Fixed number depending on microcomputer’s standard

« VoH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA

* Resistor value 43 VV /900 pA = 48 kQ (min.)

» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [J
15 mA =75 mW

e Fixed number depending on use condition

* Apply voltage to VEE pin: Vcc — 45V

» Timing number 17; digit number 16; segment number 20

« Ratio of Toff time corresponding Tdisp time: 1/16

* Turn ON segment number during repeat cycle: 31

« All segment number during repeat cycle: 340 (= 17 O 20)

« Total number of built-in resistor: for digit; 16, for segment; 20
« Digit pin current value: 18 (mA)

* Segment pin current value: 3 (mA)

(1) Digit pin power dissipation
{18 016 O (1-1/16) 0 2} / 17 = 31.77 mW
(2) Segment pin power dissipation
{30310 (1-1/16) 0 2}/ 17 = 10.26 mW
(3) Pull-down resistor power dissipation (digit)
(45—2)2/48 0 (16 0 16/16) 0 (1 — 1/16) / 17 = 33.99 mW
(4) Pull-down resistor power dissipation (segment)
(45 —2)2 /48 O (31 0 20/20) O (1 — 1/16) / 17 = 65.86 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

D +@+ )+ @4 +(5) =217 mW

oo 7] | ~
v | [] /
DIG2 ’7
o3 .

DIG14
DIG15
DIG16 /

Timing number 1 2 3 o 14 ¢ 15 16} 17

L Repeat cycle | |

Fig. 76 Digit timing waveform (1)
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HARDWARE
MASK OPTION OF PULL-DOWN RESISTOR

Power Dissipation Calculating example 2
(when 2 or more digit is turned ON at same
time)

e Fixed number depending on microcomputer’s standard

* VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA

* Resistor value 43 V / 900 pA = 48 kQ (min.)

» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [
15 mA =75 mW

e Fixed number depending on use condition

* Apply voltage to VEE pin: Vcc — 45V

» Timing number 11; digit number 12; segment number 24

» Ratio of Toff time corresponding Tdisp time: 1/16

» Turn ON segment number during repeat cycle: 114

« All segment number during repeat cycle: 264 (= 11 00 24)

« Total number of built-in resistor: for digit; 10, for segment; 22
« Digit pin current value: 18 (mA)

* Segment pin current value: 3 (mA)

(1) Digit pin power dissipation
{18 0 12 0 (1-1/16) 0 2}/ 11 = 36.82 mW
(2) Segment pin power dissipation
{30114 0 (1-1/16) 0 2}/ 11 =58.30 mW
(3) Pull-down resistor power dissipation (digit)
(45-2)2/48 0 (12 0 10/12) O (1 — 1/16) / 11 = 32.84 mW
(4) Pull-down resistor power dissipation (segment)
(45 -2)2 /48 0 (114 O 22/24) O (1 — 1/16) / 11 = 343.08 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

(1) + )+ (3) + (4) + (5) = 547 mW

oco —] | ]
U1

[ ]
[
[
[
[
]
]

Timing number 1 2 3 4 5 6 7 8 9 10 i 11

1]

L Repeat cycle | |

Fig. 77 Digit timing waveform (2)
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FUNCTIONAL DESCRIPTION SUPPLEMENT

FUNCTIONAL DESCRIPTION SUPPLEMENT higher-priority interrupt is accepted first. This priority is determined
by hardware, but various priority processing can be performed by
software, using an interrupt enable bit and an interrupt disable flag.
For interrupt sources, vector addresses and interrupt priority, refer to
Table 13.

Interrupt

38B5 group permits interrupts on the basis of 21 sources.

It is vector interrupts with a fixed priority system. Accordingly, when
two or more interrupt requests occur during the same sampling, the

Table 13 Interrupt sources, vector addresses and interrupt priority

Interrupt source Priority Vector Addresses (Note 1) Remarks
High Low
Reset (Note 2) 1 FFFD16 FFFC16 Non-maskable
INTo 2 FFFB16 FFFA16 External interrupt (active edge selectable)
INT2 3 FFF916 FFF816 External interrupt (active edge selectable)
INT2 4 FFF716 FFF616 External interrupt (active edge selectable)
" Remote control/counter overflow | _\/am w_merﬁ\t;up_tirgrvgde_terﬁnaoms?per_atia o
Serial /01 5 FFF516 FFF416 Valid when serial 1/01 ordinary mode is selected
" Serial I/01 automatic transfer | | Valid when serial I/01 automatic transfer mode is selected
Timer X 6 FFF316 FFF216
Timer 1 7 FFFl16 FFFO16
Timer 2 8 FFEF16 FFEE16 STP release timer underflow
Timer 3 9 FFED16 FFEC16
Timer 4 10 FFEB16 FFEA16 (Note 3)
Timer 5 11 FFE916 FFE816
Timer 6 12 FFE716 FFE616
Serial /02 receive 13 FFE516 FFE416
INT3 14 FFE316 FFE216 External interrupt (active edge selectable) (Note 4)
_Sefial /O2transmit | | |
INT4 15 FFE1l16 FFEO16 External interrupt (active edge selectable)
Valid when INT4 interrupt is selected
“A-Dconversion | | Valid when A-D conversion is selected
FLD blanking 16 FFDF16 FFDE16 Valid when FLD blanking interrupt is selected
“FLD digit T ] | Valid when FLD digit interrupt is selected
BRK instruction 17 FFDD16 FFDC16 Non-maskable software interrupt

Notes 1 : Vector addresses contain interrupt jump destination addresses.
2 : Reset function in the same way as an interrupt with the highest priority.
3: In the mask option type P, timer 4 interrupt whose count source is CNTR1 input cannot be used.
4 : In the mask option type P, INT3 interrupt cannot be used.
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FUNCTIONAL DESCRIPTION SUPPLEMENT

Timing After Interrupt

The interrupt processing routine begins with the machine cycle fol-
lowing the completion of the instruction that is currently in execution.
Figure 78 shows a timing chart after an interrupt occurs, and Figure
79 shows the time up to execution of the interrupt processing routine.

—

e L[] LT LT L

WR

L L L

Address bus PC Xs, SPSXS-l, ssts-z, SPSX BL X BH XAL' AH

Data bus >< Not used XPCHXPCLX PSX AL X AH X:

SYNC :

BL, BH
AL, AH
SPS

CPU operation code fetch cycle
(This is an internal signal which cannot be observed from the external unit.)

: Vector address of each interrupt
: Jump destination address of each interrupt
: “0016” or “0116”

Fig. 78 Timing chart after interrupt occurs

Interrupt request occurs

Interrupt operation starts

Y

7 to 23 cycles (4 MHz, 1.75 ps to 5.75 ps)

) , Waiting time fo Push onto . _
Main routine pipeline post- stack vector Interrupt processing routine
processing fetch
< b i >
' 0 to 16 cycles ' 2 cycles ' 5 cycles !
< >

Fig. 79 Time up to execution of interrupt processing routine
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FUNCTIONAL DESCRIPTION SUPPLEMENT

A-D Converter

A-D conversion is started by setting AD conversion completion bit to

“0. During A-D conversion, internal operations are performed as fol-

lows.

1. After the start of A-D conversion, A-D conversion register goes to
“0016.”

2. The highest-order bit of A-D conversion register is set to “1,” and
the comparison voltage Vref is input to the comparator. Then, Vref
is compared with analog input voltage VIN.

3. As a result of comparison, when Vref < VIN, the highest-order bit of
A-D conversion register becomes “1.” When Vref > VIN, the high-
est-order bit becomes “0.”

Table 14 Relative formula for a reference voltage V. Rer of A-D
converter and V_ref

Whenn=0

Vref =0
VREF
1024
n: Value of A-D converter (decimal numeral)

When n =1 to 1023 Vref = On

Table 15 Change of A-D conversion register during A-D conversion

By repeating the above operations up to the lowest-order bit of the
A-D conversion register, an analog value converts into a digital value.
A-D conversion completes at 61 clock cycles (15.25 us at f(XIN) = 8
MHz) after it is started, and the result of the conversion is stored into
the A-D conversion register.

Concurrently with the completion of A-D conversion, A-D conversion
interrupt request occurs, so that the AD conversion interrupt request
bit is set to “1.”

Change of A-D conversion register Value of comparison voltage (Vref)
At start of conversion lo]oJo]o]o|o]o]o]o]o] 0

First comparison [1]oJoJofoJofoJofo0]0] | =5F

Second comparison [[i[1]0JoJooJoJofo]0] | =*= e

Third comparison [c1]c2]1]o]JoJoJoJo]0 0] VR;EFi VR;EF N VR8EF
S| TR Ty | e L

[J1-010: A result of the first comparison to the tenth comparison
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Figures 80 shows the A-D conversion equivalent circuit, and Figure
81 shows the A-D conversion timing chart.

Vcc Vss

About 2 kQ £ £

VIN
ANO —\/\/\ 4—o0 o o—e—
Sampling | !
AN1 Q clock
AN2 ()
Chopper
AN3 Q amplifier

AN4 ()
A-D conversion register (high-order)

ANs () ,
ANe ()
AN7 ()

A-D conversion register

ANg () (low-order)
ANo ()
AN10 O AD conversion interrupt request

AN11 ()

1b3[b2b1 b0

A-D control
register

VREF ( ——F— Xjref o
?Built-in Reference
D-A converter| clock
Vss ( ——

Fig. 80 A-D conversion equivalent circuit

Write signal for A-D
control register

> 61 cycles >

AD conversion
completion bit

smpingeosc [ ] [ 1 1 [

Fig. 81 A-D conversion timing chart
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APPLICATION
2.1 1/0 port

2.1 1/O port

This paragraph describes the setting method of I/O port relevant registers, notes etc.

2.1.1 Memory assignment

Address

000016 | Port PO (PO)
000116 | Port PO direction register (POD)
000216 | Port P1 (P1)
000316
000416 | Port P2 (P2)
000516 | Port P2 direction register (P2D)
000616 | Port P3 (P3)
000716
000816 | Port P4 (P4)
000916 | Port P4 direction register (P4D)
000A16 | Port P5 (P5)
000B16 | Port P5 direction register (P5D)
000Cz16 | Port P6 (P6)
000D16 | Port P6 direction register (P6D)
000Ez1s | Port P7 (P7)
000F16 | Port P7 direction register (P7D)
001016 | Port P8 (P8)
001116 | Port P8 direction register (P8D)
001216 | Port P9 (P9)
001316 | Port P9 direction register (P9D)

~
n

b))
€

v
~

OEFO16 | Pull-up control register 1 (PULL1)
OEF116 | Pull-up control register 2 (PULL2)

Fig. 2.1.1 Memory assignment of I/O port relevant registers
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APPLICATION

2.1 1/0 port
2.1.2 Relevant registers
Port Pi
b7 b6 b5 b4 b3 b2 bl b0
| | | PortPi(i=0,1,2,3,4,5,7,8)
Attt 11| (Pi: addresses 0016, 0216, 0416, 0616, 0816, 0A16, OE16, 1016)
Pl bbb Name Functions At reset| R iW
poL4 111 TT1O] PortPio e In output mode 0100
Poron o s 1 | Port Pi1 Write essesses Port latch 0 0.0
Pl e 2 | Port Piz Read ssssssss Port latch 0 00
T R R S 3 | Port Piz e In input mode 0 ]0:0
T R S — 4 | Port Pia Write eseeeees Port latch 0 0.0
i i o] 5 | Port Pis Read seeeee¢ Value of pin 0 00
| Aememeemeeeee oo 6 | Port Pis 0 00
Romommmmmmmmeoooooeo- 7 | Port Piz o |0:O
Fig. 2.1.2 Structure of port Pi (i =0, 1, 2, 3, 4,5, 7, 8)
Port P6
b7 b6 b5 b4 b3 b2 bl b0
| Port P6
A 1)1 | (P6:address 0Ci6)
E E i i i i i i b Name Functions Atreset|R W
i i i i i i i =--1.0 | Port P6o e In output mode 0100
A 1 | Port P61 Write seseeses Port latch 0 [0:0
P11 R 2 | Port P62 Read esseseee Port latch 0 0.0
A T R S — 3 | Port P63 e In input mode 0[O0
R R O 4 | Port P6a Write esssssee Port latch 0 loio
i i R 5 | Port P65 Read eeeeeeee Value of pin 0 00
P dememee oo | 6 [ Nothing is arranged for these bits. When these 0 00
e 7 | bits are read out, the contents are undefined. 0 0:0
Fig. 2.1.3 Structure of port P6
Port P9
b7 b6 b5 b4 b3 b2 bl b0
PP | ] &5
bl 1| (P9: address 1216)
E E E E i i i i b Name Functions At reset|R {W
bbb bbb -0 [Port P90 o In output mode 0 00
T R R B Write seeseees Port latch |
Porob Read eeseesee Port latch !
A 1 | Port P91 e In input mode 0 00
bbb Write eseesees Port latch :
T T T R Read seeeeses \Value of pin i
A T S— | 2 | Nothing is arranged for these bits. When these 0 0:0
T T S — | 3 | bits are read out, the contents are undefined. 0 0: 0
T R R | 4 | 0 00
R — 5| o [0i0
T | 6 | 0o |00
] 7 o [0:0
Fig. 2.1.4 Structure of port P9
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APPLICATION

2.1 1/0 port

Port Pi direction register

b7 b6 b5 b4 b3 b2 bl b0

_______________________

Port Pi direction register (i=0, 2, 4,5, 7, 8)
(PiD: addresses 0116, 0516, 0916, 0B16, OF16, 1116)

b Name Functions At reset|R W

0 | Port Pi direction 0 : Port Pio input mode 0 Xi0
register 1: Port Pio output mode !

1 0 : Port Pi1 input mode 0 X110
. 1 : Port Pi1 output mode |

2 0 : Port Piz input mode 0 X10
1 : Port Pi2 output mode i

3 0 : Port Pi3 input mode 0 Xi0
] 1: Port Pi3 output mode '

4 0 : Port Pi4 input mode 0 X10
. 1 : Port Pia output mode |

5 0 : Port Pis input mode 0 X10
] 1 : Port Pis output mode i

6 0 : Port Pis input mode 0 Xi0
| 1: Port Pie output mode !

7 0 : Port Pi7 input mode 0 X110
1 : Port Pi7 output mode :
(Note) |

Note: Bit 7 of the port P4 direction register (address 0916) does not have
direction register function because P4 is input port. When writing to bit 7
of the port P4 direction register, write “0” to the bit.

Fig. 2.1.5 Structure of port Pi (i =0, 2, 4, 5, 7, 8) direction register

Port P6 direction register

b7 b6 b5 b4 b3 b2 bl bO

Port P6 direction register
(P6D: address 0D16)

b Name Functions Atreset| R W
0 | Port P6 direction 0 : Port P60 input mode 0 X0
register 1 : Port P60 output mode
1 0 : Port P61 input mode 0 XiO
1: Port P61 output mode '
2 0 : Port P62 input mode 0 X110
| 1: Port P62 output mode |
3 0 : Port P63 input mode 0 X110
1: Port P63 output mode
4 0 : Port P64 input mode 0 X0
- 1 : Port P64 output mode
5 0 : Port P65 input mode 0 X0
1: Port P65 output mode
-| 6 | Nothing is arranged for these bits. When these 0 0
| 7 | bits are read out, the contents are undefined. 0 0:0

Fig. 2.1.6 Structure of

port P6 direction register
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APPLICATION

2.1 1/0 port
Port P9 direction register
b7 b6 b5 b4 b3 b2 bl b0
| | | | Port P9 direction register
b 11 (P9D: address 1316)
Plb bbb b Name Functions At reset|R IW
bbb 11 [ o|Port P9 direction |0 : Port P9o input mode 0 X0
Pl || register 1 : Port P90 output mode |
A 1 0 : Port P91 input mode 0 X0
T T T T 1: Port P91 output mode i
T T T T R — | 2 | Nothing is arranged for these bits. When these 0 0:0
A 3 | bits are read out, the contents are undefined. 0 00
A N | 4] 0o [O0:i0
N T 5 | 0 [0:0
b ] 6 | ==
e ] 7 0 Oi0
Fig. 2.1.7 Structure of port P9 direction register
Pull-up control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | Pull-up control register 1
AL L1 11 1 | (PULLL address OEFO16)
A L Name Functions At reset|R W
i1 11 _[o[Ports P50, P51 pull- [0: No pull-up 0 |[Oi0
A up control 1: Pull-up !
R N T N R S 1 [ Ports P52, P53 pull- [0: No pull-up 0 00
T A A up control 1: Pull-up :
R A 2 | Ports P54, P55 pull- | 0: No pull-up 0 00
Pl up control 1: Pull-up ;
S R T 3 [Ports P56, P57 pull- | 0: No pull-up 0 |Oj0
P up control 1: Pull-up '
T R 4 [Port P61 pull-up | 0: No pull-up 0 |Oj0
b control 1. Pull-up :
T — 5 | Ports P62, P63 pull- [0: No pull-up 0 0:0
1 up control 1: Pull-up |
S 6 [Ports P64, P65 pull- [ 0: No pull-up o [oi0
i up control 1: Pull-up i
S 7 [ Nothing is arranged for this bit. This is a write 0 |OiX
disabled bit. When this bit is read out, the :
contents are “0”. i
Note: The pin set to output port is cut off from pull-up control.

Fig. 2.1.8 Structure of pull-up control register 1
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APPLICATION

2.1 1/0 port

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 2

(PULL2: address OEF116)

Pt | b Name Functions At reset|R {W
i1 11 11 1| o]|Ports P70, P71 pull- | 0: No pull-up 0 0.0
A up control 1: Pull-up !
A A S 1 | Ports P72, P73 pull- | 0: No pull-up 0 00
T T B up control 1: Pull-up :
A A 2 | Ports P74, P75 pull- [0: No pull-up 0 00
Pl up control 1: Pull-up ;
A 3 [Ports P76, P77 pull- [0: No pull-up o |00
P up control 1: Pull-up '
T U — 4 [ Ports P84, P8s pull- [0: No pull-up 0 Oi O
o up control 1: Pull-up :
N 5 | Ports P86, P87 pull- | 0: No pull-up 0 [o}]e)
! up control 1: Pull-up i
S 6 | Ports P9, P91 pull- | 0: No pull-up o |oi0
up control 1: Pull-up i
____________________ 7 | Nothing is arranged for this bit. This is a write 0 O!X
disabled bit. When this bit is read out, the :
contents are “0”. :

Note: The pin set to output port is cut off from pull-up control.

Fig. 2.1.9 Structure of pull-up control register 2

2.1.3 Terminate unused pins

Table 2.1.1 Termination of unused pins

Pins Termination
P1, P3 Open at “H” output state.
P5, P6:—P6s, P7,|* Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
P84—P87, P9 10 kQ.
» Set to the output mode and open at “L” or “H” output state.
P40—P4s, P6o » Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to

10 kQ.
e Set to the output mode and open at “L” output state.

PO, P2, P80—P8s

» Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
» Set to the output mode and open at “H” output state.

P4~ Disable INT:z interrupt and connect to Vcc or Vss through a resistor of 1 KQ to 10 kQ.
VRrer Open

Xour Open (only when using external clock)

AVss, Vee Connect to Vss (GND).
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2.1 1/0 port

2.1.4 Notes on use

)

(2)

Notes in standby state

In standby state™ for low-power dissipation, do not make input levels of an input port and an 1/O port
“undefined”, especially for 1/0 ports of the P-channel open-drain and the N-channel open-drain.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

« External circuit

e Variation of output levels during the ordinary operation

When using built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external

e Reason
Even when setting as an output port with its direction register, in the following state :
e P-channel...... when the content of the port latch is “0”
e N-channel...... when the content of the port latch is “1”
the transistor becomes the OFF state, which causes the ports to be the high-impedance state.
Note that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of a input port and an 1/O port are “undefined”. This may cause power source
current.

01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction

N-channel open-drain port
P40—-P42, P4s, P4s, P60 of N-channel open-drain output ports have the built-in hysteresis circuit for
input. In standby state for low-power dissipation, do not make these pins floating state.

e Reason
When power sources for pull-up of these pins are cut off in standby state, these ports become
floating. Accordingly, a current may flow from Vcc to Vss through the built-in hysteresis circuit.
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2.1 1/0 port

(3) Modifying port latch of I/O port with bit managing instruction

When the port latch of an I/O port is modified with the bit managing instruction™?, the value of the
unspecified bit may be changed.

e Reason

The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.

*As for bit which is set for input port:

The pin state is read in the CPU, and is written to this bit after bit managing.

*As for bit which is set for output port:

The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following:

*Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.

(02 Bit managing instructions: SEB and CLB instructions

(4) Pull-up control

When each port which has built-in pull-up resistor (P5, P6:—P6s, P7, P8+—P87, P9) is set to output
port, pull-up control of corresponding port become invalid. (Pull-up cannot be set.)
e Reason

Pull-up control is valid only when each direction register is set to the input mode.

2.1.5 Termination of unused pins

(1) Terminate unused pins

U Output ports : Open

O Input ports :

Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ.
As for pins whose potential affects to operation modes such as pin INT or others, select the Vcc
pin or the Vss pin according to their operation mode.

O I/O ports :

» Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the
I/O ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

2-8
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2

Termination remarks

O Input ports and I/O ports :
Do not open in the input mode.

e Reason
e The power source current may increase depending on the first-stage circuit.

¢ An effect due to noise may be easily produced as compared with proper termination 0 and
0 shown on the above.

0 1/0 ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or

noise, a short circuit may occur between a port and Vcc (or Vss).

O 1/0 ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through

a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or

noise, a short circuit may occur between ports.

e At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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2.2 Timer

This paragraph explains the registers setting method and the notes relevant to the timers.

2.2.1 Memory map

o L

002016| Timer 1 (T1)

002116| Timer 2 (T2)

002216| Timer 3 (T3)

002316| Timer 4 (T4)

002416| Timer 5 (T5)

002516| Timer 6 (T6)

002716 | Timer 6 PWM register (T6PWM)
002816 | Timer 12 mode register (T12M)

002916 | Timer 34 mode register (T34M)

002A16 | Timer 56 mode register (TS6M)

002C16 | Timer X (low-order) (TXL)
002D16 | Timer X (high-order) (TXH)
002E16 | Timer X mode register 1 (TXM1)

002F16 | Timer X mode register 2 (TXM2)

A

2

b))

003C1s6 | Interrupt request register 1 (IREQ1)

003D16 | Interrupt request register 2 (IREQ2)

003E16 | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

A

i

—¢

Fig. 2.2.1 Memory map of registers relevant to timers
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2.2 Timer
2.2.2 Relevant registers
(1) 8-bit timer
Timer i
b7 b6 b5 b4 b3 b2 bl b0
Timeri(i=1,3,4,5,6)
et (Ti: addresses 2016, 2216, 2316, 2416, 2516)
Pror bbb Functions Atreset|R W
i i i i i i i t__| 0 [+ Set timer i count value. 1 @) E O
A . | 1 |« The value set in this register is written to both 1 o0
A T T S | 2 | the timer i and the timer i latch at one time. 1 |00
A T | 3 |» When the timer i is read out, the count value 1 0.0
T S O | 4 | of the timeriis read out. 1 (OX©)
T R S | 5 | 1 (OH©)
S | 6 | 1 o:0
b e 7 1 J]oio
Fig. 2.2.2 Structure of Timer i (i=1, 3, 4, 5, 6)
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
Timer 2
S NN N N N S - (T2: address 2116)
Pl bbb Functions Atreset|R iW
i i i i i i i t__1 0|« set timer 2 count value. 110 EO
R A | 1 |« The value set in this register is written to both 0 00
A T T S | 2| the timer 2 and the timer 2 latch at one time. 0 |0io
A T O | 3 [+ When the timer 2 is read out, the count value 0 0.0
T T O | 4 | of the timer 2 is read out. 0 (OX©)
T R | 5 | 0 0.0
S | 6 | 0 OHe)
b e 7 0 |00
Fig. 2.2.3 Structure of Timer 2
Timer 6 PWM register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 6 PWM register
AL bbb | (T6PWM: address 2716)
Pl bbb Functions Atreset|R EW
bl b bbb | o+ Intimer 6 PWM1 mode Undefined| O1 O
i i i i i i i """1— “L” level width of PWM rectangular waveform is set. . !
I 1 |« Duty of PWM rectangular waveform: n/(n + m) Undefined| O O
i i i i i i | Period: (n+m) xts ) T
i 2 | (= timer 6 set value Undefined| O O
i i i i i 3 | §m =timer 6 PWM register set value Undefined| OO
Py oy T —] [ts = timer 6 count source period :
T S S — 4 Atn=0, all PWM output “L". Undefined| O O
oo —1 Atm =0, all PWM output “H". : E
i i Rt i (However, n = 0 has priority.) Undefined| O ! o
i e 6 | ° Selection of timer 6 PWM1 mode . . Undefined| O i 0O
: | | Set“1” to the timer 6 operation mode selection bit. H
b e 7 Undefined| O1 O
Fig. 2.2.4 Structure of Timer 6 PWM register
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2.2 Timer

Timer 12 mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer 12 mode register
(T12M: address 2816)

contents are “0".

disabled bit. When this bit is read out, the

A A A L Name Functions At reset|R W
i i1 11 11 i__|o]|Timer1countstop [0: Countoperation 0 0:0
A bit 1: Count stop !
A A T R 1 | Timer 2 count stop |0: Count operation 0 0:0
T T T T bit 1: Count stop :
T R i b3 b2 '
A R (R S— 2 | Timer 1 count 0 0: f(XIN)/8 or f(XCIN)/16 0 |00
T R source selection 01 f(X !
A — bits - f(xem) !
R A S — 3 1 0: f(XIN)/16 or f(XcIN)/32 '
Pl 1 1: f(XIN)/64 or f(XCIN)/128 |
Fl ol Timer 2 count b5bd !
e 4 source selection 0 0: Timer 1 underflow 0 © i ©
i i i bits 0 1: f(XcIN) !
P 5| 1 0: External count input 0 00
i i """""""""" CNTRo !
Pt 1 1: Not available i
b 6 | Timer 1 output 0: 1/0 port 0 0i0
: selection bit (P45)  |1: Timer 1 output i
. 7 [ Nothing is arranged for this bit. This is a write 0 Oix
disabled bit. When this bit is read out, the i
contents are “0”". !
Fig. 2.2.5 Structure of Timer 12 mode register
Timer 34 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 34 mode register
AL L 11 1 (T34M: address 2916)
A A Name Functions At reset|R {W
i 14 1 1 11 i__|o|Timer3countstop [0: Count operation 0 0:0
i i i i i i i bit 1: Count stop !
T A A S 1 | Timer 4 count stop |0: Count operation 0 i
T T R bit 1: Count stop i
I T A A i b3 b2 '
L1 ? fsoucs seection [0 8 foaiBorfemas | 0940
A — bits 0 1: Timer 2 underflow i
T T R SUVVE——— 3 1 0: f(XIN)/16 or f(XCIN)/32 :
Pl 1 1: f(XiN)/64 or f(XcIN)/128 :
. 4 [Timer 4 count b5 b4 0 0:0
i i i source selection 00: f(_XlN)/8 or f(XcIN)/16 !
P bits 0 1: Timer 3 underflow !
o 5| 1 0: External count input 0 00
i i ““““““““““ CNTR1 (Note) !
Pt 1 1: Not available i
A 6 | Timer 3 output 0: 1/0 port 0o |00
I selection bit (P46)  |1: Timer 3 output :
i 7 [ Nothing is arranged for this bit. This is a write 0 OiX

Note: In the mask option type P, CNTR1 function cannot be used.

Fig. 2.2.6 Structure of Timer 34 mode register
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2.2 Timer

Timer 56 mode register

b7 b6 b5 b4 b3 b2 bl bo

Timer 56 mode register
(T56M: address 2A16)

i i P b Name Functions At reset|R (W
b i 1 1 1 1 1i__[o]Timer5countstop [0: Countoperation 0 00
. i i i i i bit 1: Count stop !
A A A A . 1 [Timer 6 count stop [0: Count operation 0 0:0
Pl bit 1: Count stop |
S 2 | Timer 5 count 0: f(XIN)/8 or f(XCIN)/16 0 0:0
P source selection bit |1: Timer 4 underflow !
N A T D 3 | Timer 6 operation  [0: Timer mode 0 {9
bl mode selection bit |1: PWM mode !
P ; b5 b i
Pl e 4 | Timer 6 count 00: f(XIN)/8 or f(XCIN)/16 0 0:0
Pl || source selection 10 1: Timer 5 underflow i
[ 5 | bits 1 0: Timer 4 underflow 0 0:0
o 1 1: Not available ;
A 6 [Timer 6 (PWM) 0: 1/0 port 0 e
i output selection bit |1: Timer 6 output !
i (P44) i
i_ ______________________ 7 | Nothing is arranged for this bit. This is a write 0 01X
disabled bit. When this bit is read out, the :
contents are “0”. i
Fig. 2.2.7 Structure of Timer 56 mode register
(2) 16-bit timer
Timer X (low-order, high-order)
b7 b6 b5 b4 b3 b2 bl b0
| Timer X (low-order, high-order)
o~ (TXL, TXH: addresses 2C16, 2D16)
A ) Functions At reset|R {W
i i i i i i i i___ 0 | * Set timer X count value. 1 @) io
AR T * When the timer X write control bit of the timer 1 00
Pl T —1 X mode register 1 is “0”, the value is written to 1 o0
A 12| timer X and the latch at one time. |
e | 3| When the timer X write control bit of the timer 1 10:0
A 4| X mode register 1 is “1”, the value is written 1 00
P — 1 only to the latch. '
A S . . . 1 i
o o1, The timer X count value is read out by reading o ;O
e | 6| this register. 1 |00
b e 7 1 |oio

Notes 1: When reading and writing, perform them to both the high-

order and low-order bytes.

2: Read both registers in order of TXH and TXL following.
3: Write both registers in order of TXL and TXH following.

4: Do not read both registers during a write, and do not write to

both registers during a read.

Fig. 2.2.8 Structure of Timer X (low-order, high-order)
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2.2 Timer

Timer X mode register 1

b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register 1
(TXM1: address 2Ez16)

b Name

Functions

At reset

0 | Timer X write
control bit

0 : Write value in latch and

counter

1 : Write value in latch only

0

o|s

1 | Timer X count
source selection bits

0 6 f(XiNy/2 or f(XCIN)/4
0 1: f(XIN)/8 or f(XcIN)/16

1 0: f(XIN)/64 or f(XCIN)/128

1 1: Not available

o] O

contents are “0”".

3 | Nothing is arranged for this bit. This is write
disabled bit. When this bit is read out, the

X

4 | Timer X operating
mode bits

b5 b4
00:
01:
10:
11:

Timer mode

Pulse output mode
Event counter mode
Pulse width
measurement mode

6 | CNTR2 active edge
switch bit

0 : «Count at rising edge in
event counter mode
Start from “H” output in
pulse output mode
*Measure “H” pulse
width in pulse width
measurement mode

1: +Count at falling edge in

event counter mode
«Start from “L” output in
pulse output mode
*Measure “L” pulse
width in pulse width
measurement mode

7 | Timer X stop
control bit

0 : Count operating
1: Count stop

Fig. 2.2.9 Structure of Timer X mode register 1
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2.2 Timer

Timer X mode register 2

b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register 2
(TXM2: address 2F16)

1 1 1 1 1 1 1 1

[ 1
A A Name Functions Atreset|R 'W
i1 b 11 [0 [Real time port control | 0: Real ime port function is 0 00
A bit (P8s) invalid !
T S A A 1: Real time port function is |

T T T R valid !

T T R R !
T T T A 1 [Real time port control | 0: Real time port function is 0 0:0
P bit (P8s) invalid :
ot 1: Real time port function is i

T S R valid !

T S R R !
S - 2 |P8s data for real time | 0: “L” output 0 00
T T T port 1: “H” output i

[ A S B | T
T T S —— 3 |P86 data for real ime [ 0: “L” output 0 (OX©)
i i i i port 1: “H” output !

i i i e | 4 | Nothing is arranged for these bits. These are 0 ®) l X
R — | 5 | write disabled bits. When these bits are read 0 O X
R 6 | out, the contents are “0”. 0 01X
1 E— T
R 7 0 O X

Fig. 2.2.10 Structure of Timer X mode register 2
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(3) 8-hit timer, 16-bit timer

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1
(IREQL1 : address 3C1s6)

p———————

b Name Functions At reset|R IW

1 0 [INTo interrupt 0 : No interrupt request 0 i g
request bit issued i
1 : Interrupt request issued i

1 | INT2 interrupt 0 : No interrupt request 0 10
request bit issued i
1 : Interrupt request issued i

2 | INT2 interrupt 0 : No interrupt request 0 i g
request bit issued !
Remote controller |1 : Interrupt request issued |
/counter overflow !
interrupt request bit i

3 | Serial /01 interrupt | 0 : No interrupt request 0 1O
request bit issued |
Serial 1/0 automatic| 1 : Interrupt request issued :
transfer interrupt i
request bit !

4 [Timer Xinterrupt [0 : No interrupt request 0 10
request bit issued i
1 : Interrupt request issued |

5 | Timer Linterrupt [0 : No interrupt request 0 =
request bit issued !
1: Interrupt request issued i

6 | Timer 2 interrupt [0 : No interrupt request 0 10
request bit issued |
1 : Interrupt request issued !

7 | Timer 3interrupt [0 : No interrupt request 0 i g
request bit issued !
1: Interrupt request issued i

0: “0” can be set by software, but “1” cannot be set.

Fig. 2.2.11 Structure of Interrupt request register 1
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2.2 Timer
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt request register 2
AL L1 | (IREQ2 : address 3Di6)

Pl bbb Name Functions Atreset|R EW
pobobor b o[ Timer4 interrupt | 0 : No interrupt request issued 0 O 0
i i i i i i i request bit (Note) |1 : Interrupt request issued i
poiob b b1 Lo___|1|Timer5interrupt [0 : No interrupt request issued| O o0
bbb request bit 1 : Interrupt request issued !
e 2 | Timer 6 interrupt 0 : No interrupt request issued 0 OE O
oo request bit 1 : Interrupt request issued |
i i i i G 3 | Serial I/02 receive |0 : No interrupt request issued 0 Oi O
oo interrupt request bit |1 : Interrupt request issued :
i i i e 4 | INT3/Serial 1/02 0 : No interrupt request issued 0 O!'0
P transmit interrupt |1 : Interrupt request issued |
Pl request bit (Note) i
S 5 [INT4 interrupt 0 : No interrupt request issued 0 Oi 0
i i request bit 1 : Interrupt request issued |
o A-D converter i
i i interrupt request bit !
T 6 | FLD blanking 0 : No interrupt request issued 0 Oi O
i interrupt request bit | 1 : Interrupt request issued |
i FLD digit interrupt i
i request bit l
G 7 | Nothing is arranged for this bit. This is a write 0 (@) i X

disabled bit. When this bit is read out, the contents !

are “0". :

[: “0” can be set by software, but “1” cannot be set.

Note: In the mask option type P, if timer 4 interrupt whose count source is
CNTRu1 input and INT3 interrupt are selected, these bits do not
become “1".
Fig. 2.2.12 Structure of Interrupt request register 2
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2.2 Timer

Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1
(ICONL1 : address 3Ez1s6)

i i i i i i i i b Name Functions Atreset|R {W
to4r 11 10 |INTo interrupt 0 : Interrupt disabled 0 iO
AR enable bit 1 : Interrupt enabled !
A A T 1 [INT1 interrupt 0 : Interrupt disabled 0 |00
bbb enable bit 1 : Interrupt enabled i
A 2 | INT2 interrupt 0 : Interrupt disabled 0 O:0
P enable bit 1: Interrupt enabled !
Poroa Remote controller |
I [/counter overflow i
Pl interrupt enable bit |
A 3 | Serial /01 interrupt | 0 : Interrupt disabled 0o |oo
oo enable bit 1: Interrupt enabled |
i i i i Serial /0 automatic |
Pl transfer interrupt !
oo enable bit |
i i i i 4 | Timer X interrupt 0 : Interrupt disabled 0 @] i @)
P T enable bit 1 : Interrupt enabled :
A 5 [Timer L interrupt |0 : Interrupt disabled 0 |00
o enable bit 1 : Interrupt enabled '
R 6 [ Timer 2 interrupt |0 : Interrupt disabled 0o |00
] enable bit 1 : Interrupt enabled |
e 7 | Timer 3interrupt |0 : Interrupt disabled o [Oi0
enable bit 1 : Interrupt enabled i
Fig. 2.2.13 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
| Ol | | | | | | Interrupt control register 2
AL L L 11 1 | (ICON2: address 3Fis)
i i i i P |b Name Functions Atreset|R W
tolor bbb il o|Timerdinterrupt |0 interrupt disabled 0 0:0
A A enable bit (Note) |1 : Interrupt enabled i
S T A A A 1 [Timer 5 interrupt 0 : interrupt disabled 0 00
Pl enable bit 1 : Interrupt enabled i
A T T R S— 2 | Timer 6 interrupt |0 : interrupt disabled 0 Oio
P enable bit 1 : Interrupt enabled ;
A R 3 | Serial /02 receive |0 : interrupt disabled o |00
Pl interrupt enable bit |1 : Interrupt enabled i
bl L] 4 | INT3/Serial 1/02 0 : interrupt disabled 0 0i0
. transmit interrupt 1 : Interrupt enabled |
i i i enable bit (Note) i
O 5 [ INT4 interrupt 0 : interrupt disabled 0 O | o
P enable bit 1 : Interrupt enabled !
o A-D converter |
i i interrupt enable bit i
R 6 | FLD blanking 0 : interrupt disabled 0o |00
! interrupt enable bit |1 : Interrupt enabled i
i FLD digit interrupt :
i enable bit |
e ] 7 | Fix “0” to this bit. 0 0:0

Note: In the mask option type P, timer 4 interrupt whose count source
is CNTR1 input and INT3 interrupt are not available.

Fig. 2.2.14 Structure of Interrupt control register 2
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2.2 Timer

2.2.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of event interval (Timer 1 to Timer 6, Timer X: timer mode)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request occurs.
<Use>
*Generating of an output signal timing
*Generating of a wait time

[Function 2] Control of cyclic operation (Timer 1 to Timer 6, Timer X: timer mode)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
*Generating of cyclic interrupts
*Clock function (measurement of 1 s); see “(2) Timer application example 1”
eControl of a main routine cycle

[Function 3] Output of rectangular waveform
(Timer 1, Timer 3, Timer 6, Timer X: pulse output mode)
The output level of the Tiour pin, Tsour pin, PWM: pin or CNTRz pin is inverted each time the timer
underflows.
<Use>
ePiezoelectric buzzer output; see “(3) Timer application example 2"
*Generating of the remote control carrier waveforms

[Function 4] Count of external pulses (Timer 2, Timer 4, Timer X: event counter mode)
External pulses input to the CNTRo pin, CNTR: pin, CNTR2 pin are counted as the timer count
source (in the event counter mode).
<Use>
*Frequency measurement; see “(4) Timer application example 3”
*Division of external pulses
*Generating of interrupts due to a cycle using external pulses as the count source; count of a reel pulse

[Function 5] Output of PWM signal (Timer 6)
“H” interval and “L” interval are specified, respectively, and the output of pulses from P44/PWM:
pin is repeated.
<Use>
«Control of electric volume

[Function 6] Measurement of external pulse width (Timer X: pulse width measurement mode)
The “H” or “L” level width of external pulses input to CNTRz pin is measured.
<Use>
Measurement of external pulse frequency (measurement of pulse width of FG pulse® for a motor);
see “(5) Timer application example 4”
Measurement of external pulse duty (when the frequency is fixed)
FG pulse™ Pulse used for detecting the motor speed to control the motor speed.

[Function 7] Control of real time port (Timer X: real time port function)
The data for real time is output from the P8s pin or P8s pin each time the timer underflows.
<Use>
*Stepping motor control; see “(6) Timer application example 5”
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2.2 Timer

(2) Timer application example 1: Clock function (measurement of 1 s)

Outline : The input clock is divided by the timer so that the clock can count up at 1 s intervals.
Specifications : ¢The clock f(Xin) = 4.19 MHz (22?2 Hz) is divided by the timer.

*The timer 3 interrupt request bit is checked in main routine, and if the interrupt
request is issued, the clock is counted up.

e The timer 1 interrupt occurs every 244 s to execute processing of other interrupts.

Figure 2.2.15 shows the timers connection and setting of division ratios; Figure 2.2.16 shows the
relevant registers setting; Figure 2.2.17 shows the control procedure.

Timer 1 Timer 2 Timer 3 Timer 3 interrupt request bit
e e e}
419 MHz 1/16 1/64 1/256 1/16 0/1
1 second
\ 4
01 | 244 us _ _
0 : No interrupt request issued
Timer 1 interrupt 1: Interrupt request issued
request bit

Fig. 2.2.15 Timers connection and setting of division ratios
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2.2 Timer
Timer 12 mode register (address 281s)
b7 b0
Ti2M 00001001|
‘—> Timer 1 count: Stop; Clear to “0” when starting count.
Timer 2 count: In progress
Timer 1 count source: f(Xin)/16
> Timer 2 count source: Timer 1's underflow
> Timer 1 output selection: I/O port
Timer 34 mode register (address 2916)
b7 b0
T34M (0|0 0|1 0 |
‘—> Timer 3 count: In progress
Timer 3 count source: Timer 2's underflow
> Timer 3 output selection: I/O port
Timer 1 (address 2016)
b7 bo
T1 | 3F16 |
Timer 2 (address 2116)
b7 b0
T | FF1s | Set “division ratio — 1".
[ T1 =63 (3F1s), T2 = 255 (FF1s), T3 = 15 (OFu1s) ]
Timer 3 (address 2216)
b7 b0
T3 | OF16 |
Interrupt control register 1 (address 3Es)
b7 b0
cons foloa] | || ]|
‘ ‘ > Timer 1 interrupt: Enabled
> Timer 2 interrupt: Disabled
> Timer 3 interrupt: Disabled
Interrupt request register 1 (address 3Cas)
b7 bo
IREQ1 |
‘ > Timer 1 interrupt request (becomes “1" at 244 ps intervals)
> Timer 2 interrupt request
» Timer 3 interrupt request (becomes “1” at 1 s intervals)
Fig. 2.2.16 Relevant registers setting
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2.2 Timer

( RESET )

Initialization
SEI
TI2M  (address 2816) <— 000010012
T34M  (address 2916) <— 00XX01X02
IREQ1 (address 3C16) <€— 000XXXXX2
ICON1 (address 3E16) <€— 001XXXXX2
T1 (address 2016) <— 3F16
T2 (address 2116) <— FFi6
T3 (address 2216) <— OF16
T12M  (address 2816), bit0 <«— 0
cLl

Clock is stopped ?

IREQ1 (address 3Czs), bit7 ?

IREQL (address 3C16), bit7 «— 0O

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

*All interrupts disabled

*Connection of Timers 1 to 3

*Setting of Interrupt request bits of Timers 1 to 3 to “0”
*Timer 1 interrupt enabled, Timers 2 and 3 interrupts disabled

«Setting “Division ratio — 1" to Timers 1 to 3

*Timer count start

eInterrupts enabled

«Judgment whether time is not set or time is being set

*Confirmation that 1 sec. has passed
(Check of Timer 3 interrupt request bit)

eInterrupt request bit cleared
(Clear it by software when not using the interrupt.)

O |
Clock count up
Second to Year *Clock count up
Mai.n processing +Adjust the main processing so that all processing in the loop O will
: be processed within 1 second interval.
<Procedure for end of clock setting> (Note)
T2 (address 2116) <— FF16 *Set Timers again when starting clock from 0 second after
T3 (address 2216) <— OF16 end of clcok setting.
IREQ1  (address 3Cus), bit7 <«— 0 The procedure is Timer 2 setting followed by Timer 3 setting.
*Do not set Timer 1 again because Timer 1 is used to
generate the interrupt at 244 ps intervals.
Note : Perform procedure for end of clock setting only when end of
clock setting.
Fig. 2.2.17 Control procedure
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2.2 Timer

(3) Timer application example 2: Piezoelectric buzzer output
Outline : The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications : <The rectangular waveform, dividing the clock f(Xin) = 4.19 MHz (2% Hz) into about
2 kHz (2048 Hz), is output from the P4s/Tsour pin.
*The level of the P4s/Tsour pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.2.18 shows a peripheral circuit example, and Figure 2.2.19 shows the timers connection and
setting of division ratios. Figures 2.2.20 shows the relevant registers setting, and Figure 2.2.21
shows the control procedure.

The “H” level is output while a piezoelectric buzzer output stops.

/—/%
T3ouT output
Taout PiPiPi.....

V"
244 us 244 ps

Set a division ratio so that the underflow
output period of the timer 3 can be 244 ps. 38B5 Group

Fig. 2.2.18 Peripheral circuit example

Timer 3 Fixed

fOXIN
4(.19)MHZ —>»{1/16 1/64 1/2 ——> Tsour

Fig. 2.2.19 Timers connection and setting of division ratios
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2.2 Timer

Timer 34 mode register (address 2916)
b7 b0

T34M |01 1]0 O|

\—> Timer 3 count: In progress
Timer 3 count source: f(Xin)/16

> Timer 3 output selection: Buzzer output in progress = “1”
Buzzer output stopped = “0”

Timer 3 (address 2216)
b7 b0

T3 | 3F16 | Set “division ratio — 1”; 63 (3Fus).

Interrupt control register 1 (address 3Eus)
b7 b0

ICON1 |0 |

‘ > Timer 3 interrupt: Disabled

Fig. 2.2.20 Relevant registers setting

C RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SEI «All interrupts disabled
PziD (address 0916), bit6 <— 1 «Port state setting at buzzer output stopped; “H” level output

P4 (address 0816), bit6 <— 1

ICON1 (address 3Ez1s), bit7 «<— 0 «Timer 3 interrupt disabled

T34M (address 2916)  <— 00XX10X02 «T30UT output stopped; Buzzer output stopped
T3 (address 2216) < 3F16
CLI eInterrupts enabled

\/

Main processing

*Processing buzzer request, generated during main

Output unit . 9 :
processing, in output unit

Yes

Piezoelectric buzzer request ?

T34M (address 2916), bit6 <— 0

T3 (address 2215) < 3F16 T34M (address 2916), bit6 <— 1

Stop of piezoelectric buzzer ‘ Start of piezoelectric buzzer output
output

Eig. 2.2.21 Control procedure
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2.2 Timer

(4) Timer application example 3: Frequency measurement
Outline : The following two values are compared to judge whether the frequency is within a valid
range.
*A value by counting pulses input to P6JCNTR: pin with the timer.
*A reference value
Specifications : *The pulse is input to the P6oJ/CNTR: pin and counted by the timer 4. (Note 1)
*A count value of timer 4 is read out at about 2 ms intervals, the timer 1 interrupt
interval. When the count value is 28 to 40, it is judged that the input pulse is valid.
eBecause the timer is a down-counter, the count value is compared with 227 to 215
(Note 2).

Notes 1: In the mask option type P, use the CNTRo pin and timer 2.
2: 227 to 215 = {255 (initial value of counter) — 28} to {255 — 40}; 28 to 40 means the number
of valid value.

Figure 2.2.22 shows the judgment method of valid/invalid of input pulses; Figure 2.2.23 shows the
relevant registers setting; Figure 2.2.24 shows the control procedure.

) ;1.4 Us or more 71.4 us 50 ps 50 us or less
(14 kHz or less) | (14 kHz) (20 kHz) (20 kHz or more)
Invalid ——» Valid > Invalid
2ms 2ms
———— =28 counts —=——=_ =40 counts
71.4 ps 50 ps

Fig. 2.2.22 Judgment method of valid/invalid of input pulses
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2.2 Timer

Timer 12 mode register (address 281s)
b7 b0

riv [ofo| | [1]o] [1]

L>Timer 1 count: Stop; Clear to “0” when starting count.
Timer 1 count source: f(Xin)/16

> Timer 1 output selection: I/O port

Timer 34 mode register (address 2916)
b7 b0

roat (o] ufof | o] |

‘ ‘ L>Timer 4 count: In progress

> Timer 4 count source: External count input CNTR1

Timer 1 (address 2016)
b7 b0

T1 | 3F16 | Set “division ratio — 1”; 63 (3F1s).

Timer 4 (address 231s)
b7 bo
T4 | FF16 | Set 255 (FF1s) just before counting pulses.
(After a certain time has passed, the number of
input pulses is decreased from this value.)

Interrupt control register 1 (address 3Eas)
b7 b0

ICON1 | 1

‘ > Timer 1 interrupt: Enabled

Interrupt control register 2 (address 3Fi6)
b7 b0

ICON2 0 |

L,Timer 4 interrupt: Disabled

Interrupt request register 2 (address 3Dzs)
b7

bo
ez | | [ [ [ ] ] o]

L>Timer 4 interrupt request
(“1” of this bit when reading the count value
indicates the 256 or more pulses input in the
condition of Timer 4 = 255)

Fig. 2.2.23 Relevant registers setting
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2.2 Timer
( RESET ) e X: This bitis not used here. Set it to “0” or “1” arbitrary.
Initialization *All interrupts disabled
SEI
T1:2M (address 2816) <— 00XX10X12 +Set division ratio so that Timer 1 interrupt will occur at 244 ps intervals.
T1 (address 2016) <— 3F16
T34M (address 2916) <— 0X10XX0X2 *External pulses input from CNTRu pin selected as Timer 4’s count source
T4 (address 2316) <— FFi16 *Setting Timer 4 count value
ICON1 (address 3E16),bit5 €<— 1 «Timer 1 interrupt enabled
ICON2 (address 3F16),bit0 <— 0 *Timer 4 interrupt disabled
T12M (address 2816), bit0O <—0 *Timer 1 count start
cLI «Interrupts enabled
L
N2
( Timer 1 interrupt process routine ) *Set so that pulse judgment process will be performed once each time
18 Timer 1 interrupt occurs 8 times, at 2 ms intervals.
CLT (Note 1) Note 1: When using Index X mode flag (T)
CLD (Note 2) Note 2: When using Decimal mode flag (D)
Push registers to stack «Pushing registers used in interrupt process routine

IREQ2 (address 3Dzis), bit0 ? *Processing as out of range when the count value is 256 or more

+Count value read
(A) < T4 (address 2310) *Storing count value into Accumulator (A)

In range
214 < (A)< 228
Compare the read value with
reference value.
Out of range *Store the comparison result to flag Fpulse.
Fpulse <«— 0 | | Fpulse <« 1
le |
<
T4 (address 2316) <— FF16 eInitialization of counter value
IREQ2 (address 3Dz16), bitO «— 0 *Timer 4 interrupt request bit cleared
| Process judgment result |
| Pop registers | *Popping registers pushed to stack

( RTI )

Fig. 2.2.24 Control procedure
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2.2 Timer

(5) Timer application example 4: Measurement of FG pulse width for motor
Outline : The timer X counts the “H” level width of the pulses input to the P6:/CNTRo/CNTR:z pin. An
underflow is detected by the timer X interrupt and an end of the input pulse “H” level is
detected by the timer 2 interrupt of which count source is the input to P6://CNTRo/CNTR:2

pin.
Specifications : *The timer X counts the “H” level width of the FG pulse input to the P6:/CNTRo/
CNTR:z pin.
<Example>

When f(Xin) = 4.19 MHz, the count source is 15.2 us, which is obtained by dividing the clock
frequency by 64. Measurement can be made up to 1 s in the range of FFFFis to 0000ze.

Figure 2.2.25 shows the timers connection and setting of division ratio; Figure 2.2.26 shows the
relevant registers setting; Figure 2.2.27 shows the control procedure.

Timer X count source Timer X Timer X interrupt
selection bit request bit
f(XIN) = 4.19 MHz 1/64 5) 1/65536I > 0/1
(XiN) >l | ’I
1 second

Fig. 2.2.25 Timers connection and setting of division ratios
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2.2 Timer

TXM1

TXM2

TXL

TXH

INTEDGE

T12M

T2

ICON1

IREQ1

P6D |

Port P6 direction register (address 0Dz1s)

b7

Timer X mode register 1 (address 2Eis)

b7

b0
o] |
‘—» P61/CNTRo/CNTR2: Input mode

|l 0ol1(1

b0
1]/o]o0 |
Write value in latch and counter
Timer X count source: f(Xin)/64

> Timer X operating mode: Pulse width measurement mode

» CNTR:2 active edge: Measuring “H” pulse width in pulse width measurement mode

Timer X mode register 2 (address 2Fz1e)

b7

» Timer X count: Stop; Clear to “0” when starting count.

b0

0 0|

Timer X (low-order) (address 2Cais)

b7

‘—> Real time port function (P8s): Invalid

Real time port function (P8s): Invalid

b0

| FFie |

Timer X (high-order) (address 2Dzs)
b7 b0

Set “65535 (FFFF16)” before stat of pulse width
measurement.

| FFie |

Interrupt edge selection register (address 3Ais)
b7 0

b

[ o] |
|

Timer 12 mode register (address 281s)

b7

> CNTRo pin edge: Falling edge count

b0

|o 1|0

°f |

‘—> Timer 2 count: Stop

Timer 2 (address 211s)
b7 b0

> Timer 2 count source: External count input CNTRo

5 | seo

Interrupt control register 1 (address 3Ezs)
b7 b0

Timer 2 interrupt request occurs due to falling edge input to CNTRo pin.

| 1 1

‘ \—> Timer X interrupt: Enabled

Igterrupt request register 1 (address 3Cis)
7 bO

> Timer 2 interrupt: Enabled

| —

Timer X interrupt request (becomes “1” when Timer X underflows)

> Timer 2 interrupt request (becomes “1” when “H” level input ends)

Fig. 2.2.26

Relevant registers setting
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2.2 Timer
( RESET ) e X: This bit is not used here. Set it to “0" or “1” arbitrary.
Initialization
SE| *All interrupts disabled
P6D (address 0Dz16),bitl <— 0 *Setting P61/CNTR0o/CNTRz2 pin to input mode
TXM1 (address 2E16) <— 1011X1002 *Timer X: Pulse width measurement mode
TXM2 (address 2F16) €— XXXXXX002 (Measuring “H” pulse width of input pulses from CNTRz2 pin)
TXL (address 2C16) <— FF16 *Setting Timer X count value
TXH (address 2D16) <— FFis
INTEDGE (address 3Az16),bit6 <— 1 *CNTRo pin edge: Falling edge count
T12M (address 2816) <— 0X10XX1X2 *External pulses input from CNTRo pin selected as Timer 2’s count source
T2 (address 2116) «— 0 «Setting “0” to Timer 2
ICON1 (address 3E16) <€— XXXX1X1X2 *Timers X and 2 interrupts: Enabled
T>I(M1 (address 2E16),bit7 <«— 0 *Timers X and 2 count start
T12M  (address 2816),bitl <— 0
CLI eInterrupts enabled

.

Notes 1: Timer X interrupt also occurs owing to factors other than
measurement level.(CNTR2 input = “L” in this application)

(Tlmer X interrupt process routine (Note 1)) Process it by software as error proccesing is performed for
‘ measurement level as necessary . CNTR2 input level can be

checked by reading the contents of sharing port P61 register.
CLT (Note 2) 2: When using Index X mode flag (T)
CLD (Note 3) 3: When using Decimal mode flag (D)
Push registers to stack *Pushing registers used in interrupt process routine

| Error processing |

| Pop registers | *Popping registers pushed to stack

|
C RTI )

Fig. 2.2.27 Control procedure
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2.2 Timer

( Timer 2 interrupt process routine (Note 1) )

CLT (Note 2)
CLD (Note 3)
Push registers to stack

(A) < TXH
Measurement result (high-order 8 bits) <— (A
(A) < TXL

Measurement result (low-order 8 bits) <— (p)
TXL (address 2C1s) <« FFi1s
TXH (address 2D16) < FF1s

| Pop registers |

( RTI )

Note 1: The first value becomes invalid depending on start timing of Time X count

shown by the following figure.
Process it by software as necessary.

[ Example 1] « Start Timer X count when CNTR2 input level is “L".
(CNTR2 input level can be checked by reading the contents of sharing port P61 register.

FFFFie

Notes 2: When using Index X mode flag (T)
3: When using Decimal mode flag (D)
*Pushing registers used in interrupt process routine

*Count value read and storing it to RAM

*Popping registers pushed to stack

T1
T2 _
| | | |
000016 ! ‘ ‘ ‘
171 value: Valid' ' T2 value: valid
CNTR2 |
Count start of + *

Timer X

[ Example 2] « Start Timer X count when CNTR2 input level is “H".
Invalidate the first Timer 2 interrupt after start of Timer X count.

FFFF16

-5 -

[
[
[

T -F-—"1-=-
[
[
!

Timer 2 interrupt

Timer 2 interrupt

000016
T1 value: Invalid

T2 value: Valid

CNTRZJ +

Count start of
Timer X

4

Timer 2 interrupt

*

Timer 2 interrupt

38B5 Group User’'s Manual
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2.2 Timer

(6) Timer application example 5: Control of stepping motor
Outline : The rotating of stepping motor is controlled by using real time output ports.

Specifications

: *The motor is controlled by using 2 real time output ports.

*The count source is f(Xin) = 4.19 MHz divided by 8.

*Values of Timer X and real time output are updated in the timer X interrupt routine

Figure 2.2.28 shows the timers connection and the table example of timer X/RTP setting values;
Figure 29 shows the RTP output example; Figure 2.2.30 shows the relevant registers setting; Figure

2.2.31 shows the control procedure.

Motor

Timer X setting table example

RTP P8s N
TXL -
TXH [ TXM2 RTP P8s >
I I
Timer X RTP
table table
38B5 group

RTP setting table example

RTP_ Timer X value RTP output RTP value
output time pattern  [TXM2,b2 | TXM2,b3
T1 2FDO16 (D 0 0
T2 2B7116 2 0 1
T3 208116 [€) 1 0
T4 186916 (4 1 1

Ts 13C916
Te 13A916
T7 122116
Ts 11C11e RTP: Real Time Port

Fig. 2.2.28 Timers connection and table example of timer X/RTP setting values

T ! T2 ! Ts ! Ts boTs 0 Te | T7 | Ts!
RTP output time | -l -l -l - ‘ ‘ ‘ ‘
RTP P85 !
RTP P86
RTP RTP RTP RTP Cw @ e @
output output output output ! ! P
pattern pattern pattern pattern
(1) 2 (3) 4

RTP: Real Time Port

Fig. 2.2.29 RTP output example
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2.2 Timer

Timer X mode register 1 (address 2Eis)
b7 b0

man [1] Jofo] Jof1]o]

‘—> Write value in latch and counter
Timer X count source: f(Xin)/8

Timer X operating mode: Timer mode
Timer X count: Stop; Clear to “0” when starting count.

vy

Timer X mode register 2 (address 2Fzie)
b7 b0
TXM2 1]1 |

i—» Real time port function (P8s): Valid

Real time port function (P8s): Valid
P8s data for real time port
P86 data for real time port

Timer X (low-order) (address 2Cais)
b7 bo

TXL | |
) ) Update the value from the table each time Timer X underflows.
'g|7mer X (hlgh-order)b(oaddress 2D1s) (When accelerating or reducing speed.)
TXH | |
Interrupt control register 1 (address 3Eis)
b7 b0
ICON1 | 1 |

\—> Timer X interrupt: Enabled

Fig. 2.2.30 Relevant registers setting
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2.2 Timer

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrary.

Initialization

SEI «All interrupts disabled

TXM1 (address 2E16) <— 1X00X0102 *Setting Timer X

TXM2 (address 2F16) <— XXXX00112 *Setting RTP function, “002" data from table

TXL (address 2Czis) <— D016 «Setting Timer X initial value, “2FD02" data from table

TXH (address 2Di6) <~ 2F16

IREQ1 (address 3C16),bit4 <— 0 *Timer X interrupt request cleared

ICON1 (address 3Ezs6),bit4 <— 1 *Timer X interrupt enabled

TXM1 (address 2E16), bit7 <— 0 «Timer X count start

CL:I eInterrupts enabled

Main processing

RTP: Real Time Port

( Timer X interrupt process routine )

CLT (Note 1) Notes 1: When using Index X mode flag (T)
CLD (Note 2) 2: When using Decimal mode flag (D)
Push registers to stack *Pushing registers used in interrupt process routine

Transfer the next underflow time of Timer X
from internal ROM table and store it to TXL
(address 2C16) and TXH (address 2D16)

I
Transfer RTP output data from internal
ROM table next underflow of Timer X and
store it to bits 2 and 3 of TXM2 (address
2F16) and TXH (address 2D1s)

Pop registers *Popping registers pushed to stack

C R‘TI )

Fig. 2.2.31 Control procedure
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2.3 Serial 1/O

2.3 Serial 1/O

This paragraph explains the registers setting method and the notes relevant to the serial I/O.

2.3.1 Memory map

L

~_

20

001616 |Baud rate generator (BRG)

001716 | UART control register (UARTCON)

001816 | Serial I/01 automatic transfer data pointer (SIO1DP)

001916 | Serial /01 control register 1 (SIO1CON1,SC11)

001A16 | Serial /01 control register 2 (SIO1CON2,SC12)

001B1s | Serial I/O1 register/Transfer counter (SI01)

001C16 | Serial I/01 control register 3 (SIO1CON3,SC13)

001D16 | Serial /02 control register (SIO2CON)

001Ez16 | Serial /02 status register (SIO2STS)

001F16 | Serial 1/02 transmit/receive buffer register (TB/RB)

~
~_

(¢

003916 |Interrupt source switch register (IFR)

~
~_

ds

003Cazs | Interrupt request register 1 (IREQ1)

003Dzs | Interrupt request register 2 (IREQ2)

003Ez1s |Interrupt control register 1 (ICON1)

003F1s6 |Interrupt control register 2 (ICON2)

A
N

)

Fig. 2.3.1 Memory map of registers relevant to Serial 1/0
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2.3 Serial 1/0

2.3.2 Relevant registers
(1) Serial I/01

Serial /01 automatic transfer data pointer

b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 automatic transfer data pointer
(SIO1DP: address 1816)

b Functions Atreset|R W
| 0 |+ Indicates the low-order 8 bits of the address  |Undefined| O 1 O
| 1 | storing the start data on the serial 1/O. Undefined| O 1O
| 2 | automatic transfer RAM. Undefined| O 1 O
| 3 |+ Data is written into the latch and read from the [Undefined| O 1O
| 4 | decrement counter. Undefined| O 1O
| 5 | Undefined| O 1O
1 6 | Undefined| O { O

7 Undefined| O 1O

Fig. 2.3.2 Structure of Serial I/01 automatic transfer data pointer
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2.3 Serial I/0

Serial 1/01 control register 1

b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/01 control register 1
(SIO1CON1+SC11: address 1916)

A A L Name Functions Atreset|R W
SR - bIb0 -
T e [0 seravodisabea | O |91
I A A (Pins P62, P64, P6s, !
A P50—P53 pins are 1/0 ;
T A A - ports.) i
A T A T 1 0 1: 8-bit serial I/O 0o |00
T R T A B 1 0: Not available |
b 1 1: Automatic transfer !
A serial /0 (8 bits) ;
O R 2 [ Serial 1101 b302 0 |00
A synchronous clock |0 0 Ir;ter;all)gynthpnl%s !
bbb selection bits gc?r('z)( >pInis i
oo (P65/SsTB1 pin 0 1: External synchronous !
A control bits) clock (P65 pin is /0 ;
T R - port.) !
A S 3 1 0: Internal synchronous 0 00
P clock (P65 pin is |
oo SsTB1 output.) :
i i i i 1 1: Internal synchronous i
T clock (P6s pin is |
P SsTB1 output.) :
A S 4 | Serial 1/0 0: Serial /0 initialization o |00
b initialization bit 1: Serial 1/O enabled i
A 5 | Transfer mode 0: Full-duplex 0o |00
o selection bit (transmit/receive) mode :
b (P50 pin is SIN1 input.) i
Do 1: Transmit-only mode !
P (P50 pin is 1/0 port.) |
o 6 | Transfer direction [0: LSB first 0 0i0
i selection bit 1: MSB first !
S 7 | Serial /01 clock pin| 0: Scik11 (P53/ScLk12 pin o |00
selection bit is /0 port.) |
1: Sciki2 (P52/ScLk11 pin |
is I/O port.) !

Fig. 2.3.3 Structure of Serial I/01 control register 1
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2.3 Serial 1/0

Serial 1/01 control register 2

b7 b6 b5 b4 b3 b2 bl b0

Serial /01 control register 2
(SIO1CON2 « SC12: address 1A16)

b

Name

Functions

At reset

0

P62/SRDY1 ¢
P64/SBusy1
control bits

pin

b3b2b1b0
0000:
0001:
oo1o0:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:

1111:

P62, P64 pins are 1/O ports.

Not used

P62 pin is SRDY1 output; P64 pin is
1/0O port.

P62 pin is SRDY1 output; P64 pin is
1/0O port.

P62 pin is 1/0O port; P64 pin is
SBUSY1 input.

P62 pin is I/0 port; P64 pin is
SBUSY1 input.

P62 pin is I/O port; P64 pin is
SBUSY1 output.

P62 pin is I/0 port; P64 pin is
SBUSY1 output.

P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

P62 pin is SRDY1 output; P64 pin is
SBUSY1 input.

P62 pin is SRDY1 output; P64 pin is
SBUSY1 input.

P62 pin is SRDY1 output; P64 pin is
‘SBUSY1 input.

P62 pin is SRDY1 output; P64 pin is
SBUSY1 input.

0

SBUSY1 outp
SsTB1 outpu

function selection bit| 1:
(Valid in serial 1/01

automatic tr
mode)

ute 0: Functions as signal for
t each 1-byte

Functions as signal for
each transfer data set
ansfer

Serial transfer 0

status flag

. Serial transfer
completed

1: Serial transfer in-

progress

SouT1 pin control 0
bit (when serial data| 1
is not transferred)

: Output active

: Output high-impedance

P51/Sout1 P-channello
output disable bit

: CMOS 3 state (P-

1: N-channel open-drain

is invalid.)

channel output is valid.)

output (P-channel output

Fig. 2.3.4 Structure of Serial I/01 control register 2
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Serial 1/01 register/Transfer counter

b7 b6 b5 b4 b3 b2 bl b0
| Serial /01 register/Transfer counter
(SIO1: address 1Bu6)

When selecting an internal
— clock, the automatic

b ] 5 transfer is started by writing [Undefined| O
the transmit data.

|| (When selecting an external
____________________ 6 clock, after writing a value  |Undefined| O
to this register, wait for 5 or
| more cycles of the internal
e e ] 7 system clock before Undefined| O
inputting the transfer clock
to the ScLk1 pin.)

oo
1 1 1 1 1 1 1 1
A A L Name Functions Atreset|R'W
bbb b bbb | g [eins-bit serial 110 *At function as serial /01 Undefined| O1 O
bbb bbb T [ moder register:
oo Serial I/01 register | This register becomes the
I N S shift register to perform 1 gefineg| O} O
I A A «In automatic transfer | serial transmit/reception.
e serial /O mode: Set transmit data to this
T T T A B B ister
_________ 2| Transfer counter register. 1
i i i i i ' The serial transfer is started Undefined| O O
P by writing the transmit data.
1 1 1 1 1 —
1 1 1 1 1 .
A 3 +At function as transfer Undefined| O O
T counter:
oo — Set (transfer byte number —
A
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1
i
1
1
1
1
1

fmmmmmm oo 4 1) to this register. Undefined Oi O

Fig. 2.3.5 Structure of Serial 1/01 register/Transfer counter
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Serial 1/01 control register 3

b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 control register 3

(SIO1CONS3 « SC13: address 1C1s)

b

Name

Functions

At reset

[ p——

0

Automatic transfer
interval set bits
(valid only when
selecting internal
synchronous clock)

b4b3b2b1b0
0000 0: 2cycles of

transfer clock

0000 1: 3 cycles of

transfer clock
to

11110: 32 cycles of

transfer clock

1111 1:33cycles of

transfer clock

Data is written into the
latch and read from the
decrement counter.

0

o|s

©)

O

O

Internal
synchronous clock
selection bits

b7b6b5
000:

001:

010:

011:

100:

101:

110:

111:

f(XIN)/4 or f(XcIN)/8
f(XIN)/8 or
f(XcIN)/16
f(XIN)/16 or
f(Xcin)/32
f(XIN)/32 or
f(XcIN)/64
f(XIN)/64 or
f(XcIN)/128
f(XIN)/128 or
f(XcIN)/256
f(XIN)/256 or
f(XciNn)/512
Not used

Fig. 2.3.6 Structure of Serial I/01 control register 3
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(2) Serial 1/02

Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0
| | | Baud rate generator
(BRG: address 1616)

A L Functions Atreset|R W
i i i i i i i L. 0 | * Bit rate of the serial transfer is determined. Undefined| O Ye)
A ] * This is the 8-bit counter and has the reload ) :

Pl i register. Undefined OEO
e 2| The count source is divided by n+1 owing 0 |undefined| O 1O
T T T — specifying a value n. '

R 3 Undefined| O 1O
e 4 Undefined OEO
ol e 5 Undefined| O 1O
i emeomemmeeeee e 6 Undefined| O { O
b 7 Undefined OEO

Fig. 2.3.7 Structure of Baud rate generator

UART control register

b7 b6 b5 b4 b3 b2 bl b0
| | UART control register
(UARTCON: address 1716)

disabled bit. When this bit is read out, the
contents are “1”.

A A A A Name Functions At reset|R {W
i 11 1 1 1 1 1 |o|[Characterlength  [0: 8 bits o |O:0
A R selection bit (CHAS)|1: 7 bits !
A 1 |Parity enable bit ~ |0: Parity checking disabled 0 0.0
A A (PARE) 1: Parity checking enabled |
A 2 | Parity selection bit |0: Even parity 0 00
b (PARS) 1: Odd parity |
A 3 |Stop bit length 0: 1 stop bit 0 0i0
P selection bit (STPS) |1: 2 stop bits |
O 4 | P5s/TxD P-channel |0: CMOS output (in output 0 o0
i i i output disable bit mode) !
o (POFF) 1: N-channel open-drain i
P output (in output mode) !
] 5 [BRG clock switch bit] 0: X or Xcw/2 (depending | 0 |O: O
o on internal system clock) i
i i 1: Xein !
A 6 | Serial 1/02 clock 0: Scika1 (P57/Scikz2 pin is 0 0:0
i 1/0 pin selection bit used as /O port or Sroy2 |
i output pin.) i
! 1: Scik22 (P5e/ScLk21 pin is i
i used as I/0 port.) |
e 7 | Nothing is arranged for this bit. This is a write 1 O i X

Fig. 2.3.8 Structure of UART control register
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Serial 1/02 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial I/02 control register
(SIO2CON: address 1D1s)

_______________________

bit (SIOE)

(pins P54—P57 operate
as normal 1/O pins)

1: Serial 1/02 enabled
(pins P54—P57 operate

b Name Functions At reset|R iW
0 | BRG count source |0: f(XIN) or f(XCIN)/2 or o |00
selection bit (CSS) f(XcIN) |
1: f(XiN)/4 or f(XcIN)/8 or i

f(XcIN)/4 |

1 [Serial 1102 *In clock synchronous 0o |00
synchronous clock | mode i
selection bit 0: BRG output/4 i
(SCS) 1: External clock input i

*In UART mode |
0: BRG output/16 i
1: External clock input/16 |

2 | SRDY2 output 0: P57 pin operates as 0 O | O

enable bit (SRDY) normal /O pin !
1: P57 pin operates as |
SRDY2 output pin !

3 [Transmit interrupt | 0: When transmit buffer 0 0i0
source selection bit has emptied i
(TIC) 1: When transmit shift !

operation is completed :

4 | Transmit enable bit | 0: Transmit disabled o |00
(TE) 1: Transmit enabled i

5 | Receive enable bit |0: Receive disabled 0 OX©)
(RE) 1: Receive enabled i

6 |Serial /02 mode | 0: Clock asynchronous 0 0.0
selection bit (SIOM) |  serial I/O (UART) mode '

1: Clock synchronous |
serial I/0 mode !

7 | Serial 1102 enable | 0: Serial /02 disabled 0 oi0

as serial 1/0 pins)

Fig. 2.3.9 Structure of Serial 1/02 control register
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Serial 1/02 status register

b7 b6 b5 b4 b3 b2 bl b0

| Serial /02 status register
(SIO2STS: address 1E16)

A L Name Functions Atreset|R W
b1 o111 o[ Transmit buffer 0: Buffer full 0 O:0
A empty flag (TBE) 1: Buffer empty i
A T T . 1 | Receive buffer full [0: Buffer empty 0 i
I R S A flag (RBF) 1: Buffer full !
A 2 | Transmit_shift 0: Transmit shift in progress| 0 !
Pl register shift 1: Transmit shift completed |
pror o completion flag '
REEE (TSC) a
I 3 [Overrun error flag  |0: No error 0o |00
Pl (OE) 1: Overrun error |
T S 4 |Parity error flag 0: No error 0 0:0
Pl (PE) 1: Parity error i
] 5 |Framing error flag [0: No error o |00
i i (FE) 1: Framing error 1
R 6 |Summing error flag |0: (OE) U (PE) U (FE) =0 0 00
! (SE) 1:(OE)U (PE)U (FE) =1 !
] 7 | Nothing is arranged for this bit. This is a write 1 o' X
disabled bit. When this bit is read out, the i
contents are “1”. !
Fig. 2.3.10 Structure of Serial 1/02 status register
Serial 1/02 transmit/receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
| | Serial 1/02 transmit/receive buffer register
111 1 1 (TB/RB: address 1F1i6)
A A L Functions Atreset|R EW
i i i i i i i i___ 0 | This is the buffer register which is used to write |Undefined| O : O
A | transmit data or to read receive data. e :
b b | ~ | » At write : The value is written to the transmit Undefined| O | O
i i i i i P 2 buffer register. The value cannot be |Undefined| O 'O
I I A — written to the receive buffer register. - :
e 3 | « Atread : The contents of the receive buffer ~ |Undefined| OO
A 4 register is read out. When a Undefined| O O
Pl — character bit length is 7 bits, the . :
A S S 5 MSB of data stored in the receive Undefined| O 1 O
i i ? buffer is “0”. The contents of the Undefined| O i 0o
P | transmit buffer register cannot be :
e e ] 7 read out. Undefined| O 1O

Fig. 2.3.11 Structure of Serial I/02 transmit/receive buffer register
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(3) Serial I/01 and Serial 1/02

Interrupt source switch register

b7

b6 b5 b4 b3 b2 bl b0

Interrupt source switch register

b 1| (IFR: address 3916)
A L Name Functions At reset|R W
v b o [INTs/serial 1/02 0: INT3 intrrupt 0 00
A transmit interrupt | 1: Serial 1/02 transmit |
oo switch bit (Note) interrupt i
A 1 [INT4/A-D 0: INT4 interrupt o [oio
AR T A A conversion interrupt [1: A-D conversion intrerrupt i
A switch bit |
A N | 2 [ Nothing is arranged for these bits. These are 0 OiX
A R | 3 | write disabled bits. When these bits are read 0 O X
T A 4 | out, the contents are “0”. 0 O'X
i A—— 5 | 0 [Ofx
R O — | 6 | 0 Oix
e 7 0 OiX
Note: In the mask option type P, this bit is not available because INT3
funciton is not used.
Fig. 2.3.12 Structure of Interrupt source switch register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1
AL b1 (IREQL : address 3Cie)
Pb bbb b Name Functions Atreset|R iW
v 01 o [INTo interrupt 0 : No interrupt request 0 N
i i i i i i i request bit issued i
(I T T S R 1 : Interrupt request issued i
A T T . 1 | INTz interrupt 0 : No interrupt request 0 Oi D
I A A request bit issued |
b 1 : Interrupt request issued !
A S 2 | INT2 interrupt 0 : No interrupt request 0 Oi U
oo request bit issued i
oror Remote controller |1 : Interrupt request issued i
Pl /counter overflow !
o interrupt request bit |
i i i i . 3 | Serial I/O1 interrupt | 0 : No interrupt request 0 o0
oo request bit issued i
i i i i Serial /0 automatic| 1 : Interrupt request issued :
b transfer interrupt i
Pl request bit |
A S S 4 [Timer X interrupt 0 : No interrupt request 0 o0
P request bit issued i
P 1 : Interrupt request issued :
R S 5 [Timer Linterrupt |0 : No interrupt request 0 [OiD
o request bit issued !
P 1 : Interrupt request issued ;
b s 6 | Timer 2 interrupt [0 : No interrupt request 0 OiD
! request bit issued |
i 1 : Interrupt request issued !
e 7 | Timer 3 interrupt 0 : No interrupt request 0 O; O
request bit issued !
1 : Interrupt request issued i

[: “0” can be set by software, but “1” cannot be set.

Fig. 2.3.13 Structure of Interrupt request register 1
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Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register 2
A1 1111 | (IREQ2: address 3D1i6)

A A L Name Functions Atreset|R W
bbbt i | o|Timer4interrupt [0 : Nointerrupt requestissued| 0 [ Y=
[ A request bit (Note) |1 : Interrupt request issued |
A A 1 | Timer 5 interrupt 0 : No interrupt request issued 0 [ }IE
N request bit 1 : Interrupt request issued i
I A 2 | Timer 6 interrupt 0 : No interrupt request issued 0 OE g
Pl request bit 1 : Interrupt request issued |
Poror o 3 [ Serial /02 receive [0 : No interrupt request issued| 0 oD
Pl interrupt request bit |1 : Interrupt request issued !
i i i G 4 | INT3/Serial 1/02 0 : No interrupt request issued 0 oD
P transmit interrupt 1: Interrupt request issued |
Pl request bit (Note) E
A 5 | INT4 interrupt 0 : No interrupt request issued 0 oin
o request bit 1 : Interrupt request issued |
o A-D converter |
i i interrupt request bit !
i . 6 [ FLD blanking 0 : No interrupt request issued 0 o'
! interrupt request bit | 1 : Interrupt request issued i
i FLD digit interrupt |
i request bit |
G 7 | Nothing is arranged for this bit. This is a write 0 01X

disabled bit. When this bit is read out, the contents '

are “0". i

[: “0” can be set by software, but “1” cannot be set.
Note: In the mask option type P, if timer 4 interrupt whose count source is

CNTR1 input and INT3 interrupt are selected, these bits do not

become “1”.

Fig. 2.3.14 Structure of Interrupt request register 2
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl bO

| Interrupt control register 1

(ICON1 : address 3E16)

A A L Name Functions At reset|R iW
v b Lo [INTo interrupt 0 : Interrupt disabled 0 Oio
i i i i i i i enable bit 1 : Interrupt enabled i
A A S 1 [INT2 interrupt 0 : Interrupt disabled 0 0:0
Pl enable bit 1 : Interrupt enabled i
e 2 [ INT2 interrupt 0 : Interrupt disabled 0 O}(©)
P enable bit 1 : Interrupt enabled i
Pl Remote controller |
pororon /counter overflow i
P interrupt enable bit |
S A 3 | Serial I/01 interrupt [ O : Interrupt disabled 0 00
Pl enable bit 1: Interrupt enabled :
i i Pl Serial 1/0 automatic i
Pl transfer interrupt |
poror enable bit i
oo __| 4 [ Timer Xinterrupt 0 : Interrupt disabled 0 00
A . enable bit 1 : Interrupt enabled |
o 5 [Timer 1 interrupt |0 ; Interrupt disabled 0 |0j0
o enable bit 1 : Interrupt enabled i
A N 6 | Timer 2 interrupt [0 : Interrupt disabled 0 O'0
i enable bit 1 : Interrupt enabled |
e 7 [ Timer 3interrupt [0 : Interrupt disabled 0o [OiO
enable bit 1 : Interrupt enabled i
Fig. 2.3.15 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 | | Interrupt control register 2
AL P b b1 | (ICON2 : address 3Fis)
i i i i i i i i b Name Functions Atreset|R W
toor b r il o|Timer4interrupt |0 : interrupt disabled 0 0:0
P enable bit (Note) |1 : Interrupt enabled i
S T A A N 1 [Timer 5 interrupt [0 : interrupt disabled 0 0:0
i i i i i i enable bit 1 : Interrupt enabled i
A T T S A— 2 | Timer 6 interrupt [0 : interrupt disabled 0 Oi0
oo enable bit 1 : Interrupt enabled ;
A 3 | Serial /02 receive |0 : interrupt disabled 0 0:0
Pl interrupt enable bit |1 : Interrupt enabled |
S S 4 | INT3/Serial 1/02 0 : interrupt disabled 0 00
b transmit interrupt 1: Interrupt enabled i
i i i enable bit (Note) '
N 5 [ INT4 interrupt 0 : interrupt disabled 0 0.0
o enable bit 1 : Interrupt enabled |
o A-D converter i
o interrupt enable bit i
S 6 [ FLD blanking 0 : interrupt disabled 0 |0:i0
! interrupt enable bit |1 : Interrupt enabled i
i FLD digit interrupt !
| enable bit |
e ] 7 | Fix “0” to this bit. 0 0:0

Note: In the mask option type P, timer 4 interrupt whose count source
is CNTR1 input and INT3 interrupt are not available.

Fig. 2.3.16 Structure of Interrupt control register 2

2-46

38B5 Group User’s Manual




APPLICATION
2.3 Serial 1/10

2.3.3 Serial 1/01 connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.3.17 shows connection examples with peripheral ICs equipped with the CS pin.
All examples can use the automatic transfer function.

(1) Only transmission (2) Transmission and reception
(Using Sini pin as I/O port)

SBUSY1 CS SBUSY1 CS

ScLki11 CLK Sciki1 CLK

SouT1 DATA SouT1 IN
SiN1 ouT

Peripheral IC
38B5 group  (OSD controller etc.) 38B5 group Peripheral IC

(EEPROM etc.)

(3) Transmission and reception
(When connecting Sini with SouTz)
(When connecting IN with OUT in

peripheral IC) (4) Connection of plural IC
SeusY1 CS Port CS
Scikil CLK Sciki1 CLK
SouTi|—e—e—>{ N Sout1 IN
Sint J L ouT SNt ouT
1 ) 2 Port -
38B5 group Peripheral IC Peripheral IC 1
(EEPROM etC.) 38B5 group
(J1: Select an N-channel open-drain output for Sout1 pin CS
output control. >{CLK
02: Use the OUT pin of peripheral IC which is an N- >IN
channel open-drain output and becomes high impe- ouT
dance during receiving data.

Peripheral IC 2
Note: “Port” means an output port controlled by software.

Fig. 2.3.17 Serial 1/01 connection examples (1)
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(2) Connection with microcomputer

Figure 2.3.18 shows connection examples with another microcomputer.

(1) Selecting internal clock

ScLk11 CLK
Sout1 IN
SiN. ouT

38B5 group Microcomputer

(3) Using Srov1 signal output function
(Selecting external clock)

SRDY1 RDY

Scik11 CLK
SouT1 IN

SiNL ouT

38B5 group Microcomputer

(2) Selecting external clock

ScLki11 CLK

SouT1 IN

SiN1|«——{OUT

38B5 group Microcomputer

(4) Using switch function of CLK signal output
pins, Sciki12 (Selecting internal clock)

ScLk11 CLK
Sout1 IN
SiN1 ouT
Sciki12
Port}— Microcomputer
38B5 group
CLK
->1IN
ouT
CSs
Peripheral IC

Fig. 2.3.18 Serial 1/01 connection examples (2)
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2.3.4 Serial 1/01’s modes
Figure 2.3.19 shows the serial I/01’s modes.

— Output Srov1 U signal
— Input Srov1 U signal (Note)
Used
— handshake —— Output Ssusy1 U signal
signal
— Input Ssusv1 U signal
__Internal _|
clock — Output SsTe1 U signal
Not used
) . — handshake
Full duplex 8-bit serial signal
mode 110
Serial 1/01 _ ] — Output Srov1 U signal
Transmit Automatic
only mode transfer
serial I/O Used — Input Srov1 U signal (Note)
handshake —
signal — Output Ssusvi U signal
— External — Input Seusy1 U signal
clock
Not used
handshake
signal

Note: This is only valid when outputting the Ssusv1 signal.

O Active logic can apply to each signal of Srpv1, Ssusyi, SsTai.

Fig. 2.3.19 Serial 1/01's modes
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2.3.5 Serial 1/01 application examples
(1) Output of serial data (control of peripheral IC) L
Outline : Serial communication is performed, connecting ports with the CS pin of a peripheral IC.

Figure 2.3.20 shows a connection diagram, and Figure 2.3.21 shows a timing chart.

P62 CS CS
P52/ScLki11 CLK CLK
P51/SouTt1 DATA DATA
38B5 group Peripheral IC

Fig. 2.3.20 Connection diagram

Specifications : ¢ Use of serial /01 (Not using automatic transfer function)
e Synchronous clock frequency : 131 kHz (f(Xi) = 4.19 MHz is divided by 32)
» Transfer direction : LSB first
*Not use of serial 1/01 interrupt
* Port P62 is connected to the CS pin (“L" active) of the peripheral IC for transmission
control; the output level of port P62 is controlled by software.

CLK

Too Toor] oo Joor]

Fig. 2.3.21 Timing chart
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Figure 2.3.22 shows the registers setting relevant to the transmission side, and Figure 2.3.23 shows
the setting of transmission data.

Serial /01 control register 1 (address 001916)

SIOICON1 |0|0O|1|(0|0Of0O]|0Of1

(SC11)
|—|—> 8-bit serial 110
Internal synchronous clock (P6s pin is an 1/O port.)

Serial I/O initialization
> Transmit-only mode
> |SB first
> Serial I/O1 clock pin: Sciki1

Serial 1/01 control register 2 (address 001Azse)

SIO1CON2 (0|0 0(0|0f0

(SC12)
‘ I—|—|—|—> Pins P62 and P64 of I/O ports

» SouT1 pin: Output active
> P51/Sout1: CMOS 3-state (P-channel output is valid.)

Serial /01 control register 3 (address 001C1s)

SIO1CON3 [0 |1 |1
(SC13)

| | | > Internal synchronous clock: f(Xin)/32

Port P6 (address 000C1s6)

P6 1

|—> Set P62 output level to “H”

Port P6 direction register (address 000D1s)

P6D 1

|—> Set P62 to output mode

Fig. 2.3.22 Registers setting relevant to transmission side

Serial /01 register (001Bzs)

Set a transmission data.

SI01 Confirm that transmission of the previous
data is completed, where bit 5, the serial
transfer status flag of the serial I/O1 control
register 2, is “0”; before writing data.

Fig. 2.3.23 Setting of transmission data
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Control procedure:

When the registers are set as shown in Figure 2.3.22, the serial 1/O1 can transmit

1-byte data by writing Lma to the serial I/0O1 register.

Thus, after setting the CS signal to “L”, write the transmission data to the serial
I/01 register by each 1 byte; and return the CS signal to “H” when the target

number of bytes has been transmitted.
Figure 2.3.24 shows a control procedure.

( RESET )

Initialization

SC11 (address 001916) <— 001000012

SC12 (address 001A16) <— 00XX00002
SC13 (address 001Cis) <— 011XXXXX2
P6 (address 000C16), bit2 <€— 1

P6D (address 000Dzs), bit2 <€— 1

SC11 (address 001916), bit4 €— 1

P6 (address 000C1e), bit2 <€— 0

SIO1 (address 001B1s) <€— Transmission data

SIO1CON2 (address 001Azs), bit5 ?

All data have been transmitted ?

P6 (address 000Czs), bit2 €— 1

|
|

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Serial 1/01 setting

<ZS signal output level to “H” setting
CS signal output port setting
Enabled serial /101

CS signal output level to “L” setting

Transmission data write
(Start of 1-byte data transmission)

Judgment of completion of transmitting 1-byte
data

Use any of RAM area as a counter for counting
the number of transmitted bytes.

Judgment of completion of transmitting the target
number of bytes

Returning CS signal output level to “H” when
transmission of the target number of bytes is
completed

Fig. 2.3.24 Control procedure
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(2) Transmission/Reception using automatic transfer
Outline: Serial transmission/reception control is performed, using the serial automatic transfer function.

Figure 2.3.25 shows a connection diagram, and Figure 2.3.26 shows a timing chart of serial data
transmission/reception.

P52/ScLk11 CLK
P51/SouTt1 IN
P50/Sin1 ouT
38B5 group Sub microcomputer

Fig. 2.3.25 Connection diagram

Specifications: ¢ Use of serial 1/01 using automatic transfer function

» Synchronous clock frequency: 131 kHz (f(Xw) = 4.19 MHz is divided by 32.)
» Transfer direction: LSB first

» Transmission/reception byte number: 8 bytes/block each

e Transfer interval for 1-byte: 244 us (32 cycles of transfer clock)
* Not use of serial 1/01 automatic transfer interrupt

Figure 2.3.27 shows the relevant registers setting, and Figure 2.3.28 shows the control procedure.

\ 1 block

A

Y- -

CLK

ouT ><DOO>< Xnol>< ><D02>< ><Do7>< """ ><D00>< Xool

S Y N 8 Y B Y A

A

Block period is controlled by software.
(Synchronize it with the main routine.)

Fig. 2.3.26 Timing chart of serial data transmission/reception
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Serial 1/01 control register 1 (address 001916)

SIOICON1 (O (0|00 (0Of0Of1|1

(SC11)
|—|—> Automatic transfer serial I/O (8 bits)
Internal synchronous clock (P6s pin is an I/O port.)
Serial I/O initialization
Full duplex mode

> LSB first
> Serial /01 clock pin: Sciki1

Serial /01 control register 2 (address 001A1s)

SIO1ICON2 [0 |0 ofofofo

(SC12)
‘ I—|—|—|—> Pins P62 and P64 of I/O ports

> Sour1 pin: Output active
> P51/Sout1i: CMOS 3-state

Serial 1/01 control register 3 (address 001Czis)

SIo1CON3 o |1]1|1|1]1]|1]0
(SC13)

> Internal synchronous clock: f(Xin)/32

Serial I/0O1 automatic transfer data pointer (address 001816)

SIO1DP 0716 Set low-order 8 bits of address 0F0716 (=0716)

Transfer counter (address 001Bz1s6)

s|lo1 0716 Set the number of transfer bytes —1 =7
(Automatic transfer stars by writing to this register
when selecting an internal synchronous clock.)

Automatic transfer RAM of serial /0 (addresses 0F0016 to OFFF1s, its addresses OF6016 to OFFF16
shared by FLD automatic display RAM

‘ ‘ ‘ |—|—|—|—|—> Automatic transfer interval set bits: 32 cycles of transfer clock

SIORAM
0F0016 DOz 0F0016 Dl7
OF0116 DOs OF0116 Dle

Transfer counter

Serial 01 A

automatic transfer

data pointer OF0615| DO1 _ OF061|  DIu
_, OF0716 DOo Automatic transfer executed G746 Dlo

>

The area of addresses 0F0816 to OFFF1e, which is not used as automatic transfer,
can be used as normal RAM; the area of addresses OF6016 to OFFF16 can be
used as FLD automatic display RAM.

Fig. 2.3.27 Relevant registers setting
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Initialization

SC11 (address 001916) <— 000000112
SC12 (address 001A16) <— 00XX00002
SC13 (address 001C1is6) < 011111102
SIO1DP (address 001816) <«€— 0716

SC11 (address 00191¢), bit4 €— 1

<

-,
y

The time to control main routine
period has passed ?

Automatic transfer RAM of Transmitted
serial /0O (addresses 0F0016 data RAM
to OF0716)

SIO1 (address 001Bis) €— 8-1

SIO1CON2 (address 001A1s6), bit5 ?

Received data ¢ Automatic transfer RAM of
RAM serial /0 (addresses 0F0016
to OF0716)

Main processing

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Serial 1/01 initial setting
Setting of automatic transfer function

Enabled serial I/01

Generating certain period timing using timer’s functions
(Control so that main routine will be executed at certain

period.)

1-block data, 8 bytes, to be transmitted set in RAM

Number of transferred count set causing automatic
transfer start
(Set the number of transfer bytes — 1.)

Possible to process others during automatic transfer
(Perform part of main processing.)

Judgment of completion of automatic transfer

Taking received data into RAM for processing

Processing data taken into received data
RAM and preparing next transmission data in
main routine

Fig. 2.3.28 Control procedure
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2.3.6 Serial 1/02 connection examples
(1) Control of peripheral IC equipped with CS pin

Figure 2.3.29 shows connection examples with peripheral ICs equipped with the CS pin.

(1) Only transmission
(Using RxD pin as I/O port)

Port CS
SciLk21 CLK
TxD DATA
Peripheral IC

38B5group  (OSD controller etc.)

(3) Transmission and reception
(When connecting RxD with TxD)
(When connecting IN with OUT in
peripheral IC)

Port CS
Sclka1 CLK

TXD [—e—e—>{IN

RxD J L ouT
38B5 group 01 Peripheral IC 02
(EEPROM etc.)

(1: Select an N-channel open-drain output for TxD pin
output control.

[02: Use the OUT pin of peripheral IC which is an N-
channel open-drain output and becomes high impe-
dance during receiving data.

Note: “Port” means an output port controlled by software.

(2) Transmission and reception

Port CS
ScLk21 CLK
XD IN
RxD ouT
38B5 group Peripheral IC

(EEPROM etc.)

(4) Connection of plural IC

Port CS
ScLk21 CLK
TxD IN
RxD ouT
Port Peripheral IC 1
38B5 group
CS
>{CLK
——> IN
ouT

Peripheral IC 2

Fig. 2.3.29 Serial 1/02 connection examples (1)
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(2) Connection with microcomputer

Figure 2.3.30 shows connection examples with another microcomputer.

(1) Selecting internal clock

ScLk21 CLK
TxD IN
RxD ouT

38B5 group Microcomputer

(3) Using Sroby2 signal output function
(Selecting external clock)

SRDY2 RDY
Scik21 CLK
D IN

RxD ouT

38B5 group Microcomputer

(5) In UART
TxD RxD
RxD XD

38B5 group Microcomputer

(2) Selecting external clock

ScLk21 CLK
TxD IN

RxD [«—OUT

38B5 group Microcomputer

(4) Using switch function of CLK signal output
pins, Scikz22, (Selecting internal clock)

Scik21 CLK
TxD IN
RxD ouT
SclLk22
Port— Microcomputer
38B5 group
CLK
>IN
ouT
CS
Peripheral IC

Fig. 2.3.30 Serial 1/02 connection examples (2)
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2.3.7 Serial 1/02’s modes
A clock synchronous or clock asynchronous (UART) can be selected for the serial 1/02.
Figure 2.3.31 shows the serial 1/02’s modes, and Figure 2.3.32 shows the serial 1/02 transfer data format.

Internal clock
Clock synchronous serial I/O Output Srov2 signal
External clock

Serial 1/02 Not output Sroy2 signal

Clock asynchronous serial 1/0
(UART)

Fig. 2.3.31 Serial 1/02’s modes

— Clock synchronous serial /10

— 1ST-8DATA-1SP

st AeseX_ X X

X

—— 1ST-7DATA-1SP

Serial /102 —] _\S_T,(LSBX X X

XmsBY sp

— 1ST-8DATA-1PAR-1SP

st fuse X X

X

— 1ST-7DATA-1PAR-1SP

X_X
X_X
XX
L uner ] \STASSE X OO O msBipary sP-
XX
XX
XX

— 1ST-8DATA-2SP

_\EI(LSBX X X

— 1ST-7DATA-2SP

_\EI(LSBX X X

— 1ST-8DATA-1PAR-2SP

S\t Lo XX

X_)irsey zsp

XMSB)’ 2SP

X PAR)’ 2SP

— 1ST-7DATA-1PAR-2SP

T\ st AT X X sy ==

Fig. 2.3.32 Serial 1/02 transfer data format
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2.3.8 Serial 1/02 application examples
(1) Communication (transmission/reception) using clock synchronous serial I/O
Outline : 2-byte data is transmitted and received, using the clock synchronous serial 1/0.
The Srovz signal is used for communication control.

Figure 2.3.33 shows a connection diagram, and Figure 2.3.34 shows a timing chart.

P40/INTo SRDY2
ScLk21 ScLk21
TxD RxD
38B5 group 38B5 group

Fig. 2.3.33 Connection diagram

Specifications : ¢ Use of serial 1/02 in clock synchronous serial 1/0
e Synchronous clock frequency : 125 kHz (f(Xi) = 4 MHz is divided by 32)
Use of Srovz (receivable signal)
* The reception side outputs the Srovz signal at intervals of 2 ms (generated by the
timer), and 2-byte data is transferred from the transmission side to the reception
side.

o PEREEERD BEEEREEE < eR

i 2ms '

' >
1€ >

Fig. 2.3.34 Timing chart
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Figure 2.3.35 shows the registers setting relevant to the transmission side, and Figure 2.3.36 shows
the registers setting relevant to the reception side.

Transmission side

Serial I/02 status register (address 001Ez1e)

SIO2STS

|—> Transmit buffer empty flag

« Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.

« When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

————— > Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1": Transmit shift completed

Serial I/02 control register (address 001D1s)

SIO2CON |1]1]0]1 ololo

|—> BRG count source: f(XIN)
Synchronous clock: BRG/4

SRDY2 output not used
» Transmit enabled

» Receive disabled
» Clock synchronous serial 1/0
» Serial /02 enabled

UART control register (address 001716)

UARTCON 0|0]|0

| > P55/TxD pin: CMOS output
» BRG clock: f(XIN)
» Serial 1/02 clock: ScLk21

Baud rate generator (address 001616)

BRG 0716 Set “division ratio — 1”

Interrupt edge selection register (address 003Az1s)

INTEDGE 0

|—> INTo falling edge active

Fig. 2.3.35 Registers setting relevant to transmission side
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SIO2STS

SI02CON

UARTCON

Reception side

Serial 1/02 status register (address 001E1s)

I—’ Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
“1": at completing reception
“0” : at reading out contents of Receive buffer register

> Overrun error flag
“1": When data is ready in Receive shift register while Receive buffer

register contains the data.

Serial 1/02 control register (address 001D1s)

1(1

1

1

1

1

|—> Synchronous clock: External clock input
SRDY2 output enabled

» Transmit enabled

When using SRDY2 output, set this bit to “1”.

» Receive disabled

» Clock synchronous serial 1/0
> Serial /02 enabled

UART control register (address 00171s)

0

> Serial /02 clock: ScLk21

Fig. 2.3.36 Registers setting relevant to reception side
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Figure 2.3.37 shows a control procedure of the transmission side, and Figure 2.3.38 shows a control
procedure of the reception side.

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
|
Initialization
SIO2CON (address 001D1s) «€— 1101X0002 « Serial 1/02 setting
UARTCON (address 001716) «€— X000XXXX2
BRG (address 001616) <—8-1
INTEDGE (address 003Au1s), bitO<€— 0

\

IREQ1 (address 003Czs), bit0 ? « Detection of INTo falling edge

IREQ1 (address 003Czs), bit0 €— 0

¢ The first byte of a « Transmission data write
TB/RB (address 001F1s) transmission data Transmit buffer empty flag is set to “0” by this writing.

« Judgment of transferring from Transmit buffer
register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Eas), bit0 ?

The second byte of  Transmission data write

TB/RB (address 001F1s) €— - "criecion data Transmit buffer empty flag is set to “0” by this writing.

« Judgment of transferring from Transmit buffer
register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Ezs), bit0 ?

0 « Judgment of shift completion of Transmit shift register

it2 ?
SIO2STS (address 001Eue), bit2 * (Transmit shift register shift completion flag)

Fig. 2.3.37 Control procedure of transmission side
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( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SIO2CON (address 001D16)  <€— 1111X11X2 « Serial 1/02 setting
UARTCON (address 001716), bit6 €«— 0
>
2ms has passed ? * An interval of 2 ms generated by Timer.
* SRDY2 output
SRDY2 signal is output by writing data to
TB/RB (address 001Fis) <€— Dummy data the TB/RB.
When using SRDY2, set Transmit enable
bit (bit4) of SIO2CON to “1.”
0 . -
SIO2STS (address 001Eas), bitl ?  Judgment of completion of receiving
(Receive buffer full flag)
Read out reception data from * Reception of the first byte data.
TB/RB (address 001Fis) Receive buffer full flag is set to “0” by reading
data.
0 . . .« .
SI02STS (address 001E16), bitl 2 Judgment of completion of receiving
(Receive buffer full flag)
Read out ion data { » Reception of the second byte data.
ead out reception data from . : wayp ;
TB/RB (address 001F1s) Receive buffer full flag is set to “0” by reading data.

Fig. 2.3.38 Control procedure of reception side
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(2) Output of serial data (control of peripheral IC) L
Outline : Serial communication is performed, connecting port P57 with the CS pin of a peripheral IC.

Figure 2.3.39 shows a connection diagram, and Figure 2.3.40 shows a timing chart.

P57 €S cs
Sclka1 CLK CLK
TXD DATA DATA
38B5 group Peripheral IC

Fig. 2.3.39 Connection diagram

Specifications :

* Use of serial 1/02 in clock synchronous serial 1/0
e Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)

* Transfer direction

. LSB first

*Not use of receive/transmit interrupts of serial 1/02

* Port P57 is connected with the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port P57 is controlled by software.

CLK

DATA

o oo JonTeo]

Fig. 2.3.40 Timing chart
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Figure 2.3.41 shows the relevant registers setting and Figure 2.3.42 shows the setting of transmission

data.

Serial 1/02 control register (address 001D1s)

SIO2CON |11(0|1]1)0]0|0

|—> BRG count source: f(XIN)
Synchronous clock: BRG/4

SRDY2 output not used
Transmit interrupt source: When transmit shift operation is completed

Transmit enabled

Receive disabled

» Clock synchronous serial /0
Serial /02 enabled

\ 4

\4

UART control register (address 001716)

UARTCON 0(0|0

‘ |—> P5s/TxD pin: CMOS output

» BRG clock: f(XIN)
» Serial 1/02 clock: ScLk21

Baud rate generator (address 001616)

BRG 0716 Set “division ratio — 1"

Interrupt control register 2 (address 003F1s)

ICON2 |0 0
|—> INT3/Serial 1/02 transmit interrupt: Disabled

Interrupt request register 2 (address 003Dzs)

IREQ2 0

|—> INT3/serial /02 transmit interrupt request cleared

Confirm transmission completion of 1-byte unit.

Fig. 2.3.41 Relevant registers setting

Serial /02 transmit/receive buffer register (001Fz1e)

Set a transmission data.

TB/RB Confirm that transmission of the previous data is
completed, where bit 4, the INT3/serial /02
transmit interrupt request bit of the interrupt
request register 2, is “1"; before writing data.

Fig. 2.3.42 Setting of transmission data
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Figure 2.3.43 shows a control procedure.

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
\
Initialization
SIO2CON (address 001D1s) <€— 110110002 Serial /02 setting
UARTCON (address 001716) €— X000XXXXz2
BRG (address 00161) <—8-1
ICON2 (address 003F1s), bit4 €— 0 INT3/Serial I/0O2 transmit interrupt: Disabled
P5 (address 000Azs), bit7 <1 CS signal output level to “H” setting
P5D (address 000Bz¢), bit7 <€— 1 CS signal output port setting
P5 (address 000Aus), bit7 €— 0 CS signal output level to “L" setting
IREQ?2 (address 003Dzss), bit4 €— 0 INT3/Serial I/02 transmit interrupt request bit to “0” setting
T ission dat Transmission data write
TB/RB (address 001F1s) <«— Transmission data (Start of 1-byte data transmission)

Judgment of completion of transmitting 1-byte

IREQ2 (add 003Dzs), bit4 ?
Q2 (address 16), bi data

Use any of RAM area as a counter for counting
the number of transmitted bytes.

Judgment of completion of transmitting the target
number of bytes

All data has been transmitted ?

Returning CS signal output level to “H” when
P5 (addressO00Au1e), bit7 <€«— 1 transmission of the target number of bytes is
completed

Fig. 2.3.43 Control procedure

2-66 38B5 Group User's Manual



APPLICATION
2.3 Serial I/0

(3) Cyclic transmission or reception of block data (data of specified number of bytes) between

two microcomputers

Outline : When the clock synchronous serial 1/0 is used for communication, synchronization of the
clock and the data between the transmitting and receiving sides may be lost because of
noise included in the synchronous clock. It is necessary to correct that constantly, using
“heading adjustment”.
This “heading adjustment” is carried out by using the interval between blocks in this
example.

Figure 2.3.44 shows a connection diagram.

Scik21 SciLk21
RxD TxD
TxD RxD
38B5 group 38B5 group
Master unit Slave unit

Fig. 2.3.44 Connection diagram

Specifications: e

Limitations of the

Use of serial 1/02 in clock synchronous serial 1/0

Synchronous clock frequency : 131 kHz (f(Xin) = 4.19 MHz is divided by 32.)
Byte cycle: 488 pus

Number of bytes for transmission or reception : 8 bytes/block each

Block transfer cycle : 16 ms

Block transfer term : 3.5 ms

Interval between blocks : 12.5 ms

Heading adjustment time : 8 ms

Transfer direction : LSB first

specifications:

Reading of the reception data and setting of the next transmission data must be
completed within the time obtained from “byte cycle — time for transferring 1-byte
data” (in this example, the time taken from generating of the serial 1/02 receive
interrupt request to input of the next synchronous clock is 431 pus).

“Heading adjustment time < interval between blocks” must be satisfied.
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The communication is performed according to the timing shown in Figure 2.3.45. In the slave unit,
when a synchronous clock is not input within a certain time (heading adjusment time), the next clock
input is processed as the beginning (heading) of a block.

When a clock is input again after one block (8 bytes) is received, the clock is ignored.

Figure 2.3.46 shows the relevant registers setting in the master unit and Figure 2.3.47 shows the
relevant registers setting in the slave unit.

Do D1 D2 D7 Do

I 1
Byte cycle
—!

Interval between blocks
|
|
|
|

i
»|

Block transfer term

A

I

I

I

I

I

I
LIA
pe

I

I

I

t

Block transfer cycle

'y

| |
Heading adjustment time
=5 1

| i |

Processing for heading adjustment

Fig. 2.3.45 Timing chart

Master unit

Serial I/O2 control register (address 001Dz6)

SIO2CON |1f1]|1(1|12(0f0]|O

|—> BRG count source : f(XiN)
Synchronous clock : BRG/4

Sroy2 output disabled

Transmit interrupt source : Transmit shift operating completion
Transmit enabled

Receive enabled

Clock synchronous serial I/O

Serial /02 enabled

A\

\ 2 J

A\ 4

UART control register (address 001716)

UARTCON 0(0]0

| > P55/TxD pin: CMOS output
» BRG clock: f(Xin)
» Serial I/02 clock: Scik21

Baud rate generator (address 001616)

BRG 0716

> Set “division ratio — 1”

Fig. 2.3.46 Relevant registers setting in master unit
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Slave unit

SI0O2CON

UARTCON

Serial 1/02 control register (address 001D1s)

1(1(1f1 01

\—> Synchronous clock : External clock
Srpv2 output disabled

» Transmit enabled

Receive enabled

Clock synchronous serial /10
> Serial /02 enabled

A\

\ 4

4

UART control register (address 001716)

0 0

| P5s/TxD pin: CMOS output
Serial I/02 clock: Scik21

v Y

Fig. 2.3.47 Relevant registers setting in slave unit
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Control procedure by software:

e Control in the master unit
After setting the relevant registers shown in Figure 2.3.46, the master unit starts transmission or
reception of 1-byte data by writing transmission data to the serial 1/02 transmit buffer register.
To perform the communication in the timing shown in Figure 2.3.45, take the timing into account
and write transmission data. Additionally, read out the reception data when the serial I/02 transmit
interrupt request bit is set to “1,” or before the next transmission data is written to the serial 1/02
transmit buffer register.
Figure 2.3.48 shows a control procedure of the master unit using timer interrupts.

Interrupt processing routine
executed every 500 us

CLT (Note 1) Note 1: When using the Index X mode flag (T).
CLD (Note 2) Note 2: When using the Decimal mode flag (D).
Push register to stack - Pushing the register used in the interrupt

processing routine into the stack

- Generating a certain block interval by

Within a block transfer N using a timer or other functions

period?

Y

- Check of the block interval counter and

Read a reception data Count a block interval counter determination to start a block transfer

Complete to transfer
a block?

Start a block transfer?

Write the first transmission data

Write a transmission data (first byte) in a block

&
<

A

Pop registers * Popping registers which is pushed to stack

v
( RTI )

Fig. 2.3.48 Control procedure of master unit
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e Control in the slave unit
After setting the relevant registers as shown in Figure 2.3.47, the slave unit becomes the state
where a synchronous clock can be received at any time, and the serial I/02 receive interrupt
request bit is set to “1” each time an 8-bit synchronous clock is received.
In the serial 1/02 receive interrupt processing routine, the data to be transmitted next is written to
the transmit buffer register after the received data is read out.
However, if no serial 1/02 receive interrupt occurs for a certain time (heading adjustment time or
more), the following processing will be performed.
1. The first 1-byte data of the transmission data in the block is written into the transmit buffer register.
2. The data to be received next is processed as the first 1 byte of the received data in the block.
Figure 2.3.49 shows a control procedure of the slave unit using the serial 1/02 receive interrupt
and any timer interrupt (for heading adjustment).

Serial 1/02 receive interrupt Timer interrupt processing
processing routine routine

CLT (Note 1) CLT (Note 1)

CLD (Note 2)
Push register to stack

Within a block transfer

Read a reception data

A received byte counter +1

A received byte
counter = 8?

* Pushing the register used in
the interrupt processing
routine into the stack

- Confirmation of the received

byte counter to judge the
block transfer term

Y

CLD (Note 2)
Push register to stack

* Pushing the register used
in the interrupt processing
routine into the stack.

Heading adjustment
counter — 1

Heading adjustment
counter = 0?

Write the first transmission
data (first byte) in a block

A received byte counter «—0

Write a transmission data

Write dummy data (FF 16)

Pop registers

Heading Initial
adjustment <«—value
counter (Note 3)

Pop registers

!

RTI

- Popping registers which is
pushed to stack

Notes 1:

I}

* Popping registers which is
pushed to stack

RTI

)

When using the Index X mode flag (T).

2: When using the Decimal mode flag (D).

3: In this example, set the value which is equal to the
heading adjustment time divided by the timer interrupt
cycle as the initial value of the heading adjustment

counter.

For example: When the heading adjustment time is 8 ms
and the timer interrupt cycle is 1 ms, set

8 as the initial value.

Fig. 2.3.49 Control procedure of slave unit

38B5 Group User’'s Manual 2-71



APPLICATION

2.3 Serial 1/O

(4) Communication (transmission/reception) using asynchronous serial I/0 (UART)
Outline : 2-byte data is transmitted and received, using the asynchronous serial 1/0O.
Port P56 is used for communication control.

Figure 2.3.50 shows a connection diagram, and Figure 2.3.51 shows a timing chart.

Transmission side Reception side
P56 >l PSe
TxD > RxD
38B5 group 38B5 group

Fig. 2.3.50 Connection diagram

Specifications : +Use of serial 1/02 in UART
e Transfer bit rate : 9600 bps (f(Xw) = 3.6864 MHz is divided by 384)
eData format : 1ST-8DADA-2ST
e Communication control using port P5s
(The output level of port P56 is controlled by softoware.)
»2-byte data is transferred from the transmission side to the receiption side at
intervals of 10 ms generated by the timer.

Pse_| |_88 |

L O O D O D O O B O D00 0.0 0 CrR

10 ms

A
Yo

Fig. 2.3.51 Timing chart
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Table 2.3.1 shows setting examples of the baud rate generator (BRG) values and transfer bit rate

values.

Table 2.3.1 Setting examples of baud rate generator values and transfer bit rate values

Transfer bit rate

f(XIN) = 3.6864 MHz

f(XIN) = 4 MHz

(Note 1) BRG count | BRG setting Actual rate BRG count | BRG setting Actual rate
source (Note 2 value source (Note 2) value
600 f(XIN)/4 95(5F16) 600.00 f(XIN)/4 103(6716) 600.96
1200 f(XIN)/4 47(2F16) 1200.00 f(XIN)/4 51(3316) 1201.92
2400 f(XIN)/4 23(1716) 2400.00 f(XIN)/4 25(1916) 2403.85
4800 f(XIN)/4 11(0B16) 4800.00 f(XIN)/4 12(0Cz16) 4807.69
9600 f(XIN)/4 5(0516) 9600.00 f(XIN) 25(1916) 9615.38
19200 f(XIN)/4 2(0216) 19200.00 f(XIN) 12(0Cz1s6) 19230.77
38400 f(XIN) 5(0516) 38400.00 f(XIN) 5(0516) 41666.67
76800 f(XIN) 2(0216) 76800.00 f(XIN) 2(0216) 83333.33
31250 — — — f(XIN) 7(0716) 31250.00
62500 — — — f(XIN) 3(0316) 62500.00
Notes 1: Equation of transfer bit rate:
f(XIN)

Transfer bit rate (bps) =

(BRG setting value + 1) 0 16 O m-©

Om: When bit 0 of the serial I/02 control register (address 001Dss) is set to “0”, a value of m

is 1.
When bit 0 of the serial I/0O2 control register is set to “1”, a value of m is 4.

2: Select the BRG count source with bit O of the serial /02 control register (address 001Dais).
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Figure 2.3.52 shows the registers setting relevant to the transmission side; Figure 2.3.53 shows the
registers setting relevant to the reception side.

Transmission side

Serial 1/02 status register (address 001E 16)
b7 b0

SIO2STS

|—> Transmit buffer empty flag
« Confirm that tha data has been transferred from Transmit buffer
register to Transmit shift register.
» When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

— > Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1” : Transmit shift completed

Serial 1/02 control register (address 001D 16)
b7 b0

SIO2CON (10|01 0|0]1

|—> BRG count source : f(Xin)/4
Serial 1/02 synchronous clock : BRG/16

Srovz OUtput disabled

Transmit enabled

Receive disabled

Asynchronous serial /0 (UART)
Serial /02 enabled

UART control register (address 0017 16)
b7 bo

UARTCON ojof1 0]0

|—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits
P55/TxD pin : CMOS output
BRG clock : f(XIN)

Baud rate generator (address 0016 16)
b7 bo

Set f(Xin) -1
BRG 0516 Transfer bit rate 0 16 0 m"

0 When bit 0 of SIO2CON (address 001D 1s) is set to “0”,
avalue of mis 1.
When bit 0 of SIO2CON is set to “1”, a value of m is 4.

Fig. 2.3.52 Registers setting relevant to transmission side
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Reception side

SIO2STS

SIO2CON

UARTCON

BRG

Serial 1/02 status register (address 001E 16)

b7

b0

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
[“1” : at completing reception
“0" : at reading out contents of Receive buffer register

Overrun error flag
“1” : When data is ready in Receive shift register while Receive buffer
register contains the data.

L > Parity error flag
“1” : When a parity error occurs in enabled parity.

Framing error flag
“1" : When stop bits cannot be detected at the specified timing

Summing error flag
“1” : when any one of the following errors occurs.
» Overrun error
* Parity error
* Framing error

Serial 1/02 control register (address 001D 16)
b7 b0

110

1

0 0|01

g BRG count source : f(Xn)/4

Serial I/O synchronous clock : BRG/16
Srov OUtput disabled
Transmit disabled

Receive enabled

Asynchronous serial I/0 (UART)

b7

Serial /02 enabled

UART control register (address 0017 16)
0

b

0

1 ofo

|—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits

BRG clock: f(XIN)

Baud rate generator (address 0016 16)
b7 b0

Set fxn) 1
0516 Transfer bitrate 0 16 0 m©Y

0 When bit 0 of SIO2CON (address 001D 1s) is set to “0”,
avalue of mis 1.
When bit 0 of SIO2CON is set to “1”, a value of mis 4.

Fig. 2.3.53 Registers setting relevant to reception side
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Figure 2.3.54 shows a control procedure of the transmission side, and Figure 2.3.55 shows a control
procedure of the reception side.

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIO2CON (address 001D1s) < 1001X0012
UARTCON (address 001716) < XX001X002

P5D (address 000B1s), bit6 <« 1

10 ms has passed ?

P5 (address 000A1s), bit6 <— 1

TB/RB (address 001F 16) <

The first byte of a
transmission data

SIO2STS (address 001E 1s), bit0?

The second byte of
TB/RB (address 001F 16) “ transmission data
[

SIO2STS (address 001E 16), bit0?

SIO2STS (address 001E 1), bit2?

P5 (address 000A1s), bit6 <«— 0

« Serial 1/02 setting

BRG (address 001616) < 6-1
P5 (address 000A16), bit6 < 0 S
» Port P56 set for communication control

« An interval of 10 ms generated by Timer

» Communication start

» Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

» Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

* Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

« Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

« Judgment of shift completion of Transmit shift register

(Transmit shift register shift completion flag)

» Communication completion

Fig. 2.3.54 Control procedure of transmission side
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C RESET

Initialization

SIO2CON (address 001D16) < 1010X0012
UARTCON (address 0017 16) < XX0X1X002
BRG (address 001616) <~ 6 -1

P5D (address 000B 1s6), bit6 <0

SIO2STS (address 001E 16), bitl?

Read out a reception data
from TB/RB (address 001F 16)

) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

« Serial 1/02 setting

« Port P56 setting for communication control

« Judgment of completion of receiving
(Receive buffer full flag)

« Reception of the first byte data
Receive buffer full flag is set
to “0” by reading data.

« Judgment of an error flag

SIO2STS (address 001E 1), bit6?

SIO2STS (address 001E 1), bitl?

Read out a reception data
from TB/RB (address 001F 16)

SIO2STS (address 001E 16), bit0?

« Judgment of completion of
receiving
(Receive buffer full flag)

* Reception of the second byte data
Receive buffer full flag is set
to “0” by reading data.

» Judgment of an error flag

Processing for error

SIO2CON (address 001D 16)<—0000X0012
SIO2CON (address 001D 16)<—1010X0012

« Countermeasure for a bit slippage

Fig. 2.3.55 Control procedure of reception side

38B5 Group User’s Manual

2-77



APPLICATION
2.3 Serial 1/0

2.3.9 Notes on serial 1/01
(1) Clock

m Using internal clock
After setting the synchronous clock to an internal clock, clear the serial 1/0 interrupt request bit
before perform the normal serial 1/0 transfer or the serial 1/0 automatic transfer.

m Using external clock
After inputting “H” level to the external clock input pin, clear the serial 1/O interrupt request bit
before performing the normal serial 1/O transfer or the serial I/O automatic transfer.

(2) Using serial 1/01 interrupt

3)

4)

©)

(6)

)

Clear bit 3 of the interrupt request register 1 to “0” by software.

State of Sout: pin

The Soum: pin control bit of the serial I/O1 control register 2 can be used to select the state of the
Soum: pin when serial data is not transferred; either output active or high-impedance. However, when
selecting an external synchronous clock; the Sout: pin can become the high-impedance state by
setting the Sour: pin control bit to “1” when the serial I/O1 clock input is at “H” after transfer completion.

Serial 1/0 initialization bit

e Set “0” to the serial 1/0 initialization bit of the serial I/O1 control register 1 when terminating a
serial transfer during transferring.

e When writing “1” to the serial I/O initialization bit, the serial 1/01 is enabled, but each register is
not initialized. Set the value of each register by program.

Handshake signal

m Ssusvi input signal
Input an “H” level to the Ssusvi input and an “L” level signal to the Seusv: input in the initial state.
When the external synchronous clock is selected, switch the input level to the Ssusv: input and
the Sesusvi input while the serial 1/01 clock input is in “H” state.

m Srovi inputeoutput signal
When selecting the internal synchronous clock, input an “L” level to the Srova input and an “H”
level signal to the Srovi input in the initial state.

8-bit serial I/0 mode

m When selecting external synchronous clock
When an external synchronous clock is selected, the contents of the serial 1/01 register are being
shifted continually while the transfer clock is input to the serial 1/01 clock pin. In this case, control
the clock externally.

In automatic transfer serial /0O mode
m Set of automatic transfer interval
e \When the Ssusvi output is used, and the Sesusvi output and the Sste1 output function as signals

for each transfer data set by the Ssusvi outputeSste1 output function selection bit of serial 1/01
control register 2; the transfer interval is inserted before the first data is transmitted/received,
and after the last data is transmitted/received. Accordingly, regardless of the contents of the
Ssusy1 outputeSste1 output function selection bit, this transfer interval for each 1-byte data becomes
2 cycles longer than the value set by the automatic transfer interval set bits of serial 1/01 control
register 3.
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e When using the Ssts1 output, regardless of the contents of the Sesusvi outputeSste1 output function
selection bit, this transfer interval for each 1-byte data becomes 2 cycles longer than the value
set by the automatic transfer interval set bits of serial I/O1 control register 3.

e When using the combined output of Seusvi and Sste: as the signal for each of all transfer data
set, the transfer interval after completion of transmission/reception of the last data becomes 2
cycles longer than the value set by the automatic transfer interval set bits.

e Set the transfer interval of each 1-byte data transfer to 5 or more cycles of the internal clock
@ after the rising edge of the last bit of a 1-byte data.

e \When selecting an external clock, the set of automatic transfer interval becomes invalid.

m Set of serial 1/01 transfer counter

e Write the value decreased by 1 from the number of transfer data bytes to the serial 1/01 transfer
counter.
e \When selecting an external clock, after writing a value to the serial 1/01 register/transfer counter,

wait for 5 or more cycles of internal clock @ before inputting the transfer clock to the serial I/
O1 clock pin.

m Serial I/O initialization bit
A serial I/0O1 automatic transfer interrupt request occurs when “0” is written to the serial 1/0
initialization bit during an operation. Disable it with the interrupt enable bit as necessary by program.
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2.3.10 Notes on serial 1/02

(1) Notes when selecting clock synchronous serial I/O

O Stop of transmission operation

As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

Reason

Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scikai, Scikez and Srovz function as 1/0 ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial 1/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

Stop of receive operation

As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial I/O, clear the receive enable bit to “0” (receive disabled), or clear the serial /02 enable bit
to “0” (serial 1/02 disabled).

Stop of transmit/receive operation

As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, simultaneously clear both the transmit enable bit and receive enable bit to “0” (transmit
and receive disabled).

(when data is transmitted and received in the clock synchronous serial I/O mode, any one of data
transmission and reception cannot be stopped.)

Reason

In the clock synchronous serial /0 mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial 1/02 enable bit to
“0” (serial 1/02 disabled) (refer to (1), O).
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(2) Notes when selecting clock asynchronous serial 1/0

O Stop of transmission operation
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scikz1, Scikez and Srove function as 1/0 ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial 1/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

[J Stop of receive operation
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

O Stop of transmit/receive operation

Only transmission operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scike1, Scikez and Srovz function as 1/0O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial 1/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

(3) Srovz output of reception side
When signals are output from the Srovz pin on the reception side by using an external clock in the
clock synchronous serial /0 mode, set all of the receive enable bit, the Srov2 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

(4) Setting serial 1/02 control register again
Set the serial 1/02 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable
bit (TE) and the receive enable
bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial /02 control register Can be set with the
! LDM instruction at
Set both the transmit enable bit the same time
(TE) and the receive enable bit
(RE), or one of them to “1”

Fig. 2.3.56 Sequence of setting serial I/02 control register again
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©)

(6)

)

(8)

Data transmission control with referring to transmit shift register completion flag

The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

Transmission control when external clock is selected

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the serial 1/02 clock input level. Also, write the transmit data to the transmit
buffer register (serial 1/0 shift register) at “H” of the serial 1/02 clock input level.

Transmit interrupt request when transmit enable bit is set

The transmission interrupt request bit is set and the interruption request is generated even when
selecting timing that either of the following flags is set to “1” as timing where the transmission
interruption is generated.

e Transmit buffer empty flag is set to “1”

e Transmit shift register completion flag is set to “1”

Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence.

O Transmit enable bit is set to “1”

O Transmit interrupt request bit is set to “0”

e Reason
When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”".

Using TxD pin

The P5s/TxD P-channel output disable bit of UART control register is valid in both cases: using as
a normal I/O port and as the TxD pin. Do not supply Vcc + 0.3 V or more even when using the P5s/
TxD pin as an N-channel open-drain output.

Additionally, in the serial 1/02, the TxD pin latches the last bit and continues to output it after
completing transmission.

2-82

38B5 Group User’'s Manual



APPLICATION

2.4 FLD controller

2.4 FLD controller

This paragraph describes the setting method of FLD controller relevant registers, notes etc.

2.4.1 Memory assignment

Address
003D16 Interrupt request register 2 (IREQ2)
003F16 Interrupt control register 2 (ICON2)

b))
1£9

~
n

(4

OEF216 | P1FLDRAM write disable register (P1LFLDRAM)
OEF316 | P3FLDRAM write disable register (P3FLDRAM)

OEF416 FLDC mode register (FLDM)
OEF516 Tdisp time set register (TDISP)
OEF616 Toffl time set register (TOFF1)
OEF716 Toff2 time set register (TOFF2)
OEF816 FLD data pointer (FLDDP)
OEF916 Port POFLD/port switch register (POFPR)
OEFA16 Port P2FLD/port switch register (P2FPR)
OEFB16 Port P8FLD/port switch register (P8FPR)

OEFC16 | Port PS8FLD output control register (PSFLDCON)

Fig. 2.4.1 Memory assignment of FLD controller relevant registers
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2.4.2 Relevant registers

P1FLDRAM write disable register

b7 b6 b5 b4 b3 b2 bl bo

P1FLDRAM write disable register
(P1FLDRAM: address OEF216)

_____________________

b Name Functions At reset|R iW
0 |FLDRAM corre- 0: Operating normally 0 0:0
sponding to port 1: Write disabled |
P1o write disable bit i
1 |FLDRAM corre- 0: Operating normally 0 OX©)
sponding to port 1: Write disabled i
P11 write disable bit i
2 |[FLDRAM corre- 0: Operating normally 0 <He)
sponding to port 1: Write disabled !
P12 write disable bit i
3 |FLDRAM corre- 0: Operating normally o [0:0
sponding to port 1: Write disabled i
P13 write disable bit !

4 |FLDRAM corre- 0: Operating normally 0 o i o
sponding to port 1: Write disabled !
P14 write disable bit i
S5 [FLDRAM corre- 0: Operating normally 0 0:0
sponding to port 1: Write disabled :
P1s write disable bit !

6 [FLDRAM corre- 0: Operating normally 0 0:0
sponding to port 1: Write disabled !
P16 write disable bit i
7 [FLDRAM corre- 0: Operating normally 0 Oio
sponding to port 1: Write disabled |

P17 write disable bit

Fig. 2.4.2 Structure of PAFLDRAM write disable register
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P3FLDRAM write disable register

b7 b6 b5 b4 b3 b2 bl bo

P3FLDRAM write disable register
(P3FLDRAM: address OEF316)

sponding to port

. Write disabled

b Name Functions Atreset|R iW
0 |FLDRAM corre- 0: Operating normally 0 0:0
sponding to port 1: Write disabled i
P30 write disable bit ;

1 |FLDRAM corre- 0: Operating normally 0 Oi0o
sponding to port 1: Write disabled i
P31 write disable bit |
2 |FLDRAM corre- 0: Operating normally 0 O i O
sponding to port 1: Write disabled !
P32 write disable bit i
3 |FLDRAM corre- 0: Operating normally o (00
sponding to port 1: Write disabled i
P33 write disable bit i
4 |FLDRAM corre- 0: Operating normally 0 o EO
sponding to port 1: Write disabled '
P34 write disable bit i
5 |FLDRAM corre- 0: Operating normally o (00
sponding to port 1: Write disabled i
P35 write disable bit !

6 [FLDRAM corre- 0: Operating normally 0 O ;O
sponding to port 1: Write disabled !
P36 write disable bit i
7 |FLDRAM corre- 0: Operating normally 0 ©) EO

P37 write disable bit

Fig. 2.4.3 Structure of P3FLDRAM write disable register
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FLDC mode register

b7 b6 b5 b4 b3 b2 bl bo

FLDC mode register
(FLDM: address OEF416)

voltage port driv-
ability selection bit

: Drivability weak

b Name Functions At reset|R {W
0 | Automatic display |0 : General-purpose mode 0 (OH©)
control bit (PO, P1, [1 : Automatic display '
P2, P3, P8) mode i
1 [ Display start bit 0 : Display stopped 0 00
1 : Display in progress (display i

starts by writing “1") ;

2 | Tscan control bits b3 b2 0 Oi0

0 0: 0 FLD digit interrupt :

(at rising edge of each !

digit) |

— 01:10Tdisp .

3 10:2 0 Tdisp 0 |00

11:30 Tdisp !

FLD blanking interrupt (at :

falling edge of last digit) !

4 | Timing number 0 : 16 timing mode 0 @] EO
control bit 1: 32 timing mode (Note 2) !

5 | Gradation display |0 : Not selected 0 0i0
mode selection 1: Selected (Notes 1, 2) !
control bit i

6 | Tdisp counter count |0 : f(XIN)/16 or f(XCIN)/32 0 00
source selection bit 1 : f(XIN)/64 or f(XcIN)/128 :

7 | High-breakdown 0 : Drivability strong 0 0:0

1 i

Notes 1: When the gradation display mode is selected, the number of
timing is max. 16 timing. (Set “0” to the timing number control

bit (b4).)

2: When switching the timing number control bit (b4) or the

gradation display mode selection control bit (b5), set “0” to

the display start bit (b1) (display stop state) before that.

Fig. 2.4.4 Structure of FLD mode register
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Tdisp time set register

b7 b6 b5 b4 b3 b2 bl b0

| Tdisp time set register
(TDISP: address OEF516)

P bbb Functions Atreset|R W
bbb bbb o esetthe Tdisp time. 0 00
A R *When a value n is written to this register, Tdisp i
I time is expressed as Tdisp = (n + 1) 0 count i
{4t b ot [p|souce. _ 0 |00
L A *When reading this register, the value in the i
oo counter is read out. |
P ] 2| (Example) 0 |°i0
I R When the following condition is satisfied, Tdisp i
Pl || becomes 804 us {(200 + 1) U 4 ps}; i
I R T 3| °f(XiN) =4 MHz 0 00
Pl +bit 6 of FLDC mode register = 0 :
P (f(XiN)/16 is selected as Tdisp counter count i
i i i i —] source.) E
i i i ““““““““ 4 *Tdisp time set register = 200 (C81s6). 0 O EO
I 5 | 0o |00
] 6 | o |00
o] 7] o |oio

Fig. 2.4.5 Structure of Tdisp time set register
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Toffl time set register

b7 b6 b5 b4 b3 b2 bl bo

| | | Toffl time set register

(TOFF1: address OEF616)

*Toff2 time set register = 180 (B41s).

i i i i i i i i b Functions At reset|R W
boiod b [0 «Setthe Toffl time. 1 |0i0
A || *When a value n1 is written to this register, '
T T T B 1 | Toffl time is expressed as Toffl = nl1 O count 1 [o}[e)
RN ;
A 2 (Example) 1 © i O
T A A — When the following condition is satisfied, Toffl :
I 3| becomes 120 ps (= 30 0 4 ps); 1 10 : o
T L | f(XiN) =4 MHz i
A SO 4| <bit 6 of FLDC mode register = 0 1 |00
b (f(XiN)/16 is selected as Tdisp counter count !
B 5] source) T oo
A *Toff1 time set register = 30 (1E1s). :
R 6 | 1 |00
] [ 7] 1 |00
Note: Set value of 0316 or more.
Fig. 2.4.6 Structure of Toffl time set register
Toff2 time set register
b7 b6 b5 b4 b3 b2 bl b0
| Toff2 time set register
Attt LT (TOFF2: address OEF716)
A A L Functions At reset|R W
boiod bbbt [0 «Setthe Toff2 time. 1 0i0
A || *When a value n2 is written to this register, |
T A R A 1 | Toff2 time is expressed as Toff2 = n2 O count 1 00
RN |
I N B However, setting of Toff2 time is valid only for 1 00
iy the FLD port which is satisfied the following; |
T R A —{ egradation display mode i
I 3| evalue of FLD automatic display RAM (in 1 100
T || gradation display mode) = “1” (dark display). !
e 4| (Example) 1 o | o
P L When the following condition is satisfied, Toff2 :
R 5| becomes 720 us (= 180 O 4 ps); 1 100
P || <f(XiN) =4 MHz :
b ] 6| ebit 6 of FLDC mode register = 0 1 00
' (f(XIN)/16 is selected as Tdisp counter count !
o ] source) 1

00

Note: When the Toff2 control bit (b7) of the port P8FLD output control

register (address OEFCi1s) is set to “1”, set value of 0316 or

more to the Toff2 control register.

Fig. 2.4.7 Structure of Toff2 time set register
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FLD data pointer/FLD data pointer reload register

b7 b6 b5 b4 b3 b2 bl b0

FLD data pointer/FLD data pointer reload register
(FLDDP: address OEF816)

AR A R Functions At reset|R W
{1 11 111 1|0 The start address of each data of FLD ports PO, |Undefined[ O {O
AR || P1, P2, P3, and P8, which is transferred from i
I 1 | FLD automatic display RAM, is set to this Undefined| O 1O
oo T register. |
A A R | The start address becomes the address adding " T
iy 2 | the value set to this register into the last data Undefined) O | ©
I I — address of each FLD port. - :
R s 3 | Set a value of (timing number — 1) to this Undefined| O : O
P || register. i
T T S 4 Undefined[ OO
Pl || The value which is set to this address is written !
Pl 5 | to the FLD data pointer reload register. Undefined| O 1O
oy T When reading data from this address, the value !
o —] in the FLD data pointer is read. . :
| T 6 When bits 5 to 7 of this register is read, “0” is Undefined| O ! O
i 1 always read. : '
(R 7 Undefined| OO
Fig. 2.4.8 Structure of FLD data pointer/FLD data pointer reload register
Port POFLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port POFLD/port switch register

A4t 1111 (POFPR: address OEF916)
A Name Functions Atreset|R {W
t 14 p i 11 i _[o|PortPOOFLD/port |0 : General-purpose port 0 0i0
AR switch bit 1: FLD port |
A A 1 | Port PO1FLD/port |0 : General-purpose port 0 0:0
Polob switch bit 1:FLD port |
I 2 | Port PO2FLD/port |0 : General-purpose port 0 0i0o
i i i i i switch bit 1: FLD port !
S S 3 [Port POSFLD/port | 0 : General-purpose port 0 0:0
oo switch bit 1:FLD port !
oo ] 4 | Port PO4FLD/port |0 : General-purpose port 0 0:0
P switch bit 1: FLD port
R T EO— 5 | Port POsFLD/port |0 : General-purpose port 0 0i0
P switch bit 1: FLD port !
N 6 | Port POsFLD/port |0 : General-purpose port 0 O i O
i switch bit 1 : FLD port :
e 7 | Port PO7FLD/port [0 : General-purpose port o |00

switch bit 1: FLD port i

Fig. 2.4.9 Structure of port POFLD/port switch register
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Port P2FLD/port switch register

b7 b6 b5 b4 b3 b2 bl b0
| Port P2FLD/port switch register
(P2FPR: address OEFA16)

bbb b Name Functions Atreset|R {W
t 14 14 b i _[o|PortP2oFLD/port |0 : General-purpose port o |oio
A switch bit 1: FLD port :
S S T R S 1 [Port P21FLD/port [0 : General-purpose port 0 00
A switch bit 1: FLD port i
I . 2 | Port P22FLD/port [0 : General-purpose port 0 00
oo switch bit 1: FLD port !
S 3 [Port P23FLD/port [0 : General-purpose port 0 0:0
Pl switch bit 1: FLD port !
T 4 | Port P24FLD/port |0 : General-purpose port 0 0:0
Pl switch bit 1: FLD port i
R T EO— 5 | Port P2sFLD/port |0 : General-purpose port 0 00
P switch bit 1: FLD port !
S S 6 | Port P26FLD/port |0 : General-purpose port 0 O ; O
| switch bit 1: FLD port |
b e ] 7 |Port P27FLD/port |0 : General-purpose port 0 0:0
switch bit 1: FLD port :
Fig. 2.4.10 Structure of port P2FLD/port switch register
Port P8FLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port P8FLD/port switch register
AL bbb 1| (P8FPR: address OEFB16)
bbb b Name Functions Atreset|R {W
{14 14 b1 i _[o[PortP8OFLD/port |0 : General-purpose port o |oio
A switch bit 1: FLD port :
S S T R S 1 [Port P81FLD/port [0 : General-purpose port 0 00
A switch bit 1: FLD port i
I . 2 | Port P82FLD/port [0 : General-purpose port 0 00
oo switch bit 1: FLD port !
S I T 3 |Port P83FLD/port [0 : General-purpose port 0 0i0
Pl switch bit 1: FLD port !
T 4 | Port P84FLD/port [0 : General-purpose port 0 0:0
Pl switch bit 1: FLD port i
R O —— 5 | Port P8sFLD/port |0 : General-purpose port 0 00
P switch bit 1: FLD port !
S S 6 | Port P86FLD/port |0 : General-purpose port 0 O ; O
| switch bit 1: FLD port |
e e e 7 | Port P87FLD/port |0 : General-purpose port 0 00
switch bit 1: FLD port :

Fig. 2.4.11 Structure of port P8FLD/port switch register
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Port P8FLD output control register

b7 b6 b5 b4 b3 b2 bl b0

Pl bbb Name Functions Atreset|RIW
bbb bbbt [0 |P8a—P87FLD 0 : Output normally o |[oOi0
Pl output reverse bit |1 : Reverse output :
A 1 | P84—P87/FLDRAM |0 : Operating normally 0 0:0
AR write disable bit |1 : Write disabled |
S 2 | P84—P87 Toff 0 : Operating normally 0 00
i i i i i invalid bit 1 : Toff invalid :
AR 3 [ P84-P87 delay 0 : No delay 0 0i0
i i i i ____________ control bit (Note) 1: Delay i
T 4 | P63/AN9 dimmer |0 : Ordinary port 0 0:0
P output control bit 1 : Dimmer output l
A 5 [ Nothing is arranged for these bits. These are 0 |OiX
i i 1 write disabled bits. When these bits are read 0 Oi <
[ Smmmmmemmmmmomeeo out, the contents are “0”. !
S 7 | Toff2 control bit |0 : Operating normally o |olo
(falling operation) :
1 : Rising operation i

Port P8FLD output control register
(P8FLDCON : address OEFC1s)

Note: Valid only when selecting FLD port and P84—P87 Toff invalid function

Fig. 2.4.12 Structure of port P8FLD output control register

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2
(IREQ2 : address 3D1s)

1 1 1 1 1 1 1 1
i i i i i i i i b Name Functions At reset|R W
v b 11 i _[o|Timer4interrupt [0 : No interrupt request issued 0 O:iD0
R request bit (Note) |1 : Interrupt request issued |
N T A R 1 | Timer 5 interrupt 0 : No interrupt request issued 0 o0
T S B request bit 1 : Interrupt request issued i
S 2 [ Timer 6 interrupt 0 : No interrupt request issued 0 o: 0
oo request bit 1 : Interrupt request issued i
A 3 [ Serial 1102 receive |0 : No interrupt request issued 0 O:0
i i i i interrupt request bit |1 : Interrupt request issued :
i i i e 4 | INT3/serial 1/02 0 : No interrupt request issued 0 oo
oo transmit interrupt 1 : Interrupt request issued i
Pl request bit (Note) ;
S 5 | INT4 interrupt 0 : No interrupt request issued 0 oi D0
o request bit 1 : Interrupt request issued |
o A-D converter |
o interrupt request bit |
A 6 | FLD blanking 0 : No interrupt request issued 0 oo
! interrupt request bit |1 : Interrupt request issued i
i FLD digit interrupt |
i request bit |
- 7 | Nothing is arranged for this bit. This is a write 0 O X
disabled bit. When this bit is read out, the contents ;
are “0". !

[: “0” can be set by software, but “1” cannot be set.
Note: In the mask option type P, if timer 4 interrupt whose count source is

CNTRu1 input and INT3 interrupt are selected, these bits do not

become “1”.

Fig. 2.4.13 Structure of interrupt request register 2
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Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl bO

Interrupt control register 2
(ICON2 : address 3F16)

p———————

b Name Functions Atreset|R W

[o[Timer 4interrupt [0 interrupt disabled o [O!0
enable bit (Note) 1 : Interrupt enabled i

1 | Timer 5 interrupt |0 : interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled i

2 | Timer 6 interrupt 0 : interrupt disabled 0o |00
enable bit 1 : Interrupt enabled ]

3 | Serial /02 receive |0 : interrupt disabled 0 0:0
interrupt enable bit |1 : Interrupt enabled i

4 | INTs/serial /02 0 : interrupt disabled 0 0:0
transmit interrupt 1 : Interrupt enabled |
enable bit (Note) i

5 | INT4 interrupt 0 : interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled !
A-D converter |
interrupt enable bit i

6 | FLD blanking 0 : interrupt disabled 0 0:0
interrupt enable bit |1 : Interrupt enabled i
FLD digit interrupt :
enable bit :

7 | Fix “0” to this bit, 0 0:0

Note: In the mask option type P, timer 4 interrupt whose count source
is CNTR1 input and INT3 interrupt are not available.

Fig. 2.4.14 Structure of interrupt control register 2
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2.4.3 FLD controller application examples
(1) Key-scan using FLD automatic display and segments
Outline: Key read-in with segment pins is performed by software using the FLD automatic display

mode.

P1o-P17 | pigt __ SUN MON TUE WED THU FRISAT
g ot ot o o P o
Pos, P[5It | o w > U O o =

Segment o0 OO0 oo 00 o0 go oo og
P20-P27 LEVEL R OO OO OO OO OO OO 00O 00O
P04—P07 t Panel with fluorescent display (FLD)

38B5 Glroup
Key-matrix

Fig. 2.4.15 Connection diagram

Specifications: <Use of total 20 FLD ports (10 digits; 10 segments (8 key-scan included))
*Use of FLD automatic display mode
*Display in gradation display mode and 16 timing mode
*Toffl = 40 ps, Toff2 = 64 ps, Tdisp = 204 us, Tscan = 3 0 Tdisp = 720 us,
f(Xiw) = 4 MHz
*Use of FLD blanking interrupt

Figure 2.4.16 shows the timing chart of key-scan, and Figure 2.4.17 shows the enlarged view of
Tscan. After switching the segment pin to an output port, generate the waveform shown Figure 2.4.17
by software and perform key-scan.

Tdisp ., ‘ Tscan
— * >
FLD1s (Plo) —» w : !
——! | |
I Toff2'! | |
FLD17 (P11) | ] 3 3 ]
FLDis (P1) | ] 1
FLDss (P31) ‘ : 1

FLD blanking interrupt request occur

FLDo—FLDs o TS P :
(P20—P27, oo
P0o, PO1) -

Key-scan

Fig. 2.4.16 Timing chart of key-scan using FLD automatic display mode and segments

FLDo (P20)
FLD:1 (P21) —l—l
FLD:2 (P22) ]

FLDy (P27) I

Fig. 2.4.17 Enlarged view of FLD o (P20) to FLD 7 (P27) Tscan
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Figure 2.4.18 shows the setting of relevant registers.

Port PO direction register (address 000116)

POD (OfO|O0OfO

| | | | » Set P04 to P07 to input ports for key-scan input

Port P2 direction register (address 000516)

P2D |1f1j1|1|1|{1)1(1

| | | | | | | I > Set P20 to P27 to output ports for key-scan output

Port POFLD/port switch register (address OEF916)

POFPR |0|0|0O]J0O|0Of0O|1]|1

‘ ‘ ‘ ‘ ‘ ‘ |—|—>SetPOo, P01 to FLD ports (FLDs, FLDs)

> Set P0—P07to general-purpose 1/O ports

Port P2FLD/port switch register (address OEFA16)

P2FPR |1]1|1|1]1]|1|1|1

| | | | | | | | > Set P20-P27to FLD ports (FLDo—FLD»)

FLDC mode register (address OEF416)

FLDM |1]|0(1({0]1|1|0]|1

|_, Automatic display mode
Display stopped

Tscan = 3 0 Tdisp FLD blanking interrupt
» 16 timing mode
Gradation display mode selected
Tdisp counter count source : f(Xin)/16
High-breakdown voltage port drivability weak

\ 4

4

\ 4

Fig. 2.4.18 Setting of relevant registers
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Tdisp time set register (address OEF516)
50 (3216) set; (50 + 1) O count source = 204 ps
TDISP 32 Count source = f(Xin)/16 = 4 us, at f(Xin) = 4 MHz

Toffl time set register (address OEF616)
10 (As) set; 10 O count source = 40 us
TOFF1 Aus Count source = f(Xin)/16 = 4 s, at f(Xin) = 4 MHz

Toff2 time set register (address OEF716)
16 (1016) set; 16 O count source = 64 us
TOFF2 10w Count source = f(Xn)/16 = 4 s, at f(Xn) = 4 MHz

Note: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

FLDDP |0fO|0Oj0Of1]0|0f1

N > Set {(digit number) —1}=9

P1FLDRAM write disable register (address OEF216)

P1IFLDRAM (1211 (1(21]1|1f1

I > Disable writing to FLDRAM corresponding to P10 to P17

>

P3FLDRAM write disable register (address OEF316)

P3FLDRAM 1({1

I—|—> Disable writing to FLDRAM corresponding to P30, P31

Interrupt request register 2 (address 003Dzs)

IREQ2 0

| > Clear FLD blanking interrupt request bit

>

Interrupt control register 2 (address 003F16)

ICON2 |01

| > FLD blanking interrupt: Enabled

FLDC mode register (address OEF41s6)

FLDM ([1]o0f1]|0|1f1]|1|2

I—> Display start
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Setting of FLD automatic display RAM:

Table 2.4.1 FLD automatic display RAM map

1 to 16 timing display data stored area Gradation display control data stored area Corresponding
Address | Bit 7| Bit 6 | Bit5 | Bit4 | Bit3|Bit2 |Bit1|Bit0| |Address|Bit7|Bit6|Bit5|Bit4|Bit3|Bit2|Bit1|Bito|  digitpin
OFBO016 |FLD7| FLDs|FLDs |FLD4 |FLD3|FLD2 | FLD1| FLDo OF6016 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD2s (P31
OFB116 |FLD7| FLDe6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo OF6116 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD24 (P30
OFB216 |FLD7| FLDs|FLDs |FLD4 |FLD3|FLD2 | FLD1| FLDo OF6216 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD23 (P17
OFB316 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo OF6316 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD22 (P1ls
OFB416 |FLD7| FLDe| FLDs |FLD4 |[FLD3|FLD2 | FLD1| FLDo OF6416 |FLD7|FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD21 (P1s
OFB516 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo 0OF6516 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD20 (P14
OFB616 |FLD7| FLD6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo 0OF6616 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD19 (P13
OFB716 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo OF6716 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD1s (P12
OFB816 |FLD7| FLD6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo OF6816 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD17 (P11
0FB916 |FLD7| FLDs| FLDs |FLD4 |[FLD3|FLD2 | FLD1| FLDo 0F6916 |FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo, — FLD1e (P10
OFBA16 OF6A16

OFBB16 OF6B16

OFBCis6 OF6C16

OFBD16 OF6D16

OFBE16 OF6E16

OFBF16 OF6F16

OFCO016 FLD9| FLDs 0F7016 FLD9|FLDs| — FLD2s (P31
OFC1l16 FLD9| FLDs 0F7116 FLD9| FLD8| — FLD24 EP30§
OFC216 FLD9| FLDs OF7216 FLD9| FLDs| — FLD23 (P17
OFC316 FLD9| FLDs OF7316 FLD9| FLD8] — FLD22 (P1ls
0FC416 FLD9| FLDs OF7416 FLD9| FLD8] — FLD21 (P1s
OFC516 FLD9| FLDs OF7516 FLD9| FLDs| — FLD20 (P14
OFC616 FLD9| FLDs OF7616 FLD9| FLD8] — FLD19 (P13
OFC716 FLD9| FLDs OF7716 FLD9| FLDs| — FLD1s (P12
OFC816 FLD9| FLDs OF7816 FLD9| FLD8] — FLDi17 (P11
0OFC916 FLD9| FLDs OF7916 FLD9| FLD8] — FLD1e (Plo
OFCA16 OF7A16

OFCB16 OF7B16

OFCC16 OF7Ca1s6

OFCD16 OF7D16

OFCEz1s OF7Ez16

OFCF16 OF7F16

OFDA16 OF8A16
OFDB16 OF8B16
OFDC16 OF8C16
OFDD16 OF8D16
OFDE16 OF8E16
OFDF16 OF8F16
OFEOQ16 0F9016
OFE1l16 OF9116
OFE216 0F9216
OFE316 0F9316
OFE416 OF9416
OFE516 OF9516
OFE616 OF9616
OFE716 OF9716
OFE816 OF9816
OFE916 0F9916

[ ] - Areawhich is used to set segment data
[ : Area which is used to set digit data
|:| : Area which is available as ordinary RAM
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FLDz1s , FLDw , FLD2 . FLD21 , FLD22, FLD2s, FLD2s , FLD2s
. SUN!MON  TUEWED: THUFRI! SAT ! a
: B O et I I N I | f b
SP EP : | |: | ;| :| || |:AM| ||_| |i|
eSS I o ) R W
, ,«,!,PP, ,,,,,, I pu— i,,,,,,,,,,,i ,,,,,,,,,,, i,:,,i,,,,—,,,j,,,,,,,,—,,,j,ﬁ_ﬂ ,,,,,,,,,,,,
Lok OO0 00 00 00 00 00 00 00 |Fbw
LEVEL R OO 00 OO0 OO0 00 OO0 OO0 OO0 |FLDs
Fig. 2.4.19 FLD digit allocation example
Table 2.4.2 FLD automatic display RAM map example
1 to 16 timing display data stored area Gradation display control data stored area Corresponding
Address |Bit 7 |Bit 6 |Bit5 |Bit4 |Bit3 |Bit2 |Bit1 |Bit0o | |Address |Bit7 |Bit6|Bit5|Bit4 |Bit3|Bit2 |Bit1 |Bito] digitpin
OFBO16 | CH | 9O f e d c b a OF6016 | CH | 9 f e d c b a | — FLD2s (P31
OFBlieé |SAT| 9 f e d c b a OF6l16 |SAT| 9 f e d c b a | — FLD24 (P30
0FB216 | FRI [¢] f e d c b a 0F6216 | FRI [¢] f e d [ b a — FLD23 (P17
OFB316 |WED| ¢ f e d c b a 0F6316 |WED| ¢ f e d c b a | - FLD22(Plse
0FB416 |[MON| ¢ f e d c b a OF6416 [MON| ¢ f e d [ b a — FLD21 (P1s
OFB516 [SUN| ¢ f e d c b a 0F6516 |[SUN| g f e d c b a | — FLD2o (P14
OFB61s | — g f e d c b a OF6616 | — [5] f e d c b a — FLDz1o (P13
OFB716 | m | <« [ Db | 00 | > |REC| SP | EP OF6716 | m [ & [ D> [ 0 [ > [REC| SP | EP | — FLD1s (P12
OFB816 | 0 |00 |00 |00 |00 00100 | 00 OF6816 | (107 | 01 | 0 | 00|00 100 | 00 | 00 | —» FLDa7 (P11
OFB916 | (JJ | 01 | 00 | 00 |00 |00 | OO0 | 00 OF6916 | (1] | 0) | 001 | 001100 00| 00| 00 | — FLD1s (Plo)
OFBA16 OF6A16
OFBB1s OF6B16
OFBCi6 0F6C16
OFBD16 0F6D16
OFBE1s OF6E16
OFBF16 OF6F16
OFCO16 OF7016 — FLD2s (P31
OFCl16 0F7116 — FLD24 (P30
OFC216 OF7216 — FLD23 (P17
OFC316 0F7316 — FLD22 (P1ls
0FC416 OF7416 — FLD21 (P1s
OFC516 0F7516 — FLD2o (P14
OFC616 0F7616 — FLD19 (P13
OFC716 O0F7716 — FLD1s (P12
OFC816 0F7816 — FLD17 (P11
OFC916 OF7916 — FLD1s (Plo
- : Unused
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Control procedure:

( RESET )

Initialization

POD (address 00011s), bit 4—bit 7<— 00002

P2D (address 00051s) < 11111111»
POFPR (address OEF916) < 000000112
P2FPR (address OEFA16) <+ 111111112
FLDM (address OEF416) <+ 101011012
TDISP (address OEF516) < 3216

TOFF1 (address OEF616) < Az

TOFF2 (address OEF716) <— 1016 (Note 1)
FLDDP (address OEF8us) < 000010012

FLD automatic display RAM . Datato be
(addresses OFB01s—OFE915)  display

Gradation display control
RAM
(addresses 0F6016—0F9916)

<« Gradation display
control data (Note 1)

P1FLDRAM (address OEF216) «— 111111112
P3FLDRAM (address OEF316) <— 000000112

(Note 3)
|

IREQ2 (address 003D16), hit6 «— 0

|

1 cycle or more wait

ICONZ2 (address 003F1s6), bit 6 «— 1
FLDM (address OEF41s6), bit 1 <« 1

Main processing

Port direction registers setting

FLD port setting

FLD automatic display function setting

Digit data and segment data setting

Gradation display control data setting
Set “1” for dark display
Set “0” for bright display (Note 2)

Writing data to digit pin disabled

FLD blanking interrupt request bit cleared

Wait until writing to FLD blanking interrupt request
bit is completed

FLD blanking interrupt enabled
FLD automatic display start

Notes 1: When selecting the gradation display, set these

registers, too.

2: The display data can be rewritten at arbitrary

timing.

3: Set these registers according to necessity.

Fig. 2.4.20 Control procedure
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( FLD blanking interrupt routine )

Push registers to stack, etc.

FLDM (address OEF416), bit0 <« 0

P1 (address 00021s) <— 0016

P3 (address 000616), bit 0, bit 1 «— 002
P2FPR (address OEFAz1s) <— 000000002
P2 (address 000416) <— 0016

N

Ll

Set data table for key-scan to P2 (address

000416)
|

Wait for key-scan

Transfer the contents of P04 to POz (address

000016) to RAM

Update the data table pointer for key-scan

Key-scan is completed ? (Note)

Set key-scan completion flag
Initialize data table pointer for key-scan

P2 (address 000416) <— 0016
P2FPR (address OEFA1s6) < 111111112
FLDM (address OEF41s6), bit0 <«— 1

Segment key-scan

Switching from automatic display mode to general-purpose mode
Setting of “L” level to port corresponding to digit

Setting of port to be used for key-scan to general-purpose port
Output of “L” level from all ports for key-scan

Wait until “H” level output of P2 is stabilized

Keys read-in
(Set the port PO direction register (POD) (address
000116) to the input mode in the initialization, etc.)

Data table reference pointer for the next key-scan updated

Setting of flag which judge whether key-scan is completed or not

Output of “L” level from all key-scan ports

Setting of general-purpose ports to FLD ports
Switching from general-purpose mode to the automatic
display mode

Note: If key-scan is not completed within Tscan set
time, perform key-scan separately.

38B5 Group User’'s Manual
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(2) Key-scan using FLD automatic display and digits

Outline: Key read-in with digit output waveforms is performed by software using the FLD automatic
display mode.

POo, P01 [Segment SUEMOETUEﬂEDEU FREAT_
g w1 ¥ O o
P30, P[P |« m 1 T dew] D] ] ew

Digit L OO0 OO0 OO od od Ood od oo
Plo-P17] LEVEL R OO OO OO OO OO OO oo god
P0+—PO7 Panel with fluorescent display (FLD)
38B5 Glroup

Key-matrix

Fig. 2.4.21 Connection diagram

Specifications: <Use of total 20 FLD ports (10 digits, 8 key-scan included; 10 segments)

*Use of FLD automatic display mode
*Display in gradation display mode and 16 timing mode

*Toffl = 40 ms, Toff2 = 64 ms, Tdisp = 204 ms, Tscan = 0 ms, f(Xin) = 4 MHz
*Use of FLD digit interrupt
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Figure 2.4.22 shows the timing chart of key-scan.

. Tdisp,. , Tscan =0 ps
Toff1f—! |
FLDz16 (P1lo) __,F‘} f
' FLD digit interrupt request occur
' Toff2 |
— w
FLD17 (P11) 3 ] : ]
' FLD digit interrupt request occur
FLD1s (P12) | | f ! f
. ! FLD digit interrupt request occur
FLD2s (P31) i . f 1
FLD digit interrupt request occur
FLDo—FLDg
(P20-P27, « o
PQOo, PO1)

Fig. 2.4.22 Timing chart of key-scan using FLD automatic display mode and digits
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Figure 2.4.23 shows the setting of relevant registers.

Port PO direction register (address 000116)

POD [Of0O]OfO

| | | | » Set P04 to P07 to input ports for key-scan input

Port POFLD/port switch register (address OEF916)

POFPR |0|0|0O|0O|0O|0O]|1]|1

‘ ‘ ‘ ‘ ‘ ‘ |—|—>SetPOo, PO1to FLD ports (FLDs, FLDs)

> Set P0—PO0~to general-purpose |/O ports

Port P2FLD/port switch register (address OEFA16)

P2FPR |1]|1|1|1]1|1|1|1

| | | | | | | | > Set P20-P27to FLD ports (FLDo—FLD>7)

FLDC mode register (address OEF416)

FLDM |1|0(1|0|0f(0]|0O]|1

|—> Automatic display mode
Display stopped

0 FLD digit interrupt
> 16 timing mode
Gradation display mode selected
> Tdisp counter count source : f(Xin)/16
> High-breakdown voltage port drivability weak

\ 4

Fig. 2.4.23 Setting of relevant registers
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Tdisp time set register (address OEF516)
50 (3216) set; (50 + 1) O count source = 204 us
TDISP 32 Count source = f(Xin)/16 = 4 us, at f(Xin) = 4 MHz

Toffl time set register (address OEF616)

10 (Ass) set; 10 O count source = 40 ps
TOFFL Ao Count source = f(Xin)/16 = 4 us, at f(Xin) = 4 MHz

Toff2 time set register (address OEF716)
16 (1016) set; 16 O count source = 64 us
TOFF2 10s Count source = f(Xw)/16 = 4 ps, at f(Xin) = 4 MHz

Note: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

FLppp |0|0O|OfO|1(0f0Of1

I > Set {(digit number) — 1} =9

P1FLDRAM write disable register (address OEF216)

P1FLDRAM 1{2)1)1(2|2)1f1

| | | | | | | | > Disable writing to FLDRAM corresponding to P10 to P17.

P3FLDRAM write disable register (address OEF316)

P3FLDRAM 111

I—|—> Disable writing to FLDRAM corresponding to P30, P31.

Interrupt request register 2 (address 003Dzs)

IREQ2 0

| > Clear FLD digit interrupt request bit

Interrupt control register 2 (address 003F1s)

ICON2 |01

| > FLD digit interrupt: Enabled

FLDC mode register (address 0EF416)

FLDM ([1]o0f1|0|0|0|1(1

|—> Display start
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Setting of FLD automatic display RAM:

Table 2.4.3 FLD automatic display RAM map

1 to 16 timing display data stored area Gradation display control data stored area Corresponding
Address | Bit 7| Bit 6 | Bit5 | Bit4 | Bit3|Bit2 |Bit1|Bit0| |Address|Bit7|Bit6|Bit5|Bit4|Bit3|Bit2|Bit1|Bito| digitpin
OFBO016 |FLD7| FLDs|FLDs |FLD4 |FLD3|FLD2 | FLD1| FLDo OF6016 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD2s (P31
OFB116 |FLD7| FLDe6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo OF6116 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD24 (P30
OFB216 |FLD7| FLDs|FLDs |FLD4 |FLD3|FLD2 | FLD1| FLDo OF6216 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD23 (P17
OFB316 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo OF6316 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD22 (P1ls
OFB416 |FLD7| FLDe| FLDs |FLD4 |[FLD3|FLD2 | FLD1| FLDo OF6416 |FLD7|FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD21 (P1s
OFB516 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo 0OF6516 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD20 (P14
OFB616 |FLD7| FLD6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo 0OF6616 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD19 (P13
OFB716 |FLD7| FLD6|FLDs |[FLD4 |FLD3|FLD2| FLD1| FLDo OF6716 | FLD7| FLDs| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD1s (P12
OFB816 |FLD7| FLD6|FLDs |FLD4 |FLD3|FLD2| FLD1| FLDo OF6816 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD17 (P11
0FB916 |FLD7| FLDs| FLDs |FLD4 |[FLD3|FLD2 | FLD1| FLDo 0F6916 |FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo, — FLD1e (P10
OFBA16 OF6A16

OFBB16 OF6B16

OFBCis6 OF6C16

OFBD16 OF6D16

OFBE16 OF6E16

OFBF16 OF6F16

OFCO016 FLD9| FLDs 0F7016 FLD9|FLDs| — FLD2s (P31
OFC1l16 FLD9| FLDs 0F7116 FLD9| FLD8| — FLD24 EP30§
OFC216 FLD9| FLDs OF7216 FLD9| FLDs| — FLD23 (P17
OFC316 FLD9| FLDs OF7316 FLD9| FLD8] — FLD22 (P1ls
0FC416 FLD9| FLDs OF7416 FLD9| FLD8] — FLD21 (P1s
OFC516 FLD9| FLDs OF7516 FLD9| FLDs| — FLD20 (P14
OFC616 FLD9| FLDs OF7616 FLD9| FLD8] — FLD19 (P13
OFC716 FLD9| FLDs OF7716 FLD9| FLDs| — FLD1s (P12
OFC816 FLD9| FLDs OF7816 FLD9| FLD8] — FLDi17 (P11
0OFC916 FLD9| FLDs OF7916 FLD9| FLD8] — FLD1e (Plo
OFCA16 OF7A16

OFCB16 OF7B16

OFCC16 OF7Ca1s6

OFCD16 OF7D16

OFCEz1s OF7Ez16

OFCF16 OF7F16

OFDA16 OF8A16
OFDB16 OF8B16
OFDC16 OF8C16
OFDD16 OF8D16
OFDE16 OF8E16
OFDF16 OF8F16
OFEOQ16 0F9016
OFE1l16 OF9116
OFE216 0F9216
OFE316 0F9316
OFE416 OF9416
OFE516 OF9516
OFE616 OF9616
OFE716 OF9716
OFE816 OF9816
OFE916 0F9916

[ ] - Areawhich is used to set segment data
[ : Area which is used to set digit data
|:| : Area which is available as ordinary RAM
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FLD1s . FLD1s | FLD2o ! FLD21 |, FLD22, FLD23, FLD2a , FLD2s
' SUN/MON  TUEWED!THUFRI| SAT | a
: | T N | f b
SP EP : | |: . | ;| . :| || |:AM| ||_| |i|
o203 1 ) O
, ,«,!,PP, ,,,,,, R — i ,,,,, T,,,:,,,,T ,,,,, i,:,,i,,,,—,,,j,,,,,,,,—,,,j,ﬁ_ﬂ ,,,,,,,,,,,,
L OO0 00 00 00 00 00 00 Qg (FLbr
LEVEL R OO0 OO0 OO0 OO 00 OO OO OO0 |FLDs
Fig. 2.4.24 FLD digit allocation example
Table 2.4.4 FLD automatic display RAM map example
1 to 16 timing display data stored area Gradation display control data stored area Corresponding

Address [Bit 7 |Bit 6 | Bit 5 |Bit 4 |Bit3 [Bit2 [Bit1 |Bit0 | [Address | Bit7 |Bit6 |Bit5 |Bit4 |Bit3 [Bit2 |Bit1 |Bito] digitpin
0FBO16 | CH ¢} f e d c b a OF6016 | CH ¢} f e d C b a — FLD2s5 (P31
OFBlis |SAT| 9 f e d c b a OF6116 |SAT| 9 f e d c b a — FLD24 (P30
OFB216 | FRI g f e d c b a OF6216 | FRI g f e d C b a — FLD23 (P17
OFB316 |WED| ¢ f e d C b a OF6316 |[WED| ¢ f e d c b a — FLD22 (Pls
OFB416 [MON| ¢ f e d C b a OF6416 [MON| g f e d C b a — FLD21 (P1s
OFB516 |[SUN| g f e d C b a OF6516 |[SUN| g0 f e d c b a — FLD20 (P14
OFB616 | — g f e d c b a OF6616 - o] f e d c b a — FLD19 (P13
OFB716 n < D> il > |[REC| SP | EP 0F6716 n < D> on > |REC| SP EP | — FLDis (P12
OFB816 | (I |00 |00 |00 |00 |00 100 | 00 OF6816 | (17| 01 | I | 000|000 100 | O | OO | — FLDa7 (P1s
OFB916 | (11 | IO | 00 | OO 100 000 | O [ 00O OF6916 | OO |00 | 00| 001001000000 ]| — FLD1e (Plo)
OFBA16 0OF6A16
OFBB1s OF6B16
OFBCi6 OF6C16
OFBD16 OF6D16
OFBE16 OF6E16
OFBF16 OF6F16
OFCO016 0F7016 — FLD2s (P31
OFCl1e OF7116 — FLD24 (P30
OFC216 0F7216 — FLD23 (P17
OFC316 0F7316 — FLD22 (Pls
0FC416 0F7416 — FLD21 (P1s
OFCb516 OF7516 — FLD20o (P14
OFC616 OF7616 — FLDa19 (P13
OFC716 OF7716 — FLDis (P12
OFC81s6 OF7816 — FLD17 (P11
0FC916 OF7916 — FLD1e (Plo

- : Unused
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2.4 FLD controller

Control procedure:

(  RESET )

Initialization

POD (address 000116), bit 4—bit 7 4— 00002
POFPR (address OEF91s) < 000000112
P2FPR (address OEFAus) < 111111112
FLDM (address OEF416) < 101000012
TDISP (address OEF516) <— 3216
TOFF1 (address OEF616) < A

TOFF2 (address OEF716) < 1016 (Note 1)
FLDDP (address OEF81s) <— 000010012

FLD automatic display RAM
(addresses OFB016—0FE916)

Data to be
display

Gradation display control
RAM
(addresses 0F6016—0F9916)

<« Gradation display
control data (Note 1)

|

P1FLDRAM (address OEF216) < 111111112
P3FLDRAM (address OEF316) «— 000000112

(Note 3)
|

IREQ2 (address 003D1s), bit6 <— 0

|

1 cycle or more wait

|

ICON2 (address 003Fis), bit6 <« 1
FLDM (address OEF416), bit1 <« 1

Main processing

Port direction register setting

FLD port setting

FLD automatic display function setting

Digit data and segment data setting (Note 2)

Setting of gradation display control data
Set “1” for dark display
Set “0” for bright display (Note 2)

Writing data to digit pin disabled

FLD digit interrupt request bit cleared

Wait until writing to the FLD digit interrupt request
bit is completed

FLD digit interrupt enabled
FLD automatic display start

Notes 1: When selecting the gradation display, set these

registers, too.

2: The display data can be rewritten at arbitrary

timing.

3: Set these registers according to necessity.

Fig. 2.4.25 Control procedure
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2.4 FLD controller

C FLD digit interrupt routine )

Push registers to stack, etc.

Wait for key-scan

Transfer the contents of P04 to POz
(address 000016) to RAM

Store the contents of RAM to the buffer

N

~

—~

v
( RTI )

Digit key-scan

Wait until the digit output is stabilized since the digit
output waveform may become dull depending on the
PCB pattern wiring length etc.

Keys read-in
(Set the port PO direction register (POD) (address
00011s) to the input mode in the initialization, etc.)

38B5 Group User’'s Manual
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2.4 FLD controller

(3) FLD display by software (example of not used FLD controller)
Outline: FLD display and key read-in is performed, using a timer interrupt.

P1o-P17 |pigit . SUlMOlTUEKEDl—lU FREAT_
g o e
POs, P0:|SCIMeNt_| 4 w 1 O O D R ™

Segment L OO0 0O OO0 OO 0O od oo gad
P20-P27 LEVEL R OO OO OO OO OO OO0 oo gd
P0+—P07 {‘ Panel with fluorescent display (FLD)

38B5 Glroup
Key-matrix

Fig. 2.4.26 Connection diagram

Specifications: <Use of 10 digits and 10 segments (8 key-scan included)
*Display controlled by software
*Use of timer 1 interrupt

Figure 2.4.27 shows the timing chart of FLD display by software, and Figure 2.4.28 shows the
enlarged view of P20 to P27 key-scan. Generate the waveform shown Figure 2.4.28 by software and
perform key-scan.

P[] -
zt 1 1

P12 1 L
P31 :

Key-scan

P20-P27,
PQo, P01

Fig. 2.4.27 Timing chart of FLD display by software

0

N

~
.

Fig. 2.4.28 Enlarged view of P2 o to P27 key-scan
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Figure 2.4.29 shows the setting of relevant registers.

Port PO direction register (address 000116)

POD |ofofo0 |0

| I I I » Set P04 to P07 to input ports for key scan input

Port P2 direction register (address 000516)

P2D |1|1|1|1(1|1|1|1

| I I I I I I I » Set P20 to P27 to output ports for key scan output

FLDC mode register (address OEF416)

FLDM (1 00

\_> General-purpose mode
Display stopped

» High-breakdown voltage port drivability weak

Interrupt request register 1 (address 003Cu1s)

IREQ1 0

| » Clear timer 1 interrupt request bit

Interrupt control register 1 (address 003Ee)

ICON1 1

» Timer 1 interrupt: Enabled

Timer 12 mode register (address 002816)

T12M 0

\—> Timer 1 count start

Fig. 2.4.29 Setting of relevant registers

38B5 Group User’'s Manual 2-109



APPLICATION

2.4 FLD controller

P12 1 P13 : Pla + Pls : Ple : P17 : P30 : P31
' SUNMON [TUEWEDTHUFRI'SAT |
S | . T . - | — | — |
l>P|1I|]EPREc |_| _| | |_ | |_|3|_|3AM| ||_|
ST O O W . O )

R 00 00 00 OO0 00 00 OO0 00 |Plo

Fig. 2.4.30 FLD digit allocation example

Table 2.4.5 FLD automatic display RAM map example

Corresponding

Address | Bit 7 | Bit6 | Bit5 | Bit4 | Bit3 |Bit2 [Bit1 |Bito | digitpin
OFBO16 | CH ¢} f e d c b a — P31
OFBlis [SAT| 9 f e d C b a — P30
OFB216 | FRI | @ f e d c b a — P17
OFB316 | WED| 9 f e d C b a — Pls
OFB416 | MON| ¢ f e d C b a — P1s
OFB516 | SUN| ¢ f e d c b a - P14
OFB616 - g f e d C b a - P13
OFB716 | ® | <K | DD | Il | [> |[REC| SP | EP | — P12
OFB81s | (] |00 |00 OO |00 0010000 —» P11
OFB916 | 11 |00 |00 |00 10000100100 — Plo
OFBA1s

OFBB16

OFBC16

OFBD16

OFBE16

OFBF16

OFCO16 - P31
OFCl1e — P30
OFC216 - P17
OFC316 — Pls
OFC416 — P1s
OFCb516 — P14
OFC616 — P13
OFC716 — P12
OFC816 - P11
0FC916 — P1lo

- : Unused

(The automatic display is not performed because FLD controller is not used.)
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Control procedure:

APPLICATION

2.4 FLD controller

RESET

Initialization

POD (address 000116), bit 4—bit 7 +— 00002

P2D (address 000516) <« 111111112
FLDM (address OEF416) <+— 1XXXXX002
IREQ1 (address 003Czi¢), bit5 <=0

ICON1 (address 003Ez1¢), bit5 <1
T12M (address 00281s), bit 0 0

)

( Timer 1 interrupt routine )

Push registers to stack, etc.

PO (address 00001s6), bit O, bit 1 <~ 002
P1 (address 000216) <« 0016
P2 (address 000416) < 0016
P3 (address 00061s¢), bit O, bit 1 <~ 002

All column display is completed ?

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

Port direction registers setting

Timer 1 interrupt request bit cleared

Wait until completion of writing to timer 1 interrupt request bit

Timer 1 interrupt: Enabled
Timer 1 count start

Segment key-scan

FLD display turned off

Set data table for key-scan to P2 (address 000416)

Wait for key-scan

Transfer the contents of PO4 to PO7
(address 000016) to RAM

Update the data table pointer for key-scan

Key-scan is completed ?

P2 (address 000416)

PO (address 000016), bit 0, bit 1 «— Segment

P3 (address 00061s), bit 0, bit 1

P1 (address 000216) <« Digit data

Wait until “H” level output of P2 i
is stabilized.

~

Keys read-in
(Set the port PO direction register (POD) (address
000116) to the input mode on initialization, etc.)

Fig. 2.4.31 Control procedure

38B5 Group User’'s Manual
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(4) Display by combination with digit expander (M35501FP*) (basic combination example)

* For M35501FP,

refer to section “3.12 M35501FP” .

Outline: The fluorescent display which has many display numbers (36 segments [0 16 digits) is
displayed by using the digit expander (M35501FP).

38B5 Group M35501FP
P50 RESET
P51 SEL
P87 CLK o
P20—-P27 OVFIN _I
P0o—P07 DIGo—DIG1s
Plo-P17
P30-P37 Digit (16) Fluorescent display (FLD)
P80—P83
DISC REC DATE
TRACK SLEEP  CLOCK Y M D
Segment (36)
[1]2]3][4]5]6]7]8]9] h m s
><I><M &)

Fig. 2.4.32 Connection

Specifications:

diagram

*Use of M35501FP (M35501FP: 16 digits, 38B5 Group: 36 segments)

Ports P50 and P51 of 38B5 Group supply signals to the RESET and SEL pins of
M35501FP respectively.

The P87 pin (FLD port vacant pin) supply signals to the CLK pin of M35501FP.
*Use of FLD automatic display mode of 38B5 Group

*Display in gradation display mode and 16 timing mode

*Toffl = 40 ps, Toff2 = 64 ps, Tdisp = 204 ps, f(Xin) = 4 MHz

Figure 2.4.33 shows the timing chart of 38B5 Group and M35501FP, and Figure 2.4.34 shows the
timing chart (enlarged view) of digit and segment output.

2-112
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[mass01FP)
RESET

SEL

OVFin

OVFout l_I
i NaipipipiaNpigipipipipipipipipipinipipiy
o h
DIG1 |—| M
DIG2 |—| P r
DIG3 ﬂ

DIG12 : M

DIG13 [

DIG14 M

DIG15 . |_| .

38B5 Group

FLDo—FLD3s ' - -
Pty Paopay ninininininininininininininininininiy

P80—P83)

Fig. 2.4.33 Timing chart of 38B5 Group and M35501FP

CLK . . |_| |—| l_l_
i Tdisp
 —
DiGo =T L
DIGL iToffli —
DIG2 I
iToffZi :
— : .
DIG15 i 5 : M
38B5 Group : : :
FLDo—FLD3s H H H
(P20—P27, POo—P07, : |_| : l_l l_l cee l_l l_l
P10-P17, P30-P37, : :
P80—P83) ' :

Fig. 2.4.34 Timing chart (enlarged view) of digit and segment output
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Figure 2.4.35 shows the setting of relevant registers.

Port POFLD/port switch register (address OEF916)

POFPR |1f1]1|2|21f1]1]|1

| I I I I I I I » Set POo—P07to FLD output ports (FLDs—FLD1s)

Port P2FLD/port switch register (address OEFA1s)

P2FPR 1211|212 f1|1

| I I I I I I I > Set P20—P2-to FLD output ports (FLDo—FLD7)

Port P8FLD/port switch register (address OEFB1s6)

PSFPR |1|0|0f0|1f21]1]|1

‘ ‘ ‘ ‘—|—|—|—>Set P80—P8sto FLD output ports (FLDs2—FLDss)

» Set P8:—P8sto general-purpose 1/O ports
> Set P87to FLD output port (FLDso)

Port P5 direction register (address 000B1s)

PSD |ofo|o|o0|0Of0|1]|1

‘_> Set P5oto output port (for M35501 RESET signal)

Set P5:1to output port (for M35501 SEL signal)

Port P5 (address 000A1s6)

P5 |0f0|0jOfO|O|OfO
‘_> M35501 RESET signal output (Note 1)
M35501 SEL signal “L” output

Note 1: After retain RESET signal output “L” for 2 pus or more, release reset by outputting “H” level
from RESET signal output at CLK signal = “L” .

Fig. 2.4.35 Setting of relevant registers
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FLDC mode register (address OEF416)

FLDM [1]|o0|1|(0f0|0|0O|1

|_, Automatic display mode
Display stopped

Tscan = 0 FLD digit interrupt

16 timing mode

Gradation display mode selected

Tdisp counter count source : f(Xin)/16
High-breakdown voltage port drivability weak

Y VY

Y VY

Tdisp time set register (address OEF516)

50 (321s) set; (50 + 1) O count source = 204 us
Count source = f(Xin)/16 = 4 us, at f(Xm) =4 MHz

TDISP 3216

Toffl time set register (address OEF616)

10 (Ass) set; 10 O count source = 40 ps

TOFFL Aus Count source = f(Xin)/16 = 4 us, at f(Xm) =4 MHz

Toff2 time set register (address OEF716) (Note 2)

10 16 (1016) set; 16 O count source = 64 us
TOFF2 1 Count source = f(Xn)/16 = 4 ps, at f(Xn) = 4 MHz

Note 2: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

FLDDP (O|O|0O|O|1f 11|12

| | | | | | | | > Set {(digit number) — 1} = 15

FLDC mode register (address OEF416)

FLDM |1(0|1|0|0f0O|1(1

|—> Display start

38B5 Group User's Manual
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Setting of FLD automatic display RAM:

Table 2.4.6 FLD automatic display RAM map

Corresponding

1 to 16 timing display data stored area Gradation display control data stored area digit pin of
Address | Bit 7| Bit 6 | Bit5 | Bit4 | Bit3| Bit2| Bit1 | Bit0| |Address |Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 |Bit 1 | Bit 0 M35501FP
0FBO016 | FLD7|FLDé|FLDs|FLD4| FLD3| FLD2|FLD1|FLDo 0F6016 |FLD7|FLDe6|FLDs |FLD4|FLD3|FLD2 |[FLD1|FLDo| _, D|G1s
OFB1l16 OF6116 — DIG14
O0FB216 0F6216 — DIG13
OFB316 0F6316 — DIG12
0FB416 0F6416 — DIG11
OFB516 OF6516 — DIG10
QFB616 QF6616 — DIGy
OFB716 0F6716 — DIGs
OFB816 QF6816 — DIG7?
OFB916 0F6916 — DIGs
OFBA16 OF6A16 — DIGs
OFBB16 OF6B16 — DIGs
OFBCi6 OF6C16 — DIG3
OFBD16 0F6D16 — DIG2
OFBE16 e e e e e e L8 | | OF6E1s vyl el el el 818 5 DIG
OFBF16 OF6F16 — DIGo
0FCO016 |[FLD15|FLD14FLD13[FLD12FLD11FLD10/FLD9 |FLDs 0F7016 [FLD15FLD14FLD13FLD12FLD11|FLD10| FLD9 | FLD8
OFC1lie OF7116
OFC216 OF7216
OFC316 OF7316
OFC416 OF7416
OFC516 OF7516
OFC616 0F7616
OFC716 OF7716
OFCB816 0F7816
QFC916 QF7916
OFCA16 OF7A16
OFCB16 OF7B16
OFCCi1s6 OF7C1e
OFCD1s6 OF7D1e
OFCE16 U A A N N A A A N A 0] =4 =51 AN SEES SNTL SNER SNER SEER SmEn
OFCF16 OF7F1s
OFD016 [FLD23FLD22|FLD21|FLD20FLD19|FLD1gFLD17[FLD16 0F8016 |FLD23FLD22FLD21FLD20FLD19FLD1gFLD17/FLD16g
OFD116 0OF8116
OFD216 0F8216
OFD316 0F8316
QFD416 0F8416
OFD516 OF8516
OFD616 0F8616
OFD716 OF8716
OFD816 OF8816
0FD916 0F8916
OFDA16 OF8A16
OFDB16 OF8B16
QFDC16 QF8Ci1e
OFDD16 OF8D16
OFDE16 Al i I N El Eh Eh . OF8E16 A I i N B N .

OFDF16 OF8F16
OFEQ16 [FLD31|FLD30[FLD29|FLD28FLD27|FLD26|FLD25[FLD24| 0F9016 |[FLD31|FLD30|FLD29|FLD2gFL D27|FLD26|FLD25s|FLD24
OFE1l16 0F9116
QFE216 0F9216
OFE316 0F9316
QFE416 0F9416
OFE516 0F9516
OFE616 0F9616
OFE716 0F9716
OFE816 0F9816
OFE916 0F9916
OFEA16 0F9A16
OFEB16 0F9B16
OFEC16 0F9Cie
OFED16 0F9D16
OFEE16 U N A A 0] S ST AL SNER SN SNEN SNER SNER SEER
QOFEF16 QF9F16
OFFQ16 /1/ FLD35|FLD34FLD33|FLD32 0OFAOQ16 FLD3s|FLD34FLD33FLD32
OFF116 4/ OFAl16 A7
OFF216 (/X OFA216 /%
OFF31s 1/, OFA316 A7
OFF416 %) OFA416 /X
OFF516 V1, OFA516 A/
OFF616 1,4/, OFA616 /X
OFF716 /1 OFA716 [/ /"
OFF816 /47 OFA816 /¥
OFF916 71/ OFA916 (/A
OFFA6 /47 OFAA1s /%)
OFFB16 /1) OFAB16
OFFC16 /47 OFAC16 A7
OFFD16 (/% OFAD16
OFFE16 [/47 I W [ W | W | [oFAF1s A2 Ilw vV |
OFFF16 /7 OFAF16 /A

/] : CLK signal set area to M35501FP

YN .

Ry : Unused
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[DIG1][DIG2 |[DIGs ][ DIG4][ DIGs] [ DIGs]|[ DIG7 [ DIGs] [ DIGs][DIG1d

700 | Fol| 02| Fo3| Fod
2010220 518 1 fo280t 019
FLD5 | FLD6| FLD7|FLD8 | FLD L
FLD1( FLD17,
FL010|FLp11 FLo1ZFLD13FLD14
oo e10 \7 fre1l
DISC REC DATE| FLD15|FLD16 FLD17FLD18FLD1Y o 09 E
-m,

TRACK SLEEP  [CLOCK Y m D1 hozokortozzrozdnond
‘ 1 H 2 H 3 H 4 H 5 H 6 H 7 H 8 H 9‘ FLD25|FLD26FLD27|FLD28FLD29|
h m S
L030|FL0315L032F1033]FL034) ID|

FL026 FL027

FLDO FLol

[o]11]12]13]14]15]16]17][18] - -

ool quql |

[28] 29]30][31][32]33] 34| 3536 REC
- " :
[12120] 2322/ 23] 22/ 28] 28] 22
EIEIESEEIE EEES

Fig. 2.4.36 FLD digit allocation example

Control procedure:
Figure 2.4.37 shows the control procedure.

RESET

Initialization
POFPR (address OEF916) «— 111111112 FLD port setting
P2FPR (address OEFA1) «— 11111111>
P8FPR (address OEFB1s) <«— 100011112
FLDM (address OEF416) <— 101000012 FLD automatic display function setting
TDISP (address OEF516) «— 3216
TOFF1 (address OEF616) <— A
TOFF2 (address OEF716) <— 1016 (Note 1)
FLDDP (address OEF815) <«— 000011112
P5D (address 000B1s6) < 000000112 Port direction registers setting
P5 (address 000Az16) <— (000000002 RESET to M35501FP =“L",

. SEL =“L” signal output set

P5 (address 000A16) <— 000000012 RESET of M35501FP released (Note 2)

FLD automatic display RAM <— Data to be Setting of CLK data to M35501FP and
(address OFBO6—0FFFs) display segment data (Note 3)

Gradation display control data setting

Gradation displ trol Gradation
racation display control «— ! Set “1” for dark display

RAM display control o : 4
(addresses OF601s—0FAF1s)  data (Note 1) Set “0" for bright display (Note 3)
FLDM (address OEF41¢), bit 1<+ 1 FLD automatic display start

Main processing

too.

release reset while CLK signal is “L".
3: The display data can be rewritten at

Notes 1: When selecting the gradation display, set these registers,

2: After retaining RESET signal output “L” for 2 ps or more,

arbitrary timing.

Fig. 2.4.37 Control procedure
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(5) Display by combination with digit expander (M35501FP*) (example considering column discrepancy
prevention)
* For M35501FP, refer to section “3.12 M35501FP" .

Outline: In the case of (4), which is displayed by using the digit expander (M35501FP), if a noise
enters signals between 38B5 Group and M35501FP, a column discrepancy of display may
occur. Prevent the column discrepancy by using the OVFour output of M35501FP.

The OVFour pin of M35501FP outputs an overflow signal. The overflow signal is the
signal which outputs “H” synchronizing to the last digit output signal of M35501FP, and
the signal is output at definite intervals in the correct state. Incorrect state is detected by
measuring the output period of this signal, and a column discrepancy is prevented.

38B5 Group M35501FP
P50 RESET
P51 SEL
P87 CLK
CNTR1 OVFour ﬁ'
P20—P27 OVFIN
P0o-P07 DIGo—DIG15
Plo—P17
P30-P37 Digit (16) Fluorescent display (FLD)
P80—P83
DISC REC DATE
TRACK SLEEP CLOCK
Segment (36)
(1] 2][3] 4]5] 6] 7][8] 9]

10]11]12]13[14]15]16]17] 18]
19][20] 21]22][23] 24] 25] 26] 27|
28] 29]/30]31)[32] 33/ 34] 35 36] DQDQI I

Fig. 2.4.38 Connection diagram

Specifications: <Use of M35501FP (M35501: 16 digits, 38B5 Group: 36 segments)
Ports P50 and P51 of 38B5 Group supply signal to the RESET and SEL pins of
M35501FP respectively.
The P87 pin (FLD port vacant pin) supply signals to the CLK pin of M35501FP.
*Use of FLD automatic display mode of 38B5 Group
*Display in gradation display mode and 16 timing mode
*Toffl = 40 ps, Toff2 = 64 us, Tdisp = 204 ps, f(Xin) = 4 MHz
Countermeasures against — *OVFour output of M35501FP input to CNTR: pin of 38B5 Group
column discrepancycolumn Input signal to CNTR: pin is counted as a count source by timer
discrepancy 4 of 38B5 Group
The timer 6 interrupt is generated each time FLD display period
(Tdisp (204 ps) O 16 column = 3.264 ms), and a value of timer
4 is confirmed. M35501FP is reset at incorrect state.

Figure 2.4.39 shows the timing chart (at correct state) of 38B5 Group and M35501FP, and Figure
2.4.40 shows the timing chart (at incorrect state) of 38B5 Group and M35501FP.
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RESET
SEL
OVFin
OVFout
CLK
DIGO

DIG1

DIG14

DIG15

38B5 Group

FLDo—FLDss
(P20—P27, POo—P07,
Plo—P1l7, P30—P37,
P80—P83)

] ]

5 5

Blig Blig

T T
pii JEt

I I

NOONNO0NN0nn0nn0nnonne

Fig. 2.4.39 Timing chart (at

correct state) of 38B5 Group and M35501FP

RESET
SEL
OVFin
OVFour
CLK
DIGO

DIG1

DIG14

DIG15

38B5 Group

FLDo—FLDss
(P20—P27, P0o—P07,
Plo—P1l7, P30—P37,
P80—P83)

|—| Noise

M

ainininininininindndninintnkulnivinindnlnln

Column discrepancy occur

Fig. 2.4.40 Timing chart (at incorrect state) of 38B5 Group and M35501FP
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Figure 2.4.41 shows the setting of relevant registers.

POFPR |1]1)1(1]1|1|1|1

> Set POo—P07to FLD output ports (FLDs—FLDzs)
Port P2FLD/port switch register (address OEFA1s)

P2FPR |11 |1 (1)1 (1|1 (1

> Set P20—P27to FLD output ports (FLDo—FLD7)
Port P8FLD/port switch register (address OEFB1s)

pgFPR (1 (00|01 (1)1 (1

|—|—|—|—> Set P80—P8sto FLD output ports (FLD3>—FLDz3s)

> Set P84—P8sto general-purpose I/O ports
» Set P87to FLD output port (FLDso)

Port P5 direction register (address 000B16)

PSD 1|11

|—> Set P5oto general-purpose output port (for M35501 RESET signal)

Set P5:to general-purpose output port (for M35501 SEL signal)

Port P5 (address 000Azs)

P5 0|0

l—» M35501 RESET signal output (Note 1)
M35501 SEL signal “L” output

Note 1: After retain RESET signal output “L” for 2 us or more, release reset by
outputting “H” level from RESET signal output at CLK signal = “L" .
FLDC mode register (address OEF416)

FLDM (1(0]1]j0|0|0(O (1

|—> Automatic display mode
Display stopped

Tscan = 0 FLD digit interrupt
16 timing mode
> Gradation display mode selected
> Tdisp counter count source : f(Xin)/16
» High-breakdown voltage port drivability weak

Tdisp time set register (address 0EF516)

50 (3216) set; (50 + 1) O count source = 204 us

TDISP 321 Count source = f(Xn)/16 = 4 ps, at f(Xn) = 4 MHz

Toffl time set register (address OEF616)

10 (Ass) set; 10 O count source = 40 us
TOFFL OAss Count source = f(Xi)/16 = 4 pis, at f(Xn) = 4 MHz

Toff2 time set register (address 0EF716) (Note 2)

16 (1016) set; 16 [ count source = 64 s
Count source = f(Xin)/16 = 4 ps, at f(Xin) =4 MHz

TOFF2 1016

Note 2: Perform this setting when the gradation display mode is selected.

Fig. 2.4.41 Setting of relevant registers
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FLD data pointer (address OEF816)

FLDDP [0|O|O|Of21f1|1]1

| | | | | | | | » Set {(digit number) — 1} = 15

Interrupt edge selection register (address 003Az16)

INTEDGE | 0

| > CNTRu1 pin rising edge active

Timer 34 mode register (address 002916)

T34M (O 1|0 1

‘ ‘ |—> Timer 4 count stop, count start at FLD display started
» Timer 4 count source: External count input CNTR1

Timer 4 (address 002316)

Check value of T4 each time timer 6 interrupt occurrence

T4 FFie When the value is FEzs, it is judged as correct state

Timer 56 mode register (address 002A16)

T56M (0| 0]0|1]|0|0|1]|1

|—> Timer 5 count stop, count start at FLD display started

Timer 6 count stop, count start at FLD display started
Timer 5 count source: f(Xin)/8
Timer 6: Timer mode

» Timer 6 count source: Timer 5 underflow

» P44 1/0 port

Timer 5 (address 002416)

T5 0716

) Timer 6 interrupt occurs at 3.264 ms intervals
Timer 6 (address 002516) P

T6 CBus

Interrupt request register 2 (address 003Dzs)

IREQ2 0

|—> Clear timer 6 interrupt request

Interrupt control register 2 (address 003Fz16)

ICON2 | 0 1

l—» Timer 6 interrupt enabled

FLDC mode register (address OEF416)

FLDM |1(0|1(0|0f0Of1(1

|—> Display start
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Control procedure:

Figure 2.4.42 shows the control procedure.

RESET

Initialization

POFPR (address OEF916) < 11111111>
P2FPR (address OEFA16) <« 111111112
P8FPR (address OEFB16) < 1XXX11112
FLDM (address OEF41s) <— 101000012
TDISP (address OEF516) < 3216

TOFF1 (address OEF616) < A

TOFF2 (address OEF71s) < 1016 (Note 1)
FLDDP (address OEF8us) < XXXX11112
P5D (address 000Bz16) <= XXXXXX112
P5 (address 000A1s6) <+ XXXXXX002
T34M (address 002916) <« 0X10XX1X2

INTEDGE (address 003As), bit 74— 0

T4 (address 002316) <+ FFie
T56M (address 002A16) <= 000100112
T5 (address 002416) = 716

T6 (address 002516) <+ CB1s

P5 (address 000A1s) <+ XXXXXX012

FLD automatic display RAM <— Data to be
(addresses OFB016—0FFF1s) display

|

Gradation display control < Gradation
RAM display control
(addresses OF6016—0FAF16)  data (Note 1)

|

IREQ2 (address 003D1s6), hit2 < 0
ICON2 (address 003Fi¢), bit2 < 1
T34M (address 002916), bit0 < 0
T56M (address 002Az1¢), bit 0, 1 <+ 002
FLDM (address OEF416), bit1 < 1

y
Ll

Main processing

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

FLD port setting

FLD automatic display function setting

Port direction register setting

RESET to M35501FP =“L”, SEL =“L" signal output setting
Timer 4 setting

Timer 5, timer 6 setting

RESET of M35501FP released (Note 2)

Setting of CLK data to M35501FP and
segment data (Note 3)

Setting of gradation display control data
Set “1” for dark display
Set “0” for bright display (Note 3)

Timer 6 interrupt enabled
Timer 4, timer 5, timer 6 count start (Note 4)

FLD automatic display start (Note 4)

Fig. 2.4.42 Control procedure
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( Timer 6 interrupt routine )

Push registers to stack, etc.

Correct

Check timer 4 data ?

Incorrect data (except FEis)

Error processing
FLDM (address OEF41¢), bit 1 <+— 0

Transfer present display contents to work RAM

P5 (address 000A16) ¢ XXXXXX002

P5 (address 000A1s) < XXXXXX012

FLD automatic display RAM <« Data to be
(addresses OFB016—0FFF1s) display

|

Gradation display control _ Gradation
RAM display control
(addresses OF6016—0FAF16)  data (Note 1)

T56M (address 002A1s), bit 0, 1 <+ 002
FLDM (address OEF416), bit1 <+ 1

P2
Y

T4 (address 002316) «— FFis

Pop regi.sters

data (FEzse)

Interrupt occurs each time FLD display cycle = 3.264 ms

Only 1 time (=FEaus) is correct.

FLD turned off

Display data is retained as backup.

Setting of RESET to M35501FP = “L”",
SEL = “L" signal output

Releasing RESET of M35501FP (Note 2)

Setting of CLK data to M35501FP
Setting of segment data by display data
of backup
(Note 5)

Setting of gradation display control data
Set “1” for dark display
Set “0” for bright display

Timer 5, timer 6 count start (Note 4)
FLD turned on, automatic display start (Note 4)

Setting of timer 4 again

‘ Notes 1: When selecting the gradation display, set these registers,

C RTI )

too.

2: After retaining RESET signal output “L” for 2 ps or more,
release reset while CLK signal is “L".

3: The display data can be rewritten at arbitrary timing.

4: Synchronize count start timing of timer 5 and timer 6 with
FLD automatic display start timing as possible.

5: Set segment data of M35501FP at reset and others
according to necessity.

Check of OVFour output number during FLD display cycle
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2.4.4 Notes on use

e Set a value of 0316 or more to the Toffl time set register.

e When displaying in the gradation display mode, select the 16 timing mode by the timing number control
bit (bit 4 of FLDC mode register (address 0EF416) = “0").
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2.5 A-D converter
This paragraph describes the setting method of A-D converter relevant registers, notes etc.

2.5.1 Memory assignment

Address

003216 A-D control register (ADCON)
003316 | A-D conversion register (low-order) (ADL)
003416 |A-D conversion register (high-order) (ADH)

~v ~v
nY nY
003D16 Interrupt request register 2 (IREQ2)
003F16 Interrupt control register 2 (ICON2)
Fig. 2.5.1 Memory assignment of A-D converter relevant registers
2.5.2 Relevant registers
A-D control register
b7 b6 b5 b4 b3 b2 bl b0
| | A-D control register

11 111 1 (ADCON: address 3216)

i i i i i i i i b Name Functions At reset| R W
i i i i i i i i___ 0 | Analog input pin b3 b2 bl b0 0 @) EO
A R selection bits 000 0: P70/ANo |

T S A R 000 1: P71/AN1 |
A En 00 10: P72/AN2 :
Proror 001 1: P73/AN3 0 oio
AR 010 0: P74/AN4 i
P — 010 1: P75/ANs :
R SO 2 0110: P76/AN6 0 |00
oror 0111:P77/AN7 |
Pl . 100 0: P62/SRDY1/AN8 |
R 3 100 1: P63/ANe o |[oio
Pl 1 0 1 O: P64/INT4/SBUsY1/AN10 |
Pl 101 1: P65/SsTB1/AN11 |
ool ] 4 | AD conversion 0: Conversion in progress 1 [oi0o
Pl completion bit 1: Conversion completed !

R | 5 | Nothing is arranged for these bits. These are 0 O X
R 6 | write disabled bits. When these bits are read 0 JOiX
G 7| out, the contents are “0”. 0 O ' X

Fig. 2.5.2 Structure of A-D control register
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A-D conversion register (low-order)

b7 b6 b5 b4 b3 b2 b1l b0

A-D conversion register (low-order)
(ADL: address 3316)

A R o Functions Atreset|R iW
i1 b 411 [0 Nothing is arranged for these bits. These are write Undefined[ O 1 X
T A A A 1 | disabled bits. When these bits are read out, the Undefined| O i X
S A [ | contents are “0". Undefined| O | X
I 3] Undefined| O | X
N 4] Undefined| O | X
R 5 Undefined| O | X
S | 6 | These are A-D conversion result (low-order 2 bits) Undefined| O 1 X
o 7 | stored bits. This is read exclusive register. Undefined| O 1 X
Note: Do not read this register during A-D conversion.
Fig. 2.5.3 Structure of A-D conversion register (low-order)
A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (high-order)

Attt b1 (ADH: address 3416)

Pl bbb Functions Atreset|R iW
b oiob b i [ o Thisis A-D conversion result (high-order 8 bits) stored [Undefined| O X
i i i i i i I | 1 | bits. This is read exclusive register. Undefined| O i X
A T A | 2| Undefined| O i X
T T R T SO — | 3| Undefined[ O | X
A 4| Undefined| O | X
T 5] Undefined| O | X
N S 6| Undefined| O | X
b 7 Undefined| O T X

Note: Do not read this register during A-D conversion.

Fig. 2.5.4 Structure of A-D conversion register (high-order)
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2
(IREQ2 : address 3D1s6)

_______________________

are “0".

disabled bit. When this bit is read out, the contents

b Name Functions Atreset|R EW
0 | Timer 4 interrupt 0 : No interrupt request issued 0 oD
request bit (Note) |1 : Interrupt request issued I
1 | Timer 5 interrupt 0 : No interrupt request issued 0 o'0
request bit 1 : Interrupt request issued |
2 | Timer 6 interrupt [0 : No interrupt request issued 0 OO
request bit 1 : Interrupt request issued i
3 [ Serial I/02 receive |0 : No interrupt request issued 0 o0
interrupt request bit |1 : Interrupt request issued i
4 | INTa/Serial 1/02 0 : No interrupt request issued 0 o0
transmit interrupt |1 : Interrupt request issued |
request bit (Note) i
5 | INT4 interrupt 0 : No interrupt request issued 0 Oi g
request bit 1: Interrupt request issued i
A-D converter i
interrupt request bit !

6 | FLD blanking 0 : No interrupt request issued 0 o:0
interrupt request bit |1 : Interrupt request issued i
FLD digit interrupt |
request bit i
7 | Nothing is arranged for this bit. This is a write 0 OiX

[: “0” can be set by software, but “1” cannot be set.
Note: In the mask option type P, if timer 4 interrupt whose count source is

CNTR1 input and INT3 interrupt are selected, these bits do not

become “1”.

Fig. 2.5.5 Structure of interrupt re

quest register 2
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Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 2
(ICON2 : address 3F16)

rm——————

b Name Functions Atreset|R W
| 0 [Timer 4 interrupt [0 : interrupt disabled 0 0:0
enable bit (Note) 1 : Interrupt enabled !

1 | Timer 5interrupt |0 : interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled i

2 | Timer 6 interrupt |0 : interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled ;

3 | Serial /02 receive |0 : interrupt disabled o |O!0
interrupt enable bit |1 : Interrupt enabled i

4 | INT3/Serial 1/02 0 : interrupt disabled 0 0:0
transmit interrupt 1: Interrupt enabled |
enable bit (Note) !

5 [INT4 interrupt 0 : interrupt disabled o |00
enable bit 1 : Interrupt enabled !
A-D converter |
interrupt enable bit i

6 | FLD blanking 0 - interrupt disabled o |00
interrupt enable bit |1 : Interrupt enabled |
FLD digit interrupt i
enable bit |

7 [ Fix “0” to this bit. 0 0:0

Note: In the mask option type P, timer 4 interrupt whose count source
is CNTR1 input and INT3 interrupt are not available.

Fig. 2.5.6 Structure of interrupt control register 2
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2.5.3 A-D converter application examples
(1) Read-in of analog signal
Outline: The analog input voltage input from a sensor is converted to digital values.

Figure 2.5.7 shows a connection diagram, and Figure 2.5.8 shows the setting of relevant registers.

P70/ANo Sensor

38B5 Group

Fig. 2.5.7 Connection diagram

Specifications: <Conversion of analog input voltage input from sensor to digital values
*Use of P70/ANo pin as analog input pin

A-D control register (address 003216)

ADCON 0(0|O]|O]O

| I I I » Analog input pin : P70/ANo selected

> A-D conversion start

A-D conversion register (high-order) (address 003416)

ADH (Read-only)

| I I I I I I I > A result of A-D conversion is stored (Note).

A-D conversion register (low-order) (address 003316)

ADL (Read-only)

[

> A result of A-D conversion is stored (Note).

Note: After bit 4 of ADCON is set to “1”, read out both registers in order of ADH (address
003416) and ADL (address 0033z1s6) following.

Fig. 2.5.8 Setting of relevant registers
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Control procedure: A-D converter is started by performing register setting shown Figure 2.5.8.
Figure 2.5.9 shows the control procedure.

~
~

ADCON (address 00321s), bit 0—bit 3 ~ 00002 * P70/ANo pin selected as analog input pin
ADCON (address 00321s), bit 4 <0 * A-D conversion start

|
.

ADCON (address 003216), bit 4 ? « Judgment of A-D conversion completion

Read out ADH (address 00341s6) « Read out of high-order (b9-b2) conversion result

Read out ADL (address 003316) * Read out of low-order (b1, b0) conversion result

!

—~

~

Fig. 2.5.9 Control procedure
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2.5.4 Notes on use

(1) Analog input pin
m Make the signal source impedance for analog input low, or equip an analog input pin with an
external capacitor of 0.01 puF to 1 pF. Further, be sure to verify the operation of application

products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when

signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

m When the P64/INT4/Seusvi/AN1o pin is selected as analog input pin, external interrupt function (INTa4)
becomes invalid.

(2) A-D converter power source pin
The AVss pin is A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect it as following :
* AVss : Connect to the Vss line

e Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

(3) Clock frequency during A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
e f(XIN) is 250 kHz or more
e Use clock divided by main clock (f(Xi)) as internal system clock.
e Do not execute the STP instruction and WIT instruction
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2.6 PWM

This paragraph describes the setting method of PWM relevant registers, notes etc.

2.6.1 Memory assignment

Address
001416 PWM register (high-order) (PWMH)
001516 PWM register (low-order) (PWML)
7 ~
002616 PWM control register (PWMCON)
Fig. 2.6.1 Memory assignment of PWM relevant registers
2.6.2 Relevant registers
PWM register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
| | PWM register (high-order)

N N S N S - (PWMH: address 1416)
i i i i i i i i b Functions At reset|R W
i i i i i i i i___ 0 | * High-order 8 bits of PWMo output data is set. |undefined| O : O
e I~ The values set in this register is transferred to - i
A | 1] the PWM latch each sub-period cycle (64 ps). |Undefined) O | &
A 2| (Atf(X) =4 MHz) Undefined| O 1O
i i i i i —1 ¢« When this register is read out, the value of the _ *
Py T | 3| PWM register (high-order) is read out. Undefined| O } O
J R S— P Undefined| O {O
o e 5 Undefined| O | O
oo 6 Undefined| O 1O
PR 7 Undefined OEO

Fig. 2.6.2 Structure of PWM register (high-order)
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PWM register (low-order)

b7 b6 b5 b4 b3 b2 bl b0
PWAM register (low-order)
(PWML: address 1516)

i b Functions At reset|R 'W

___| 0 | * Low-order 6 bits of PWMo output data is set. Undefined| O 1O
 The values set in this register is transferred to - i
bt | 1] the PWM latch at each PWM cycle period Undefined| O io
S 2 | (4096 ps). Undefined| O 1O
—1 (Atf(Xin) =4 MHz) T

"""""" 3 |+ When this register is read out, the value of the |Undefined| O ;O

R 4 | PWM latch (low-order 6 bits) is read out. Undefined| O 1O
: ] 5 Undefined| O EO
i 6 Nothing is arranged for this bit. This bit is a Undefined| O : 0O

““““““““““ write disabled bit. When this bit is read out, the 1
contents are “0”".

7 |+ This bit indicates whether the transfer to the Undefined| O
PWM latch is completed.
0: Transfer is completed
1: Transfer is not completed
e This bit is set to “1” at writing.

Fig. 2.6.3 Structure of PWM register (low-order)

PWM control register

b7 b6 b5 b4 b3 b2 bl b0

PWM control register
(PWMCON: address 2616)

b Name Functions At reset
0 |P87/PWM output 0: 1/O port 0
selection bit 1: PWM output

1 [Nothing is arranged for these bits. These are

| 2 |write disabled bits. When these bits are read out,
3 |the contents are “0”.

olo|o|o|o|o|lo|l o] =x
x| x| x|x|x|x|x| o=

i
(ol o] (o} (e} (e} (e} (o)

Fig. 2.6.4 Structure of PWM control register
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2.6.3 PWM application example

(1) Control of VS tuner
Figure 2.6.5 shows a connection diagram, and Figure 2.6.6 shows the setting of relevant registers.

VS tuner
ANT

P87/PWMo/FLD39 Filter VT
0-32V

38B5 Group

Fig. 2.6.5 Connection diagram

Outline: < Control of VS tuner by using the 14-bit resolution PWMo output function
e f(Xiw) = 4 MHz

PWM control register (address 002616)

PWMCON 1

|—> Select PWM output

Note: The PWM output function has priority even when the
bit corresponded to the P87 pin of the port P8 direction
register is set to the input mode.

PWM register (high-order) (address 00141s)

PWMH

» Set high-order 8 bits (N) of a 14-bit data to be output
Note: Depending on data (N) of the high-order 8 bits, the period (250

O N) of the “H” level during the sub period (64 ps) is
determined.

PWM register (low-order) (address 001516)

PWML

> Set low-order 6 bits (m) of a 14-bit data to be output

Note: Depending on data (m) of the low-order 6 bits, the number of
sub period to which the ADD bit is to be added within the
repetitive cycle consisting of 64 sub periods is determined.
When output data is written to the PWM register (low-order),
bit 7 of this register becomes “1”. When completing to transfer

data from the PWM register (low-order) to the PWM latch, bit 7
becomes “0".

Fig. 2.6.6 Setting of relevant registers
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Control procedure: PWM waveform is output to the external by setting relevant registers shown
Figure 2.6.6. This PWMo output is integrated through the low pass filter and
converted into DC signals for control of the VS tuner.

Figure 2.6.7 shows the control procedure.

The P87/PWMo/FLDss pin is set to the PWM
PWMCON (address 002616), bit 0 ¢— 1 ouputpin. P

PWMH (address 001415) 4— Data to be After setting data, PWM waveform
PWML (address 00151s) output corresponding to the new data is output from
¢ the next repetitive cycle.

!

~

~

Fig. 2.6.7 Control procedure
2.6.4 Notes on use
e For PWMo output, “L” level is output first.

e After data is set to the PWM register (low-order) and the PWM register (high-order), PWM waveform
corresponding to new data is output from next repetitive cycle.

Sl

f 1

PWMo output data  Modified data is output from next
change repetitive cycle.

Fig. 2.6.8 PWMo output
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2.7 Interrupt interval determination function

This paragraph describes the setting method of interrupt interval determination function relevant registers,
notes etc.

2.7.1 Memory assignment

Address

003016 |Interrupt interval determination register (lID)

003116 |Interrupt interval determination control register (IIDCON)

I I
n n

€

v
N

003A16 |Interrupt edge selection register (INTEDGE)

003Ci16 Interrupt request register 1 (IREQ1)

003E16 Interrupt control register 1 (ICON1)

Fig. 2.7.1 Memory assignment of interrupt interval determination function relevant registers

2.7.2 Relevant registers

Interrupt interval determination register

b7 b6 b5 b4 b3 b2 bl bo
| | | Interrupt interval determination register
(IID: address 3016)

P bbb b Functions At reset|R W
i i i i i i i i___ 0 | * This register stores a value which is obtained |Undefined| O : X
i i i i i i i _____ 1| by counting alfollov:/ini interval with the Undefined| O | X
AR — counter sampling clock. - T

T | 2 | Rising interval Undef?ned O | X
T | 3| Falling interval Undefined| O ! X
S 4| Both edges interval (Note) Undefined| O | X
N 5 (Selected b_y mterr_upt edge selection register) Undefined| O 5
P — * Read exclusive register - ;

R R — 6 Undefined| O 1 X
e 7 Undefined| O . X

Note: When the noise filter sampling clock selection bits (bits 2, 3) of
the interrupt interval determination control register is “00”, the
both-sided edge detection function cannot be used.

Fig. 2.7.2 Structure of interrupt interval determination register
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Interrupt interval determination control register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register

(IIDCON: address 3116)

Pm——————

b Name Functions At reset|R W
1 0 | Interrupt interval 0: Stopped 0 00
determination circuit| 1: Operating :
operating selection !
bit |
1 | Counter sampling | 0: f(XiN)/128 0 0:0
clock selection bit | 1: f(Xin)/256 |
i i b3 b !
2 ’s\la(l)rlr?sli];:léeélock 0 0: Filter is not used. 0 O: ©
3] selection bits (INT2) (1) (1)j I&:Eggi 0 Oi e)
1 1: f(XIN)/128 i
4 | One-sided/both- 0: One-sided edge 0 00
sided edge detection :
detection selection | 1: Both-sided edge i
bit detection (Note) i
| 5 |Nothing is arranged for these bits. These are 0 O X
6 |write disabled bits. When these bits are read 0 0O'X
7 | out, the contents are “0”. 0 O X

Note: When the noise filter sampling clock selection bits (bits 2, 3) is
“00”, the both-sided edge detection function cannot be used.

Fig. 2.7.3 Structure of interrupt interval determination control register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl bO

rm——————

Interrupt edge selection register

(INTEDGE : address 3A16)

b Name Functions Atreset| R W
| 0 [INTointerrupt edge |0 : Falling edge active 0 0i0
selection bit 1 : Rising edge active
1 |INT1 interrupt edge |0 : Falling edge active 0 0:0
selection bit 1 : Rising edge active
INT2 interrupt edge |0 : Falling edge active 0 00
selection bit 1 : Rising edge active !
3 [INT3 interrupt edge |0 : Falling edge active 0 0!0
selection bit (Note) |1 : Rising edge active
4 [INT4 interrupt edge |0 : Falling edge active 0 0:0
selection bit 1 : Rising edge active
5 | Nothing is arranged for this bit. This is a write 0 O i X
disabled bit. When this bit is read out, the !
contents are “0”. i
6 | CNTRo pin edge 0 : Rising edge count 0 0:0
switch bit 1 : Falling edge count
7 |CNTR1pinedge |0 : Rising edge count 0 Oi0
switch bit (Note) 1 : Falling edge count

Note: In the mask option type P, these bits are not available because
CNTRa function and INT3 function cannot be used.

Fig. 2.7.4 Structure of interrupt edge selection register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1
(IREQL1 : address 3C16)

p———————

request bit

1:

issued
Interrupt request issued

b Name Functions At reset|R {W

] 0 |INTo interrupt 0 : No interrupt request 0 0
request bit issued i
1 : Interrupt request issued i

1 [INT1 interrupt 0 : No interrupt request 0 0
request bit issued !

1 : Interrupt request issued i

2 | INT2 interrupt 0 : No interrupt request 0 l U
request bit issued '
Remote controller |1 : Interrupt request issued i
/counter overflow !
interrupt request bit :

3 | Serial /01 interrupt | 0 : No interrupt request 0 PO
request bit issued |
Serial 1/0 automatic| 1 : Interrupt request issued :
transfer interrupt i
request bit !

4 | Timer Xiinterrupt |0 : No interrupt request 0 10
request bit issued i

1 : Interrupt request issued i

5 [ Timer 1 interrupt 0 : No interrupt request 0 | u

request bit issued !
1 : Interrupt request issued ;
6 | Timer 2 interrupt 0 : No interrupt request 0 10
request bit issued |
1 : Interrupt request issued !

7 [ Timer 3 interrupt | 0 : No interrupt request 0 i g
i

[: “0” can be set by software, but “1” cannot be set.

Fig. 2.7.5 Structure of interrupt request register 1
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

| | Interrupt control register 1
(ICONL1 : address 3E1s)

Pl bbb Name Functions Atreset|R "W
b b1 Lo [INTo interrupt 0 : Interrupt disabled 0 OEO
R enable bit 1 : Interrupt enabled
A A A 1 [INTz interrupt 0 : Interrupt disabled 0 0:0
Pl enable bit 1 : Interrupt enabled
S 2 [INT2 interrupt 0 : Interrupt disabled 0 00
P enable bit 1 : Interrupt enabled '
Poro Remote controller i
poror o /counter overflow !
P interrupt enable bit |
N 3 | serial 101 interrupt | 0 : Interrupt disabled 0o |00
Pl enable bit 1 : Interrupt enabled |
poror Serial 1/0 automatic !
Pl transfer interrupt |
poror enable bit i
oo 4 | Timer X interrupt 0 : Interrupt disabled 0 00
A enable bit 1 : Interrupt enabled ;
A 5 | Timer 1 interrupt 0 : Interrupt disabled 0 O 1O
o enable bit 1 : Interrupt enabled
R 6 | Timer 2 interrupt |0 : Interrupt disabled o |OiO
i enable bit 1 : Interrupt enabled
e 7 [ Timer 3iinterrupt [0 : Interrupt disabled o [Oi0
enable bit 1 : Interrupt enabled

Fig. 2.7.6 Structure of interrupt control register 1
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2.7.3 Interrupt interval determination function application examples
(1) Reception of remote-control signal

Outline: Remote-control signal is read in by both of the interrupt interval determination function using

a noise filter and a timer interrupt.

P47/INT2 [ Re.cewer@ <« D alala
unit loooo
Remote controller
38B5 Group

Fig. 2.7.7 Connection diagram
Specifications: < Measurement of one-sided edge interval
e Use of noise filter
e Check of remote control interrupt request within the timer 2 interrupt (488 us
period) processing routine
e Operation at f(Xin) = 4 MHz in high-speed mode

Figure 2.7.8 shows the function block diagram, and Figure 2.7.9 shows a timing chart of data
determination.

Microcomputer hardware Microcomputer software

Determination

Receiver | : Interrupt interval - Data
unit —>»  Noise filtier [ determination F> of headeror [ 1 byte_ )
; register | oon reception check
* « Noise elimination * One-sided edge ' « Read out register * Recognition bit
* One-sided edge interval » Comparison of number of each
detection judgment read out value with code
reference value
Fig. 2.7.8 Function block diagram
b)) ). »)
C C

Input (INT2)
Interrupt request l l l
\ '

PEEREAREEAERE bR b bt dnttaty

| |

Ignore Ignore

(Overflow)

|

1

L
S

'

Timer 2 interrupt
(488 ps)

H H H H H

Interrupt interval H H H H H

determination l l l l l
register read-in

Data determination Ignore Header 0 1 cee 1

-+————1-byte reception

" Check of excess bit

Fig. 2.7.9 Timing chart of data determination
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Figure 2.7.10 shows the setting of relevant registers.

CPU mode register (address 003B1s)

CPUM 0

» High-speed (f(Xin)) mode operation (Note)

Interrupt edge selection register (address 003Az1s6)

INTEDGE 0

|—> INT2 pin: Falling edge active

Interrupt interval determination control register (address 003116)

IIDCON 0j1|]0]1|1

I—» Interrupt interval determination circuit: Operating

Counter sampling clock: f(Xin)/256
Noise filter sampling clock: f(Xin)/64
» One-sided edge detection

Interrupt request register 1 (address 003Czis)

IREQ1

\—> Determination of remote controller/counter overflow interrupt request bit

Interrupt control register 1 (address 003Ez1s)

ICON1 0

\—> Remote controller/counter overflow interrupt: Disabled

Interrupt interval determination register (address 00301s6)

IID

Ll P I]] » Determination of header/data (0/1) with this value

Note: The interrupt interval determination
function cannot be used in the low-
speed mode.

Fig. 2.7.10 Setting of relevant registers
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Control procedure: When the registers are set as shown Figure 2.7.10, remote-control signals are
receivable. Figure 2.7.11 shows the control procedure, and Figure 2.7.12 shows
the reception of remote-control data (timer 2 interrupt).

RESET e X: This bit is not used here. Set it to “0" or “1”
arbitrarily.

CPUM (address 003Bzs), bit 6 <40

Initialization
SEI

INTEDGE (address 003Aus), bit 2 €— 0

IIDCON (address 003116) <4— XXX101112
IREQ1 (address 003Ca1s) <4— 0
NOP
ICON1 (address 003Ezs) <40
CLI

Fig. 2.7.11 Control procedure
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C Timer 2 interrupt )
|

Push registers to stack etc.

Input edge ?

(IREQL, bit 2 = ?)

Clear edge (IREQ1, bit 2 = 0)

During checking
excess bit ?

Y

Number of bits error

During checking excess

Excess bit
determined counter

(Excess bit is found)
‘ Read IID (address 003016)

C RTI )
Y

Time error

=FFi ?

over ?
Y
Fixed data
1ID (address 00301s) ( RTI )

C RTI )

Out of range of O or 1

v

Start receiving data etc.

In range of 0

C RTI )

In range of data, O or 1 ?

Time error CY «1

CY -0

-
-<<

C RTI )

Shift reception data

Complete to
receive ?

Start checking excess bit

<
<

C RTI )

Fig. 2.7.12 Reception of remote-control data (timer 2 interrupt)
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2.8 Watchdog timer

The watchdog timer is a 20-bit down-count counter consisting of a low-order 8 bits and a high-order 12 bits.
“1” is subtracted from the watchdog timer each time a count source inputs.
This paragraph describes the setting method of watchdog timer relevant register, notes etc.

2.8.1 Memory assignment

Address

002B16

Watchdog timer contort register (WDTCON)

Fig. 2.8.1 Memory assignment of watchdog timer relevant register

2.8.2 Relevant register

The watchdog timer starts counting by writing an arbitrary value to the watchdog timer control register.

Figure 2.8.2 shows the structure of the watchdog timer control register.

Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer control register
(WDTCON: address 2B16)

i b Name Functions At reset|R (W
t__| 0 | watchdog timer H 1 OiX
_____ | 1 [ (high-order 6 bits of reading exclusive) 1 O. X
_____ 2] 1 |Oix
_____ | 3] 1 [Oix
_____ | 4| 1 Oix
_____ 5 1 OiX
_____ 6 [ STP instruction 0: STP instruction enabled 0 0:i0
disable bit 1. STP instruction disabled i
_____ 7 | Watchdog timer H 0: Watchdog timer L 0 0i0
count source underflow !
selection bit 1: f(XIN)/16 or f(XCIN)/16 i

Fig. 2.8.2 Structure of watchdog timer control register
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2.8 Watchdog timer

2.8.3 Watchdog timer application examples

Outline: When a program runs away, the watchdog timer makes the microcomputer return to the
reset state.

Specifications:

Figure 2.8.3 shows the connection of watchdog timer and the setting of the division ratio.

*When the watchdog timer H underflows, it is judged as incorrect program, and the
microcomputer is returned to the reset state.
*Bit 7 of the watchdog timer control register is set to “0” at 1-cycle intervals in the
main routine before underflow of the watchdog timer H. (Initialization of watchdog

timer value)
*Use of watchdog timer L underflow as count source of watchdog timer H

*Setting of main clock division ratio to f(Xi) (high-speed mode)

Figure 2.8.4 shows the setting of relevant registers.

Fixed

f(Xin) =4 MHZ —

Watchdog timer L Watchdog timer H

1/8

RESET

1/256

Reset
circuit

1/4096

2>

STP instruction disable bit

STP instruction

D

—» Internal reset

Fig. 2.8.3 Connection of watchdog timer and setting of division ratio

CPU mode register (address 003B16)

CPUM |O

0

0

0

0

|—|—> Single-chip mode

Main clock (Xin-Xout): Oscillating

\ 4

High-speed (f(Xin)) mode operation
Internal system clock: Xin-Xout

\ 4

\ 4

Watchdog timer control register (address 002B16)

WDTCON |0

0

» STP instruction: Enabled
» Watchdog timer H count source:

Underflow of watchdog timer L

Fig. 2.8.4 Setting of relevant registers
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Figure 2.8.5 shows the control procedure.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
SEI

CLT

CLD

CPUM (address 003Bis) 4— 000XXX002 CPU mode register setting
: (single-chip mode, main clock oscillating, high-speed mode)

CLI

Count of watchdog timer start

WDTCON (address 002B1s) 4— O00XXXXXXz (STP instruction enabled, WDTH count source)

Main processing

Fig. 2.8.5 Control procedure
2.8.4 Notes on use

e The watchdog timer continues to count even while waiting for stop release. Accordingly, make sure that
watchdog timer does not underflow during this term by writing to the watchdog timer control register
(address 002B1s) once before executing the STP instruction, etc.

e Once a “1” is written to the STP instruction disable bit (bit 6) of the watchdog timer control register
(address 002Bu1s), it cannot be programmed to “0” again. This bit becomes “0” after reset.
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2.9 Buzzer output circuit

The output frequency can be selected from 1 kHz, 2 kHz, or 4 kHz (at f(Xw) = 4.19 MHz), and the output
port can be selected between either the Buzo1 pin or the Buzo2 pin.
This paragraph describes the setting method of buzzer output circuit relevant register, notes etc.

2.9.1 Memory assignment

Address

OEFD16 [ Buzzer output control register (BUZCON)

Fig. 2.9.1 Memory assignment of buzzer output circuit relevant register

2.9.2 Relevant register

The buzzer output circuit starts outputting a buzzer by setting the buzzer output ON/OFF bit (bit 4) of the
buzzer output control register.

Figure 2.9.2 shows the structure of the buzzer output control register.

Buzzer output control register

b7 b6 b5 b4 b3 b2 bl b0
Buzzer output control register
(BUZCON: address OEFD1s6)

A L) Name Functions At reset|R IW
i1 1 111 i__|o|Output frequency  [bibo 0 00
N A R selection bits 0 0: 1 kHz (f(XIN)/4096) ;
AR — 0 1: 2 kHz (f(XIN)/2048) :
e 1 10: 4 kHz (f(XIN)/1024) 0 |©i0
Pl 1 1: Not available |
A 2 |Output port b3b2 _ 0 00
Do selection bits 0 0: P20 and P43 function :
T T B as ordinary ports. |
oo 0 1: P43/Buzo1 functions as :
T A — a buzzer output. .
T T R S—— 3 1 0: P20/Buzoz2/FLDo 0 0.0
oo functions as a buzzer |
Py output. :
I 1 1: Not available ;
S S 4 |Buzzer output 0: Buzzer output OFF (“0” 0 0:0
P ON/OFF bit output) !
P 1: Buzzer output ON i
A | 5 [Nothing is arranged for these bits. These are 0 |OIX
T | 6 | write disabled bits. When these bits are read 0 |OIX
] 7 |out, the contents are “0”". 0 0 X

Fig. 2.9.2 Structure of buzzer output control register
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2.9.3 Buzzer output circuit application examples
Outline: A buzzer output is performed by using the buzzer output circuit.

Specifications: <f(Xin) = 4.19 MHz, buzzer output frequency = 4 kHz
*Buzzer output from Buzo1 pin

Figure 2.9.3 shows the connection of buzzer output circuit and the setting of the division ratio.
Figure 2.9.4 shows the setting of relevant register. Figure 2.9.5 shows the control procedure.

Port latch

f(Xin) = 4.19 MHz —| 1/1024 Buzzer output
|_ (4 kHz)

Buzzer output ON/OFF bit

Output port control signal
Port direction register

Fig. 2.9.3 Connection of buzzer output circuit and setting of division ratio

Buzzer output control register (address OEFDuie)

BUZCON o|0f1)|1]0

|—|—> Output frequency: 4 kHz (f(Xin)/1024)
P4s/Buzoi: Buzzer output

» Buzzer output: OFF

Fig. 2.9.4 Setting of relevant register

RESET © X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
SEI
CLT
CLD
BUZCON (address OEFD16) €— XXX001102 Buzzer output control register setting
. (output frequency = 4 kHz, Buzo: output,
Ci_l buzzer output OFF)

—~

=

BUZCON (address OEFDzs), bit 4 ¢— 1

~

Buzzer output ON

—~

Fig. 2.9.5 Control procedure
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2.10 Reset circuit

The reset state is caused by applying an “L” level to the RESET pin. After that, the reset state is released
by applying an “H” level to the RESET pin, so that the program is executed in the middle-speed mode from
the contents of the reset vector address.

2.10.1 Connection example of reset IC

Figure 2.10.1 shows the example of power-on reset circuit. Figure 2.10.2 shows the system example which
switches to the RAM backup mode by detecting a drop of the system power source voltage with the INT
interrupt.

I ‘ Vce
Power source
Output
M62022L RESET
— Delay capacity
GND T 0.1uF
Vss
S 38B5 Group
Fig. 2.10.1 Example of power-on reset circuit
System power
source voltage < Vee
+5V z
77
Vcel
RESET RESET
Vee2  INT INT

AAA
wy

Vss
V1 GND Cd—
; 38B5 Group
777 777

M62009L, M62009P, M62009FP

Fig. 2.10.2 RAM backup system example
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2.10.2 Notes on use

1)

(2)

Reset input voltage control
Make sure that the reset input voltage is 0.5 V or less for Vcc of 2.7 V.
Perform switch to the high-speed mode when power source voltage is within 4.0 to 5.5 V.

Countermeasure when RESET signal rise time is long

In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :

* Make the length of the wiring which is connected to a capacitor as short as possible.

« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

2-150

38B5 Group User’'s Manual



APPLICATION

2.11 Clock generating circuit

2.11 Clock generating circuit

2.11.1 Relevant register
Figure 2.11.1 shows the structure of the CPU mode register.

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0
| | CPU mode register
(CPUM, CM: address 3B16)

i i i Pl b Name Functions Atreset|R iW
T O B [ 1 01: ;
T T A O 1 10: > Not available o |00
T R R 11: i
AR A 2 [Stack page 0:Page 0 0o |0i0
Poro selection bit 1:Page 1 !
bono P 3 | Xcourt drivability 0: Low drive 1 0:0
Poron selection bit 1: High drive |
S 4 | Port Xc switch bit | 0: 1/0 port function 0 00
ol 1: XcIN-XcouT oscillation :
i i i function :
R 5 [Main clock (XiN- | 0: Oscillating 0 |0j0
o XouT) stop bit 1: Stopped !
bl 6 | Main clock division |0: f(Xin) (high-speed mode)| 1 0:0
5 ratio selection bit [ 1: f(XiN)/4 (middle-speed |
! mode) i
b 7 | Internal system 0: XIN-XouT selection o |00
clock selection bit (middle-/high-speed :
mode) i
1: XcIN—XcouT selection :
(low-speed mode) :

Fig. 2.11.1 Structure of CPU mode register
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2.11.2 Clock generating circuit application examples
(1) Status transition during power failure

Outline: The clock is counted up every one second by using the timer interrupt during a power
failure.

Input port [€&—— Power failure detection signal
(Note)

38B5 Group

Note: Signal is detected by inputting to each input port,
interrupt input pin, and analog input pin.

Fig. 2.11.2 Connection diagram

Specifications: <Reducing power dissipation as low as possible while maintaining clock function

*Clock: f(Xin) = 4.19 MHz, f(Xcn) = 32.768 kHz
*Port processing
Input port: Fixed to “H” or “L” level on the external
Output port: Fixed to output level that does not cause current flow to the external
(Example) When a circuit turns on LED at “L” output level, fix the
output level to “H".
I/O port: Input port — Fixed to “H” or “L” level on the external
Output port - Output of data that does not consume current
Vrer: Stop to supply to reference voltage input pin by external circuit

Figure 2.11.3 shows the status transition diagram during power failure and Figure 2.11.4 shows the
setting of relevant registers.

Reset released Power failure detected

+ A

XIN

N I //ATAVAVAVAVA VAVAVAVAN

Internal Midd'e:SPeeX High-speed modei >< Low-speed mode
system clock [mode ;

A —

Change internal system  After detecting, change internal system clock to

clock to high-speed low-speed mode and stop oscillating Xin-Xout
mode

Xcin-XcouT oscillation function selected

Fig. 2.11.3 Status transition diagram during power failure
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CPU mode register (address 003B1e)

CPUM 00|00 0|0

» Main clock: High-speed mode (f(Xin)) (Note 1)

CPU mode register (address 003B1s)

CPUM |0O(0O(0O(1 0|0

(Note 2) |
» Port Xc: Xcin-XcouT oscillation function

CPU mode register (address 003B1e)

CPUM |1]0(0]|1 0|0
I(NoteZ)

» Internal system clock: Low-speed mode (f(Xcin))

CPU mode register (address 003Bze)

CPUM |1(0f1 (121 0]0

(Note 2) |
» Main clock f(Xin): Stopped

Notes 1: This setting is necessary only when selecting the high-
speed mode.
2: When selecting the middle-speed mode, bit 6 is “1".

Fig. 2.11.4 Setting of relevant registers
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Control procedure: Set the relevant registers in the order shown below to prepare for a power
failure.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
CPUM (address 003Bus), b!t 6 «— 0 When selecting main clock f(Xin) (high-speed mode)
CPUM (address 003B1e), bit 4 ¢— 1 Port Xc: Xcin-Xcour oscillation function

N
Detect power failure ? i
—~

CPUM (address 003Bis), bit 7 ¢— 1 (Note) Internal system clock: f(Xcin) (low-speed mode)
CPUM (address 003Bzs), bit 5 ¢— 1 (Note) Main clock f(Xin) oscillation stopped
Set so that timer interrupt occurs every one At a power failure, clock count is performed during
second ] ) timer interrupt processing (every second).
Execute WIT instruction

Return condition from power failure
concluded ?

Return processing from power failure

Note: Do not switch at one time.

Fig. 2.11.5 Control procedure
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(2) Counting without clock error during power failure
It keeps counting without clock error during a power failure.
*Reducing power consumption as low as possible while maintaining clock function

Outline:
Specifications:
*Clock: f(Xi) = 4.19 MHz
*Sub clock: f(Xcn) = 32.768 kHz
*Use of Timer 3 interrupt

For the peripheral circuit and the status transition during a power failure, refer to “Figures 2.11.2

and 2.11.3".
Figure 2.11.6 shows the structure of clock counter, Figures 2.11.7 and 2.11.8 show the setting of

relevant registers.

Timer 1 interrupt Timer 3 interrupt

1 second counter 1 minute counter

Timer 1 Base counter
244 pstoC oo ' e ' 1second ™"~
f(XiN) =4.19 MHz —>| 1/16 > 1/64 > ---->»,1/256 :—>. 1/16 :—> ------ ! !
| |- [ I—
A .
T T . Minute/Time/Day/
| | + Month/Year
When the system returns from a N
power failure, add the time taken /
for the switching processing for the ‘/
return. !
| '
Timer 1 Timer 2 Timer 3 ,"
<At power failure> 244 s ',:
f(Xcin) =32.768 kHz ————>| 1/8 > ---->» |1/256 > 1/16 —>
I 1
' | : Software timer

: Hardware timer

Fig. 2.11.6 Structure of clock counter
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CPU mode register (address 003B1s)

CPUM (00|01 0|0

| > Port Xc: Xcin-XcouT oscillation function

CPU mode register (address 003Bz1s)

CPUM (1]0]0|1 o0

| » Internal system clock: f(XiN) (high-speed mode)

Timer 1 (address 002016)

T1 3F16 Set (Division ratio -1); 63 (3F16)

Timer 12 mode register (address 002816)

Ti2m (0|0|0j0f1(0Of0O]|O

\—> Timer 1 count: Operating
Timer 2 count: Operating

Timer 1 count source: f(XiN)/16
Timer 2 count source: Timer 1 underflow
> P45 1/0 port

A\

Timer 34 mode register (address 00291s)

T34M (0|0 01 0

\—> Timer 3 count: Operating
Timer 3 count source: Timer 2 underflow

> P46 1/0 port

Interrupt request register 1 (address 003Czis)

IREQ1 (O 0
‘ |

Interrupt control register 1 (address 003Ez1s)

Set “0” to timer 1 interrupt request bit
Set “0” to timer 3 interrupt request bit

A\

A\ 4

ICON1 1

» Timer 1 interrupt: Enabled

Fig. 2.11.7 Initial setting of relevant registers

2-156 38B5 Group User’'s Manual



APPLICATION

2.11 Clock generating circuit

T12M

CPUM

CPUM

ICON1

T1

T2

T3

Timer 12 mode register (address 002816)

0|1

J—|—> Timer 1 count source: f(XcIN)

CPU mode register (address 003Bu1s)

110(0]|1 0|0

> Internal system clock: f(Xcin) (low-speed mode)

CPU mode register (address 003B1s6)

1]10(1]|1 0|0

» Main clock f(Xin): Stopped

Interrupt control register 1 (address 003Eus)

1 0
| » Timer 1 interrupt: Disabled
> Timer 3 interrupt: Enabled
Timer 1 (address 00201s) \

0716

Timer 2 (address 002116)

> Set (Division ratio — 1)

Timer 3 (address 002216)

OF16 j

FFis (T1 =7 (0716), T2 = 255 (FF16), T3 = 15 (OF16))

Fig. 2.11.8 Setting

of relevant registers after detecting power failure
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2.11 Clock generating circuit

Control procedure:
failure.

Set the relevant registers in the order shown below to prepare for a power

RESET

Initialization

CPUM (address 003B1s), bit 4
CPUM (address 003Bzs), bit 6
T1 (address 002016)

T12M (address 002816)

T34M (address 002916)

Base counter (internal RAM)
1 second counter (internal RAM)
ICONL1 (address 003Ezs), bit 5

4_
4_
4_
"_
"_

IREQ1 (address 003Cis), bit 7, bit 5 ¢—

{’_
‘)_
‘)_

1

0

3F16
000010002
00XX01X02
0,0

FF1e

OF16

1

Detect power failure ?

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Port Xc: Xcin-Xcourt oscillation function

When selecting main clock f(Xin) (high-speed mode)

Setting for making base and one second counters activate during
timer 1 interrupt

In the normal power state, these software counters generate one
second.

T12M (address 00281s), bit 3, bit 2
ICON1 (address 003Ezs), bit 5
CPUM (address 003Bzs), bit 7
CPUM (address 003Bzs), bit 5
IREQ1 (address 003Czs), bit 7, bit
T1 (address 00201s)

T2 (address 002116)

T3 (address 002216)

<_
‘_
‘_
‘_
5 ¢—
‘_
‘_
‘_

0,1

0

1 (Note)
1 (Note)
0,0
0716
3F6

OF 16

ICONL1 (address 003Ez1s6), bit 7 4¢— 1

Execute WIT instruction

satisfied ?

Return condition for power failure is

Return processing from power failure

x

Timer 1 count source: f(Xcin)

Timer 1 interrupt: Disabled

Internal system clock: f(Xcin) (low-speed mode)
Main clock f(Xin): Oscillation stopped

Setting for generating timer 3 interrupt every second
Generation of one second by hardware timer during
power failure

Timer 3 interrupt: Enabled

Timer 3 interrupt occurs every second
(return from wait mode)

Note: Do not switch at one time.

Fig. 2.11.9 Control procedure
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2.11 Clock generating circuit

( Timer 3 interrupt routine )

Push registers to stack etc.

Count 1 minute (internal RAM) counter

1 minute counter overflow ?

Modify time, day, month, year

i,
<
RTI
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MEMORANDUM
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APPENDIX

3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
\Y/eole: Power source voltage -0.3t07.0 \%
VEE Pull-down power source voltage Vcc—-45to Vee +0.3 \%
Vi Input voltage P47, P50-P57, P61-P65, P70— -0.3to Vcc +0.3 \%

P77, P84—P87, P90, P91
Vi Input voltage P40-P46, P60 —-0.31t0 13 \
Vi Input voltage P00-P07, P20-P27, P80—P83 Vcc—45to Vee +0.3 \
Vi Input voltage RESET, XIN All voltages are —0.3 10 Ve +0.3 v
based on Vss.
Vi |nput Voltage XCIN Output transistors —0.3to Vcc +0.3 \Y
Vo Output voltage P00-P07, P10-P17, P20—P27, are cut off. Vee — 45 to Vee +0.3 Y,
P30-P37, P80-P83
Vo Output voltage P50-P57, P61-P65, P70-P77, —0.3to Vce +0.3 v
P84—P87, P90, P91, XourT,
XcouTt
Vo Output voltage P40-P4e, P60 -0.3t0 13 \%
Pd Power dissipation Ta=-20to0 65 °C 800 mwW
Ta=651t085°C 800-12.50 (Ta-65) mw
Topr Operating temperature —20 to 85 °C
Tsty Storage temperature —-40to 125 °C

3-2
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3.1 Electrical characteristics

3.1.2 Recommended operating conditions

Table 3.1.2 Recommended operating conditions (1)
(Vec=4.0t0 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
\Y/ele Power source voltage In high-speed mode 4.0 5.0 5.5 V
In middle-/low-speed mode 2.7 5.0 5.5 V
Vss Power source voltage 0 \%
VEE Pull-down power source voltage Vcec-43 Vcc \%
VREF Analog reference voltage (when A-D converter is used) 2.0 Vce \%
AVss Analog power source voltage 0 V
VIA Analog input voltage AN0—AN11 0 Vcc V
VIH “H” input voltage P40-P47, P50-P57, P60—P65, P70-P77, 0.75Vcc Vcc Vv
P90, P91
VIH “H” input voltage P84—P87 0.4Vcc Vcc \
VIH “H” input voltage P0o—PO07 0.8Vcc Vcc \
VIH “H” input voltage P20-P27, P80-P83 0.52Vcc \Yele: \
VIH “H” input voltage RESET 0.8Vcc \Yele: \
VIH “H” input voltage XIN, XCIN 0.8Vcc Vcc \
ViIL “L” input voltage P40-P47, P50-P57, P60—P65, P70-P77, 0 0.25Vcce \Y
P9, P91
ViL “L” input voltage P84—P87 0 0.16Vcc V
ViL “L” input voltage P00—P07, P20-P27, P80—P83 0 0.2Vcc V
ViL “L” input voltage RESET 0 0.2Vcc V
ViL “L” input voltage XIN, XCIN 0 0.2Vcc V
> |OH(peak) H” total peak output current (Note 1) -240 mA
P00-P07, P10—P17, P20-P27, P30-P37, P80-P83
> |OH(peak) “H” total peak output current (Note 1) -60 mA
P50-P57, P61—P65, P70-P77, P90, P91
ZloL (peak) “L” total peak output current (Note 1) 100 mA
P50-P57, P60—P65, P70-P77, P90, P91
> loL (peak) “L” total peak output current (Note 1) 60 mA
P40-P46, P84—P87
> |OH(avg) “H" total average output current (Note 1) -120 mA
P00-P07, P10—P17, P20-P27, P30-P37, P80-P87
> |OH(avg) “H” total average output current (Note 1) -30 mA
P50-P57, P61—P65, P70-P77, P90, P91
ZloL(avg) “L” total average output current (Note 1) 50 mA
P50-P57, P60—P65, P70-P77, P90, P91
>loL(avg) “L” total average output current (Note 1) 30 mA
P40-P46, P84—P87
|OH(peak) “H” peak output current (Note 2) -40 mA
P00-P07, P10—P17, P20-P27, P30-P37, P80-P83
|0H(peak) “H” peak output current (Note 2) -10 mA
P50-P57, P61-P65, P70-P77, P84—-P87, P90, P91
|0OL(peak) “L” peak output current (Note 2) 10 mA
P50-P57, P61-P65, P70-P77, P84—P87, P90, P91
0L (peak) “L” peak output current (Note 2) 30 mA
P40-P46, P60
|OH(avg) “H" average output current (Note 3) -18 mA
P00-P07, P10—-P17, P20-P27, P30-P37, P80-P83
|0H(avg) “H” average output current (Note 3) -5 mA
P50-P57, P60—-P65, P70-P77, P84—-P87, P90, P91
|0L(avg) “L" average output current (Note 3) 5 mA
P50-P57, P61-P65, P70-P77, P84—P87, P90, P91
|0OL(avg) “L” average output current (Note 3) 15 mA
P40—P46, P60

Notes 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an
average value measured over 100 ms. The total peak current is the peak value of all the currents.

2: The peak output current is the peak current flowing in each port.
3: The average output current loL (avg), IoH(avg) in an average value measured over 100 ms.
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3.1 Electrical characteristics

Table 3.1.3 Recommended operating conditions (2)
(Vcc=4.0t0 5.5V, Ta=-20to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
f(CNTRo) Clock input frequency for timers 2, 4, and X (duty cycle 50 %) 250 kHz
f(CNTR1)
f(XIN) Main clock input oscillation frequency (Note 1) 4.2 MHz
f(XcIN) Sub-clock input oscillation frequency (Notes 1, 2) 32.768 50 kHz

Notes 1: When the oscillation frequency has a duty cycle of 50%.
2: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency on condition that f(XCIN) < f(XIN)/3.

3.1.3 Electrical characteristics

Table 3.1.4 Electrical characteristics (1)
(Vcc=4.0t05.5V, Ta=-20 to 85 °C, unless otherwise noted)

i Limits )
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOH “H” output voltage P00-P07, P10-P17, P20-P27, IOH = -18 mA Vce-2.0 \
P30-P37, P80—P83
VOH “H” output voltage P50-P57, P60—P65, P70-P77, loH = -10 mA vee-2.0 \
P84—P87, P90, P91
VoL “L” output voltage P50-P57, P61-P65, P84-P87, loL =10 mA 2.0 \%
P90, P91
VoL “L” output voltage P40-P4s, P60 loL = 15 mA 0.6 2.0 \
VT+VT- | Hysteresis P40-P42, P45-P47, P5, P60, 0.4
P61, P64 (Note 1)
VT+=VT- Hysteresis RESET, XIN 0.5 \
VT+VT- Hysteresis XCIN 0.5 \
IIH “H” input current P47, P50—P57, P61-P6s, Vi=Vce 5.0 HA
P70-P77, P84—P87
IIH “H” input current  P40—P4s, P60 Vi=12V 10.0 WA
IIH “H” input current  POo-P07, P20-P27, P80—P83 (Note 2)| VI=Vcc 5.0 HA
IH “H” input current  RESET, XCIN Vi=Vcc 5.0 HA
IIH “H” input current ~ XIN Vi=Vcc 4.0 HA
L “L” input current  P40-P47, P60 Vi=Vss -5.0 HA
I “L” input current  P50-P57, P61-P65, P70-P77, Vi=Vss -5.0 HA
P84—P87, P90, P91 Pull-up “off”
Vcc=5V,VI=Vss -30 -70 -140 HA
Pull-up “on”
Vece=3V,Vi=Vss -6.0 -25 —45 HA
Pull-up “on”
I “L” input current  P00-P07, P20-P27, P80-P83 (Note 2)| VI=Vss -5.0 HA
liL “L"input current  RESET, XCIN Vi=Vss -5.0 HA
I “L” input current  XIN Vi=Vss -4.0 HA
ILOAD Output load current  POo-P07, P1o-P17, P30-P37 | VEE =Vcc-43V, 300 600 900 HA
VoL =Vcc
Output transistors “off”
ILEAK Output leak current  P00-P07, P10-P17, P20-P27, | VEE =VcCCc-43V, -10 HA
P30-P37, P80-P83 VoL =Vcc-43V
Output transistors “off”
IREADH “H” read current  P00—P07, P20-P27, P80-P83 Vi=5V 1 HA
VRAM When clock is stopped 2 5.5 \

Notes 1: P42, P45, P4s, and P60 of the mask option type P do not have hysteresis characteristics.

2: Except when reading ports PO, P2, or P8.
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Table 3.1.5 Electrical characteristics (2)
(Vcc =4.0to 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

- Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
Icc Power source current High-speed mode 7.5 15 mA
f(XIN) = 4.2 MHz
f(XcIN) = 32 kHz
Output transistors “off”
High-speed mode 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XcIN) = 32 kHz
Output transistors “off”
Middle-speed mode 3 mA
f(XIN) = 4.2 MHz
f(XCIN) = stopped
Output transistors “off”
Middle-speed mode 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XCIN) = stopped
Output transistors “off”
Low-speed mode 60 200 HA
f(XIN) = stopped
f(XcIN) = 32 kHz
Low-power dissipation mode (CM3 = 0)
Output transistors “off”
Low-speed mode 20 40 A
f(XIN) = stopped
f(XcIN) = 32 kHz (in WIT state)
Low-power dissipation mode (CM3 = 0)
Output transistors “off”
Increment when A-D conversion is executed 0.6 mA
All oscillation stopped (in STP state) | Ta =25 °C 0.1 1 HA
Output transistors “off” Ta=85°C 10 LA
3.1.4 A-D converter characteristics
Table 3.1.6 A-D converter characteristics
(Vcc =4.0t0 5.5V, Vss =0V, Ta=-20to 85 °C, f(XiN) = 250 kHz to 4.2 MHz in high-speed mode, unless otherwise noted)
. Limit .
Symbol Parameter Test conditions - Imes Unit
Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy (excluding quantization error) Vcec =VREF=5.12V +1 2.5 LSB
TCcoNnv Conversion time 61 62 tc(@
IVREF Reference input current VREF =5.0V 50 150 200 HA
17 Analog port input current 0.5 5.0 HA
RLADDER Ladder resistor 35 kQ

38B5 Group User’'s Manual
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3.1 Electrical characteristics

3.1.5 Timing requirements and switching characteristics

Table 3.1.7 Timing requirements
(Vcc=4.0t05.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Note: Ports P2 and P8 need external resistors.

Symbol Parameter - Limits Unit
Min. Typ. Max.
twW(RESET) Reset input “L” pulse width 2.0 us
tc(XIN) Main clock input cycle time (XiN input) 238 ns
tWH (XIN) Main clock input “H” pulse width 60 ns
tWL(XIN) Main clock input “L” pulse width 60 ns
tc(XCIN) Sub-clock input cycle time (XcIN input) 20 us
tWH(XCIN) Sub-clock input “H” pulse width 5.0 ps
tWL(XCIN) Sub-clock input “L” pulse width 5.0 us
tC(CNTR) CNTRo, CNTR1input cycle time 4.0 us
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 1.6 us
tWL(CNTR) CNTRo, CNTR1input “L” pulse width 1.6 us
twWH(INT) INToto INT4input “H” pulse width 80 ns
tWL(INT) INToto INT4input “L” pulse width 80 ns
tC(SCLK) Serial /0 clock input cycle time 0.95 us
tWH(SCLK) Serial 1/0 clock input “H” pulse width 400 ns
tWL(SCLK) Serial 1/0 clock input “L” pulse width 400 ns
tsu(SCLK—SIN) Serial /0 input set up time 200 ns
th(SCLK—SIN) Serial I/O input hold time 200 ns
Table 3.1.8 Switching characteristics
(Vcc=4.0t05.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
tWH(SCLK) Serial /0 clock output “H” pulse width CL =100 pF tc(ScLk)/2-160 ns
tWL(SCLK) Serial I/O clock output “L” pulse width CL =100 pF tc(ScLK)/2—-160 ns
td(SCLK—SoUT) Serial /0O output delay time 0.2tc ns
tv(ScLK—SouT) Serial 1/0 output valid time 0 ns
tr(SCLK) Serial 1/0 clock output rising time CL =100 pF 40 ns
tf(SCLK) Serial /0 clock output falling time CL =100 pF 40 ns
tr(Pch—strg) P-channel high-breakdown voltage CL =100 pF 55 ns
output rising time (Note 1) VEE = Vcc-43 V
tr(Pch—weak) P-channel high-breakdown voltage CL =100 pF 18 ps
output rising time (Note 2) VEE = Vcc—-43 V
Notes 1: When bit 7 of the FLDC mode register (address OEF416) is at “0”.
2: When bit 7 of the FLDC mode register (address OEF416) is at “1".
P52/S High-breakd — R
. 2/SCLK11, - ,P380-P83
o | BB po—p—= Pchamelopen T
P57/SCLK5| )I- cL drain output port )l' cL
(Note) VEE

Fig. 3.1.1 Circuit for measuring output switching characteristics
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Timing Diagram

| {C(CNTR)
) tWH(CNTR) D fWL(CNTR)
CNTRo,CNTR1 S
0.8Vcc 0.2Vee j
) TWH(INT) L TWL(INT) |
INTO-INT4 ,‘< v >’\L e —
| tW(RESET) :
N\ 0.8Vcc
RESET 0.2Vcc 7\/‘
| tcxiny
) TWH(XIN) L TWL(XIN)
0.8Vcc
XIN )r\‘( 0.2Vce 14
| tcxeiny
) tWH(XcIN) L twL(xciN)
XC|N 0.8Vcc )’\‘( 0.2Vce ] /
tc(scLk)
tf(SCLK) tWL(SCLK) tr tWH(SCLK)
—_— L N
0.8Vcc
Scik N 0.2vee g \
tsu(SIN-ScLK) th(ScLK-SIN)
"4 pN
SN DRI oovee D
td(scLk-souT) tv(ScLk-souT)
Sout

Fig. 3.1.2 Timing diagram
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3.2 Standard characteristics
3.2.1 Power source current standard characteristics

At 5.5V

Power source current
(mA)

At4.0V

4.2

>

>

Frequency f(Xin) (MHz)

Fig. 3.2.1 Power source current standard characteristics

600 /

; At55V
Power source current 1000 3
(uA) /
900 ;
800 ;
; At4.0V
700 ;

%

400 /

300

200

N

100 =

4.2

>
>

Frequency f(Xin) (MHz)

Fig. 3.2.2 Power source current standard characteristics (in wait mode)
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3.2.2 Port standard characteristics

Port P30 lon-Vor characteristics (25 °C)
(Same characteristics pins: PO, P1, P2, P3, P80—P83)

loH

(mA)
-100
Vec=5.5V
-90
-80
Vcec=5.0V

Vccs 3.0V

i

N\

0 1.200 2.400 3.600 4.800 6.000
VoH (V)

Fig. 3.2.3 High-breakdown P-channel open-drain output port characteristics (25 °C)

Port P30 lon—VoH characteristics (90 °C)
(Same characteristics pins: PO, P1, P2, P3, P80—P83)

loH
(mA)

-100

Vcc=55V

-90

-80
Vec=5.0V

-70

-60

-50

\Vcc =3.0V
-40
-30 \

-20

-10

0 1.200 2.400 3.600 4.800 6.000
VoH (V)

Fig. 3.2.4 High-breakdown P-channel open-drain output port characteristics (90 °C)
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Port P87 lon-VoH characteristics (25 °C)

(Same characteristics pins: P5, P61—P6s, P7, P84+—P87, P9)

loH
(mA)
-100
-90
-80
-70
-60
-50
40 —— Vec=5.5V
— v
O —— I
szsov"\\\\\\\\\\\
-20
-10 v_t__
=30V T~ \\\\
0 1.200 2.400 3.600 4.800 6.000
VoH (V)
Fig. 3.2.5 CMOS output port P-channel side characteristics (25 °C)
Port P87 lon—VoH characteristics (90 °C)
(Same characteristics pins: P5, P61—P6s, P7, P84—P87, P9)
loH
(mA)
-100
-90
-80
-70
-60
-50
-40
T Vee =55V
30—
T——
—
Vee =5.0 V ‘\-\\\\\\
-20 \\\\\\\\
-10
Vcec =3.0V I
0 1.200 2.400 3.600 4.800 6.000
Von (V)

Fig. 3.2.6 CMOS output port P-channel side characteristics (90 °C)
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loL
(mA)
100

90

80

70

60

50

40

30

20

10

Port P87 lo.—VoL characteristics (25 °C)

(Same characteristics pins: P5, P61—P6s, P7, P84+—P87, P9)

Vcc=55V
//
/
/ Vec=5.0V
/ Vec=3.0V
1.200 2.400 3.600 4.800 6.000
Vot (V)

Fig. 3.2.7 CMOS output port N-channel side characteristics (25 °C)

loL
(mA)
100

90

80

70

60

50

40

30

20

10

Port P87 lo.—VoL characteristics (90 °C)

(Same characteristics pins: P5, P61—P6s, P7, P84+—P87, P9)

Vec=50VvV_— |

Vee=3.0V

/
S

1.200 2.400 3.600

4.800 6.000
Vo (V)

Fig. 3.2.8 CMOS output port N-channel side characteristics (90 °C)
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Port P4o loL-VoL characteristics (25 °C)
(Same characteristics pins: P4o—P4s, P60)

lou

(mA)
100
90
Vecc=5.5V
/_—
80
-
70
Vece=5.0V
60
50

40 /
30
/ ] Vee=3.0V

20 /

10

0 1.200 2.400 3.600 4.800 6.000
VoL (V)

Fig. 3.2.9 N-channel open-drain output port characteristics (25 °C)

Port P4o, loL-VoL characteristics (90 °C)
(Same characteristics pins: P4o—P4s, P60)

loL
(mA)
100
90
80
Vcc =55V
70 //-——
60 —
/ 1 Vee =5.0V
50
40
30
20 / Vcc =3.0V
10
0
0 1.200 2.400 3.600 4.800 6.000

VoL (V)

Fig. 3.2.10 N-channel open-drain output port characteristics (90 °C)
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3.2.3 A-D conversion standard characteristics

Figure 3.2.11 shows the A-D conversion standard characteristics.

The lower line on the graph indicates the absolute precision error. It expresses the deviation from the ideal
value. For example, the conversion of output code from 001 to 0116 occurs ideally at the point of ANo =
2.5 mV, but the measured value is —2 mV. Accordingly, the measured point of conversion is defined as “2.5
-2 =05 mVv".

The upper line on the graph indicates the width of input voltages equivalent to output codes. For example,
the measured width of the input voltage for output code 6016 is 6 mV, so that the differential nonlinear error
is defined as “6 — 5 =1 mV (0.2 LSB)".

38B5 GROUP A-D CONVERTER ERROR & STEP WIDTH MEASUREMENT
Vce =5.12 [V], VRer = 5.12 [V], ANo

XiN= 4 [MHz], Temp = 25 [deg ] 1LSB WIDTH
L T T T T T T e e e 15.0
10 / 10.0
1 7
S 5 LAAA A AN« A A LA At A AA A AANAMAMAAAAMAAANAMANAA AL AAA 50 @
£ 7N AN NNV M A GO M A/ ekl M A AN Ak b MMM A A s
& O i 0.0
[¢] PPRA T
Q 't NAAMA i
g . Y PN A AARANAA AN AP BAAAANA A A e E)
e VRV NNVApAAM =
10
(RN ARt -7 SRS 1V M AN N IRt I I V.V AN I NS SN [TV B 7 7T 1
ERROR (Absolute precision error)  STEP No.
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Fig. 3.2.11 A-D conversion standard characteristics
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) Switching external interrupt detection edge
For the products able to switch the external interrupt detection edge, switch it as the following

sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Switch the detection edge |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.1 Sequence of switch detection edge

m Reason
The interrupt circuit recognizes the switching of the detection edge as the change of external input
signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit
e When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request
register immediately after this bit is set to “0” by using a data transfer instruction, execute one or
more instructions before executing the BBC or BBS instruction.

m Reason
If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”

is read.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
|

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 3.3.2 Sequence of check of interrupt request bit
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Structure of interrupt control register 2
Fix the bit 7 of the interrupt control register 2 b7 bo nt + control reaist

wmn : 0 nterrupt control register
Fo 0”. Figure 3.3.3 s_hows the structure of the o] |1 [ 1] Address 003F16
interrupt control register 2.

Interrupt enable bits

Not used
Fix this bit to “0”.

Fig. 3.3.3 Structure of interrupt control register 2

3.3.2 Notes on serial 1/01
(1) Clock

m Using internal clock
After setting the synchronous clock to an internal clock, clear the serial 1/0O interrupt request bit
before perform the normal serial 1/O transfer or the serial 1/0O automatic transfer.

m Using external clock
After inputting “H” level to the external clock input pin, clear the serial 1/O interrupt request bit
before performing the normal serial I/O transfer or the serial I/O automatic transfer.

(2) Using serial 1/01 interrupt

3)

4)

(5)

(6)

Clear bit 3 of the interrupt request register 1 to “0” by software.

State of Sour: pin

The Sour: pin control bit of the serial I/O1 control register 2 can be used to select the state of the
Sout: pin when serial data is not transferred; either output active or high-impedance. However, when
selecting an external synchronous clock; the Sour: pin can become the high-impedance state by
setting the Sour: pin control bit to “1” when the serial I/0O1 clock input is at “H” after transfer completion.

Serial 1/0 initialization bit

e Set “0” to the serial 1/0O initialization bit of the serial I/0O1 control register 1 when terminating a
serial transfer during transferring.

e When writing “1” to the serial 1/O initialization bit, the serial 1/01 is enabled, but each register is
not initialized. Set the value of each register by program.

Handshake signal

®m Seusvi input signal
Input an “H” level to the Seusvi input and an “L” level signal to the Ssusv: input in the initial state.
When the external synchronous clock is selected, switch the input level to the Sesusvi input and
the Seusvi input while the serial 1/01 clock input is in “H” state.

B Srovi inputeoutput signal
When selecting the internal synchronous clock, input an “L” level to the Srovi input and an “H”
level signal to the Srovi input in the initial state.

8-bit serial 1/0 mode

m When selecting external synchronous clock
When an external synchronous clock is selected, the contents of the serial 1/01 register are being
shifted continually while the transfer clock is input to the serial I/01 clock pin. In this case, control
the clock externally.
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)

In automatic transfer serial /O mode
m Set of automatic transfer interval

e When the Ssusv: output is used, and the Ssusvi output and the Sste1 output function as signals
for each transfer data set by the Ssusvi outputeSste:1 output function selection bit of serial 1/01
control register 2; the transfer interval is inserted before the first data is transmitted/received,
and after the last data is transmitted/received. Accordingly, regardless of the contents of the
Seusv1 outputeSste1 output function selection bit, this transfer interval for each 1-byte data becomes
2 cycles longer than the value set by the automatic transfer interval set bits of serial 1/01 control
register 3.

e When using the Sste: output, regardless of the contents of the Ssusvi outputeSste: output function
selection bit, this transfer interval for each 1-byte data becomes 2 cycles longer than the value
set by the automatic transfer interval set bits of serial /01 control register 3.

e When using the combined output of Ssusvi and Sste:1 as the signal for each of all transfer data
set, the transfer interval after completion of transmission/reception of the last data becomes 2
cycles longer than the value set by the automatic transfer interval set bits.

e Set the transfer interval of each 1-byte data transfer to 5 or more cycles of the internal clock
@ after the rising edge of the last bit of a 1-byte data.

e When selecting an external clock, the set of automatic transfer interval becomes invalid.

Set of serial 1/01 transfer counter

e Write the value decreased by 1 from the number of transfer data bytes to the serial /01 transfer
counter.

e When selecting an external clock, after writing a value to the serial 1/01 register/transfer counter,
wait for 5 or more cycles of internal clock ¢ before inputting the transfer clock to the serial I/
O1 clock pin.

Serial 1/O initialization bit
A serial 1/01 automatic transfer interrupt request occurs when “0” is written to the serial I/O
initialization bit during an operation. Disable it with the interrupt enable bit as necessary by program.

3.3.3 Notes on serial 1/02

(1) Notes when selecting clock synchronous serial I/O

0 Stop of transmission operation

As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

Reason

Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial I/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scik21, Scikzz and Srovz function as I/O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial /02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

[0 Stop of receive operation

As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0O, clear the receive enable bit to “0” (receive disabled), or clear the serial 1/02 enable bit
to “0” (serial 1/02 disabled).
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0 Stop of transmit/receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, simultaneously clear both the transmit enable bit and receive enable bit to “0” (transmit
and receive disabled).
(when data is transmitted and received in the clock synchronous serial /0O mode, any one of data
transmission and reception cannot be stopped.)

e Reason

In the clock synchronous serial /0 mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial 1/02 enable bit to
“0” (serial 1/02 disabled) (refer to (1), 0O).

Notes when selecting clock asynchronous serial 1/0

0 Stop of transmission operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial /0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RXD, Scik21, Scike2 and Srovz function as 1/0 ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial /02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

0 Stop of receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

O Stop of transmit/receive operation

Only transmission operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/O, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RXD, Scika1, Scike2 and Srovz function as 1/0O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial /02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial /0, clear the receive enable bit to “0” (receive disabled).

When signals are output from the Srovz pin on the reception side by using an external clock in the
clock synchronous serial /0 mode, set all of the receive enable bit, the Srov2 output enable bit, and
the transmit enable bit to “1” (transmit enabled).
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(4)

Setting serial 1/02 control register again
Set the serial 1/02 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable
bit (TE) and the receive enable
bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial 1/02 control register Can be set with the
! LDM instruction at
Set both the transmit enable bit the same time
(TE) and the receive enable bit
(RE), or one of them to “1”

Fig. 3.3.4 Sequence of setting serial 1/02 control register again

(5)

(6)

(7)

(8)

Data transmission control with referring to transmit shift register completion flag

The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

Transmission control when external clock is selected

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the serial 1/02 clock input level. Also, write the transmit data to the transmit
buffer register (serial 1/O shift register) at “H” of the serial 1/02 clock input level.

Transmit interrupt request when transmit enable bit is set

The transmission interrupt request bit is set and the interruption request is generated even when
selecting timing that either of the following flags is set to “1” as timing where the transmission
interruption is generated.

e Transmit buffer empty flag is set to “1”

* Transmit shift register completion flag is set to “1”

Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence.

O Transmit enable bit is set to “1”

O Transmit interrupt request bit is set to “0”

e Reason
When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”.

Using TxD pin

The P5s/TxD P-channel output disable bit of UART control register is valid in both cases: using as
a normal I/O port and as the TxD pin. Do not supply Vcc + 0.3 V or more even when using the P5s/
TxD pin as an N-channel open-drain output.

Additionally, in the serial 1/02, the TxD pin latches the last bit and continues to output it after
completing transmission.
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3.3.4 Notes on FLD controller

e Set a value of 0316 or more to the Toffl time set register.

e When displaying in the gradation display mode, select the 16 timing mode by the timing number control
bit (bit 4 of FLDC mode register (address 0EF4i6) = “0").

3.3.5 Notes on A-D converter

(1) Analog input pin
m Make the signal source impedance for analog input low, or equip an analog input pin with an
external capacitor of 0.01 pF to 1 pF. Further, be sure to verify the operation of application
products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

m When the P64/INT4/Seusv1i/AN10 pin is selected as analog input pin, external interrupt function (INT4)
becomes invalid.

(2) A-D converter power source pin
The AVss pin is A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect it as following :
* AVss : Connect to the Vss line

e Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

(3) Clock frequency during A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
e f(XIN) is 250 kHz or more
» Use clock divided by main clock (f(Xin)) as internal system clock.
* Do not execute the STP instruction and WIT instruction

3.3.6 Notes on PWM
e For PWMo output, “L” level is output first.

e After data is set to the PWM register (low-order) and the PWM register (high-order), PWM waveform
corresponding to new data is output from next repetitive cycle.

Sl

f f

PWMo output data  Modified data is output from next
change repetitive cycle.

Fig. 3.3.5 PWM output
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3.3.7

Notes on watchdog timer

e The watchdog timer continues to count even while waiting for stop release. Accordingly, make sure that
watchdog timer does not underflow during this term by writing to the watchdog timer control register
(address 002B1s) once before executing the STP instruction, etc.

e Once a “1” is written to the STP instruction disable bit (bit 6) of the watchdog timer control register
(address 002Bu1s), it cannot be programmed to “0” again. This bit becomes “0” after reset.

3.3.8
1)

(2)

3.3.9

(1)

Notes on reset circuit

Reset input voltage control

Make sure that the reset input voltage is 0.5 V or less for Vcc of 2.7 V.

Perform switch to the high-speed mode when power source voltage is within 4.0 to 5.5 V.

Countermeasure when RESET signal rise time is long

In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :

* Make the length of the wiring which is connected to a capacitor as short as possible.

« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

Notes on input and output pins

Notes in stand-by state

In stand-by state*! for low-power dissipation, do not make input levels of an input port and an I/O
port “undefined”, especially for 1/0 ports of the N-channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

e External circuit

» Variation of output levels during the ordinary operation

When using built-in pull-up resistor, note on varied current values:
« When setting as an input port : Fix its input level
« When setting as an output port : Prevent current from flowing out to external

e Reason
Even when setting as an output port with its direction register, in the following state :
e P-channel...... when the content of the port latch is “0”
* N-channel...... when the content of the port latch is “1”
the transistor becomes the OFF state, which causes the ports to be the high-impedance state.
Note that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of a input port and an I/O port are “undefined”. This may cause power
source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction
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N-channel open-drain port
P40-P4,, P4s, P4s, P60 of N-channel open-drain output ports have built-in hysteresis circuit for input.
In standby state for low-power dissipation, do not make these pins floating state.

e Reason
When power sources for pull-up of these pins are cut off in standby state, these ports become
floating. Accordingly, a current may flow from Vcc to Vss through built-in hysteresis circuit.

Modifying output data with bit managing instruction
When the port latch of an 1/0 port is modified with the bit managing instruction*?, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
1/0 port, the following is executed to all bits of the port latch.
e As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
e As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

* Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

e As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
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3.3.10 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect
on calculations.

e Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |
flag which is “1”.

C Reset D)

!
| Initializing of flags |
!
| Main program |

Fig. 3.3.6 Initialization of processor status register

00 How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status.
A NOP instruction should be executed after every PLP instruction.

(PLP instruction execution) S)
!
NOP (S)+1 Stored PS
Fig. 3.3.7 Sequence of PLP instruction execution Fig. 3.3.8 Stack memory contents after PHP

instruction execution
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(2) Decimal calculations

0 Execution of decimal calculations

The ADC and SBC are the only instructions which will yield proper decimal notation, set the
decimal mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction,
execute another instruction before executing the SEC, CLC, or CLD instruction.

(0 Notes on status flag in decimal mode

When decimal mode is selected, the values of three of the flags in the status register (the N, V,
and Z flags) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared
to “0” if a borrow is generated. To determine whether a calculation has generated a carry, the C
flag must be initialized to “0” before each calculation. To check for a borrow, the C flag must be

initialized to “1” before each calculation.

( Set D flag to “1” )

1

ADC or SBC instruction

|

NOP instruction

|

SEC, CLC, or CLD instruction

Fig. 3.3.9 Status flag at decimal calculations

(3) JMP instruction

When using the JMP instruction in indirect addressing mode, do not specify the last address on a

page as an indirect address.

3.3.11 Programming and test of built-in PROM version
As for in the One Time PROM version (shipped in blank) and the built-in EPROM version, their built-in
PROM can be read or programmed with a general-purpose PROM programmer using a special programming

adapter.

The built-in EPROM version is available only for program development and on-chip program evaluation.
The programming test and screening for PROM of the One Time PROM version (shipped in blank) are not
performed in the assembly process and the following processes. To ensure reliability after programming,
performing programming and test according to the Figure 3.3.10 before actual use are recommended.

Programming with PROM programmer

L)

Screening (Caution)
(Leave at 150 °C for 40 hours)

.

Verification with PROM programmer

L

Functional check in target device

Caution: The screening temperature is far higher than the
storage temperature. Never expose to 150 °C
exceeding 100 hours.

Fig. 3.3.10 Programming and testing of One Time PROM version
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3.3.12 Notes on built-in PROM version

(1) Programming adapter

Use a special programming adapter shown in Table 3.3.1 and a general-purpose PROM programmer
when reading from or programming to the built-in PROM in the built-in PROM version.

Table 3.3.1 Programming adapter

Microcomputer

Programming adapter

M38B59EFFP (One Time PROM version shipped in blank)

PCA4738F-80A

M38B59EFFS

PCA4738L-80A

(2) Programming/reading

In PROM mode, operation is the same as that of the M5M27C101K, but programming conditions of
PROM programmer are not set automatically because there are no internal device ID codes.
Accurately set the following conditions for data programming/reading. Take care not to apply 21 V
to the VPP pin (is also used as port P47), or the product may be permanently damaged.

0 Programming voltage: 12.5 V
0 Setting of PROM programmer address: Refer to “Table 3.3.2”

Table 3.3.2 PROM programmer address setting

Microcomputer

PROM programmer start address

PROM programmer end address

M38B59EFFP

M38B59EFFS

Address 108016

Address FFFD1s

(3) Erasing

Contents of the windowed EPROM are erased through an ultraviolet light source with the wavelength
2537 Angstrom. At least 15 Wesec/cm? are required to erase EPROM contents.
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3.3.13 Termination of unused pins

(1) Terminate unused pins
[0 Output ports : Open
U Input ports :

Connect each pin to Vss through each resistor of 1 kQ to 10 kQ.

As for pins whose potential affects to operation modes such as pins INT or others, select the Vcc

pin or the Vss pin according to their operation mode.

0 1/O ports :

e Set the I/O ports for the input mode and connect them to Vss through each resistor of 1 kQ to
10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the I/
O ports for the output mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

 Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks
O Input ports and I/O ports :
Do not open in the input mode.
e Reason
e The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.
0 1/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).
0 1/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

» At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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3.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.4.1 Shortest wiring length
The wiring on a printed circuit board can function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Package
Select the smallest possible package to make the total wiring length short.

e Reason
The wiring length depends on a microcomputer package. Use of a small package, for example
QFP and not DIP, makes the total wiring length short to reduce influence of noise.

DIP

—
(- =
- — SDIP
(- =
- = SOP
(- =
= = -
(- =
[ = = B
4 B ad:- I

Fig. 3.4.1 Selection of packages

(2) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

e Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause
a program runaway.

Noise
—
Reset él
circuit ¢ RESET
Vss Vss
N.G.
—
Reset
circuit”” T [ |RESET
Vss"T Vss
O.K.

Fig. 3.4.2 Wiring for the RESET pin
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(3) Wiring for clock input/output pins
» Make the length of wiring which is connected to clock I/O pins as short as possible.
e Make the length of wiring (within 20 mm) across the grounding lead of a capacitor which is
connected to an oscillator and the Vss pin of a microcomputer as short as possible.
» Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/0O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss

level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
YA YA
= XIN XN
= =
=+ XouT HXout
Vss Vss
777
N.G. O.K.

Fig. 3.4.3 Wiring for clock 1/O pins
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(4) Wiring to V pp pin of One Time PROM version and EPROM version
Connect an approximately 5 kQ resistor to the VPP pin the shortest possible in series. When not
connecting the resistor, make the length of wiring between the VPP pin and the Vss pin the shortest
possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

e Reason
The VPP pin of the One Time PROM and the EPROM version is the power source input pin for
the built-in PROM. When programming in the built-in PROM, the impedance of the VPP pin is low
to allow the electric current for writing flow into the PROM. Because of this, noise can enter easily.
If noise enters the VPP pin, abnormal instruction codes or data are read from the built-in PROM,
which may cause a program runaway.

Approximately
5kQ

P47vre—NN\—

RESET

Fig. 3.4.4 Wiring for the V PP pin of the One Time PROM and the EPROM version

3.4.2 Connection of bypass capacitor across V  ss line and V cc line

Connect an approximately 0.1 uF bypass capacitor across the Vss line and the Vcc line as follows:
» Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

e Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.
e Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

» Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

=S\ ee Vee
{z} =4
A 2
T Vs Vss
N.G. O.K.

Fig. 3.4.5 Bypass capacitor across the V  ss line and the V cc line
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3.4.3 Wiring to analog input pins

» Connect an approximately 100 Q to 1 kQ resistor to an analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to the microcomputer as close as possible.

e Connect an approximately 1000 pF capacitor across the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as possible. Also, connect the capacitor across the analog
input pin and the Vss pin at equal length.

e Reason

Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are
usually output signals from sensor. The sensor which detects a change of event is installed far
from the printed circuit board with a microcomputer, the wiring to an analog input pin is longer
necessarily. This long wiring functions as an antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

If a capacitor between an analog input pin and the Vss pin is grounded at a position far away from
the Vss pin, noise on the GND line may enter a microcomputer through the capacitor.

Noise

(Note)
Microcomputer

e . . Analog
Thermistorl WV\/T input pin
l N.G. O.K. T

7;7 Vss

Note : The resistor is used for dividing
resistance with a thermistor.

oay

Fig. 3.4.6 Analog signal line and a resistor and a capacitor

3.4.4 Oscillator concerns
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason
In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise
occurs because of mutual inductance.

Microcomputer
Mutual inductance &4((()
o

Mﬂmﬂ

Large & | XIN
current Xout
Vss

GND
Fig. 3.4.7 Wiring for a large current signal line

1
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(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines
which are sensitive to noise.

e Reason
Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

—
N.G.

Do not cross CNTR
X
F—+—Xout

,J7 Vss
\j

Fig. 3.4.8 Wiring of signal lines where potential levels change frequently

(3) Oscillator protection using Vss pattern
As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

Oscillator wiring
pattern example

Separate the Vss line for oscillation from other Vss lines

Fig. 3.4.9 Vss pattern on the underside of an oscillator
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3.4.5 Setup for 1/0 ports
Setup 1/0O ports using hardware and software as follows:

<Hardware>
» Connect a resistor of 100 Q or more to an I/O port in series.

<Software>

« As for an input port, read data several times by a program for checking whether input levels are
equal or not.

» As for an output port, since the output data may reverse because of noise, rewrite data to its port
latch at fixed periods.

* Rewrite data to direction registers and pull-up control registers at fixed periods.

Note: When a direction register is set for input port again at fixed periods, a several-nanosecond short pulse
may be output from this port. If this is undesirable, connect a capacitor to this port to remove the noise
pulse.

Noise
Data bus ANAN,
™
N.G
07;
1/O port
pins

Fig. 3.4.10 Setup for I/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer
provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

e Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the
following condition:
N+1 = ( Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,
the initial value N should have a margin.

* Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

e Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

e Decrements the SWDT contents by 1 at each interrupt processing.

e Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

* Detects that the main routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if
they reach 0 or less.

(' Main routine ) Qnterrupt processing routin@
(SWDT)— N

[(swDT) - (swbT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 3.4.11 Watchdog timer by software
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3.5 Control registers

Port Pi

b7 b6 b5 b4 b3 b2 bl b0

PortPi(i=0,1,2,3,4,5,7,8)
(Pi: addresses 0016, 0216, 0416, 0616, 0816, 0A16, OE16, 1016)

Pl bbb Name Functions Atreset|R W
Pobob b 7O Port Pio e In output mode 0_10,0
e 1 | Port Pi1 Write sesesees Port latch 0 ©) : ®)
P e 2 | Port Pi2 Read sesseees Port latch 0 0.0
R 3 | Port Pia e In input mode 0[O0
A R S 4 | Port Pia Write eeeesese Port |atch 0 0!0
i i R 5 | Port Pis Read seeeeeee VValue of pin 0 010
e e 6 | Port Pie 0 00
Fmmmmm e ————————— 7 | Port Pi7 0 [e}{e)
Fig. 3.5.1 Structure of port Pi
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
| Port Pi direction register (i=0, 2, 4,5, 7, 8)
—~ 4t 111 I (PiD: addresses 0116, 0516, 0916, OB16, OF16, 1116)
Pl bbb b Name Functions At reset R {W
b1 o[ PortPidirection 0 : Port Pio input mode 0 Xi0
A R || register 1 : Port Pio output mode !
A A 1 0 : Port Pi1 input mode 0 X0
A S S B | 1 : Port Pi1 output mode |
T 2 0 : Port Piz input mode 0 X0
Pl 1 : Port Pi2 output mode |
Prob 3 0 : Port Pi3 input mode 0 Xi0
i i i i ] 1 : Port Pi3 output mode '
S 4 0 : Port Pi4 input mode 0 X0
P . 1 : Port Pi4 output mode |
A 5 0 : Port Pis input mode 0 [XiO
P 1 : Port Pis output mode |
e 6 0 : Port Pie input mode 0 X10
i ] 1 : Port Pie output mode '
G 7 0 : Port Pi7 input mode 0 X110
1 : Port Pi7 output mode |
(Note) i
Note: Bit 7 of the port P4 direction register (address 0916) does not have
direction register function because P47 is input port. When writing to bit 7
of the port P4 direction register, write “0” to the bit.

Fig. 3.5.2 Structure of port Pi direction register
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Port P6
b7 b6 b5 b4 b3 b2 bl b0
Port P6
(P6: address 0Cz16)
A A L Name Functions Atreset|R iW
poiod b1 T Port P6o e In output mode 0100
: : : : : : ______ 1 | Port P61 Write eeeeesee POrt |atch 0 O EO
A 2 | Port P62 Read sssseses Port latch 0o |00
R 3 [ Port P63 e In input mode 0 |00
A O 4 [ Port P64 Write eesesese Port |atch 0 00
i i o] 5 [ Port P65 Read seeseee¢ Value of pin 0 00
e e | 6 | Nothing is arranged for these bits. When these 0 00
TR 7 | bits are read out, the contents are undefined. 0 0.0
Fig. 3.5.3 Structure of port P6
Port P6 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P6 direction register
(P6D: address 0D16)
Pirr bbbt b Name Functions At reset| R W
bbb bbb o[ Port P6 direction 0 : Port P60 input mode 0 X1i0
i i i i i i i register 1 : Port P60 output mode i
A R I 1 0 : Port P61 input mode 0 Xi0
T T T 1: Port P61 output mode !
- 2 0 : Port P62 input mode 0 X110
bbb N 1 : Port P62 output mode |
A 3 0 : Port P63 input mode 0 |[XiO
P 1: Port P63 output mode |
A 4 0 : Port P64 input mode 0 Xi0
P | 1: Port P64 output mode i
I 5 0 : Port P65 input mode 0 X0
Do 1 : Port P65 output mode |
R S | 6 | Nothing is arranged for these bits. When these 0 00
] 7 | bits are read out, the contents are undefined. 0 0.0

Fig. 3.5.4 Structure of port P6 direction register
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Port P9
b7 b6 b5 b4 b3 b2 bl b0
Port P9
(P9: address 1216)
i | b Name Functions At reset|R ‘W
L0 [ Port P90 e In output mode 0o [Oi0

Write eeeeeeee Port latch i

Read sssssses Port latch |

1 | Port P91 e In input mode 0o |o

: Write eeeeeeee Port latch !
i Read seeeeee¢ Value of pin :

R | 2 | Nothing is arranged for these bits. When these 0 00
S | 3 | bits are read out, the contents are undefined. 0 g: 0
N | 4 | 0 0:.g
] | 5 | 0 0! a
S S 6 | o |0:0
] 7 0 00
Fig. 3.5.5 Structure of port P9
Port P9 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P9 direction register
(P9D: address 1316)
i i i i i i i i b Name Functions At reset|R W
bbb [ o[Port P9 direction [0 : Port P9o input mode 0 Xi0
A A || register 1 : Port P90 output mode !
A N 1 0 : Port P91 input mode o [X:iO
I T T A 1 : Port P91 output mode |

N S S R A | 2 | Nothing is arranged for these bits. When these 0 0:0
A 3 | bits are read out, the contents are undefined. 0 0'0
A S | 4| 0o [O0:0
I T 5 | 0o |00
b ] 6 | 0 |Oio
e ] 7 0 0:i0

Fig. 3.5.6 Structure of port P9 direction register
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PWM register (high-order)

b7 b6 b5 b4 b3 b2 bl b0

PWM register (high-order)
(PWMH: address 1416)

AR A A Functions At reset| R {W
i i i i i i i i___ 0 | » High-order 8 bits of PWMo output data is set.  |undefined| O i O
. 1 The values set in this register is transferred to - :

A | 1| the PWM latch each sub-period cycle (64 ps). |Undefined) O | O
i i i i i e 2| (Atf(Xin) = 4 MHz) Undefined| O i @]
i i i i i 1 ¢ When this register is read out, the value of the _ X

R | 3| PWM register (high-order) is read out. Undefined| O 1 O
J R S— 4 Undefined| O {O
Pl e 5 Undefined| O | O
i oo 6 Undefined OEO
e 7 Undefined| O {O

Fig. 3.5.7 Structure of PWM register (high-order)

PWM register (low-order)

b7 b6 b5 b4 b3 b2 bl b0
PWM register (low-order)
(PWML: address 1516)

i | b Functions Atreset| R 'W
i___ 0 | * Low-order 6 bits of PWMo output data is set. Undefined| O : O

 The values set in this register is transferred to ) !
i | 1| the PWM latch at each PWM cycle period Undefined| O | O

S 2| (4096 ps). Undefined| O {O

—1 (At f(XiNn) = 4 MHz) ) i
"""""" 3 |+ When this register is read out, the value of the |Undefined| OO

b 4| PWM latch (low-order 6 bits) is read out. Undefined| O 1O
: ] 5 Undefined| O | O
i 6 Nothing is arranged for this bit. This bit is a Undefined| O i 0

““““““““““ write disabled bit. When this bit is read out, the 1
contents are “0".

7 |+ This bit indicates whether the transfer to the Undefined| O
PWM latch is completed.
0: Transfer is completed
1: Transfer is not completed
« This bit is set to “1” at writing.

Fig. 3.5.8 Structure of PWM register (low-order)
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Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0
| Baud rate generator
(BRG: address 1616)

i i i i i i i i b Functions At reset|R EW
i i i i i i i - 0 | * Bit rate of the serial transfer is determined. Undefined| O 1O
I R A | | * This is the 8-bit counter and has the reload ) i

bbb T | 1| register. Undefined OEO
s 2| The count source is divided by n+1 owing to  |undefined| O | O
T T T —1 specifying a value n. :

A 3 Undefined| O |O
e 4 Undefined OEO
Pl Remmmmmmmeeoeo 5 Undefined| O 1O
| demmmmeennooeeee o 6 Undefined| O | O
e e e, 7 Undefined OEO

Fig. 3.5.9 Structure of baud rate generator

UART control register

b7 b6 b5 b4 b3 b2 bl b0
| | UART control register
(UARTCON: address 1716)

disabled bit. When this bit is read out, the
contents are “1”.

i i i i i i i i b Name Functions Atreset|R EW
i1 1 1 1 1 1 1 |o|Characterlength  [0: 8 bits o |[O:iO
R selection bit (CHAS)|1: 7 bits !
A 1 |Parity enable bit ~ |0: Parity checking disabled 0 O:0
oo (PARE) 1: Parity checking enabled i
S N 2 | Parity selection bit [0: Even parity 0 00
T A (PARS) 1: Odd parity |
A 3 [Stop bit length 0: 1 stop bit o |Oio
Pl selection bit (STPS) |1: 2 stop bits |
A N 4 | P5s/TxD P-channel [0: CMOS output (in output o |[OiO
P output disable bit mode) !
P (POFF) 1: N-channel open-drain i
i i i output (in output mode) !
S R 5 [BRG clock switch bit| 0: Xin or Xcin/2 (depending 0 00
o on internal system clock) |
P 1: Xcin !
o] 6 | Serial I/02 clock 0: Scika1 (P57/Scikz2 pin is 0 0:0
! I/0 pin selection bit used as 1/O port or Srov2 |
i output pin.) i
! 1: Scik22 (P5e/ScLk21 pin is i
| used as /O port.) :
R 7 | Nothing is arranged for this bit. This is a write 1 O : X

Fig. 3.5.10 Structure of UART control register
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Serial /01 automatic transfer data pointer

b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 automatic transfer data pointer

(SIO1DP: address 1816)

selection bit

is 1/0 port.)
1: ScLk1z (P52/ScLk11 pin
is 1/0 port.)

A A L Functions Atreset|R W
tiob bt L[ 0]eindicates the low-order 8 bits of the address  |Undefined| O 1O
i i i i i i R | 1 | storing the start data on the serial I/O. Undefined| O 1 O
A T T S | 2 | automatic transfer RAM. Undefined| O 1O
A T S | 3 |+ Data is written into the latch and read from the |Undefined| O 1O
T S O | 4 | decrement counter. Undefined| O 1 O
T T VO | 5 | Undefined OEO
S S | 6 | Undefined| O 1O
e 7 Undefined| O 1O
Fig. 3.5.11 Structure of serial 1/01 automatic transfer data pointer
Serial 1/01 control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/01 control register 1

e (SIO1CON1eSC11: address 1916)

A A A ) Name Functions Atreset|R IW
(I T T R S S A i b1b0 '
L S |0 seravodisabiea | © |21
I S S A (Pins P62, P64, P65, i
pror o P50-P53 pins are I/0 |

(T R T R S L ports.) |
T R T SR 1 0 1: 8-bit serial 1/0 0o |00
I 1 0: Not available i
A 1 1: Automatic transfer :
bbb serial 1/0 (8 bits) :
T A S 2 | Serial 1101 b3b2 0o (OO
Pl synchronous clock |9 0 Irllterlzlallogync_hrpnl%s !
P selection bits gc?r(; )( spinis :
oo (P6s/SsTe1 pin 0 1: External synchronous !
Pl control bits) clock (P65 pin is 1/0 g

T T T | port.) '
A S 3 1 0: Internal synchronous o |00
oo clock (P65 pin is l
T SsTB1 output.) !
oo 1 1: Internal synchronous :
oo clock (P65 pin is |

i i i i SsTB1 output.) !
o ] 4 | serial 110 0: Serial /O initialization 0 !
oo initialization bit 1: Serial I/0 enabled i
A 5 | Transfer mode 0: Full-duplex 0 i
o selection bit (transmit/receive) mode !
b (P50 pin is SIN1 input.) |
o 1: Transmit-only mode |
Pl (P50 pin is 1/0 port.) :
vy 6 | Transfer direction | 0: LSB first 0 0i0
i selection bit 1: MSB first :

i 7 | Serial /01 clock pinf 0: ScLk11 (P53/ScLki2 pin 0 00

Fig. 3.5.12 Structure of serial 1/01 control register 1
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Serial 1/01 control register 2

b7 b6 b5 b4 b3 b2 bl b0
| Serial 1/01 control register 2
(SIO1CON2 « SC12: address 1Az16)

1| b Name Functions At reset|R W
i __| 0 |P62/SRDY1* 0 0i0
P64/SBUSY1 pin i
control bits
b3b2b1b0

000 0: P62, P64 pins are /O ports.

000 1: Not used

00 1 0: P62 pin is SRDY1 output; P64 pin is
I/O port.

— 001 1: P62 pin is SRDY1 output; P64 pin is

Ry 1 I/O port. 0 o

0100: P62 pinis I/O port; P64 pinis
SBUSY1 input.

010 1: P62 pin is I/O port; P64 pin is
SBUSY1 input.

011 0: P62 pin is I/O port; P64 pin is
SBuUSY1 output.

0111:P62pinis I/O port; P64 pin is

_________ 2 SBUSY1 output. 0 O

1 00 0: P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

100 1: P62 pin is SRDY1 input; P64 pin is
SBuUSY1 output.

1 01 0: P62 pin is SRDY1 input; P64 pin is
SBUSY1 output.

101 1: P62 pin is SRDY1 input; P64 pin is

— SBUSY1 output.

------------ 3 11 0 0: P62 pin is SRDY1 output; P64 pin is 0 O
SBUSY1 input.

110 1: P62 pin is SRDY1 output; P64 pin is
SBUSY1 input.

111 0: P62 pin is SRDY1 output; P64 pin is
‘SBUSY1 input.

111 1: P62 pin is SRDY1 output; P64 pin is
SBUSY1 input.

N 4 [SBusY1 output ¢ 0: Functions as signal for 0 ©)

SsTB1 output each 1-byte

function selection bit| 1: Functions as signal for

(Valid in serial 1/01 each transfer data set
automatic transfer

mode)
[ 5 [Serial transfer 0: Serial transfer 0 O'iX
status flag completed
1: Serial transfer in-
progress
ommmmmm e 6 [SouT1 pin control | 0: Output active 0 0:0
bit (when serial data | 1: Output high-impedance
is not transferred)
tmmmmmmmmmmmomoooooooes 7 |P51/Sout1 P-channello: CMOS 3 state (P- 0 0:0
output disable bit channel output is valid.)

1: N-channel open-drain
output (P-channel output
is invalid.)

Fig. 3.5.13 Structure of serial 1/01 control register 2

38B5 Group User's Manual 3-39



APPENDIX

3.5 Control registers

Serial 1/01 register/Transfer counter

b7 b6 b5 b4 b3 b2 bl b0

Serial I/O1 register/Transfer counter
(SIO1: address 1B16)

b

Name

Functions

At reset

10

eIn 8-bit serial 1/0

mode:

Serial I/O1 register

In automatic transfer

serial

Transfer counter

1/0 mode:

At function as serial /01
register:

This register becomes the
shift register to perform
serial transmit/reception.
Set transmit data to this
register.
The serial transfer is started
by writing the transmit data.

At function as transfer
counter:

Set (transfer byte number —
1) to this register.
When selecting an internal
clock, the automatic
transfer is started by writing
the transmit data.
(When selecting an external
clock, after writing a value
to this register, wait for 5 or
more cycles of the internal
system clock before
inputting the transfer clock
to the ScLk1 pin.)

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Fig. 3.5.14 Structure of serial I/0O1 register/Transfer counter
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Serial 1/01 control register 3

b7 b6 b5 b4 b3 b2 bl bo
Serial I/01 control register 3
(SIO1CONS3 » SC13: address 1C1e)

b Name Functions

At reset

--] 0 | Automatic transfer %4%3%2'618?2 cycles of

interval set bits transfer clock
—1 (valid only when 0000 1: 3 cycles of
I 1 | selecting internal transfer clock
synchronous clock) to
B2 1111 0: 32 cycles of
transfer clock
1111 1:33cycles of
e 3 transfer clock

Data is written into the
] 4 latch and read from the
decrement counter.

0

ol

(A 5 | Internal b7b6bs
synchronous clock 000 : f(XiN)/4 or f(XcIN)/8

JONOE 00 1:f(XiN)/8 or
selection bits f(XCIN)/16

010:f(XIN)/16 or
— f(XcIN)/32
____________________ 011:f(XiN)/32 or
f(XcIN)/64
100 : f(XIN)/64 or
f(XcIN)/128
— 10 1:f(XIN)/128 or
f(XcIN)/256
110 :f(XIN)/256 or
f(XcIN)/512
111:Notused

O

O

) E =y B B B s By e

Fig. 3.5.15 Structure of serial 1/01 control register 3
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Serial I/02 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 control register
(SIO2CON: address 1D1s)

_______________________

bit (SIOE)

(pins P54—P57 operate
as normal 1/O pins)

1: Serial /02 enabled
(pins P54—P57 operate
as serial 1/0 pins)

b Name Functions At reset|R {W
0 | BRG count source |0: f(Xin) or f(XcIN)/2 or 0 @) : @)
selection bit (CSS) f(XCIN) !

1: f(XIN)/4 or f(XcIN)/8 or i
f(XCIN)/4 |

1 | Serial 1102 *In clock synchronous 0 o:0
synchronous clock | mode :
selection bit 0: BRG output/4 |
(SCS) 1: External clock input i

«In UART mode i
0: BRG output/16 i
1: External clock input/16 i

2 [ SRDY2 output 0: P57 pin operates as 0 O : O

enable bit (SRDY) normal 1/O pin :
1: P57 pin operates as :
SRDY2 output pin !

3 | Transmit interrupt | 0: When transmit buffer 0 0i0
source selection bit has emptied :
(TIC) 1: When transmit shift !

operation is completed :

4 | Transmit enable bit | 0: Transmit disabled 0 0:0
(TE) 1: Transmit enabled '

5 [ Receive enable bit | 0: Receive disabled 0 Oi0
(RE) 1: Receive enabled i

6 | Serial I/02 mode | 0: Clock asynchronous 0 0.0
selection bit (SIOM) serial /0 (UART) mode :

1: Clock synchronous |
serial /0 mode !

7 | Serial 1/02 enable | 0: Serial I/02 disabled 0 00

Fig. 3.5.16 Structure of serial 1/02 control register
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3.5 Control registers

Serial 1/02 status register

b7 b6 b5 b4 b3 b2 bl b0

Serial /02 status register
(SIO2STS: address 1E1e)

i i i i i i i i b Name Functions Atreset|R W
b1 o111 o | Transmit buffer 0: Buffer full 0 00
R empty flag (TBE) 1: Buffer empty i
A T A S 1 | Receive buffer full [0: Buffer empty 0 i
A A flag (RBF) 1: Buffer full !
A 2 | Transmitshift 0: Transmit shift in progress| 0 0:0
Pl register shift 1: Transmit shift completed |
oo completion flag '
A (TSC) i
] 3 |Overrun error flag  |0: No error 0 0.0
oo (OE) 1: Overrun error |
T I O 4 | Parity error flag 0: No error 0 0:0
P (PE) 1: Parity error i
] 5 |Framing error flag [0: No error 0o |00
i i (FE) 1: Framing error 1
R 6 |Summing error flag |0: (OE) U (PE) U (FE) =0 0 0i0
! (SE) 1:(OE)U (PE)U (FE)=1 !
] 7 | Nothing is arranged for this bit. This is a write 1 o' X
disabled bit. When this bit is read out, the i
contents are “1”. !
Fig. 3.5.17 Structure of serial 1/02 status register
Serial I/02 transmit/receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
| | Serial 1/02 transmit/receive buffer register
AL 111 1 1 (TB/RB: address 1Fi6)
E E E E i i i i b Functions Atreset|R W
i i i i i i i i___ 0 | This is the buffer register which is used to write |Undefined| O | O
R | transmit data or to read receive data. o i
A | = | « At write : The value is written to the transmit Undefined) O l O
A A 2 buffer register. The value cannot be |Undefined| O |O
N — written to the receive buffer register. - '
R | 3|+ Atread : The contents of the receive buffer ~|Undefined OO
A 4 register is read out. When a Undefined| O 1O
i i i — character bit length is 7 bits, the . :
A 5 MSB of data stored in the receive Undefined| O 1 O
o 6 | buffer is “0”. The contents of the Undefined| O 1O
P | transmit buffer register cannot be .
e o] 7 read out. Undefined| O 1 O

Fig. 3.5.18 Structure

of serial 1/02 transmit/receive buffer register
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3.5 Control registers

Timer i

b7 b6 b5 b4 b3 b2 bl b0

Timeri(i=1,3,4,5,6)

. | SN NS S S N S (Ti: addresses 2016, 2216, 2316, 2416, 2516)
A A A L Functions Atreset|R W
i i i i i i i i__| 0|+ Set timer i count value. 1 O i O
R R S | 1 [« The value set in this register is written to both 1 OO0
A T T S | 2| the timer i and the timer i latch at one time. 1 00
S T S | 3 [+ When the timer i is read out, the count value 1 0.0
T | 4 | of the timer i is read out. 1 0i0
Pl e | 5 | 1 0.0
b ] | 6 | 1 (O}]®)
b 7 1 Joio
Fig. 3.5.19 Structure of timer i
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
| Timer 2
S NN N N N S S (T2: address 2116)
Prbr bbb Functions Atreset|R W
i i i i i i i t__1 0|+ set timer 2 count value. 1 10 i ©)
O . | 1 |« The value set in this register is written to both 0 o0
A T T S | 2 | the timer 2 and the timer 2 latch at one time. 0o |00
A T | 3 [+ When the timer 2 is read out, the count value 0 0.0
T | 4 | of the timer 2 is read out. 0 0.0
A 5 | 0o |oio
S | 6 | 0 (OH©)
e 7 0 |00
Fig. 3.5.20 Structure of timer 2
PWM control register
b7 b6 b5 b4 b3 b2 bl b0
PWM control register
(PWMCON: address 2616)
b Name Functions Atreset|R iW
0 |P87/PWM output | 0: 1/0 port o |00
selection bit 1: PWM output i
| 1 | Nothing is arranged for these bits. These are 0 OiX
[ 2| write disabled bits. When these bits are read out, 0 O X
| 3 |the contents are “0". 0 O X
4 | 0 |OiX
| 5 | 0 O X
| 6 | 0 |OiX
7 0 OiX

Fig. 3.5.21 Structure

of PWM control

register
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3.5 Control registers

Timer 6 PWM register

b7 b6 b5 b4 b3 b2 bl bo

Timer 6 PWM register
(T6PWM: address 2716)

Pl bbb Functions At reset|R W
bbb o [+Intimer 6 PWM1mode Undefined| O O
i i i i i i i "1 “L” level width of PWM rectangular waveform is set. - :
A S 1 [+ Duty of PWM rectangular waveform: n/(n + m) Undefined| O O
P | Period: (n+m) xts - T
R i i n = timer 6 set value Undefined| O i O
i i i i i 3 | §m = timer 6 PWM register set value Undefined| OO
poropop — | ts = timer 6 count source period :
i i i e 4| Atn=0,all PWM output “L". Undefined| O O
o — Atm =0, all PWM output “H". , E
P4 emmmmmemmmeoes i (However, n = 0 has priority.) Undefined| O ; O
. 6 |- Selection of timer 6 PWM1 mode Undefined| © : le)
i """"""""""" || Set“1” to the timer 6 operation mode selection bit. :
b 7 Undefined| O1 O
Fig. 3.5.22 Structure of timer 6 PWM register
Timer 12 mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer 12 mode register
At 1| (T12M: address 2816)
I A A Name Functions At reset|R {W
i 11 11 1 1 1__[o]Timer1countstop [0: Count operation o |00
i i i i i i i bit 1: Count stop !
A T A 1 | Timer 2 count stop |0: Count operation 0 i
T T R R bit 1: Count stop |
A 2 [Timer 1 count b3 b2 0 i
T R source selection 8 cl)j ;(QN)B or f(Xcin)/16 '
T A — bits : f(XcIN) :
(R T S — 3 1 0: f(XIN)/16 or f(XcIN)/32 :
Pl 1 1: f(XIN)/64 or f(XcIN)/128 i
T 4 | Timer 2 count bSb4 0 e}e)
i i i source selection 0 0: Timer 1 underflow :
o bits 01: f(XCIN) H
P 5| 1 0: External count input 0 0 0
A CNTRo !
P 1 1: Not available i
S 6 | Timer 1 output 0: 1/0 port o |00
I selection bit (P45)  |1: Timer 1 output |
R 7 | Nothing is arranged for this bit. This is a write 0 (@) : X
disabled bit. When this bit is read out, the :
contents are “0”. !

Fig. 3.5.23 Structure of timer 12 mode register
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Timer 34 mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer 34 mode register
(T34M: address 2916)

contents are “0”".

disabled bit. When this bit is read out, the

bbb |b Name Functions At reset|R {W
i1 1 1 1 1 1 i__|o/|Timer3countstop [0: Count operation 0 00
i i i i i i i bit 1: Count stop !

i i i i i i R 1 | Timer 4 count stop |0: Count operation 0 !

N T A A bit 1: Count stop |

N A i b3 b2 '

I I A S— 2 ;')rﬂfgss‘;‘l’:;fon 0'0: f(Xn)/8 or f(XCiN)/16 o |00

oo L pits 0 1: Timer 2 underflow i

A S N 3 1 0: f(XIN)/16 or f(XCIN)/32 i

Pl 1 1: f(XiN)/64 or f(XcIN)/128 :

N 4 [Timer 4 count b5 b4 0 00

P source selection |0 0 f(XIN)/8 or f(XCIN)/16 !

P bits 0 1: Timer 3 underflow !

o 5| 1 0: External count input 0 00

i i """""""""" CNTR1 (Note) !

Pt 1 1: Not available i

A 6 | Timer 3 output 0: 1/0 port 0 00

I selection bit (P46)  |1: Timer 3 output :

. 7 | Nothing is arranged for this bit. This is a write 0 O X
disabled bit. When this bit is read out, the :
contents are “0”. !

Note: In the mask option type P, CNTR1 function cannot be used.
Fig. 3.5.24 Structure of timer 34 mode register
Timer 56 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 56 mode register

o N N S (T56M: address 2A16)

i i A A ) Name Functions At reset| R W

it 4 1 1141 1 _[o|Timer5countstop [0: Count operation 0 0:0

ot i i i i i bit 1: Count stop !

A A A A 1 [ Timer 6 count stop |0: Count operation 0 0!0

A bit 1: Count stop :

S A I 2 | Timer 5 count 0: f(XIN)/8 or f(XCIN)/16 0 0:0

b Pl source selection bit |1: Timer 4 underflow |

O 3 | Timer 6 operation |0: Timer mode 0 0:0

A mode selection bit |1: PWM mode !

Pl : b5 b ;

et 4 | Timer 6 count G0: f(XIN)/8 or f(XCIN)/16 0 0:0

b |__|source selection 0 1: Timer 5 underflow i

L 5 | bits 1 0: Timer 4 underflow 0 0:0

o 1 1: Not available i

A 6 | Timer 6 (PWM) 0: 1/0 port 0 Oi0

i output selection bit |1: Timer 6 output

i (P44)

i 7 [ Nothing is arranged for this bit. This is a write 0 X

Eig. 3.5.25 Structure of timer 56 mode register
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3.5 Control registers

Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl b0

(WDTCON: address 2B16)

| Watchdog timer control register

bbb b Name Functions At reset|R {W
i i i i i i i i__{ 0 |watchdog timer H 1 OiX
A S A S | 1 | (high-order 6 bits of reading exclusive) 1 O a
I Y 1 [oix
AT S 3 1 [0ix
R R - | 4 | 1 0ix
N S 5 1 O X
b e 6 [ STP instruction 0: STP instruction enabled 0 0.0
| disable bit 1: STP instruction disabled |
L] 7 |Watchdog timer H | 0: Watchdog timer L o |00
count source underflow !
selection bit 1: f(XIN)/16 or f(XCIN)/16 i
Fig. 3.5.26 Structure of watchdog timer control register
Timer X (low-order, high-order)
b7 b6 b5 b4 b3 b2 bl b0
| | Timer X (low-order, high-order)
bbb b (TXL, TXH: addresses 2Cie, 2D16)
A A ) Functions At reset|R W
i i i i i i i :‘---L » Set timer X count value. 1 O 'o
Pl 1 | * When the timer X write control bit of the timer 1 |olo
A —1 X mode register 1 is “0”, the value is written to 1 o0
A L2 | timer X and the latch at one time. |
e | 3| When the timer X write control bit of the timer 1 100
A 4| X mode register 1 is “17, the value is written 1 |oio
o = | only to the latch. i
v ] 5 . . . 1 |
i i — ¢ The timer X count value is read out by reading O ;O
e | 6| this register. 1 0.0
b e 7 1 |oio

w

Notes 1: When reading and writing, perform them to both the high-
order and low-order bytes.

2: Read both registers in order of TXH and TXL following.

: Write both registers in order of TXL and TXH following.
4: Do not read both registers during a write, and do not write to
both registers during a read.

Fig. 3.5.27 Structure of timer X (low-order, high-order)
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3.5 Control registers

Timer X mode register 1

b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register 1
(TXM1: address 2E1s6)

b Name

Functions

At reset

0 [ Timer X write
control bit

0 : Write value in latch and
counter
1 : Write value in latch only

0

Oo|=x

o=

1 | Timer X count

source selection bits

G 6 f(XINY/2 or f(XCIN)/4

0 1: f(XIN)/8 or f(XcIN)/16

1 0: f(XIN)/64 or f(XcIN)/128
1 1: Not available

O

3 | Nothing is arranged for this bit. This is write

contents are “0”".

disabled bit. When this bit is read out, the

o]l O] O

4 | Timer X operating
mode bits

b5 b4
00:
01:
10:
11:

Timer mode

Pulse output mode
Event counter mode
Pulse width
measurement mode

6 | CNTR2 active edge

switch bit

0 : «Count at rising edge in
event counter mode
«Start from “H” output in
pulse output mode
*Measure “H” pulse
width in pulse width
measurement mode
1: «Count at falling edge in
event counter mode
Start from “L” output in
pulse output mode
*Measure “L” pulse
width in pulse width
measurement mode

7 | Timer X stop
control bit

0 : Count operating
1: Count stop

Fig. 3.5.28 Structure of timer X mode register 1
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Timer X mode register 2

b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register 2
(TXM2: address 2Fz16)

Pl bbb Name Functions At reset|R W
t 111 111 1|0 |Realtime port control |0: Real time port function is o |Oio
A bit (P8s) invalid !
e 1: Real time port function is i
EEREEE vald |
S R 1 | Real time port control [ 0: Real time port function is 0 0:0
b bit (P8s) invalid '
A A A 1: Real time port function is |
REREE val :
i i i i i i _________ 2 [P8s data for real time | 0: “L” output 0 00
T R port 1: “H” output i
ST A 3 |P86 data for real time [ 0: “L” output 0 00
Pl port 1: “H” output !
i i i R | 4 | Nothing is arranged for these bits. These are 0 O X
T | 5 | write disabled bits. When these bits are read 0 o:X
N 6 | out, the contents are “0”. 0 O X
e 7 0 |OiX
Fig. 3.5.29 Structure of timer X mode register 2
Interrupt interval determination register
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt interval determination register
bbb (1ID: address 3016)
T Functions At reset|R W
i i i i i i i :.___ 0 | * This register stores a value which is obtained |Undefined| O i X
Porob b 1| by counting a following interval with the Undefined| O | X
A — counter sampling clock. . .
T 12| Rising interval Undef?ned O, X
T | 3| Falling interval Undefined| O ! X
A 4| Both edges interval (Note) Undefined| O | X
o i_ ________________ 5| (Selected by interrupt edge selection register) [ qefinedl O | X
. — * Read exclusive register - :
R O ——— 6 Undefined| O 1 X
e 7 Undefined| O i X

Note: When the noise filter sampling clock selection bits (bits 2, 3) of
the interrupt interval determination control register is “00”, the
both-sided edge detection function cannot be used.

Fig. 3.5.30 Structure of interrupt interval determination register
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Interrupt interval determination control register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register

(IIDCON: address 3116)

Pm——————

b Name Functions At reset|R W
1 0 |Interrupt interval 0: Stopped 0 00
determination circuit| 1: Operating :
operating selection !
bit |
1 | Counter sampling | 0: f(XiN)/128 0 00
clock selection bit | 1: f(XiN)/256 |
ise fi b3 b2 !
2 ’S\IaoI’IT?;i];:lgtJe(;OCk 0 O: Filter is not used. 0 O: ©
5| selection bits (INT2) 2 é; ;&:nggi 100
1 1: f(XIN)/128 |
4 | One-sided/both- 0: One-sided edge 0 0:0
sided edge detection :
detection selection | 1: Both-sided edge i
bit detection (Note) i
| 5 |Nothing is arranged for these bits. These are 0 O: X
6 |write disabled bits. When these bits are read 0 O'X
7 |out, the contents are “0”. 0 O X

Note: When the noise filter sampling clock selection bits (bits 2, 3) is

“00", the both-sided edge detection function cannot be used.

Fig. 3.5.31 Structure of interrupt interval determination control register

A-D control register

b7 b6 b5 b4 b3 b2 bl b0

A-D control register
(ADCON: address 3216)

b Name Functions At reset|R {W
0 | Analog input pin b3 b2 bl bo 0 (@) EO
selection bits 000 0: P70/ANo i
000 1: P71/AN1 |
1| 001 0: P72/AN2 |
001 1: P73/AN3 0 10 io
0100: P74/AN4 i
— 010 1: P75/AN5 :
2 011 0: P76/AN6 0 |0:0
0111:P77/AN7 i
| 100 0: P62/SRDY1/ANS :
3 100 1: P63/AN9 0 0'0
1 0 1 0: P64/INT4/SBusY1/AN10 i
101 1: P65/SsTB1/AN11 i
4 | AD conversion 0: Conversion in progress 1 @) EO
completion bit 1: Conversion completed !
| 5 | Nothing is arranged for these bits. These are 0 O:iX
6 | write disabled bits. When these bits are read 0 OiX
7| out, the contents are “0”. 0 O X

Fig. 3.5.32 Structure

of A-D control register
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A-D conversion register (low-order)

b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (low-order)
(ADL: address 3316)

A R o Functions At reset|R iW
i 111111 ] 0| Nothing is arranged for these bits. These are write Undefined| O 1 X
I S T T R R N 1 | disabled bits. When these bits are read out, the Undefined[ O 1 X
S ™ | contents are “0". Undefined| O 1 X
A B Undefined| O | X
A N n Undefined| O | X
i i i _________________ 5 Undefined| O ! X
A S | 6 | These are A-D conversion result (low-order 2 bits) Undefined| O | X
- 7 | stored bits. This is read exclusive register. Undefined| O i X
Note: Do not read this register during A-D conversion.
Fig. 3.5.33 Structure of A-D conversion register (low-order)
A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
| A-D conversion register (high-order)

Attt 11 (ADH: address 3416)

A A Functions At reset|R iW
i i i i i i i L_.L This is A-D conversion result (high-order 8 bits) stored |Undefined| O X
i i i i i i I | 1 | bits. This is read exclusive register. Undefined| O i X
R 2 Undefined| O | X
T T T PO | 3 | Undefined[ O | X
A N 4] Undefined| O | X
i i i _________________ 1 5 | Undefined| O ! X
A S 6| Undefined| O | X
b e 7 Undefined| O X

Note: Do not read this register during A-D conversion.

Fig. 3.5.34 Structure of A-D conversion register (high-order)
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Interrupt source switch

register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source switch register
(IFR: address 3916)

A A L Name Functions At reset|R EW
i i i i i i i i__| 0 [INT3/serial 102 0: INT3 intrrupt 0 Oi @)
i i i i i i i transmit interrupt 1: Serial /02 transmit i
A switch bit (Note) interrupt |
S T 1 [INT4/A-D 0: INT4 interrupt 0 00
I A R conversion interrupt |1: A-D conversion intrerrupt |
b switch bit ;
S A P | 2 | Nothing is arranged for these bits. These are 0 OiX
A T | 3 |write disabled bits. When these bits are read 0 O X
T 4 |out, the contents are “0”. 0 O'X
R R E 0o [Oix
] 6] 0o |O:X
e 7 0 OiX

function cannot be used.

Note: In the mask option type P, this bit is not available because INT3

Fig. 3.5.35 Structure

of interrupt source switch register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register
(INTEDGE : address 3A16)

Pbr b |b Name Functions Atreset|R iW
i t 4+ ¢+ i1 i_lo[INTointerrupt edge |0 : Falling edge active 0 o) i o)
A selection bit 1 : Rising edge active !
S I 1 [INTzinterrupt edge [0 : Falling edge active 0 |00
i Pl ] selection bit 1 : Rising edge active i
i i i i i ] 2 | INT2 interrupt edge |0 : Falling edge active 0 O i @)
poror selection bit 1 : Rising edge active !
N R 3 [INT3 interrupt edge |0 : Falling edge active 0 |00
A selection bit (Note) |1 : Rising edge active i
A 4 | INT4 interrupt edge |0 : Falling edge active 0 Oi0o
i i i selection bit 1 : Rising edge active i
N 5 | Nothing is arranged for this bit. This is a write 0 OiX
P disabled bit. When this bit is read out, the !
o contents are “0”". i
A 6 [ CNTRo pin edge 0 : Rising edge count 0 i
i switch bit 1 : Falling edge count i
e 7 |CNTR1 pinedge [0 : Rising edge count 0 0i0
switch bit (Note) 1 : Falling edge count ]

CNTRA1 function and INT3 function cannot be used.

Note: In the mask option type P, these bits are not available because

IEig. 3.5.36 Structure of interrupt edge selection register
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3.5 Control registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

CPU mode register
(CPUM, CM: address 3B16)

clock selection bit

(middle-/high-speed
mode)

: XCIN—XcouT selection

(low-speed mode)

b Name Functions At reset|R iW
0 | Processor mode | g Single-chip mode 0 0.0
|| bits 01: |
1 10 > Not available 0 0:0
11: i
2 | Stack page 0:Page 0O 0 O:0
selection bit 1:Pagel !
3 | Xcourt drivability 0: Low drive 1 0:0
selection bit 1: High drive |
4 | Port Xc switch bit | 0: I/O port function 0 0:0
1: XcIN-XcouT oscillation i
function !
5 [ Main clock (XIN- 0: Oscillating 0 O EO
Xour) stop bit 1: Stopped !
6 | Main clock division |0Q: f(XIN) (high-speed mode) 1 (@) EO
ratio selection bit 1: f(XiN)/4 (middle-speed
mode)
7 | Internal system 0: XIN—XouT selection 0 00

Fig. 3.5.37 Structure of CPU m

ode register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1
(IREQ1 : address 3C1s6)

p———————

request bit

1:

issued
Interrupt request issued

b Name Functions At reset|R iW
| 0 [INTo interrupt 0 : No interrupt request 0 [OiO
request bit issued :
1 : Interrupt request issued l

1 [INT1 interrupt 0 : No interrupt request 0 o0

request bit issued !
1 : Interrupt request issued :

2 | INT2 interrupt 0 : No interrupt request 0 Oi U
request bit issued '
Remote controller |1 : Interrupt request issued i
/counter overflow !
interrupt request bit :

3 | Serial I/O1 interrupt | O : No interrupt request 0 Oi O
request bit issued |
Serial 1/0 automatic| 1 : Interrupt request issued :
transfer interrupt i
request bit !

4 [Timer Xinterrupt [0 : No interrupt request 0 o0
request bit issued i

1 : Interrupt request issued |

5 [ Timer 1 interrupt 0 : No interrupt request 0 Oi U

request bit issued !
1 : Interrupt request issued i

6 [ Timer 2 interrupt [0 : No interrupt request o |00

request bit issued |
1 : Interrupt request issued !
7 | Timer 3interrupt |0 : No interrupt request 0 O; O

[: “0” can be set by software, but “1” cannot be set.

Fig. 3.5.38 Structure of interrupt request register 1
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl bO

p———————

Interrupt request register 2
(IREQ2 : address 3D1s)

b Name Functions At reset|R W
| 0 | Timer 4 interrupt 0 : No interrupt request issued 0 Oi a
request bit (Note) |1 : Interrupt request issued !

1 | Timer 5 interrupt 0 : No interrupt request issued 0 0!
request bit 1: Interrupt request issued :

2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi a
request bit 1 : Interrupt request issued ;

3 [Serial 1/02 receive |0 : No interrupt request issued 0 00
interrupt request bit | 1 : Interrupt request issued !

4 | INT3/Serial 1102 0 : No interrupt request issued 0 o0
transmit interrupt | 1 : Interrupt request issued |
request bit (Note) |

5 | INT4 interrupt 0 : No interrupt request issued 0 Oi g
request bit 1: Interrupt request issued i
A-D converter |
interrupt request bit !

6 | FLD blanking 0 : No interrupt request issued 0 oo
interrupt request bit | 1 : Interrupt request issued i
FLD digit interrupt :
request bit i

7 | Nothing is arranged for this bit. This is a write 0 OiX
disabled bit. When this bit is read out, the contents '
are “0". |

[: “0” can be set by software, but “1” cannot be set.

Note: In the mask option type P, if timer 4 interrupt whose count source is
CNTR1 input and INT3 interrupt are selected, these bits do not

become “1".

Fig. 3.5.39 Structure of interrupt request register 2
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Interrupt control regi

ster 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1
(ICONL1 : address 3E16)

p———————

b Name Functions At reset|R {W
1 0 [INTo interrupt 0 : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled !
1 [INTz interrupt 0 : Interrupt disabled 0 !
enable bit 1 : Interrupt enabled i
2 | INT2 interrupt 0 : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled !
Remote controller :
/counter overflow !
interrupt enable bit |
3 | Serial I/01 interrupt | O : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled :
Serial 1/0 automatic i
transfer interrupt |
enable bit |
4 | Timer X interrupt 0 : Interrupt disabled 0 (@) i O
enable bit 1 : Interrupt enabled ;
5 | Timer 1 interrupt 0 : Interrupt disabled 0 @) i O
enable bit 1 : Interrupt enabled !
6 | Timer 2 interrupt 0 : Interrupt disabled 0 [o}{e}
enable bit 1 : Interrupt enabled i
7 | Timer 3 interrupt 0 : Interrupt disabled 0 00
enable bit 1: Interrupt enabled

Fig. 3.5.40 Structure of interrupt control register 1
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Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

rm——————

Interrupt control register 2
(ICONZ2 : address 3F16)

b Name Functions Atreset|R W
[ o [Timer 4interrupt [0 interrupt disabled o |00
enable bit (Note) |1 : Interrupt enabled i

1 |Timer 5interrupt [0 : interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled i
Timer 6 interrupt |0 : interrupt disabled 0 0.0
enable bit 1 : Interrupt enabled '

3 | Serial /02 receive |0 : interrupt disabled 0 [e}{e)
interrupt enable bit |1 : Interrupt enabled |

4 |INT3/Serial /02 0 : interrupt disabled o |[O:i0
transmit interrupt 1: Interrupt enabled i
enable bit (Note) '

5 [ INT4 interrupt 0 : interrupt disabled 0 0:0
enable bit 1: Interrupt enabled !
A-D converter |
interrupt enable bit i

6 | FLD blanking 0 - interrupt disabled 0 |0i0
interrupt enable bit |1 : Interrupt enabled |
FLD digit interrupt '
enable bit :

7 | Fix “0” to this bit. 0 0:0

Note: In the mask option type P, timer 4 interrupt whose count source
is CNTR1 input and INT3 interrupt are not available.

Fig. 3.5.41 Structure of interrupt control register 2
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3.5 Control registers

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 1
(PULL1: address OEFO16)

RIW

rm——————

_____________________

disabled bit. When this bit is read out, the

contents are “0”".

b Name Functions At reset
| 0 | Ports P50, P51 pull- | 0: No pull-up 0 OEO
up control 1: Pull-up '
1 [Ports P52, P53 pull- [ 0: No pull-up o [O!0
up control 1: Pull-up :
2 | Ports P54, P55 pull- | 0: No pull-up 0 00
up control 1: Pull-up i
3 | Ports P56, P57 pull- [0: No pull-up 0 O:0
up control 1: Pull-up !
4 [Port P61 pull-up 0: No pull-up 0 Oi O
control 1: Pull-up |
5 | Ports P62, P63 pull- | 0: No pull-up 0 00
up control 1: Pull-up i
6 | Ports P64, P65 pull- [0: No pull-up 0 0.0
up control 1: Pull-up i
7 | Nothing is arranged for this bit. This is a write 0 O!x

Note: The pin set to output port is cut off from pull-up control.

Fig. 3.5.42 Structure of pull-up control register 1

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 2
(PULLZ2: address OEF116)

rm——————

_____________________

disabled bit. When this bit is read out, the

contents are “0”".

b Name Functions At reset
] 0 |Ports P70, P71 pull- [0: No pull-up 0 OEO
up control 1: Pull-up !
1 | Ports P72, P73 pull- | 0: No pull-up 0 00
up control 1: Pull-up :
2 |Ports P74, P75 pull- | 0: No pull-up 0 00
up control 1: Pull-up i
3 | Ports P76, P77 pull- [0: No pull-up 0 00
up control 1: Pull-up !
4 | Ports P84, P85 pull- [ 0: No pull-up 0 0:0
up control 1: Pull-up |
5 | Ports P86, P87 pull- | 0: No pull-up 0 010
up control 1: Pull-up |
6 [Ports P9o, P91 pull- | 0: No pull-up 0 0:0
up control 1: Pull-up i
7 [Nothing is arranged for this bit. This is a write 0 O X

Note: The pin set to output port is cut off from pull-up control.

Fig. 3.5.43 Structure of pull-up control register 2
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3.5 Control registers

P1FLDRAM write disable register

b7 b6 b5 b4 b3 b2 bl bo

P1FLDRAM write disable register
(P1FLDRAM: address OEF216)

A R o Name Functions Atreset|R iW
bbb o [FLDRAM corre- 0: Operating normally 0 0:0
A sponding to port 1: Write disabled |
Vr b r P1o write disable bit ;
A A A A I T 1 |FLDRAM corre- 0: Operating normally 0 0i0
[ A sponding to port 1: Write disabled 1
Pl P11 write disable bit i
A 2 [FLDRAM corre- 0: Operating normally 0 |Oi0
oo sponding to port 1: Write disabled !
ror o P12 write disable bit i
R R S 3 [FLDRAM corre- 0: Operating normally 0o |00
I sponding to port 1: Write disabled i
Pl P13 write disable bit !
i i i S 4 |FLDRAM corre- 0: Operating normally 0 O EO
P sponding to port 1: Write disabled i
P P14 write disable bit i
N S — 5 |FLDRAM corre- 0: Operating normally o (00
b sponding to port 1: Write disabled |
o P1s write disable bit :
A 6 |FLDRAM corre- 0: Operating normally 0 0.0
i sponding to port 1: Write disabled |
| P16 write disable bit i
] 7 |FLDRAM corre- 0: Operating normally 0 |00
sponding to port 1: Write disabled |
P17 write disable bit !

Fig. 3.5.44 Structure of PAIFLDRAM

write disable register
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3.5 Control registers

P3FLDRAM write disable register

b7 b6 b5 b4 b3 b2 bl b0

P3FLDRAM write disable register
(P3FLDRAM: address OEF316)

A A A Name Functions Atreset|R iW

Pt bbb o [FLDRAM corre- 0: Operating normally 0 O : O

AR sponding to port 1: Write disabled !

(I T T R T P30 write disable bit |

A 1 [FLDRAM corre- 0: Operating normally 0 0i0

o sponding to port 1: Write disabled i

A P31 write disable bit i

A 2 |[FLDRAM corre- 0: Operating normally 0 O 1O

oo sponding to port 1: Write disabled :

Pobor o P32 write disable bit i

A S 3 [FLDRAM corre-  |0: Operating normally 0 |00

oo sponding to port 1: Write disabled i

Pl P33 write disable bit !

i i i ] 4 |FLDRAM corre- 0: Operating normally 0 o i o

P sponding to port 1: Write disabled !

i i i P34 write disable bit |

i i e 5 FLDRAM corre- 0: Operating normally 0 o i o

P sponding to port 1: Write disabled |

o P35 write disable bit !

A 6 [FLDRAM corre- 0: Operating normally 0 O : O

i sponding to port 1: Write disabled !

i P36 write disable bit ;

R ——— 7 |[FLDRAM corre- 0: Operating normally 0o [O:0
sponding to port 1: Write disabled |

P37 write disable bit

Fig. 3.5.45 Structure of P3FLDRAM write disable register
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3.5 Control registers

FLDC mode register

b7 b6 b5 b4 b3 b2 bl b0

FLDC mode register
(FLDM: address OEF416)

Pl bbb Name Functions Atreset|R W
pror bbb o Automatic display [0 : General-purpose mode 0 (OH©)
Pl control bit (PO, P1, |1 : Automatic display :
O P2, P3, P8) mode :
S 1 | Display start bit 0 : Display stopped o |00
I T R 1 : Display in progress (display i
P starts by writing “1") ;
S I N 2 | Tscan control bits | b3 b2 0 (OH©)
oo 00 : 0 FLD digit interrupt |
oo (at rising edge of each !
T digit) |
T B R — 01:10Tdisp :
I 3 10:2 0 Tdisp 0 |0i0
Pl 11:30 Tdisp !
[ FLD blanking interrupt (at :
P falling edge of last digit) !
e 4 | Timing number 0 : 16 timing mode 0 0i0
P control bit 1: 32 timing mode (Note 2) !
R 5 | Gradation display |0 : Not selected o |oio
P mode selection 1: Selected (Notes 1, 2) !
P control bit i
Vo 6 | Tdisp counter count|0 : f(XIN)/16 or f(XCIN)/32 0o |00
i source selection bit |1 : f(XIN)/64 or f(XcIN)/128 i
v 7 | High-breakdown [0 : Drivability strong 0 0:0
voltage port driv- 1 : Drivability weak i
ability selection bit !

Notes 1: When the gradation display mode is selected, the number of
timing is max. 16 timing. (Set “0” to the timing number control

bit (b4).)

2: When switching the timing number control bit (b4) or the
gradation display mode selection control bit (b5), set “0” to
the display start bit (b1) (display stop state) before that.

Fig. 3.5.46 Structure of FLDC mode register
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3.5 Control registers

Tdisp time set register

b7 b6 b5 b4 b3 b2 bl b0

| Tdisp time set register

(TDISP: address OEF516)

A ] Functions At reset|R W
bbb b b o esetthe Tdisp time. 0 0:0
A sWhen a value n is written to this register, Tdisp |
e time is expressed as Tdisp = (n + 1) [0 count ;
tf4 o [ souce. _ 0 |00
e *When reading this register, the value in the i
oo counter is read out. |
A SO 2 | (Example) 0 ©:0
A When the following condition is satisfied, Tdisp i
oo || becomes 804 us {(200 + 1) 0 4 ps}; |
N 3| °f(XIN) =4 MHz 0 0Oi0
Pl «bit 6 of FLDC mode register = 0 :
por ot (f(XIN)/16 is selected as Tdisp counter count 1
P — source.) :
L 4 *Tdisp time set register = 200 (C81s). 0 © | ©
A T 5 0 |00
A 6 | o |00
] 7] 0 |0!0

Fig. 3.5.47 Structure of Tdisp time set register
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3.5 Control registers

Toffl time set register

b7 b6 b5 b4 b3 b2 bl bo

| | Toff1 time set register
(TOFF1: address OEF616)

Pl bbb |b Functions Atreset|R W
porobb bbb o eSet the Toffl time. 1 |oio
R || *When a value n1 is written to this register, |
A 1| Toffl time is expressed as Toffl = n1 O count 1 00
A source. |
1] ] 2 (Example) b9
I —— When the following condition is satisfied, Toffl !
I R R 3| becomes 120 ps (= 30 0 4 ps); 1 O EO
T || <f(XIN) =4 MHz !
A SO 4| <bit 6 of FLDC mode register = 0 1 |00
P (f(XIN)/16 is selected as Tdisp counter count !
ol 5| source.) 1 0:0
oy T *Toffl time set register = 30 (1E1s6). !
] 6| 1 [oio
R 7] 1 |00
Note: Set value of 0316 or more.
Fig. 3.5.48 Structure of Toffl time set register
Toff2 time set register
b7 b6 b5 b4 b3 b2 bl b0
| | | Toff2 time set register

—~ AL 1 1 1 | (TOFF2: address OEF716)

A A A Functions At reset|R {W
bbb 1 0| «set the Toff2 time. 1 0i0
R || *When a value n2 is written to this register, :
e 1| Toff2 time is expressed as Toff2 = n2 O count 1 0O'0
RN |
oo r 7 However, setting of Toff2 time is valid only for 1 o o
A the FLD port which is satisfied the following; i
T A — egradation display mode ;
A et 3| evalue of FLD automatic display RAM (in 1 O io
P || gradation display mode) = “1” (dark display). !
e 4 (Example) 1 O EO
o L1 When the following condition is satisfied, Toff2 :
N O — 5| becomes 720 ps (= 180 [ 4 ps); 1 |00
P || <f(XiN) =4 MHz |
o] 6| ebit 6 of FLDC mode register = 0 1 0:0
! (f(XIN)/16 is selected as Tdisp counter count !

i > source.) 1 o
"""""""""""" ! *Toff2 time set register = 180 (B41e). :O

Note: When the Toff2 control bit (b7) of the port P8FLD output control

register (address OEFC1s) is set to “1”, set value of 0316 or

more to the Toff2 control register.

Fig. 3.5.49 Structure of Toff2 time set register
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FLD data pointer/FLD data pointer reload register

b7 b6 b5 b4 b3 b2 bl b0

FLD data pointer/FLD data pointer reload register
(FLDDP: address OEF816)

Pibi bbb Functions At reset|R {W
t 1 i1 11 1 i_| o] The start address of each data of FLD ports PO, [Undefined| OO
R || P1, P2, P3, and P8, which is transferred from '
I N 1 | FLD automatic display RAM, is set to this Undefined| O 1O
bbb T register. :
A | The start address becomes the address adding " T
A 2 | the value set to this register into the last data Undefined) O ; ©
T A —— address of each FLD port. . :
I 3 | Set a value of (timing number — 1) to this Undefined| O O
I || register. i
A T S 4 Undefined| O 1 O
. The value which is set to this address is written !
Pl 5 | to the FLD data pointer reload register. Undefined| O 1O
oy T When reading data from this address, the value :
P — in the FLD data pointer is read. " !
|t 6 | When bits 5 to 7 of this register is read, “0” is Undefined| O ! O
| L always read. : ;
(N 7 Undefined| O 1O
Fig. 3.5.50 Structure of FLD data pointer/FLD data pointer reload register
Port POFLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port POFLD/port switch register

A 1t 11 1 | (POFPR: address OEF916)
A L) Name Functions At reset|R IW
i 111114 [o|Port POFLD/port |0 : General-purpose port 0 OEO
oo switch bit 1: FLD port |
S T T T O S 1 |Port PO1FLD/port [0 : General-purpose port 0 00
A switch bit 1: FLD port i
I T A 2 | Port PO2FLD/port |0 : General-purpose port 0 00
oo switch bit 1: FLD port !
S 3 [Port POSFLD/port |0 : General-purpose port 0 Oi0
Pl switch bit 1: FLD port !
A 4 |Port PO4FLD/port |0 : General-purpose port 0 00
Pl switch bit 1: FLD port i
T — 5 | Port POsFLD/port [0 : General-purpose port 0 00
P switch bit 1: FLD port !
S S 6 | Port POsFLD/port |0 : General-purpose port 0 O ; O
i switch bit 1:FLD port |
b e 7 | Port PO7FLD/port |0 : General-purpose port 0 00

switch bit 1: FLD port ;

Fig. 3.5.51 Structure of port POFLD/Port switch register
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Port P2FLD/port switch register

b7 b6 b5 b4 b3 b2 bl b0

Port P2FLD/port switch register
(P2FPR: address OEFA16)

Pl bbb |b Name Functions Atreset|R'W
{11 i i b1 il o[Port P2oFLD/port |0 : General-purpose port 0 |Oi0
R switch bit 1: FLD port |
A A S 1 |Port P21FLD/port [0 : General-purpose port 0 00
Pl switch bit 1: FLD port i
I T A 2 | Port P22FLD/port [0 : General-purpose port 0 00
Pl switch bit 1: FLD port !
A O 3 | Port P23FLD/port |0 : General-purpose port 0 o0
Pl switch bit 1: FLD port !
A T S 4 |Port P24FLD/port |0 : General-purpose port o [Oi0
Pl switch bit 1: FLD port |
T — 5 [Port P2sFLD/port |0 : General-purpose port 0 00
P switch bit 1: FLD port !
S S 6 [Port P26FLD/port |0 : General-purpose port 0 O | ®)
| switch bit 1 : FLD port :
b e 7 | Port P27FLD/port |0 : General-purpose port 0 00
switch bit 1:FLD port ;
Fig. 3.5.52 Structure of port P2FLD/port switch register
Port P8FLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| | Port P8FLD/port switch register
Attt 11 1 | (P8FPR: address OEFB16)
Pl bbb Name Functions At reset|R IW
{1 i i b1 il o[Port P8oFLD/port |0 : General-purpose port 0 |Oi0
R switch bit 1: FLD port |
A A S 1 |Port P81FLD/port [0 : General-purpose port 0 00
Pl switch bit 1: FLD port i
A 2 | Port P82FLD/port [0 : General-purpose port 0 00
Pl switch bit 1: FLD port !
A O 3 | Port P83FLD/port [0 : General-purpose port 0 o0
Pl switch bit 1: FLD port !
Poro L] 4 | Port P84FLD/port |0 : General-purpose port 0 00
Pl switch bit 1: FLD port |
T — 5 [Port P8sFLD/port |0 : General-purpose port 0 00
P switch bit 1: FLD port !
i S 6 | Port P86FLD/port |0 : General-purpose port 0 O | O
i switch bit 1: FLD port |
b e 7 | Port P87FLD/port |0 : General-purpose port 0 00
switch bit 1:FLD port ;

Fig. 3.5.53 Structure of port P8FLD/port switch register
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Port PSFLD output control register

b7 b6 b5 b4 b3 b2 bl b0

Port P8FLD output control register
(PBFLDCON : address OEFCue)

Pm——————

_______________________

(falling operation)
1 : Rising operation

b Name Functions At reset| R W
0 [P84-P87 FLD 0 : Output normally 0 00
output reverse bit |1 : Reverse output :

1 | P84—P87/FLDRAM |0 : Operating normally 0 0:0
write disable bit 1 : Write disabled ;

2 | P84—P87 Toff 0 : Operating normally 0 Oi @)
invalid bit 1: Toff invalid !

3 | P84—P87 delay 0 : No delay 0 O:0
control bit (Note) 1: Delay i
4 | P63/AN9 dimmer 0 : Ordinary port 0 OE (@)
output control bit 1 : Dimmer output |
5 [ Nothing is arranged for these bits. These are 0 OiX
3 write disabled bits. When these bits are read 0 Oi ~
out, the contents are “0". !

7 | Toff2 control bit 0 : Operating normally 0 0!0

Note: Valid only when selecting FLD port and P84—P87 Toff invalid function

Fig. 3.5.54 Structure of port P8FLD output control register

Buzzer output control register

b7 b6 b5 b4 b3 b2 bl b0

Buzzer output control register
(BUZCON: address OEFD1s6)

b Name Functions At reset|R {W
0 |Output frequency | bibo 0 0 0
selection bits 0 0: 1 kHz (f(XiN)/4096) i

— 0 1: 2 kHz (f(XIN)/2048) :
1 1 0: 4 kHz (f(XIN)/1024) o |0i0
1 1: Not available |
2 |Output port b3b2 0 00
selection bits 0 0: P20 and P43 function !
as ordinary ports. |
0 1: P43/Buzoi functions as !
— a buzzer output. ;

3 1 0: P20/Buzo2/FLDo 0 0.0
functions as a buzzer :
output. !

1 1: Not available l
4 | Buzzer output 0: Buzzer output OFF (“0” 0o |[O:i0
ON/OFF bit output) !
1: Buzzer output ON i
| 5 [Nothing is arranged for these bits. These are 0 o' X
| 6 | write disabled bits. When these bits are read 0 0! X
7 | out, the contents are “0". 0 0 X

Fig. 3.5.55 Structure

of buzzer output control register
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3.6 Mask ROM confirmation form

GZZ-SH54-19B<88A1>

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B57M6-XXXFP

MITSUBISHI ELECTRIC

Mask ROM number

Receipt

Date:

Section head
signature

Supervisor
signature

Note : Please fill in all items marked .

Company TEL
name (
0| Customer
Date .
issued Date:

N—r
Issuance
signature

Submitted by

Supervisor

[0 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.

Three EPROMSs are required for each pattern.

If at least two of the three sets of EPROMSs submitted contain identical data, we will produce masks based on this data.
We shall assume the responsibility for errors only if the mask ROM data on the products we produce differs from this
data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM

EPROM type

27512

EPROM address
000016

Product name
ASCII code :

000F16 | ‘M38B57M6-

001016

AO07F16
A08016

Data
ROM (24K-130) bytes
FFFD16
FFFE16
FFFF16

(1) Set the data in the unused area (the shaded area of the
diagram) to “FF16".

(2) The ASCII codes of the product name “M38B57M6-"
must be entered in addresses 000016 to 000816. And set
the data “FF16” in addresses 000916 to 000F16.

The ASCII codes and addresses are listed to the right in
hexadecimal notation.

(1/2)

Address
000016
000116
000216
000316
000416
000516
000616
000716

(hexadecimal notation)

Address
‘M’ = 4D16 000816
‘3" = 3316 000916
‘8" = 3816 000A16
‘B’ = 4216 000B16
‘5" = 3516 000C16
‘7" = 3716 000D16
‘M’ = 4D16 000E16
‘6’ = 3616 000F16

In the address space of the microcomputer, the internal
ROM area is from address A08016 to FFFD16. The reset
vector is stored in addresses FFFCi16 and FFFD1s.

'~ =2D16
FFi16
FF16
FF16
FF16
FFi16
FF16
FF16
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3.6 Mask ROM confirmation form

GZZ-SH54-19B<88A1> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B57M6-XXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program be-
cause ASCII codes of the product name are written to addresses 000016 to 000816 of EPROM.

EPROM type 27512

*= A $0000
The pseudo-command BYTE A‘M38B57M6-—’

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the ROM
will not be processed.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6N) and attach it to the mask ROM confirmation form.

0 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?
[] cCeramic resonator ] Quartz crystal
] External clock input ] Other ( )

At what frequency? f(XIN) = |:| MHz

(2) How will you use the XcIN-XcouT oscillator?
[1 Ceramic resonator [] Quartz crystal
[] External clock input [l Other( )

At what frequency? f(XCIN) = |:| kHz

[0 4. Comments

(2/2)
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GZZ-SH54-20B<88A1>

740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38B57MCH- XXXFP
MITSUBISHI ELECTRIC

APPENDIX

3.6 Mask ROM confirmation form

| Mask ROM number | |

Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked [I.

Submitted b Supervisor
Company TEL Qo y P
name ( ) = =
00| Customer cg
Date 32
issued Date:

0 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on this data.
We shall assume the responsibility for errors only if the mask ROM data on the products we produce differs from this
data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM (hexadecimal notation)
EPROM type
27512
EPROM address
000016
Product name In the address space of the microcomputer, the internal

O00F16 | M38B57MCH- ROM area is from address 408016 to FFFD16. The reset
%%11212 Mask option vector is stored in addresses FFFC16 and FFFD16.
407F16
408016 Data

ROM (48K-130) bytes
FFFD16
FFFE16
FFFF16

(1) Set the data in the unused area (the shaded area of the

diagram) to “FF16".

(2) The ASCII codes of the product name “M38B57MCH-"
must be entered in addresses 000016 to 000916. And set

the data “FF16” in addresses 000A16 to O00F16.

The ASCII codes and addresses are listed to the right in

hexadecimal notation.

The option data must be entered in address 001016.

(1/3)

Address Address

000016 ‘M’ = 4D16 000816 ‘H' = 4816
000116 ‘3’ = 3316 000916 ‘'~ = 2D16
000216 ‘8" = 3816 000A16 FFi16
000316 ‘B’ = 4216 000B16 FFi6
000416 ‘5" = 3516 000C16 FFi6
000516 ‘7" = 3716 000D16 FF16
000616 ‘M’ = 4D16 000E16 FF16
000716 ‘C’ = 4316 000F16 FF16
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3.6 Mask ROM confirmation form

GZZ-SH54-20B<88A1> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B57MCH- @XXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program be-
cause ASCII codes of the product name are written to addresses 000016 to 000916 of EPROM.

EPROM type 27512

*= /A $0000
The pseudo-command BYTE A‘M38B57MCH-"’

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the ROM
will not be processed.

O 2. Mask option specification
High-breakdown voltage ports P20 to P27 and P80 to P83 can be selected whether pull-down resistors are built-in or not
from among the following 8 types by the mask option.

Select built-in type of pull-down resistors from among the following A to G, P, and fill out the following certainly.

(Fill out the upper part of page 1/3 also.)

Set the data of the same option type name in EPROM specified address. (Set the ASCII code of Ato G, P; 4116 to 4716,
5016.)

Set the following pseudo-command to the assembler source program.

EPROM type 27512
The pseudo-command éi-ﬁziog‘;l)?x
Connective port of pull-down resistor
Option type (connected at “1” writing)
P20 | P21| P22| P23 | P24 | P25| P26 | P27 | P8o | P81| P82 | P83
A ($41)
B ($42) 1] 1
C ($43) 1 1 1] 1
D ($44) 1 1|1 1 1(1
E ($45) 1|1 |11 f1]1|1]1
F ($46) 1 1 1 1|1 1 1] 1 1|1
G ($47) 1 1 1 1|1 1 1] 1 1|1 1 1
P ($50) 1 1 1 111 1 1(1
4L
M38B57MCH- XXXFP

Option type J

Fill out with any one of Ato G, P.
(2/13)
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GZZ-SH54-20B<88AL> [ Mask ROM number | |

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B57MCH- @XXXFP
MITSUBISHI ELECTRIC

O 3. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6N) and attach it to the mask ROM confirmation form.

O 4. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?

[] Ceramic resonator ] Quartz crystal
[ External clock input ] Other( )
At what frequency? f(XIN) = |:| MHz
(2) How will you use the XcIN-XcouT oscillator?
[] Ceramic resonator [] Quartz crystal
[l External clock input [l Other( )
At what frequency? f(XcIN) = |:| kHz

0 5. Comments

(3/3)
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3.6 Mask ROM confirmation form

GZZ-SH54-21B<88A1>

740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38B59MFH- XXXFP

MITSUBISHI ELECTRIC

Mask ROM number

Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked .

Submitted b Supervisor
Company TEL Qo y P
name ( ) = =]
O [ Customer gc
Date 32
issued Date:

0 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.

Three EPROMSs are required for each pattern.

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on this data.
We shall assume the responsibility for errors only if the mask ROM data on the products we produce differs from this
data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type

27512

EPROM address

000016 Product name
ASCII code :
000F16 | ‘M38BSOMFH-'
001016 Mask option
001116

107F16
108016

Data
ROM (60K-130) bytes|
FFFD16
FFFE16
FFFF16

(1) Set the data in the unused area (the shaded area of the
diagram) to “FF16".

(2) The ASCII codes of the product name “M38B59MFH-"
must be entered in addresses 000016 to 000916. And set
the data “FF16” in addresses 000A16 to 000F16.

The ASCII codes and addresses are listed to the right in
hexadecimal notation.
The option data must be entered in address 001016.

(1/3)

In the address space of the microcomputer, the internal
ROM area is from address 108016 to FFFD16. The reset
vector is stored in addresses FFFC16 and FFFD1s.

Address Address

000016 ‘M’ = 4D16 000816 ‘H’ = 4816
000116 ‘3’ = 3316 000916 ‘—' = 2D16
000216 | ‘8’ = 3816 000A16 FFie
000316 ‘B’ = 4216 000B16 FFi6
000416 | ‘5’ = 3516 000C16 FFie
000516 ‘9’ = 3916 000D16 FFi6
000616 ‘M’ = 4D16 000E16 FFie
000716 ‘F' = 4616 000F16 FFie
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3.6 Mask ROM confirmation form

GZZ-SH54-21B<88A1>

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B59MFH- [ D [XXXFP
MITSUBISHI ELECTRIC

| Mask ROM number | |

We recommend the use of the following pseudo-command to set the start address of the assembler source program be-

cause ASCII codes of the product name are written to addresses 000016 to 000916 of EPROM.

EPROM type

27512

The pseudo-command

*= A $0000
.BYTE A'M38B59MFH-’

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the ROM

will not be processed.

O 2. Mask option specification

High-breakdown voltage ports P20 to P27 and P80 to P83 can be selected whether pull-down resistors are built-in or not
from among the following 8 types by the mask option.

Select built-in type of pull-down resistors from among the following A to G, P, and fill out the following certainly.
(Fill out the upper part of page 1/3 also.)
Set the data of the same option type name in EPROM specified address. (Set the ASCII code of Ato G, P; 4116 to 4716,

5016.)

Set the following pseudo-command to the assembler source program.

EPROM type 27512
*= A $0010
The pseudo-command BYTEA $XX

Connective port of pull-down resistor
Option type (connected at “1” writing)
P20 | P21| P22| P23| P24 | P25 | P26 | P27 | P8o| P81 | P82 | P83
A ($41)
B ($42) 1 1
C ($43) 1 1 1 1
D ($44) 1 1 1 1 1 1
E ($45) 1|1 |1]1]1]1]1]1
F®46) |1 |1 |1 |1 |1 |1 |11 |1]1
G ($47) 1 1 1 1 1 1 1 1 1 1 1 1
P ($50) 111211 |1]|1]1
4L
M38B59MFH- XXXFP
Option type J
Fill out with any one of Ato G, P.
(2/3)
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3.6 Mask ROM confirmation form

GZZ-SH54-21B<88A1> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B59MFH- [ O [XXXFP
MITSUBISHI ELECTRIC

O 3. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6N) and attach it to the mask ROM confirmation form.

O 4. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?

[] Ceramic resonator ] Quartz crystal
[0 External clock input ] Other( )
At what frequency? f(XIN) = |:| MHz
(2) How will you use the XCIN-XcouT oscillator?
[] Ceramic resonator [] Quartz crystal
(] External clock input ] oOther ( )
At what frequency? fxem) =] kHz

0 5. Comments

(3/3)
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3.7 ROM programming confirmation form

3.7 ROM programming confirmation form

GZZ-SH54-22B<88A0>

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38B59EF-XXXFP
MITSUBISHI ELECTRIC

ROM number

Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked [.

Submitted b Supervisor
Company TEL g o y p
name ( ) c3
0 | Customer Sa
Date g%
issued Date:

0 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern.
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce ROM programming based
on this data. We shall assume the responsibility for errors only if the ROM programming data on the products we
produce differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM (hexadecimal notation)
EPROM type
27512
EPROM address
000016
e name In the address space of the microcomputer, the internal

000F16 | 'M38BSOEF- ROM area is from address 108016 to FFFDz16. The reset
001016 vector is stored in addresses FFFC16 and FFFD16.
107F16
108016 Data

ROM (60K-130) hytes
FFFD16
FFFE16
FFFF16

(1) Set the data in the unused area (the shaded area of the

diagram) to “FF16”.

(2) The ASCII codes of the product name “M38B59EF-"
must be entered in addresses 000016 to 000816. And set

the data “FF16” in addresses 000916 to 000F16.

The ASCII codes and addresses are listed to the right in

hexadecimal notation.

Address Address

000016 ‘M’ = 4D16 000816 ‘'~ = 2D16
000116 ‘3’ = 3316 000916 FFi16
000216 ‘8" = 3816 000A16 FFi6
000316 ‘B’ = 4216 000B16 FFi6
000416 ‘5" = 3516 000C16 FFi6
000516 ‘9’ = 3916 000D16 FFi6
000616 ‘E’ = 4516 000E16 FFi6
000716 ‘F' = 4616 000F16 FFi6

38B5 Group User's Manual 3-75



APPENDIX

3.7 ROM programming confirmation form

GZZ-SH54-22B<88A0> | ROM number

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38B59EF-XXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program be-
cause ASCII codes of the product name are written to addresses 000016 to 000816 of EPROM.

EPROM type 27512
*= A$0000
The pseudo-command BYTE A‘M38B59EF—"

Note : If the name of the product written to the EPROMs does not match the name of the ROM programming confirmation
form, the ROM will not be processed.

0 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (80P6N) and attach it to the ROM programming confirmation form.

0 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?
[] cCeramic resonator ] Quartz crystal
[ External clock input [ oOther( )

At what frequency? f(XIN) = |:| MHz

(2) How will you use the XcIN-XcouT oscillator?
[l Ceramic resonator ] Quartz crystal
[J] External clock input ] oOther( )

At what frequency? f(XCIN) = [ ] kHz

[0 4. Comments

(2/2)
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3.8 Mark specification form

3.8 Mark specification form
80P6N (80-PIN QFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if needed).

A. Standard Mitsubishi Mark

@ @
AARAAAAAAAARAARARARARAAR

®

®

e

Mitsubishi product number
(6-digit, or 7-digit)

ARAARARAARAARAR

®

Mitsubishi IC catalog name

iEEEEGEEEEEEEEE:

®

R EEEEEEE EEEEEEEE LT
@ @

B. Customer’s Parts Number + Mitsubishi IC Catalog Name

@) @
RARAAAAAAAARAARARAAARAAL

GE= =@
% % pommmee Customer’s Parts Number
% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ B ‘ Note : The fonts and size of characters are standard Mitsubishi type.
S| e Mitsubishi IC catalog name
% ‘ % Notes 1 : The mark field should be written right aligned.
== = 2 :The fonts and size of characters are standard Mitsubishi type.
1 =@ 3 : Customer’s parts number can be up to 14 alphanumeric char-

R EEEEEEEEEEEEEE LT
@ @

C. Special Mark Required

@ @
HARARAAAAAARARAARAAAAARR

®

AHRARAAAAARAARAR

®

R R EEEEEE R EL:
® 2)

acters for capital letters, hyphens, commas, periods and so on.
4 : If the Mitsubishi logo .\ is not required, check the box below.
2 Mitsubishi logo is not required

Notesl :If special mark is to be printed, indicate the desired lay-
out of the mark in the left figure. The layout will be
duplicated technically as close as possible.

Mitsubishi product number (6-digit, or 7-digit) and Mask
ROM number (3-digit) are always marked for sorting the
products.

. If special character fonts (e,g., customer’s trade mark
logo) must be used in Special Mark, check the box be-
low.

For the new special character fonts, a clean font original
(ideally logo drawing) must be submitted.

®

{ECEEEEEEEEEELEE
N

®

Special character fonts required
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3.9 Package outline

3.9 Package outline

80P6N-A Plastic 80pin 14020mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP80-P-1420-0.80 — 1.58 Alloy 42
HD
D
. EBERRRARR AR AR | N
o O : g

S I

Recommended Mount Pad

ARAAHAARARAARBARAARAARAR '
HEBHEEHEEE B HEEEEEREEEE

E

HE

Symbol Dimension in Millimeters
Min Nom Max
A — — 3.05
A1l 0 0.1 0.2
A2 - 2.8 -
Q b 0.3 0.35 0.45
g c 0.13 0.15 0.2
LELEEEEUEEREEE , e
@ E 19.8 20.0 20.2
le] - 0.8 -
HD 16.5 16.8 17.1
HE 225 22.8 23.1
N L 0.4 0.6 0.8
< L1 — 1.4 -
y - - 0.1
[’ 0° — 10°
< b2 - 0.5 —
Detail F 12 1.3 — -
MbD - 14.6 -
ME — 20.6 -
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3.10 List of instruction code

3.10 List of instruction code

D3 —Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 Da Hexaggg?ﬂ 0 1 2 3 4 5 6 7 8 9 A B c D E F
oo | o [omc | oRal e | fom | e (BB e | O | A
oo | o [ |0 | | o | sk (SR e
oo | 2 Nox| e | oA | 7o | 2P | 2 P | A
0011 3 | Bwmi Iﬁg,DY SET Bf/‘i — ;‘F',“'[;( ZR:';( SEC
oon | s feve |\ RL = 15A | — |ox |zox -
N A A R R B e
our |7 fevs OS] = | Sa | [zex|zex -
oo [ o [oma | A | S o8 foTy | sTa | ST | SBBY oey | | v
1001 o |BCC II\?S,AY - Tg ZSP-I,-YX zSPT,/; ZSF;I:):( TYA ™S
oo | A [0 ] 08| A0 [ e oy | ion | Lox BB nay | 108 | e
o | o [sos | g08 | e | eee | tov | 1os | 10X FBECH iy LEOAV rsx
1100 c | Iﬁgpx wT 252 SO I s INY DEX
wor | oo fene | R — 1| = |k | e cLo -
wo | e |G| sac | ov | oes fcnx |c | e KB x| SEC | wor
1111 Folee o] = [Tn | = 1% |2k SED -
-: 3-byte instruction
2-byte instruction
1-byte instruction
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3.11 Machine instructions

3.11 Machine instructions

Symbol

Function

Details

Addressing mode

IMP

A BIT,A/R

ZP

BIT, ZP, R

OP

OoP

OP| n |# |OP| n

#

OP

OP

n

#

ADC
(Note 1)
(Note 5)

WhenT=0
A-A+M+C

WhenT=1
M(X) « M(X) + M+ C

When T = 0, this instruction adds the contents
M, C, and A; and stores the results in A and C.
When T = 1, this instruction adds the contents
of M(X), M and C; and stores the results in
M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

69

65

AND
(Note 1)

WhenT=0
A~ AAM

WhenT=1
M(X) « M(X)AM

When T = 0, this instruction transfers the con-
tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
back in A.

When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1, the contents of A
remain unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

29

25

ASL

This instruction shifts the content of A or M by
one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

OAl2 |1

06

BBC
(Note 4)

Aior Mi =0?

This instruction tests the designated bit i of M
or A and takes a branch if the bit is 0. The
branch address is specified by a relative ad-
dress. If the bit is 1, next instruction is
executed.

20i

BBS
(Note 4)

Aior Mi=1?

This instruction tests the designated bit i of the
M or A and takes a branch if the bit is 1. The
branch address is specified by a relative ad-
dress. If the bit is 0, next instruction is
executed.

20i

BCC
(Note 4)

c=07

This instruction takes a branch to the ap-
pointed address if C is 0. The branch address
is specified by a relative address. If Cis 1, the
next instruction is executed.

BCS
(Note 4)

This instruction takes a branch to the ap-
pointed address if C is 1. The branch address
is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ
(Note 4)

This instruction takes a branch to the ap-
pointed address when Z is 1. The branch
address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT

AAM

This instruction takes a bit-wise logical AND of
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

24

BMI
(Note 4)

This instruction takes a branch to the ap-
pointed address when N is 1. The branch
address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE
(Note 4)

This instruction takes a branch to the ap-
pointed address if Z is 0. The branch address
is specified by a relative address. If Z is 1, the
next instruction is executed.

3-80
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3.11 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP,IND | IND,X | IND,Y REL SP 716|543 |2|1(0
OP| n|#|OP| n|#[OP|n|#[OP|n|#[OP #|OP| n|#|OP| n|#|OP|n|#|OP #|OP| n|{#|OP|n|#|N|V|T|B|D|I|Z]|C
75| 4 6D| 4 7D| 5 3|79 3 616|271 2 N[V|e|-|s]|°|Z|C
35| 4 2D| 4 3D| 5339 3 21|16 (2|31 2 Nfe|ele|s]=]Z]"
16| 6 OE|6 1E| 7|3 Nfe|e|*|]|°|Z|C
90212 C3N N T R S TS A Y
BO| 2|2 ol o | e o e o] o] e
Fo| 2|2 N I N A S O I
2C| 4 M7|Me| o . . . Z .
30(2 |2 N I N A A N I
DO|2 |2 N O N O S O I
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3.11 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A zP BIT, ZP
OP| n OP| n OP | n OP[ n|#|OP|n OP| n | #
BPL N =0? This instruction takes a branch to the ap-
(Note 4) pointed address if N is 0. The branch address
is specified by a relative address. If N is 1, the
next instruction is executed.
BRA PC ~ PC % offset This instruction branches to the appointed ad-
dress. The branch address is specified by a
relative address.
BRK B-~1 When the BRK instruction is executed, the |00| 7
(PC) « (PC) +2 CPU pushes the current PC contents onto the
M(S) < PCH stack. The BADRS designated in the interrupt
S~S-1 vector table is stored into the PC.
M(S) « PCL
S<S-1
M(S) « PS
S-S-1
1
PCL - ADL
PCH « ADH
BVC V=07 This instruction takes a branch to the ap-
(Note 4) pointed address if V is 0. The branch address
is specified by a relative address. If Vis 1, the
next instruction is executed.
BVS V=17 This instruction takes a branch to the ap-
(Note 4) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.
CLB Aior Mi « 0 This instruction clears the designated bit i of A Bj2|1 1F|15 |2
or M. 20i 20i
CLC C-0 This instruction clears C. 18| 2
CLD D0 This instruction clears D. D8| 2
CLI I -0 This instruction clears . 58| 2
CLT T<~0 This instruction clears T. 12|12
CLVv V<0 This instruction clears V. B8 2
CMP When T =0 When T = 0, this instruction subtracts the con- Cc9| 2 C5|3
(Note3) | A—M tents of M from the contents of A. The result is
WhenT=1 not stored and the contents of A or M are not
M(X) - M modified.
When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.
M(X) represents the contents of memory
where is indicated by X.
COM M« M This instruction takes the one’s complement of 4415
the contents of M and stores the result in M.
CPX X-M This instruction subtracts the contents of M EO| 2 E4|3
from the contents of X. The result is not stored
and the contents of X and M are not modified.
CPY Y-M This instruction subtracts the contents of M Co| 2 C4|3
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.
DEC A-A-1lor This instruction subtracts 1 from the contents 1A} 2 Cé| 5
M~M-1 of A or M.
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3.11 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716(5(4(|3[2|1]0
OP| n OP[n|#|[OP|n [# |[OP| n|#|OP| n|#|OP|n OP| n|#|OP[ n|#|OP|n|#|OP|n OP| n N{v|T|B[D|I]|Z]|C
10| 2 o[ o | o | e e | e ||

80| 4 efo e oo |e]e]e

e lo e |1 |1]e]|e

50| 2 e |e oo |o|ofe]e

70| 2 e |e oo o |efeo]e

efle|e|ele|le]|e]O

efleo|e|e|lO|e]e]e

efeo|e|ele|O] o]

ele|O| oo |e]e]e

e |lO|e| oo |e]e]e

D5| 4 CD|4 |3 |DD|5|3|D9|5 |3 Cil|6 D1| 6 Nje|e|es||]|Z]|C
N|leo|oe|e|o]|el|Z]|e

EC| 4 | 3 N . . . . . Z|C

ccl4 |3 N[e|oe]e|e]e]z]|C

D6| 6 CE|6 |3 |DE|7 |3 N|e|o|o|e|e|Z]|e
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3.11 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A zP BIT, ZP
OP| n|#|OP| n| #|OP|n [# |OP| n| #|OP|n [# |OP| n | #

DEX XeX=-1 This instruction subtracts one from the current [CA

contents of X.
DEY Y-Y-1 This instruction subtracts one from the current |88

contents of Y.
DIV A« (M(zz + X +1), This instruction divides the 16-bit data in

M(zz + X))/ A M(zz+(X)) (low-order byte) and M(zz+(X)+1)

M(S) « one's comple- | (high-order byte) by the contents of A. The

ment of Remainder quotient is stored in A and the one's comple-

S~S-1 ment of the remainder is pushed onto the stack.

EOR When T=0 When T = 0, this instruction transfers the con-
(Notel) | A AVM tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores

WhenT=1 the result in A.

M(X) « M(X) ¥ M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.
INC A~A+1lor This instruction adds one to the contents of A

M-M+1 or M.

INX XeX+1 This instruction adds one to the contents of X. |E8
INY Y-Y+1 This instruction adds one to the contents of Y. |C8
JMP If addressing mode is ABS | This instruction jumps to the address desig-

PCL « ADL nated by the following three addressing

PCH « ADH modes:

If addressing mode is IND Absolute

PCL « M (ADH, ADL) Indirect Absolute

PCH « M (ADH, ADL+ 1) | Zero Page Indirect Absolute

If addressing mode is ZP, IND

PCL « M(00, ADL)

PCH ~ M(00, ADL + 1)

JSR M(S) « PCH This instruction stores the contents of the PC

S~S-1 in the stack, then jumps to the address desig-

M(S) <« PCL nated by the following addressing modes:

S~S-1 Absolute

After executing the above, Special Page

if addressing mode is ABS, | Zero Page Indirect Absolute

PCL -« ADL

PCH « ADH

if addressing mode is SP,

PCL -« ADL

PCH <« FF

If addressing mode is ZP, IND,

PCL « M(00, ADL)

PCH ~ M(00, ADL + 1)

LDA WhenT=0 When T = 0, this instruction transfers the con-
(Note2) | A<M tents of M to A.

WhenT=1 When T = 1, this instruction transfers the con-

M(X) « M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.

LDM M < nn This instruction loads the immediate value in
M.

LDX X <M This instruction loads the contents of M in X.

LDY Y<M This instruction loads the contents of M in Y.
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3.11 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND | zP,IND | IND,X | IND,Y REL SP 6|5(4|3|2|1]0
oP| n|#|oP|n|#|oP|n|#|OP| n|#|oP| n|#|OP| n|#[oP| n|#|oP| n|#|OP|n|#|OP| n|#|OP|n v|iT|B|D|I]|Z]|C
e|lo|oefle]o]|Z]|e

e|lo|efleo]o]|Z]|e

E2[16 el ool o]e]e
55| 4 4D | 4 5D| 5 | 3|59 5] 3 41|6|2|51|6 |2 elelelele]z]e
F6| 6 EE| 6 FE[ 7 |3 elelolele]z]e
e|lo|oefleo]o]|Z]|e

e|lo|efleo|o]|Z]|e

4c|3 6C|5|3|B2[4 |2 N N O I P I I

20| 6 02712 22| 5 e |oe | oo | o] ofe

B5| 4 AD| 4 BD|5 |3|B9|5 |3 AL|6|2|B1]|6 ]2 elefefe]]z]-
B6| 4 | 2 |AE| 4 BE|5 |3 N I I I B 2 IS

B4| 4 AC| 4 BC| 5|3 elelole]e]z]e
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3.11 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A zP BIT, ZP
OP| n OP| n OP|n |# |OP| n| #|OP|n OP| n | #
LSR 7 0 This instruction shifts either A or M one bit to 4A1 2|1 46| 5
o-[1-0d the right such that bit 7 of the result always is
set to 0, and the bit 0 is stored in C.
MUL M(S) * A < AOM(zz + X) | This instruction multiply Accumulator with the
S<S-1 memory specified by the Zero Page X address
mode and stores the high-order byte of the re-
sult on the Stack and the low-order byte in A.
NOP PC -« PC+1 This instruction adds one to the PC but does |[EA| 2
no otheroperation.
ORA When T=0 When T = 0, this instruction transfers the con- 09| 2 05(3
(Notel) | A= AVM tents of A and M to the ALU which performs a
bit-wise “OR”, and stores the result in A.
WhenT=1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which
performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
PHA M(S) - A This instruction pushes the contents of A to
S~S-1 the memory location designated by S, and |48 3
decrements the contents of S by one.
PHP M(S) « PS This instruction pushes the contents of PS to
S~S-1 the memory location designated by S and dec- |08 3
rements the contents of S by one.
PLA S<S+1 This instruction increments S by one and
A« M(S) stores the contents of the memory designated |68 4
by Sin A.
PLP S<S+1 This instruction increments S by one and
PS « M(S) stores the contents of the memory location |28 4
designated by S in PS.
ROL 7 0 This instruction shifts either A or M one bit left 2A12 |1 26| 5
[ through C. C is stored in bit 0 and bit 7 is
L= stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A|2 |1 66| 5
Cl-C1- right through C. C is stored in bit 7 and bit 0 is
= stored in C.
RRF 7 0 This instruction rotates 4 bits of the M content 82| 8
- 1- to the right.
RTI S~S+1 This instruction increments S by one, and
PS « M(S) stores the contents of the memory location |40| 6
S<S+1 designated by S in PS. S is again incremented
PCL « M(S) by one and stores the contents of the memory
S~S+1 location designated by S in PCL. S is again
PCH <« M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S<S+1 This instruction increments S by one and
PCL « M(S) stores the contents of the memory location |60 6
S~S+1 designated by S in PCL. S is again
PCH <« M(S) incremented by one and the contents of the
(PC) « (PC)+1 memory location is stored in PCH. PC is
incremented by 1.
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3.11 Machine instructions

Addressing mode Processor status register
ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5(4(3[2|1]|0
OP| n OP| n OP | n OP| n|#|OP| n|#|OP[n|[#|OP| n|#|OP|n|#|OP|n|#|OP|n OP| n V|T|B|D|I|Z]|C
56| 6 4E| 6 5E| 7 |3 ele|efe||Z]|C
6215 oo oo |e|e]e
15| 4 oD| 4 1D| 5|3 ]19(5| 3 01| 6| 2]|11| 6 e |loe|oe|e|e]|Z]e
o |loe oo |e|Z]|e
(Value saved in stack)
36| 6 2E| 6 3E[{7 |3 sl |2Z]|C
76| 6 6E| 6 TE| 7|3 R L I L A e
(Value saved in stack)
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3.11 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A zP BIT, zP
OP| n OP| n OP| n |# |OP| n| #|OP|n OP| n | #
SBC WhenT=0 _ When T = 0, this instruction subtracts the E9| 2 E5| 3
(Notel) | A« A-M-C value of M and the complement of C from A,
(Note 5) and stores the results in A and C.
WhenT=1 _ When T = 1, the instruction subtracts the con-
M(X) « MX)-M-C tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.
A remain unchanged, but status flag are
changed.
M(X) represents the contents of memory
where is indicated by X.
SEB Aior Mi « 1 This instruction sets the designated bit i of A 0B|2 |1 oF| 5|2
s
or M. 20i 20i
SEC C<1 This instruction sets C. 38| 2
SED D~1 This instruction set D. Fs| 2
SEI |l <1 This instruction set I. 78| 2
SET T<1 This instruction set T. 32| 2
STA M < A This instruction stores the contents of A in M. 85| 4
The contents of A does not change.
STP This instruction resets the oscillation control F/ |42 | 2
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.
STX M« X This instruction stores the contents of X in M. 86| 4
The contents of X does not change.
STY M <Y This instruction stores the contents of Y in M. 84| 4
The contents of Y does not change.
TAX X <A This instruction stores the contents of A in X. [AA| 2
The contents of A does not change.
TAY YA This instruction stores the contents of Ain Y. |A8] 2
The contents of A does not change.
TST M =0? This instruction tests whether the contents of 64| 3
M are “0” or not and modifies the N and Z.
TSX X <SS This instruction transfers the contents of S in |BA| 2
X.
TXA A X This instruction stores the contents of X in A.  |8A| 2
TXS S <X This instruction stores the contents of X in'S.  |9A| 2
TYA A-Y This instruction stores the contents of Y in A. |98 2
WIT The WIT instruction stops the internal clock [C2| 2
but not the oscillation of the oscillation circuit
is not stopped.
CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).
Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
2 : The number of cycles “n” is increased by 2 when T is 1.
3 : The number of cycles “n” is increased by 1 when T is 1.
4 : The number of cycles “n” is increased by 2 when branching has occurred.
5: N, V, and Z flags are invalid in decimal operation mode.
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3.11 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP, IND IND, X IND, Y REL SP 716(5(4(|3[2|1]0
OP[ n|#|OP[ n|#|OP|n OP| n | # |OP #|OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP|n|# IN|V|T[B|D|I|Z]|C
F5[ 4|2 ED| 4 FD| 5 | 3 |F9 3 E1{ 6 |2 |F1| 6 N el |Z]|C
el o o o o] o] o1

o o o o 1] o of o

ol o o o | 2] of «

ol o | 2] o o] of of «

95| 5 8D| 5 9D| 6 | 3|99 3 81| 7|2|91|7 LI T R U O NI B
96| 5|2 |8E|5 efo o oo |e]e]e

94| 5 8C| 5 e fo o efo|e]e]e
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3.11 Machine instructions

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode O Multiplication
BIT, A Accumulator bit addressing mode / Division
BIT, A, R Accumulator bit relative addressing mode A Logical OR
zZP Zero page addressing mode \ Logical AND
BIT, ZP Zero page bit addressing mode A4 Logical exclusive OR
BIT, ZP, R Zero page bit relative addressing mode — Negation
ZP, X Zero page X addressing mode - Shows direction of data flow
ZP,Y Zero page Y addressing mode X Index register X
ABS Absolute addressing mode Y Index register Y
ABS, X Absolute X addressing mode S Stack pointer
ABS, Y Absolute Y addressing mode PC Program counter
IND Indirect absolute addressing mode PS Processor status register
PCH 8 high-order bits of program counter
ZP, IND Zero page indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
IND, X Indirect X addressing mode ADL 8 low-order bits of address
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL Relative addressing mode nn Immediate value
SP Special page addressing mode zz Zero page address
C Carry flag M Memory specified by address designation of any ad-
z Zero flag dressing mode
| Interrupt disable flag M(X) Memory of address indicated by contents of index
D Decimal mode flag register X
B Break flag M(S) Memory of address indicated by contents of stack
T X-modified arithmetic mode flag pointer
\ Overflow flag M(ADH, ADL) Contents of memory at address indicated by ADH and
N Negative flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
der bits.
M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OP Opcode
n Number of cycles
# Number of bytes
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3.12 M35501FP

DESCRIPTION

The M35501FP generates digit signals for fluorescent display
when connected to the output port of a microcomputer. There are
up to 16 digit pins available, and more can be added by connect-
ing additional M35501FPs. The number of fluorescent displays
can be increased easily by connecting the M35501FP to the
CMOS FLD output pins of an 8-bit microcomputer in

FEATURES
® Digit OULPUL ....eeiiiiiiiiiiiiee e
*Up to 16 pins can be selected
*More digits available by connecting additional M35501FPs
«Output structure: high-breakdown voltage, P-channel open-
drain; built-in pull-down resistor between digit output pins and

VEE pin

16 (maximum)

MITSUBISHI's 38B5 Group. The M35501FP is suitable for fluores- ® POWET-0N rESEL CIFCUIL.....vvvveeieiiieeeciiieeeseier e e eiiee e e siieee e Built-in
cent display control on household electric appliances, audio ® POWEr SOUICE VOItAJE ...eeevviiiieeeiiiiie e 40to55V
products, etc. e Pull-down power source voltage ...........ccccceevcvveeinnenne Veec —-43V
e Operating temperature range ..........ccccoceveerivveenineens —-201t0 85 °C
® PACKAGE ..ottt 24P2E
e Power dissipation .............. 250 pW (at 100 kHz operation clock)
PIN CONFIGURATION (TOP VIEW)
o — N o < Ln ©O N~ 0 (2] 3
O 00 000U 0000
> OO0 o0 o0oaoo0oaoan
[ D .
M35501FP
HEEHEEEEEEEE
1 L N A A A A A
n ¥ O = 4 z £ v oY 9 N o
£ 38 4B L3 80000
w s ooo oo
[i4
o
Outline: 24P2E-A
24-pin plastic-molded SSOP
Fig. 3.12.1 Pin configuration of M35501FP
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FUNCTIONAL BLOCK

DIG1s DIG14 DIG13 DIG12 DIG11 DIGio DIGs DIGs DIG7

TTTTTTTTTTTTTTTT

DIGs DIGs DIG4 DIGs DIG2 DIG1 DIGo

T

OVFout (7)<«
Shift register
OVFin >
vee (3) N T
Vvss »| Optional digit
Power-on counter
G
CLK SEL
Fig. 3.12.2 Functional block diagram
PIN DESCRIPTION
Table 3.12.1 Pin description
Pin Name Function Output Structure Fig. No.
Vcce, Vss Power source input Apply 4.0-5.5 V to Vcc, and OV to Vss. - -
RESET Reset input Reset internal shift register (built-in power-on reset | CMOS input level 3
circuit). Built-in pull-up resistor
CLK Clock input Digit output varies according to rising edge of clock | CMOS input level 2
input. Built-in pull-down resistor
SEL Select input Use when specifying the number of digits. CMOS input level 2
Built-in pull-down resistor
OVFIN Overflow signal input Input “H” when using one M35501FP. Connect to CMOS input level 4
OVFouT pin of additional M35501FPs when using
multiple M35501FPs (to use 17 digits or more).
OVFouTt Overflow signal output Leave open when using one M35501FP. Connect to CMOS output 5
OVFIN pin of additional M35501FPs when using multiple
M35501FPs (to use 17 digits or more).
DIG15— Digit output Output the digit output waveform of fluorescent High-breakdown-voltage 1
DIGo display. Leave open when not in use (VEE level P-channel open-drain output]
output). Built-in pull-down resistor
VEE Pull-down power source input | Apply voltage to DIGo-DIG15 pull-down resistors. - -
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PORT BLOCK

(1) DIGo-DIG15

(3) RESET

O

Shift register E

=

O VEE

_e_

=

(2) SEL, CLK

-~} g} O
§ Pull-down transistor

e

(4) OVFIN

—t | —O0
Pull-up transistor

g

(5) OVFourt
o
I
I
o
I
I
777

Fig. 3.12.3 Port block diagram
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USAGE
Three usages of the M35501FP are described below.

(1) 16-Digit Mode: 16 digits selected
The number of digits is set to 16 by fixing the OVFIN pin to “H” and
the SEL pin to “L.” Figure 3.12.5 shows the output waveform.

(2) Optional Digit Mode: 1-16 digits selectable
When the number of CLK pin rising edges during an “H” period of
the SEL pin is n and the OVFIN pin is fixed to “H,” the number of
digits setis n. If n is 16 or more, all 16 digits are set. Figure 3.12.6
shows the output waveform.

SEL pin

CLK pin

Fig. 3.12.4 Digit setting

(3) Cascade Mode: 17 digits or more selectable
17 digits or more can be used by connecting two M35501FPs or
more. Figure 3.12.7 shows an example using three M35501FPs, of-
fering 33 to 48 digit outputs.

Cascade mode will not operate if all M35501FPs are in 16-digit
mode (SEL =“L"). Use the most significant M35501FP in the optional
digit mode for DIG output. Figure 3.12.8 shows the output waveform.

3-94 38B5 Group User’'s Manual



DIGIT OUTPUT WAVEFORM
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SEL -

CLK

DIGo

DIG1

DIG2

DIG13

DIG14
DIG15

OVFouT

Fig. 3.12.5 16-digit mode output waveform

RESET __|

SEL

DIGo

RS 1 e I o

DIG1

DIG2

DIG3

DIG4 -

DIG15 v

OVFouT

Fig. 3.12.6 Optional digit mode output waveform
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OVFIN(1)

OVFouT(3)

< O~ o N ™ O~
o - — - — - ™M ™ m ™ < <
Q0 Q9 [ONC) Q9 [ONC) [ORO)
[alya) [alya) [alyal DD\/ [alyal [alya)
[[=11 S s ll=]l% & [[]]
........... ﬂ\ \nq P— = \n‘\w P—
3 z 3 Z
s & s 4
o 5 ol o ol
] ] ]
o X o o X o wooX o
[ (6] ) o O ) 24 O )
P %
’

o
w X g
(%} O c
w o
o ‘D

2

[}

ks

[«}]

()]

CLK

Fig. 3.12.7 Cascade mode connection example: 17 digits or more selected

RESET

DIGo

DIG1

DIG2

DIG15

OVFouT(1)

DIGie

DIG17

DIGa1
OVFouT(2)

Fig. 3.12.8 Cascade mode output waveform
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The number of fluorescent displays can be increased by connecting
the M35501FP to the CMOS FLD output pins on a 38B5 Group mi-
crocomputer.

Segment (high-breakdown-voltage: 36 pins + CMOS: 4 pins)
(1 pin used as CLK.)

—

P27-P20
m3sBsx E———r! [Fluorescent Display (FLD)
P37—P30
P83—P8o

P84

SEL i,
77| M35501 BII?ZI\ES—DIGls

CLK

Fig. 3.12.9 Connection example with 38B5 Group microcomputer (1 to 16 digits)

This FLD controller can control up to 32 digits using the 32 timing
mode of the 38B5 Group microcomputer.

Segment (high-breakdown-voltage: 36 pins + CMOS: 4 pins)
(1 pin is used as CLK.)

P27—P20
M38Bs5X F—=——== [Fluorescent Display (FLD)

P37-P30
P8:—P8o

P84 A

SEL
M35501

CLK Digits
DIGo-DIG1s

OVFout OVFIN

L A
N

OVFIN OVFour | Digits

DIG16-DIG31
A" Masso1

A 4

CLK

Fig. 3.12.10 Connection example with 38B5 Group microcomputer (17 to 32 digits)

38B5 Group User's Manual
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RESET CIRCUIT Notesl: Perform the reset release when CLK input signal is “L.”

To reset the controller, the RESET pin should be held at “L” for 2 2: When setting the number of digits by SEL signal, optional digit
’ p - counter is set to “0” by reset.

Us or more. Reset is released when the RESET pin is returned to

“H” and the power source voltage is between 4.0V and 5.5 V.

RESET |

DIGo [ ]
DIG1 [ ]
DIG2 [ [ ]
DIG3 [ ]

Fig. 3.12.11 Digit output waveform when reset signal is input
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POWER-ON RESET If the rising time exceeds 100 us, connect the capacitor between
Reset can be performed automatically during power on (power-on the RESET pin and Vss at the shortest distance. Consequently,
reset) by the built-in power-on reset circuit. When using this cir- the RESET pin should be held at “L” until the minimum operation
cuit, set 100 ps or less for the period in which it takes to reach guaranteed voltage is reached.

minimum operation guaranteed voltage from reset.

J/ VDD
@ o Pull-up transistor
' \
! Ly Power-on reset circuit
T o output voltage
! —
1
RESET ( v .
pin X \
Power-on reset ll
| |
| 1 Reset state
x E e
Note)|
777 -— Internal reset signal
Note: — — ~|¢ — - This symbol represents a parasitic diode.
Applied voltage to the RESET pin must be VDD or less. T
Reset released

Power-on

Fig. 3.12.12 Power-on reset circuit
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Table 3.12.2 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
\Y/ele: Power source voltage *All voltages are based on Vss. -0.3t07.0 \%
VEE Pull-down power source voltage *Output transistors are off. Vcc —45 to Vcc +0.3 \%
Vi Input voltage CLK, SEL, OVFIN —0.3to Vcc +0.3 \%
Vi Input voltage RESET -0.3to Vcc +0.3 \%
Vo Output voltage DIGo-DIG15 Vcc —45 to Vee +0.3 \%
Vo Output voltage OVFouTt —-0.3 to Vcc +0.3 \%
Pd Power dissipation Ta = 25 °C 250 mw
Topr Operating temperature —20 to 85 °C
Tstg Storage temperature —40to 125 °C

Table 3.12.3 Recommended operating conditions  (Vcc =4.0to 5.5V, Ta = -20 to 85 °C, unless otherwise noted)
Limits .

Symbol Parameter in. Typ. Max. Unit
\Y/eole: Power source voltage 4.0 5.0 5.5 \%
Vss Power source voltage 0 \%
VEE Pull-down power source voltage Vcc -43 Vss \%
VIH “H” input voltage CLK, SEL, OVFIN 0.8vcc \Y/eole: \%
VIH “H” input voltage RESET 0.8vcc \Y/eole: \%
ViL “L” input voltage CLK, SEL, OVFIN 0 0.2vVcc \%
ViL “L” input voltage RESET 0 0.2vVcc \%

Table 3.12.4 Recommended operating conditions  (Vcc =4.0to0 5.5V, Ta = -20 to 85 °C, unless otherwise noted)
Limits .

Symbol Parameter in. T Max. Unit
|I0H(peak) “H” peak output current DIGo - DIG15 (Note 1) -36 mA
|I0H(peak) “H” peak output current OVFouT (Note 1) -10 mA
loL(peak) “L” peak output current OVFouT (Note 1) 10 mA
IOH(avg) “H” average current DIGo - DIG15 (Note 2) -18 mA
IOH(avg) “H” average current OVFouT (Note 2) -5.0 mA
loL(avg) “L” average current OVFouT (Note 2) 5.0 mA
CLK Clock input frequency 2 MHz

Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current is an average value measured over 100 ms.

3-100

38B5 Group User’'s Manual



Table 3.12.5 Electrical characteristics

(Vcc =4.0t0 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

APPENDIX
3.12 M35501FP

Limits

Symbol Parameter Test conditions i Typ. Max. Unit
VVOH “H” output voltage DIG output IoH = -18 mA vVce-2.0 \%
DIGo-DIG15
VVOH “H” output voltage OVFouTt IoH =-10 mA vVce-2.0 \%
VoL “L” output voltage OVFouTt loL=10 mA 2.0 \%
VT+ —VT— Hysteresis CLK, OVFIN Vcc =50V 0.4 \%
RESET
IIH “H” input current OVFIN Vi=Vcc 5.0 HA
RESET
IIH “H” input current CLK, SEL Vi=Vcc 30 70 140 HA
Vcc =50V
I “L” input current OVFIN VI =Vss -5.0 HA
CLK, SEL
I “L” input current RESET VI =Vss -60 -130 -185 HA
Vcc =50V
ILOAD Output load current DIGo - DIG15 VEE = Vcc -43V 500 650 800 HA
VoL = Vcc
Output transistors are off.
ILEAK Output leakage current DIGo-DIG15 VEE = Vcc -43V -10 HA
VoL =Vcc-43V
Output transistors are off.
Icc Power source vce = 5.0V, CLK = 100 kHz 50 HA
Output transistors are off.
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Table 3.12.6 Timing requirements

(Vcc =4.0t0 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
te(CLK) Clock input cycle time 500 ns
twH(CLK) Clock input “H” pulse width 200 ns
twL(CLK) Clock input “L” pulse width 200 ns
tsu(SEL) Select input setup time 500 ns
th(SEL) Select input hold time 500 ns
th(CLK) Clock input setup time 500 ns

tw(RESET)

Vcc
RESET Vss 0.2Vcc"‘

tc(CLK)

)\/O.SVCC

twL(CLK)

twH(CLK)

0.8Vvcc

vee

CLK Vss 0.2Vce
vee  p

SEL VsSS _l_
vee

CLK Vss —

tsu(SEL)

<€

th(SEL)

th(CLK)

AU

Fig. 3.12.13 Timing diagram
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3.13 SFR memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000Cz16
000D16
000Ez16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s
001C1s6
001D16
001Ezs
001F16

OEFO16
OEF116
OEF216
OEF316
OEF416
OEF516
OEF616
OEF716

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)

Port P8 direction register (P8D)

Port P9 (P9)

Port P9 direction register (P9D)

PWM register (high-order) (PWMH)

PWM register (low-order) (PWM L)

Baud rate generator (BRG)

UART control register (UARTCON)

Serial I/01 automatic transfer data pointer (SIO1DP)

Serial 1/01 control register 1 (SIO1CON1)

Serial 1/01 control register 2 (SIO1CONZ2)

Serial 1/01 register/Transfer counter (SIO1)

Serial 1/01 control register 3 (SIO1CON3)

Serial 1/02 control register (SIO2CON)

Serial 1/02 status register (SIO2STS)

Serial I/02 transmit/receive buffer register (TB/RB)

Pull-up control register 1 (PULL1)

Pull-up control register 2 (PULL2)

P1FLDRAM write disable register (P1LFLDRAM)

P3FLDRAM write disable register (P3FLDRAM)

FLDC mode register (FLDM)

Tdisp time set register (TDISP)

Toffl time set register (TOFF1)

Toff2 time set register (TOFF2)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003Ez1s
003F16

OEF816
OEF916
OEFA16
OEFB16
OEFC16
OEFD16
OEFEz1s
OEFF16

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

Timer 5 (T5)

Timer 6 (T6)

PWM control register (PWMCON)

Timer 6 PWM register (TEPWM)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 56 mode register (T56M)

Watchdog timer control register (WDTCON)

Timer X (low-order) (TXL)

Timer X (high-order) (TXH)

Timer X mode register 1 (TXM1)

Timer X mode register 2 (TXM2)

Interrupt interval determination register (11D)

Interrupt interval determination control register (IIDCON)

A-D control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

Interrupt source switch register (IFR)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1(IREQ1)

Interrupt request register 2(IREQ2)

Interrupt control register 1(ICON1)

Interrupt control register 2(ICON2)

FLD data pointer (FLDDP)

Port POFLD/port switch register (POFPR)

Port P2FLD/port switch register (P2FPR)

Port P8FLD/port switch register (P8FPR)

Port P8FLD output control register (P8FLDCON)

Buzzer output control register (BUZCON)
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3.14 Pin configuration

3.14 Pin configuration

~4—» P20/Buzo2/FLDo

3 | -4—» P21/FLD1
62 | <t—m P22/FLD2

64
6

61
60
54
51
50

-t—» P23/FLD3
~-t— P24/FLD4
59 | -a—» P25/FLDs
58 | ~a—m P26/FLD6
57 | -4—» P27/FLD7
56 | ~4—» P0o0/FLDs
55 | <a— PO1/FLD9
~4—» P02/FLD10
53 | <—w PO3/FLD11
-a—» POs/FLD13
-4—p POs/FLD14
49 | -a— PO7/FLD15
48 | —= P10/FLD16
47 | — P11/FLD17
46 | —m= P12/FLD1s
45 | — P13/FLD19
44 | —m P14/FLD20
43| — P1s/FLD21
42 | —m P16/FLD22
41| — P17/FLD23

52 | «4—m P04/FLD12

—» P30/FLD24
—» P31/FLD25
—» P32/FLD26
—» P33/FLD27
—m P34/FLD28
—» P3s/FLD29
— P36/FLD30
—» P37/FLD31
-4—» P8o/FLD32

P57/SRDY2/SCLK22 <at—
P56/ScLk21 <t
P55/TXD ~t—
P54/RXD ~t—-
P53/ScLK12 <t—
P52/ScLK11 <
P51/SouT1 <
P50/SIN1 t—p

O

M38B5XMxXH-XXXXFP

AVss —
VREF —#» -4—» Pg81/FLD33
P65/SsTB1/AN11 <9 ~4—» P82/FLDa34

-4—» P83/FLDs3s
-+— VEE

~4—» P84/FLD36
~a—» P8s/RTPo/FLD37
-a—» P86/RTP1/FLD3s

P64/INT4/SBUSY1/AN10 ~t—
P63/ANg -t—»-
P62/SRDY1/ANS <t—
P77/AN7 <t—-

P76/AN6 ~t—
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Note: In the mask option type P, INT3 and CNTR1 cannot be used.

(Top view)

Package type: 80P6N-A
80-pin plastic molded QFP
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