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Preface

This user's manual describes Mitsubishi's CMOS 8-
bit microcomputers 3806 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 3806 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 “SERIES MELPS
740 <SOFTWARE> USER’S MANUAL.”

For details of development support tools, refer to the
“DEVELOPMENT SUPPORT TOOLS FOR MICRO-
COMPUTERS” 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. Chapter 3 also includes necessary information for systems denelopment.
Be sure to refer to this chapter.

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 related registers.

e CHAPTER 3 APPENDIX
This chapter includes necessary information for systems development using the microcomputer, electric

characteristics, a list of registers, the masking confirmation (mask ROM version), and 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 bo Contents immediately after reset release
| ‘ | ‘ | 0 - : | , | ‘ | CPU mode register (CPUM) [Address : 3B1e] >\
o B Name Function At rese/t) R:W
b | : Processor mode bits §h§ : Single-chip mode U bd'd
Lo . 1 %? }Not available 0 00
R 2 | Stack page selection bit 2:9page 0 |(0:0
A 3 | Nothing arranged for these bits. These are write disabled 0 |O:iD
R bits. When these bits are read out, the contents are “0.” '
P 4 0 O:no
R 5 | Fix this bit to “0.” 1 [oio
oo 6 | Main clock (Xi-Xour) stop bit 2 Psed’ o 100
] 7 |internal system clock selection bit | 7 : Xestns aaiacied o [0:0
- : Bit in which nothing is arranged |:| : Bit that is not used for control of the corresponding function

Note 1. Contents immediately after reset release
Qeseeee“Q” at reset release
Leeeses]” at reset release
UndefinedeeseesUndefined or reset release
[J eseessContents determined by option at reset release

Note 2. Bit attributeseeseseThe 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 :

ReeeceeRead Weseeeso\\/rite
QessesesRead enabled O sesees\\rite enabled
[JeeseesRead disabled [J eesees\\/rite disabled




LIST OF GROUPS HAVING THE SIMILAR FUNCTIONS

3806 group, one of the CMOS 8-bit microcomputer 38000 series presented in this user's manual is provided with

standard functions.

The basic functions of the 3800, 3802, 3806 and 3807 groups having the same functions are shown below. For the
detailed functions of each group, refer to the related data book and user’'s manual.

List of groups having the same functions

As of September 1995

] Group 3800 group 3802 group 3806 group 3807 group
Function
. 64 pin 64 pin 80 pin 80 pin
Pin * 64P4B * 64P4B * 80P6N-A * 80P6N-A
(Package type) * 64P6N-A * 64P6N-A » 80P6S-A
* 64P6D-A * 80P6D-A
Clock generating circuit 1 circuit 1 circuit 1 circuit 2 circuits
<8-bit>
<8-bit> <8-bit> <8-bit> Timer : 3
Timer Prescaler : 3 Prescaler : 3 Prescaler : 3 <16-bit>
Timer : 4 Timer : 4 Timer : 4 Timer X/Y : 2
Timer A/B : 2
UART or UART or UART or UART or
y Clock synchronous 0 1 | Clock synchronous [0 1 | Clock synchronous 0 1 | Clock synchronous O 1
Serial IO -

Clock synchronous 0 1

Clock synchronous 0 1

Clock synchronous O 1

A-D converter

8-bit O 8-channel

8-bit 0 8-channel

8-bit 0 13-channel

D-A converter

8-bit 00 2-channel

8-bit 0 2-channel

8-bit [0 4-channel

2:
3:
0.

High-speed version available
Extended operating temperature version and High-speed version available
ROM expansion

Mask | 8K 116Kiogk!32K! [ | 8K | 16K ! pa | 32K |12K 16K 24K | 32K! 48K 16K
ROM (Note 1) | (Note 1) | | (Note 1) | (Notel) | (Noted) | | (Note1) |(Note1) (Note 1) (Note3) | (Note3), (Note3)
One Time 316KE 3 i E _ E _ 3 32K 3 3 4KE 348K

Memory PROM el :(Nmel): _ :32K: - - : : : (Note 1) — : _ : (Notez): - :(NoleS) 16K

type BTN A [N N !
EPROM |— 16K' — 132K — | — ' — | — 132K _;_;24K;_;(N§j§) 16K
RAM 384,384 ,5121640:384| 384 | 384 6401024 |384,384,512,1024,1024 512
PWM output Real time port output
Analog comparator
Remarks Watchdog timer
Notes 1: Extended operating temperature version available
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HARDWARE

DESCRIPTION/FEATURES/APPLICATIONS/PIN CONFIGURATION

DESCRIPTION

The 3806 group is 8-bit microcomputer based on the 740 family
core technology.

The 3806 group is designed for controlling systems that require
analog signal processing and include two serial 1/0 functions, A-D
converters, and D-A converters.

The various microcomputers in the 3806 group include variations
of internal memory size and packaging. For details, refer to the
section on part numbering.

For details on availability of microcomputers in the 3806 group, re-
fer to the section on group expansion.

FEATURES

® Basic machine-language instructions
e Memory size

ROM L.t 12 K to 48 K bytes

RAM L 384 to 1024 bytes
® Programmable input/output POrtS ...........ccceevveeiireeiiieeniieenenn 72
® nterrupts ... .. 16 sources, 16 vectors
O THMENS oottt 8 bit( 4
e Serial /01 ........ceeeeee. 8-bit 0 1 (UART or Clock-synchronized)
® Serial /102 ..... ...8-bit 0 1 (Clock-synchronized)

8-bit O 8 channels
8-bit 00 2 channels

® A-D converter
o D-A converter

o Clock generating circuit Internal feedback resistor
(connect to external ceramic resonator or quartz-crystal)
® Memory expansion possible

Specification Standard Extended operating | High-speed
(unit) temperature version version
Minimum instruction 05 05 0.4
execution time  (us) ' ’ '
Oscillation frequency
(MHZ) 8 8 10
Power source "O”a(ge) 30t055| 4.0t055 | 271055
v | 3 . . . . .
Power dissipation
(mw) 32 32 40
Operating temperature | 554,85 | _40t085 | -20to 85
range (°C)

APPLICATIONS
Office automation, VCRs, tuners, musical instruments, cameras,
air conditioners, etc.

PIN CONFIGURATION (TOP VIEW)

£
'9
zlp S C o txmereaSdNRFY
|2|.u >|ﬂf|ooooooooooooooooo
Ol splSlzssssgsssgII<L<<<
BE88I8B8E85583838555333335
o Yo NN« W a W o N o N o WY W o WY WY o WY Y o W o WY WY WY Y Y MY WY MY o MY a WY 0 Y
EEREEEEEEEEEREEREEEERBEEE
P87 < [65] [40] < P20/DBo
P8s < [66] O [30] < P21/DB:1
P85 <—» [67] [38] < P22/DB:2
P84 < [68] [37] <—» P23/DBs3
P83 < [69] [36] <—» P24/DBa4
P8 < [10] [35] < P25/DBs
P81 < [71] [34] <> P26/DBs
P80 < [72] [33] < P27/DB7
vee [z M38063M6-XXXFP 2l Vs
VRer —® [74] [31] — Xour
AVss — [75] [30] <-— X
P67/AN7 ~a»— [76] [20] < pyq
P66/AN6 < [77] 28] < pg,
P65/ANs < [75] [27] <— RESET
P64/AN4 <—» [19] Q O [26] <-— CNvVss
P63/AN3 ~a= [30] [25] < P42/INTO
I R B S B E BB E B [E | E E[E E R BB RN
S &8 VL5 856388 29333
SER R = -
oo [rolTe) o
a o
Package type : 80P6N-A
80-pin plastic-molded QFP

Fig. 1 Pin configuration of M38063M6-XXXFP
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HARDWARE
PIN CONFIGURATION

P30

P87

P86

P8s

P84

P83

P82

P81

P8o

Vce
VREF
AVss
P67/AN7
P66/AN6
P65/ANs
P64/AN4
P63/AN3
P62/AN2
P61/AN1

P31 <»[61

PIN CONFIGURATION (TOP VIEW)

[59] <> P33/RESETout

[60] <> P32/ONW
[58]=> P3a4/g

[57]=> P3s/SYNC
[56] <> P36/WR

[55] <> P37/RD

[42] <> P14/AD12

[54] <> PO0/ADo
[53] <> PO1/AD1
[52]<> P02/AD2
[51] <> P03/AD3
[50] <> PQ4/AD4
[49] <> POs/ADs
[48] <> POs/ADs
[47] <> PO7/AD7
[46] <> P10/ADs
[45] <> P11/ADs
[44] <> P12/AD10
[43] <> P13/AD11
[41] <> P15/AD13

-»|62
|63
64
-»|65
-»|66
-»|67
(68
|69
--»|70

]
—|72
—73
-»|74
|75
-->|76
-»|77
(78
-»|79

-»|30

M38063M6-XXXGP
M38063MBAXXXHP

N ]l sl ]l o || wlleo [l wlfw||wl{ew|]w|fw|fe|| s
=N |a]|s]|allo]|[N]|2[e||S][~||S|[ o[£ ]| oo N[ |[<of|S

P77 <»[2]
P76 <>[3_|
P75 <»[a_|

Pea/ANe <= O
P74 <[5 |

]
= O

P72/Scik2 <»[7|
P71/Sout2 <[]

P50 <>[17]
=]

P70/Sin2 <[]
P57/DA2 <»[10]
P56/DA1 <>[11]

P55/CNTR1 <>[12]

P54/CNTRo <>[13]
P53/INT4 <+[14]

P52/INT3 <> [15]
P51/INT2 <>[16]

P73/SrRpYy2 <>
P47/Sroy1 <>
P46/ScLk1 <>

P4s/TxD <>

Package type : 80P6S-A/80P6D-A
80-pin plastic-molded QFP

EERRRRRRE

AERERERR

P16/AD14
P17/AD1s
P20/DBo
P21/DB1
P22/DB2
P23/DB3
P24/DB4
P25/DBs
P26/DBs
P27/DB7
Vss

Xout

XIN

P4o

P41
RESET
CNVss
P42/INTo
P43/INT1
P44/RxD

Fig. 2 Pin configuration of M38063M6-XXXGP and M38063M6AXXXHP
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HARDWARE

FUNCTIONAL BLOCK

FUNCTIONAL BLOCK

SSAV
EEEVN

0d 1od O/l Td Wod O/I 2d 1od o/l £d uod O/l ¥d uod O/1 Sd uod o\_ 9d uod o\_ Ldwuod o/l 8d uod O/
r N - N O N\ r N\ r N\ \|\J T
_| ®OOE H-OHEORHEORE—HOOVRBOEE ®®@®®|-|\?@@V DO € 5@@@? DE— - DERVOEOD BAORNEO—
= = = A IYYYY Addddii VY LA
!
NN X
} Yvy AAl YYVYYY YYVYVYVYY yvy A
[ ®@d || @ || @d || @d ||| @rd | [ (®sd @®od | [ @4 | [ @ |,
A A i ) ) A o A ) A ]
1 TINI 0}
0 ZINI
OLNI |
® ® vy
8, 8,
X Y T ISUSAUOD | |Z J18UBAUCD ‘_mtmﬁwfvcou ‘ ﬁwv
Ho\_ﬁw_aw va va av _No\_ feas [
| H
N \ \ \ \ \ \ |
! y 7 X
e Y !
THIND | OYLIND
1
@ \ s | _
8) A Jawi (8) A Jayeosald
! _ _ 10d HOd
P ——
_ (8) X JowiL _|_ Amvxhw_gmm:n__ S !
! A
_ (8) z 1ownL. {@ zT hm_mumen__ X |
ndo 1N2119 Bunelauab »20[D X
1
1
| snq ejeq
1
‘—_ @ |mf —_——e - —&— - —
SSAND 13534 29A SSA 1nox NIX
Indur jesey ndino 20|10 ndui 320|D

(V-N9d08 : abexoed) NVYOVIA D019 TVNOILONNL

Fig. 3 Functional block diagram
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION

Table 1. Pin description (1)

Pin Name Function
| Function except a port function
vce Power source » Apply voltage of 3.0 V to 5.5 V to Vcc, and 0 V to Vss.
(Extended operating temperature version : 4.0 V to 5.5 V)
Vss (High-speed version : 2.7 V to 5.5 V)
CNVss CNVss « This pin controls the operation mode of the chip.

* Normally connected to Vss.
« If this pin is connected to Vcc, the internal ROM is inhibited and external memory is accessed.

VREF Analog reference | « Reference voltage input pin for A-D and D-A converters
voltage

AVss Analog power * GND input pin for A-D and D-A converters
source « Connect to Vss.

RESET Reset input * Reset input pin for active “L”

XIN Clock input « Input and output signals for the internal clock generating circuit.

» Connect a ceramic resonator or quartz-crystal oscillator between the XIN and XouT pins to set the
oscillation frequency.

XouT Clock output « If 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.

P00 — P07 1/0O port PO * 8 bit CMOS I/O port

« I/O direction register allows each pin to be individually programmed as either input or output.
Plo- P17 1/0 port P1 « At reset this port is set to input mode.

* In modes other than single-chip, these pins are used as address, data, and control bus 1/O pins.
P20 — P27 1/0O port P2 * CMOS compatible input level

* CMOS 3-state output structure
P30 - P37 1/0O port P3

P40, P41 1/0O port P4  8-bit CMOS 1/O port with the same function as port PO

* CMOS compatible input level
P42/INTo, * CMOS 3-state output structure « External interrupt input pin
P43/INT1
P44/RXD, « Serial I/01 1/O pins
P4s/TxD,
P46/ScLK1,
P47/SrDY1
P50 1/0O port P5  8-bit CMOS 1/O port with the same function as port PO

* CMOS compatible input level
P51/INT2 — » CMOS 3-state output structure « External interrupt input pin
P53/INT4
P54/CNTRo, * Timer X and Timer Y 1/O pins
P55/CNTR1
P56/DAL1, « D-A conversion output pins
P57/DA2
P60/AN0 — 1/0O port P6 « 8-bit CMOS 1/O port with the same function as « A-D conversion input pins
P67/AN7 port PO

* CMOS compatible input level

*« CMOS 3-state output structure

3806 GROUP USER'S MANUAL 1-5



HARDWARE
PIN DESCRIPTION

Table 2. Pin description (2)

Pin Name Function
Function except a port function

P70/SIN2, I/O port P7 * 8-bit 1/0 port with the same function as port PO | « Serial I/02 I/O pins
P71/SouT2, * CMOS compatible input level
P72/ScLk2, * N-channel open-drain output structure
P73/SRDY2
P74 - P77
P80 — P87 I/0O port P8 * 8-bit CMOS 1/O port with the same function as port PO

* CMOS compatible input level

* CMOS 3-state output structure
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HARDWARE

PART NUMBERING

PART NUMBERING

Product M3806 3 M 6 - XXX FP

Package type

FP : 80P6N-A package
GP : 80P6S-A package
FS : 80DO0 package

— ROM number
Omitted in some types.

Normally, using hyphen

When electrical characteristic, or division of quality
identification code using alphanumeric character
—: standard

D : Extended operating temperature version

A : High-speed version

ROM/PROM size
: 4096 bytes

: 8192 bytes

: 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes
: 36864 bytes
: 40960 bytes
: 45056 bytes
: 49152 bytes
: 53248 bytes
: 57344 bytes
: 61440 bytes

TMTMUOW>OONOOUTRAWNE

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

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

RAM size
1192 bytes
: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes

~NoOo o~ WNEFO

Fig. 4 Part numbering
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HARDWARE
GROUP EXPANSION

Currently supported products are listed below.

Table 3. List of supported products As of September 1995

Product name gDO)MRngOSr'LZEeg?XEes)) RAM size (bytes) Package Remarks
M38062M3-XXXFP 12288 80P6N-A | Mask ROM version
M38062M3-XXXGP (12158) 384 80P6S-A | Mask ROM version
M38062M4-XXXFP 16384 80P6N-A | Mask ROM version
M38062M4-XXXGP (16254) 384 80P6S-A | Mask ROM version
M38063M6-XXXFP Mask ROM version
M38063E6-XXXFP 80P6N-A | One Time PROM version
M38063E6FP One Time PROM version (blank)
M38063M6-XXXGP éiizg) 512 Mask ROM version
M38063E6-XXXGP 80P6S-A | One Time PROM version
M38063E6GP One Time PROM version (blank)
M38063E6FS 80D0 EPROM version
M38067M8-XXXFP 32768 80P6N-A | Mask ROM version
M38067M8-XXXGP (32638) 1024 80P6S-A | Mask ROM version
M38067MC-XXXFP Mask ROM version
M38067EC-XXXFP 80P6N-A | One Time PROM version
M38067ECFP 49152 One Time PROM version (blank)

1024 -
M38067MC-XXXGP (49022) Mask ROM version
M38067EC-XXXGP 80P6S-A | One Time PROM version
M38067ECGP One Time PROM version (blank)

1-8
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HARDWARE

GROUP EXPANSION

GROUP EXPANSION

(2) Packages

Mitsubishi plans to expand the 3806 group as follows: ~ 80PBN-A.......cccoiiiiiiiiiennn. 0.8 mm-pitch plastic molded QFP
(1) Support for mask ROM, One Time PROM, and EPROM 0.65 mm-pitch plastic molded QFP
versions 80D0......ccevennne 0.8 mm-pitch ceramic LCC (EPROM version)
ROM/PROM capacity ........ccccevvercrveennnenne 12 K to 48 K bytes
RAM CaPACItY ....ccovviiiiiiiiieiiieeiee e 384 to 1024 bytes
Memory Expansion Plan
ROM size (bytes) Mass product
48*1 ”””” T [ [ T T T
== i i i i i i Mass préduct !
32K} - oo booecoaen s e e e e 1
T S e S s S 1
3 3 Mass prbduct ! 3 3 3 3
2 - R e T
20K | b 1
3 Mass prbduct 1 3 3 3 3 3
e (T T S
3 Mass prbduct . 3 3 3 3 3
12K ********* |
8K S IS l ,,,,,,,, I SR I R |
N A it E il \b. 1
| | | | | | | | |
192 256 384 512 640 768 896 1024
RAM size (bytes)

Fig. 5 Memory expansion plan
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GROUP EXPANSION

GROUP EXPANSION

(2) Packages

(EXTENDED OPERATING TEMPERATURE VERSION) BOPBN-A ..o 0.8 mm-pitch plastic molded QFP
Mitsubishi plans to expand the 3806 group (extended operating
temperature version) as follows:
(1) Support for mask ROM version
ROM/PROM capacity ........ccccevvvercreeennnenne 12 K to 48 K bytes
RAM CaPACItY .....coovviiiiieiiieiiiee e 384 to 1024 bytes
Memory Expansion Plan New product
ROM size (bytes) Mass product
48*1 ”””” T [ [ T T T 7
= i i i i i i Mass préduct .
T e R T
2 T e e e |
3 3 Mass préduct ! 3 3 3 3
2a - R R T e 1
20K | b 1
3 Mass product 1 3 3 3 3 3
e (T S
3 Mass prbduct : 3 3 3 3 3
12K ********* |
8K SR IS I I SR I R |
. e A b 1
| | | | | | | | |
192 256 384 512 640 768 896 1024
RAM size (bytes)
Fig. 6 Memory expansion plan (Extended operating temperature version)
Currently supported products are listed below.
Table 4. List of supported products (Extended operating temperature version) As of September 1995
(P) ROM size (bytes) :

Product name ROM size for User in () RAM size (bytes) Package Remarks
M38062M3DXXXFP 12288(12158) 384 Mask ROM version
M38062M4DXXXFP 16384(16254) 384 Mask ROM version
M38063M6DXXXFP 24576(24446) 512 Mask ROM version
M38067M8DXXXFP 32768(32638) 1024 80P6N-A | Mask ROM version
M38067MCDXXXFP Mask ROM version
M38067ECDXXXFP 49152(49022) 1024 One Time PROM version
M38067ECDFP One Time PROM version (blank)

1-10
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GROUP EXPANSION

HARDWARE

GROUP EXPANSION

(2) Packages

(HIGH-SPEED VERSION)  8OPBN-A.cceccerreecrceererenane, 0.8 mm-pitch plastic molded QFP
Mitsubishi plans to expand the 3806 group (high-speed version) 0.65 mm-pitch plastic molded QFP
as follows: —  80P6D-A....ccciiieiieeeeee 0.5 mm-pitch plastic molded QFP
(1) Support for mask ROM, One Time PROM, and EPROM 80D0......cceeenne 0.8 mm-pitch ceramic LCC (EPROM version)
versions
ROM/PROM capacity ........ccccevvvercvecennnenne 24 K to 48 K bytes
RAM CaPACItY ....coovviiiiieiiiciieerec e 512 to 1024 bytes
Memory Expansion Plan
ROM size (bytes) New product
48'1 ”””” r T T . T . :
= 3 3 3 3 3 3 New prbduct !
S R WYY
e e o A S 1
3 3 New prbduct ! 3 3 3 3
S S T e
POK| b A 1
16K S e R S
T AR 1
ol A I L [ I I A 1
A -meoeee Bl L onnaee 1
| ‘ | | | | | | |
192 256 384 512 640 768 896 1024
RAM size (bytes)
Fig. 7 Memory expansion plan (High-speed version)
Currently supported products are listed below.
Table 5. List of supported products (High-speed version) As of September 1995
(P) ROM size (bytes) :
Product name ROM size for User in () RAM size (bytes) Package Remarks
M38063M6AXXXFP 80P6N-A | Mask ROM version
M38063M6AXXXGP (234514712) 512 80P6S-A | Mask ROM version
M38063MBAXXXHP 80P6D-A | Mask ROM version
M38067MB8AXXXFP 32768 1024 80P6N-A | Mask ROM version
M38067M8AXXXGP (32638) 80P6S-A | Mask ROM version
M38067MCAXXXFP Mask ROM version
M38067ECAXXXFP 80P6N-A | One Time PROM version
M38067ECAFP One Time PROM version (blank)
M38067MCAXXXGP (igégg) 1024 Mask ROM version
M38067ECAXXXGP 80P6S-A | One Time PROM version
M38067ECAGP One Time PROM version (blank)
M38067ECAFS 80D0 EPROM version

3806 GROUP USER’S MANUAL
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HARDWARE

FUNCTIONAL DESCRIPTION

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3806 group uses the standard 740 family instruction set. Re-
fer to the table of 740 family addressing modes and machine in-
structions or the SERIES 740 <Software> User’s Manual for de-
tails on the instruction set.
Machine-resident 740 family instructions are as follows:

The FST and SLW instruction cannot be used.

The STP, WIT, MUL, and DIV instruction can be used.
The central processing unit (CPU) has the six registers.

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), Index register Y ()

Both index register X and index register Y are 8-bit registers. In
the index addressing modes, the value of the OPERAND is added
to the contents of register X or register Y and specifies the real ad-
dress.

When the T flag in the processor status register is set to “1”, the
value contained in index register X becomes the address for the
second OPERAND.

Stack pointer (S)

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. The stack is used to store the current address data
and processor status when branching to subroutines or interrupt
routines.

The lower eight bits of the stack address are determined by the
contents of the stack pointer. The upper eight bits of the stack ad-
dress are determined by the Stack Page Selection Bit. If the Stack
Page Selection Bit is “0”, then the RAM in the zero page is used
as the stack area. If the Stack Page Selection Bit is “1”, then RAM
in page 1 is used as the stack area.

The Stack Page Selection Bit is located in the SFR area in the
zero page. Note that the initial value of the Stack Page Selection
Bit varies with each microcomputer type. Also some microcom-
puter types have no Stack Page Selection Bit and the upper eight
bits of the stack address are fixed.

The operations of pushing register contents onto the stack and
popping them from the stack are shown in Fig. 9.

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| | |Z|C| Processor Status Register (PS)

Carry Flag

Zero Flag

Interrupt Disable Flag
Decimal Mode Flag
Break Flag

Index X Mode Flag
Overflow Flag

Negative Flag

Fig. 8 740 Family CPU register structure
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FUNCTIONAL DESCRIPTION

Interrupt Request >

| On-going Routine |

(Note 1)

M(S) < (PCH)

Store Return Address

(S) - (5-1)

M(S) — (PCL)

() - (5-1)

on Stack (Note 2) |
I

Subroutine

Execute RTS

Restore Return

(S) - (5+1)

Address

(PCL) — M(S)

(S) -~ (5+1)

(PCH) «~ M(S)

M(S) — (PCH)

(S) - (5-1)
Store Return Address

on Stack (Note 2)
M(S) ~ (PCv)

S) - (5-1)
I
M(S) ~ (PS) Store Contents of
I Processor Status
S) < (S—-1) Register on Stack
|
[ Interrupt [
| Service Routine |
| Flag “0” to “1”
Fetch the Jump
Execute RTI Vector
|
() - (5+1) Restore Contents of
I Processor Status
(PS) — M(S) Register
|
(S) - (5+1)

I Restore Return

S) - (5+1) Address

|
|
|
(PCL) ~ M(S) |
|
|

(PCH) « M(S)

]

Notes 1 : The condition to enable the interrupt - Interrupt enable bit is “1”
Interrupt disable flag is “0”

2 : When an interrupt occurs, the address of the next instruction to be executed is stored in
the stack area. When a subroutine is called, the address one before the next instruction
to be executed is stored in the stack area.

Fig. 9 Register push and pop at interrupt generation and subroutine call

Table 6. 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

3806 GROUP USER’S MANUAL
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HARDWARE

FUNCTIONAL DESCRIPTION

Processor status register (PS)

The

processor status register is an 8-bit register consisting of flags

which indicate the status of the processor after an arithmetic op-
eration. Branch operations can be performed by testing the Carry
(C) flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N) flag.
In decimal mode, the Z, V, N flags are not valid.

After reset, the Interrupt disable (1) flag is set to “1”, but all other
flags are undefined. Since the Index X mode (T) and Decimal
mode (D) flags directly affect arithmetic operations, they should be
initialized in the beginning of a program.

Y

@)

@)

(4)

Carry flag (C)

The C flag contains a carry or borrow generated by the arith-
metic logic unit (ALU) immediately after an arithmetic opera-
tion. It can also be changed by a shift or rotate instruction.
Zero flag (2)

The Z flag is set if the result of an immediate arithmetic op-
eration or a data transfer is “0”, and cleared if the result is
anything other than “0”.

Interrupt disable flag (I)

The | flag disables all interrupts except for the interrupt gener-
ated by the BRK instruction.

Interrupts are disabled when the | flag is “1".

When an interrupt occurs, this flag is automatically set to “1”
to prevent other interrupts from interfering until the current in-
terrupt is serviced.

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 arith-
metic.

®)

(6)

)

®)

Table 7. Set and clear instructions of each bit of processor status register

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 pro-
cessor status register is always “0”. When the BRK instruc-
tion is used to generate an interrupt, the processor status
register is pushed onto the stack with the break flag set to “1”.
The saved processor status is the only place where the break
flag is ever set.

Index X mode flag (T)

When the T flag is “0”, arithmetic operations are performed
between accumulator and memory, e.g. the results of an op-
eration between two memory locations is stored in the accu-
mulator. When the T flag is “1”, direct arithmetic operations
and direct data transfers are enabled between memory loca-
tions, i.e. between memory and memory, memory and 1/O,
and I/O and I/O. In this case, the result of an arithmetic op-
eration performed on data in memory location 1 and memory
location 2 is stored in memory location 1. The address of
memory location 1 is specified by index register X, and the
address of memory location 2 is specified by normal address-
ing modes.

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.

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 CLv —

1-14
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HARDWARE
FUNCTIONAL DESCRIPTION
CPU mode register

The CPU mode register is allocated at address 003B16.
The CPU mode register contains the stack page selection bit.

CPU mode register

(CPUM : address 003B16)

Processor mode bits
bl b0
0 0 : Single-chip mode
0 1 :Memory expansion mode
1 0 :Microprocessor mode
1 1 :Notavailable

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

Not used (return “0” when read)

Fig. 10 Structure of CPU mode register

3806 GROUP USER’S MANUAL
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FUNCTIONAL DESCRIPTION

Memory

Special function register (SFR) area

The Special Function Register area in the zero page contains con-
trol registers such as I/O 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 rest is user area for storing programs.

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

Zero page

The 256 bytes from addresses 000016 to O0OFF16 are called the
zero page area. The internal RAM and the special function regis-
ters (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
special page area. The special page addressing mode can be
used to specify memory addresses in the special page area. Ac-
cess to this area with only 2 bytes is possible in the special page
addressing mode.

RAM area

RAM capacity Address
(bytes) XXXX16
192 00FF16

256 013F16

384 01BF16

512 023F16

640 02BF16

768 033F16

896 03BF16

1024 043F16

ROM area
ROM capacity Address Address
(bytes) 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

SFR area

Zero page
004016
010016
RAM
D0, 9,0 G -3 B
Reserved area

044016

Not used

[(YYYYgg [
Reserved ROM area

(128 bytes)

7277716
ROM
FF0016 7
FFDCu1e .
Special page
Interrupt vector area
FFFE16
| FFFFi Reserved ROM area i

Fig. 11 Memory map diagram

1-16 3806 GROUP USER’S MANUAL



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

Port PO (P0) 002016 | Prescaler 12 (PRE12)

Port PO direction register (POD) 002116 | Timer 1 (T1)

Port P1 (P1) 002216 | Timer 2 (T2)

Port P1 direction register (P1D) 002316 | Timer XY mode register (TM)

Port P2 (P2) 002416 | Prescaler X (PREX)

Port P2 direction register (P2D) 002516 | Timer X (TX)

Port P3 (P3) 002616 | Prescaler Y (PREY)

Port P3 direction register (P3D) 002716 | Timer Y (TY)

Port P4 (P4) 002816

Port P4 direction register (P4D) 002916

Port P5 (P5) 002A16

Port P5 direction register (P5D) 002B16

Port P6 (P6) 002C16

Port P6 direction register (P6D) 002D16

Port P7 (P7) 002E16

Port P7 direction register (P7D) 002F16

Port P8 (P8) 003016

Port P8 direction register (P8D) 003116
003216
003316
003416 | AD/DA control register (ADCON)
003516 | A-D conversion register (AD)
003616 | D-Al conversion register (DA1)
003716 | D-A2 conversion register (DA2)

Transmit/Receive buffer register (TB/RB) 003816

Serial 1/01 status register (SIO1STS) 003916

Serial /01 control register (SIO1CON) 003A16 | Interrupt edge selection register (INTEDGE)

UART control register (ULARTCON) 003B1s | CPU mode register (CPUM)

Baud rate generator (BRG) 003C16 | Interrupt request register 1(IREQ1)

Serial 1/02 control register (SIO2CON) 003Dz16 | Interrupt request register 2(IREQ2)
003E1s | Interrupt control register 1(ICON1)

Serial I/02 register (S102) 003F16 | Interrupt control register 2(ICON2)

Fig. 12 Memory map of special function register (SFR)
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FUNCTIONAL DESCRIPTION

I/0O Ports

Direction registers

The 3806 group has 72 programmable I/O pins arranged in nine
I/0 ports (ports PO to P8). The 1/0O ports have direction registers

If data is read from a pin which is set to output, the value of the
port output latch is read, not the value of the pin itself. Pins set to

which determine the input/output direction of each individual pin.
Each bit in a direction register corresponds to one pin, 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 be-
comes an input pin. When “1” is written to that bit, that pin be-
comes an output pin.

Table 8. List of I/O port functions

input are floating. If a pin set to input is written to, only the port
output latch is written to and the pin remains floating.

Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
CMOS 3-state output
Input/output, . Address low-order byte .
P0Oo — P07 Port PO o ) CMOS compatible CPU mode register
individual bits | | output
input level
CMOS 3-state output
Input/output, . P Address high-order )
Plo- P17 Port P1 o ) CMOS compatible CPU mode register
individual bits | | byte output
input level (1)
Inout/outout CMOS 3-state output
P20 - P27 Port P2 ) p‘ ) P ! CMOS compatible Data bus I/10 CPU mode register
individual bits |
input level
CMOS 3-state output
Input/output, . . )
P30 - P37 Port P3 o ) CMOS compatible Control signal I/0 CPU mode register
individual bits |
input level
P40,P41
P42/INTo, . ) Interrupt edge selection
External interrupt input . 2)
P43/INT1 Inout/outout CMOS 3-state output register
P44/RXD, portpa | "PUYOUBRUL T oyioS compatible _ &)
individual bits | | Serial 1/01 control
P4s/TxD, input level i ) . (4)
Serial 1/01 function I/O | register
P46/ScLK1, . (5)
N UART control register
P47/SRDY1 (6)
P50 1)
P51/INT2, .
. . Interrupt edge selection
P52/INT3, External interrupt input . 2)
CMOS 3-state output register
P53/INT4 Input/output, .
Port P5 o ) CMOS compatible - -
P54/CNTROo, individual bits | | Timer X and TimerY ) )
input level . Timer XY mode register (@)
P55/CNTR1 function 1/0
P56/DA1, ) )
D-A conversion output AD/DA control register (8)
P57/DA2
P60/ANO Inputioutput, | o> 3-state output
Port P6 ) p‘ ) P ! CMOS compatible A-D conversion input 9)
P67/AN7 individual bits | |
input level
P70/SIN2, (20)
P71/SouT2, N-channel open-drain output ) . Serial 1/02 control 11
Input/output, " ) P Serial 1/02 function I/O . (11)
P72/ScLkz, Port P7 o ) CMOS compatible register (12)
individual bits |
P73/SRDY2 input level (13)
P74 - P77 (14)
Inout/outout CMOS 3-state output
P80 — P87 Port P8 ) p‘ ) P ! CMOS compatible 1)
individual bits |
input level

Note 1: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as func-
tion I/O ports, refer to the applicable sections.

2: Make sure that the input level at each pin is either 0 V 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.

1-18
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FUNCTIONAL DESCRIPTION

(1) Ports PO, P1, P2, P3, P40, P41, P50, P8
-

Direction register’ _|

Data bus ——>‘ Port latch | ) >°—|

(3) Port P44

Serial /01 enable bit
Receive enable bit -

Direction register

Port latch

Serial /01 input

y

(5) Port P46

Serial I/101
synchronous clock selection bit
Serial /01 enable bit

Serial 1/01 mode selection bit
Serial /01 enable bit

—>4Direction register

Data bus ——»{ Port latch

o
“

[
~ Serial I/01

Serial /01 clock output —{\/— external
clock input

(7) Ports P54, P55

Port latch

N
Timer output ———— >—
Counter input 4—@7
Interrupt input

Pulse output mode

(2) Ports P42, P43, P51, P52, P53

Direction register

Data bus — Port latch | ) >°—|

~N
Interrupt input

(4) Port P45

P45/TXD P-channel output disable bit—]>—
Serial /01 enable bit

Transmit enable bit
—>‘Direction register —'
Data bus — Port latch , l 4I>°—|

N

Serial I/Oloutput —{ >—

N

(6) Port P47

Serial /01 mode selection bit
Serial /01 enable bit}E}*
SRDY1 output enable bit

—>4Directi0n register|

y

Data bus — Port latch

~N

Serial /01 ready output —D—

(8) Ports P56, P57

Direction register| _|

Data bus — Port latch | ’ ) >°—|

N \OJ
D-A conversion output —=—o0

DA1 output enable bit (P56)
DA2 output enable bit (P57)

Fig. 13 Port block diagram (single-chip mode) (1)
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(9) Port P6
-

Direction register| TD_{
e = P

Data bus —1 Port latch |
<]
A-D conversion input <-—o \0—]

Analog input pin selection bit

(11) Port P71

Serial 1/02
transmit completion signal

Serial /02 port selection bit

—>4Direction register
Data bus ———‘ Port latch

(10) Port P70

ﬁ?
Data bus ———Q Port latch }—

N
Serial /02 input

(12) Port P72

Serial 1/102
synchronous clock selection bit

Serial 1/02 port selection bit

—>4Directi0n register
O O
Data bus — Port latch s

~ Serial 1/02
Serial 1/02 clock output H\ﬁ external ‘@*
clock input

N

Serial 1/02 output —D—

(13) Port P73

SRDY2 output enable bit—

—»‘Direction register
Data bus —»{ Port latch

(14) Ports P74 — Port P77

ﬁ?
Data bus —1 Port latch

~N

Serial /02 ready output —D—

Fig. 14 Port block diagram (single-chip mode) (2)
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Interrupts
Interrupts occur by sixteen sources: seven external, eight internal,
and one software.

Interrupt control

Each interrupt is controlled by an interrupt request bit, an interrupt
enable bit, and the interrupt disable flag except for the software in-
terrupt set by the BRK instruction. An interrupt occurs if the corre-
sponding interrupt request and enable bits are “1” and the inter-
rupt disable flag is “0”.

Interrupt enable bits can be set or cleared by software.

Interrupt request bits can be cleared by software, but cannot be
set by software.

The BRK instruction cannot be disabled with any flag or bit. The |
(interrupt disable) flag disables all interrupts except the BRK in-
struction interrupt.

Table 9. Interrupt vector addresses and priority

HARDWARE

FUNCTIONAL DESCRIPTION

Interrupt operation

When an interrupt is received, the contents of the program counter
and processor status register are automatically stored into the
stack. The interrupt disable flag is set to inhibit other interrupts
from interfering.The corresponding interrupt request bit is cleared
and the interrupt jump destination address is read from the vector
table into the program counter.

Notes on use

When the active edge of an external interrupt (INTo to INT4,
CNTRo, or CNTR1) is changed, the corresponding interrupt re-
quest bit may also be set. Therefore, please take following se-
guence;

(1) Disable the external interrupt which is selected.

(2) Change the active edge selection.

(3) Clear the interrupt request bit which is selected to “0”".

(4) Enable the external interrupt which is selected.

o Vector Addresses (Note 1) Interrupt Request
Interrupt Source Priority - ) o Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
At detection of either rising or External interrupt
INTO 2 FFFB16 FFFA16 . . .
falling edge of INTo input (active edge selectable)
At detection of either rising or External interrupt
INT1 3 FFF916 FFF816 . . .
falling edge of INT1 input (active edge selectable)
Serial /01 At completion of serial 1/01 . ) )
) 4 FFF716 FFF616 ) Valid when serial 1/01 is selected
reception data reception
) At completion of serial /01
Serial /01 . . . .
o 5 FFF516 FFF416 transfer shift or when Valid when serial /01 is selected
transmission . .
transmission buffer is empty
Timer X 6 FFF316 FFF216 At timer X underflow
TimerY 7 FFFl116 FFFO16 At timer Y underflow
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
At detection of either rising or External interrupt
CNTRo 10 FFEB16 FFEA16 . . .
falling edge of CNTRo input (active edge selectable)
At detection of either rising or External interrupt
CNTR1 11 FFE916 FFE816 . . .
falling edge of CNTR1 input (active edge selectable)
) At completion of serial 1/02 ) ) .
Serial 1/102 12 FFE716 FFE616 Valid when serial 1/02 is selected
data transfer
At detection of either rising or External interrupt
INT2 13 FFE516 FFE416 . . .
falling edge of INT2 input (active edge selectable)
At detection of either rising or External interrupt
INT3 14 FFE316 FFE216 . . .
falling edge of INT3 input (active edge selectable)
At detection of either rising or External interrupt
INT4 15 FFE1l16 FFEO16 . . .
falling edge of INT4 input (active edge selectable)
A-D converter 16 FFDF16 FFDE16 At completion of A-D conversion
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addresses contain interrupt jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.

3806 GROUP USER’S MANUAL
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Interrupt request bit ——

Interrupt enable bit —

Interrupt disable flag () —9

BRK instruction
Reset

Interrupt request

Fig. 15 Interrupt control

Interrupt edge selection register

| INTEDGE : address 003A15)

INTo active edge selection bit
INT1 active edge selection bit
Not used (returns “0” when read)
INT2 active edge selection bit
INT3 active edge selection bit
INT4 active edge selection bit

Not used (returns “0” when read)

Interrupt request register 1
(IREQL1 : address 003Cis)

INTo interrupt request bit
INT1 interrupt request bit
Serial /01 receive interrupt request bit

Serial /01 transmit interrupt request bit

Timer X interrupt request bit
Timer Y interrupt request bit

Timer 1 interrupt request bit

b7 bo
HEEN
b7 bo
HEEN
b7 bo

Timer 2 interrupt request bit

Interrupt control register 1

| 1CON1 : address 003E:6)

INTo interrupt enable bit

INT1 interrupt enable bit

Serial /01 receive interrupt enable bit
Serial 1/01 transmit interrupt enable bit
Timer X interrupt enable bit

Timer Y interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

0 : Falling edge active
1: Rising edge active

bO Interrupt request register 2

(IREQ2 : address 003Dzs)

CNTRo interrupt request bit
———CNTRu interrupt request bit

Serial /02 interrupt request bit

INT2 interrupt request bit

INT3 interrupt request bit

INT4 interrupt request bit

AD converter interrupt request bit

Not used (returns “0” when read)

0 : No interrupt request issued
1 : Interrupt request issued

b0 Interrupt control register 2

| (ICON2 : address 003Fzs)

CNTRo interrupt enable bit
——— CNTRu interrupt enable bit

Serial /02 interrupt enable bit

INT2 interrupt enable bit

INT3 interrupt enable bit

INT4 interrupt enable bit

AD converter interrupt enable bit

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

0 : Interrupts disabled

1 : Interrupts enabled

Fig. 16 Structure of interrupt-related registers
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Timers

The 3806 group has four timers: timer X, timerY, timer 1, and
timer 2.

All timers are count down. When the timer reaches “0016”, an un-
derflow occurs at the next count pulse and the corresponding
timer latch is reloaded into the timer and the count is continued.
When a timer underflows, the interrupt request bit corresponding
to that timer is set to “1”.

The division ratio of each timer or prescaler is given by 1/(n + 1),
where n is the value in the corresponding timer or prescaler latch.

b7 b0

Timer XY mode register
(TM : address 002316)

I—I— Timer X operating mode bit

b1b0

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTRo active edge switch bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0: Count start
1: Count stop

Timer Y operating mode bit

b5b4

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTR1 active edge switch bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0: Count start
1: Count stop

Fig. 17 Structure of timer XY register

HARDWARE
FUNCTIONAL DESCRIPTION

Timer 1 and Timer 2

The count source of prescaler 12 is the oscillation frequency di-
vided by 16. The output of prescaler 12 is counted by timer 1 and
timer 2, and a timer underflow sets the interrupt request bit.

Timer X and Timer Y
Timer X and Timer Y can each be selected in one of four operating
modes by setting the timer XY mode register.

Timer Mode
The timer counts f(XIN)/16 in timer mode.

Pulse Output Mode

Timer X (or timer Y) counts f(XIN)/16. Whenever the contents of
the timer reach “0016”, the signal output from the CNTRo (or
CNTR1) pin is inverted. If the CNTRo (or CNTR1) active edge
switch bit is “0”, output begins at “ H".

If it is “1”, output starts at “L”. When using a timer in this mode, set
the corresponding port P54 ( or port P55) direction register to out-
put mode.

Event Counter Mode

Operation in event counter mode is the same as in timer mode,
except the timer counts signals input through the CNTRo or
CNTR1 pin.

Pulse Width Measurement Mode
If the CNTRo (or CNTR1) active edge selection bit is “0”, the timer
counts at the oscillation frequency divided by 16 while the CNTRo
(or CNTR1) pin is at “H”. If the CNTRo (or CNTR1) active edge
switch bit is “1”, the count continues during the time that the
CNTRo (or CNTR1) pinis at “L".

In all of these modes, the count can be stopped by setting the
timer X (timer Y) count stop bit to “1”. Every time a timer
underflows, the corresponding interrupt request bit is set.
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Data bus

L

L

P54/CNTRo pin
edge switch bit

|

H To timer X interrupt

Timer X count stop bit

Oscillator Divider
f(Xn) — 1/16 Prescaler X latch (8) | | Timer X latch (8) |
Pulse width Timer mode
measurement ,Pulse output
mode mode
Prescaler X (8) |—| Timer X (8)
CNTRo active

request bit

>

> To CNTRo interrupt
request bit

CNTR1 active

P55/CNTR1 pin A )
edge switch bit

CNTRo active
edge switch
bit o—Q
wqn
R Toggle flip-flop T
v IO R
Port P54 latch ‘ Timer X latch write pulse
direction register Pulse output mode
Pulse output
mode S Data bus (
| Prescaler Y latch (8) | | Timer Y latch (8) |
Pulse width Timer mode
measurement ,Pulse output
mode mode

Prescaler Y (8)

|

Timer Y (8)

l% To timer Y interrupt

Timer Y count stop bit

request bit

edge switch
bit

Port P55
direction register

Pulse output
mode

e |

CNTR1 active

>

> To CNTRu: interrupt
request bit

o—Q
aqn
Toggle flip-flop T
v [0 R

s

Timer Y latch write pulse

Pulse output mode

Data bus

il il

Prescaler

12 latch (8) Timer 1 latch (8)

! !

Prescaler 12 (8) Timer 1 (8)

L

Timer 2 latch (8)

!

Timer 2 (8)

| > Totimer 2 interrupt
request bit

> To timer 1 interrupt
request bit

Fig. 18 Bloc k diagram of timer X, timer Y, timer 1, and timer 2
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HARDWARE
FUNCTIONAL DESCRIPTION

Serial 1/0 Clock synchronous serial I/O mode

Serial 1/01 Clock synchronous serial I/01 mode can be selected by setting
Serial 1/01 can be used as either clock synchronous or asynchro- the mode selection bit of the serial 1/01 control register to “1”.
nous (UART) serial I/O. A dedicated timer is also provided for For clock synchronous serial 1/01, the transmitter and the receiver
baud rate generation. must use the same clock. If an internal clock is used, transfer is

started by a write signal to the TB/RB (address 001816).

Data bus

Address 001816 [ Serial I/01 control register ] Address 001A16

Receive buffer }——» Receive buffer full flag (RBF)

T

P44/RxDO { Receive shift register ] — Receive interrupt request (RI)

Shift clock Clock control circuit

P46/ScLk1O
Serial I/01 synchronous
clock selection bit
BRG count source selection bit Frequency division ratio 1/(n+1)
fXn) G S =‘J Baud rate generator H 1/4

1/4 Address 001C16

P47/SROVIO <—{ Falling-edge detector —— Clock control circuit

Shift clock Transmit shift completion flag (TSC)
[ _ v . Transmit interrupt source selection bit
P4s/TxDO | Transmit shift register %/14> Transmit interrupt request (TI)
Transmit buffer | Transmit buffer empty flag (TBE)

[ Serial I/O1 status register Address 001916
L

T
| Address 001815
Data bus

Fig. 19 Block diagram of clock synchronous serial /01

Transfer shift clock
(1/2 to 1/2048 of the internal
clock, or an external clock)

Serial output TxD

Serial input RXxD Do D1 D2 D3 D4 D5 D6 D7

Receive enable signal SRDY1

Write pulse to receive/transmit I
buffer (address 001816)

Y '

TBE = Y RBF =1
0 TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1 : The transmit interrupt (TI) 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 the transmit interrupt source selection bit (TIC) of the serial /01
control register.

2 : If data is written to the transmit buffer 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. 20 Operation of clock synchronous serial I/01 function
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Asynchronous serial I/O (UART) mode

Clock asynchronous serial /0 mode (UART) can be selected by
clearing the serial I/0O mode selection bit of the serial I/O control
register to “0".

Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the

two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer, and receive data is read from the re-
ceive buffer.

The transmit buffer can also hold the next data to be transmitted,
and the receive buffer can hold a character while the next charac-
ter is being received.

Data bus

Address 001816

OE Receive buffer
Character length selection bit I

STdetector ° 5

8 bits

P44/RxD O

)

Serial 1/01 control register]Address 001A16

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

Receive shift register

SP detector

1726

UART control register

Address 001B1s

Serial 1/01 synchronous clock selection bit T

Clock control circuit

P46/Scikr O

BRG count source selection bit

Frequency division ratio 1/(n+1)

f(xin) O ‘ [ Baud rate generator
72 Address 001C16
ST/SP/PA generator
1/16 ————— Transmit shift completion flag (TSC)
l — A Transmit interrupt source selection bit
P4s/TxD O ~+— Transmit shift register %4“2)—» Transmit interrupt request (TI)

Character length selection bit —* ,”\

Transmit buffer

Transmit buffer empty flag (TBE)

”\Address 001816 [ Serial /01 status register] Address 001916
I

Data bus

Fig. 21 Block diagram of UART serial 1/0
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Transmit or receive clock

Transmit buffer write
signal

11
i

TBE=0

1 start bit

Serial output TXD

1 or 0 parity bit
1 or 2 stop bit (s)
Receive buffer read
signal

- 7 or 8 data bit ————— g

TSC=1"

e X e

YGenerated at 2nd bitin 2-stop-bit mode

S LN N
smmuro N\t Ko X o XX Y s\ s Lo X X X Y e

RBF=0

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes "1" (at 1st stop bit, during reception).
2: The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes "1", depending on the setting of the transmit interrupt
source selection bit (TIC) of the serial I/O control register.
3: The receive interrupt (RI) is set when the RBF flag becomes "1".
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 22 Operation of UART serial I/O function

Serial /01 control register (SIO1CON) 001A 16
The serial I/O control register consists of eight control bits for the
serial I/O function.

UART control register (UARTCON) 001B 16
The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial 1/0O is selected and set
the data format of an data transfer. One bit in this register (bit 4) is
always valid and sets the output structure of the P45/TxD pin.

Serial 1/01 status register (SIO1STS) 0019 16
The read-only serial I/O1 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial 1/0
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer, and
the receive buffer full flag is set. A write to the serial I/O status reg-
ister clears all the error flags OE, PE, FE, and SE (bit 3 to bit 6, re-

spectively). Writing “0” to the serial /0 enable bit SIOE (bit 7 of
the Serial I/O Control Register) also clears all the status flags, in-
cluding the error flags.

All bits of the serial /01 status register are initialized to “0” at re-
set, but if the transmit enable bit (bit 4) of the serial I/O control reg-
ister has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1”.

Transmit buffer/Receive buffer register (TB/
RB) 001816

The transmit buffer and the receive buffer are located at 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) 001C 16

The baud rate generator determines the baud rate for serial trans-
fer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.
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W Serial 1/01 status register

b7

(SIO1STS : address 0019 16)

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

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

Transmit 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)

b0 UART control register

I_(UARTCON : address 001B 16)
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

b7 b0 ) .
[TTT1T1] Serial /01 control register

P4s5/TxD P-channel output disable bit (POFF)

0: CMOS output (in output mode)

1: N-channel open drain output (in output mode)

Not used (return "1" when read)

(SIO1CON : address 001A 16)
BRG count source selection bit (CSS)
0: f(XIN)
1: f(XiN)/4

—— Serial I/01 synchronous clock selection bit (SCS)

0: BRG output divided by 4 when clock synchronous
serial I/O is selected, BRG output divided by 16
when UART is selected.

: External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

=

— SRobY1 output enable bit (SRDY)

0: P47 pin operates as ordinaly 1/O pin
1: P47 pin operates as SRpY1 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 /01 mode selection bit (SIOM)
0: Clock asynchronous (UART) serial I/O
1: Clock synchronous serial I/0

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

(pins P44 to P47 operate as ordinary 1/O pins)
1: Serial I/0 enabled

(pins P44 to P47 operate as serial 1/0 pins)

Fig. 23 Structure of serial /0 control registers
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Serial 1/02

The serial 1/02 function can be used only for clock synchronous
serial 1/0.

For clock synchronous serial 1/0 the transmitter and the receiver
must use the same clock. If the internal clock is used, transfer is
started by a write signal to the serial 1/02 register.

Serial I/02 control register (SIO2CON) 001D 16
The serial 1/02 control register contains seven bits which control
various serial 1/O functions.

HARDWARE
FUNCTIONAL DESCRIPTION

b7 b0 ) )
Serial 1/02 control register

(SIO2CON : address 001Dz16)
Internal synchronous clock selection bits

b2 b1 b0

00 0: f(XIN)/8
00 1: f(XIN)/16
01 0: f(XIN)/32

01 1: f(XiN)/64

11 0: f(Xin)/128

11 1: f(XiNn)/256

Serial 1/02 port selection bit
0: I/O port

1: Sout2,ScLk2 signal output

SRDY2 output enable bit

0: 1/O port
1: Srbv2 signal output

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

Serial 1/02 synchronous clock selection bit
0: External clock
1: Internal clock

Not used (returns “0” when read)

Fig. 24 Structure of serial 1/02 control register

1/8

xin O

P73 latch

Serial 1/02 synchronous
"0" clock selection bit nn

der

Divi

Internal synchronous
clock selection bits

Data bus

SRDY2 output enable bit

ScLk2

P73/Sroyz O——— SrDY2 — O
,.l..O<—M)n|zatlon circuit

g

External clock

P72 latch
g

P72/Scike. O—* °

"1
Serial /02 port selection bit
P71 latch

*JI Serial 1/0O counter 2 (3)

» Serial 1102
interrupt request

g
P71/Sout2

o
ot
Serial 1/02 port selection bit

P70/Sn2 O

V{ Serial 1/0 shift register 2 (8)

%

Fig. 25 Block diagram of serial I/02 function
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Transfer clock (Note 1)

Serial I/02 register
write signal J—

(Note 2)
Serial /02 output  Sout2 DO D1 D2 D3 D4 D5 D6 D7

Serial I/02 input Sinz X X X

Receive enable signal Sroy2 Q

\J
Serial 1/02 interrupt request bit set

Notes 1: When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial
1/02 control register.

2: When the internal clock is selected as the transfer clock, the S ouT2 pin goes to high impedance after transfer completion.

Fig. 26 Timing of serial /02 function
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A-D Converter
The functional blocks of the A-D converter are described below.

[A-D conversion register]

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. When reading this register during an
A-D conversion, the previous conversion result is read.

[AD/DA control register]

The AD/DA control register controls the A-D conversion process.
Bits 0 to 2 select a specific analog input pin. Bit 3 signals the
completion of an A-D conversion. The value of this bit remains at
“0” during an A-D conversion, and changes to “1” when an A-D
conversion ends. Writing “0” to this bit starts the A-D conversion.
Bits 6 and 7 are used to control the output of the D-A converter.

[Comparison voltage generator]
The comparison voltage generator divides the voltage between
AVss and VREF into 256, and outputs the divided voltages.

[Channel selector]
The channel selector selects one of the ports P60/ANo to P67/AN?7,
and inputs the voltage to the comparator.

HARDWARE
FUNCTIONAL DESCRIPTION

[Comparator and Control circuit]

The comparator and control circuit compares an analog input volt-
age with the comparison voltage, then stores the result in the A-D
conversion register. When an A-D conversion is complete, the
control circuit sets the AD conversion completion bit and the AD
interrupt request bit to “1”.

Note that the comparator is constructed linked to a capacitor, so
set f(XIN) to 500 kHz or more during an A-D conversion.

AD/DA control register
(ADCON : address 003416)

Analog input pin selection bits
b2 bl b0

0 0 0: P60/ANo

0 0 1: P61/AN1

0 1 0: P62/AN2

0 1 1: P63/AN3

1 0 0: P64/AN4

1 0 1: P65/ANs

1 1 0: P66/ANs

11 1: P67/AN7

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

Not used (return "0" When read)

DA output enable bit
0: DA1 output disabled
1: DA1 output enabled

DA2 output enable bit
0: DA2 output disabled
1: DAz output enabled

Fig. 27 Structure of AD/DA control register

Data bus

AD/DA control register b7

PAN

bo

(Address 0034 16)

T

R
wl

P60/AN0 O—

y
A-D control circuit I— — A-D interrupt request

P61/AN1 O—>
P62/AN2 O—>
P63/AN3 O—>
P64/AN4 O—>
P65/AN5 O—

Comparator

\/

A-D conversion register | (Address 003516)

j\s

Channel selector

P66/AN6 O—>
P67/AN7 O—>

I Resistor ladder |

S o4

VREF AVSsS

Fig. 28 Block diagram of A-D converter
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D-A Converter

The 3806 group has two internal D-A converters (DA1 and DA2)
with 8-bit resolutions.

The D-A converter is performed by setting the value in the D-A
conversion register. The result of D-A converter is output from the
DA1 or DA2 pin by setting the DA output enable bit to “1”.

When using the D-A converter, the corresponding port direction
register bit (DA1/P56 or DA2/P57) should be set to “0” (input sta-
tus).

The output analog voltage V is determined by the value n (base
10) in the D-A conversion register as follows:

V = VREF [ n/256 (n = 0 to 255)
Where VREF is the reference voltage.

At reset, the D-A conversion registers are cleared to “0016", the DA
output enable bits are cleared to “0”, and the P56/DA1 and P57/
DA2 pins are set to input (high impedance).

The D-A output is not buffered, so connect an external buffer when
driving a low-impedance load.

Set Vcc to 4.0 V or more when using the D-A converter.

Data bus

|D-A1 conversion register (8)|

DA1 output enable bit
|R-2R resistor ladder I_o/o_o P56/DA1

|D-A2 conversion register (8)|

DAZ2 output enable bit
|R-2R resistor ladder I_o/o_o P57/DA2

Fig. 29 Block diagram of D-A converter

0" DA1 output enable bit
O R R R R R R R 2R
P56/DA1 O—? O
2R 2R 2R 2R 2R 2R 2R 2R
MSB o ] e e e ) e e ) LSB
D-A1 conversion P B < T - - N < T R AR ;
register OOT _____ OT _______ OT i o
AVss O . - . * . . s ®
VREF O

Fig. 30 Equivalent connection circuit of D-A converter
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Reset Circuit
To reset the microcomputer, the RESET pin should be held at an
“L" level for 2 ps or more. Then the RESET pin is returned to an
“H” level (Note 1), reset is released. Internal operation does not
begin until after 8 to 13 XIN clock cycles are completed. After the
reset is completed, the program starts from the address contained
in address FFFD16 (high-order byte) and address FFFC16 (low-or-
der byte).
Make sure that the reset input voltage is less than 0.8 V for Vcc of
4.0 V (Note 2).
Note 1. The power source voltage should be between the follow-

ing voltage.

» Between 3.0 V and 5.5 V for standard version

* Between 4.0 V and 5.5 V for extended operating tem-

perature version

* Between 2.7 V and 5.5 V for high-speed version
Note 2. Reset input voltage is less than the following voltage.

* 0.6 VforVcc=3.0V

* 0.8V forvVcc=4.0V

¢ 0.54VforVcc=27V

HARDWARE

FUNCTIONAL DESCRIPTION

< 4.0V
Power source /
voltage ov /
Reset input o8V
voltage
1] E Vcc
5 RESET
M51953AL
44{ —
01pF
3 H
Vss
s 3806 group

Fig. 31 Example of reset circuit

(1) Port PO direction register
(2) Port P1 direction register
(3) Port P2 direction register
(4) Port P3 direction register
(5) Port P4 direction register
(6) Port P5 direction register
(7) Port P6 direction register
(8) Port P7 direction register

(9) Port P8 direction register

(10) Serial I/O1 status register

(11) Serial 1/01 control register

(12) UART control register

(13) Serial 1/02 control register

(14) Prescaler 12

(15) Timer 1

(16) Timer 2

(17) Timer XY mode register
(18) Prescaler X

(19) Timer X

(20) Prescaler Y

(21) Timer Y

(22) AD/DA control register
(23) D-A1 conversion register

(24) D-A2 conversion register

Address Register contents

(000L16) « » »
(000316) + » »
(000515) « » »
(000716) =+ »
(000915) + « »
(00Bis)==+[ 001 |
(©00Dws)++s[ 001 |
(000F15) + + »
(001116) + + »
(001916) + + +
(©01Aw)ese[ 00w |
(001B1s) +++[1]1]1]0]00]0] 0]
©01Dse) s+ oo |

PR — = a—
T PO e rra—
PO - ra—
(T P e Tra—
P - Ta—
PO - ra—
T PR - ra—
P - Ta—
(003429 ++[aTa o o 1[0 ol 0]
S PR e Tr—
S PR e rr—

(25) Interrupt edge selection register (003A1s6) * -

(26) CPU mode register

(27) Interrupt request register 1
(28) Interrupt request register 2
(29) Interrupt control register 1

(30) Interrupt control register 2

(31) Processor status register

(32) Program counter

Note. O : Undefined

(003810) + - «[0 [0 0] 0o 0] O[ 0]
©03Ciw)ees 00 |
(©03Dse)++s[ 00 ]
(003Ese)ee+[ 00 ]
(©03Fw)eee[ 006 ]
(PS)

(PCH)

(PCY)

O : The initial values of CM1 are determined by the level at the

CNVss pin.

The contents of all other registers and RAM are undefined
after a reset, so they must be initialized by software.

Fig. 32 Internal status of microcomputer after reset
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FUNCTIONAL DESCRIPTION

RESET

RESETout
(internal reset)

SYNC

Address

Data

[

X 2 X 7

X 2 X 2 X 2 Xrrrc X FrrD Xpon, ADX

Reset address from the vector table

X

2 X 2 X 2 X 2 Xap X aow X

Xin: 8 to 13 clock cycles

Notes 1: f(Xin) and f(¢) are in the relationship: f(Xin)=2 « f(¢).

2: A question mark (?) indicates an undefined status that depends on the previous status.

Fig. 33 Timing of reset
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Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XIN and XouT. To supply a clock signal externally, input it to
the XIN pin and make the XouT pin open.

Oscillation control

Stop Mode

If the STP instruction is executed, the internal clock ¢ stops at an
“H”. Timer 1 is set to “0116” and prescaler 12 is set to “FF16".
Oscillator restarts when an external interrupt is received, but the
internal clock @ remains at an “H” until timer 1 underflow.

This allows time for the clock circuit oscillation to stabilize.

If oscillator is restarted by a reset, no wait time is generated, so
keep the RESET pin at an “L” level until oscillation has stabilized.

Wait Mode

If the WIT instruction is executed, the internal clock ¢ stops at an
“H” level, but the oscillator itself does not stop. The internal clock
restarts if a reset occurs or when an interrupt is received.

Since the oscillator does not stop, normal operation can be started
immediately after the clock is restarted.

To ensure that interrupts will be received to release the STP or
WIT state, interrupt enable bits must be set to “1” before the STP
or WIT instruction is executed.

HARDWARE
FUNCTIONAL DESCRIPTION

When the STP status is released, prescaler 12 and timer 1 will
start counting and reset will not be released until timer 1
underflows, so set the timer 1 interrupt enable bit to “0” before the
STP instruction is executed.

XIN

Xout

il

CIN I I Cout

Fig. 34 Ceramic resonator circuit

XIN Xout
Open
External oscillation Vee —|_|—|M
circuit Vss

Fig. 35 External clock input circuit

Interrupt request ‘L

d
Interrupt disable

flag (1)

Reset

STP instruction —|

WIT

instruction |

|— STP instruction

@ output

B

Internal clock ¢

ONW pin
Single-chip mode

D

ONW j :

control

D
DS

D

XIN

Xout

|—| Timer 1 |7
A

1/8 Prescaler 12

A

FFi6 0lie

Reset or STP instruction

Fig. 36 Block diagram of clock generating circuit
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Processor Modes

Single-chip mode, memory expansion mode, and microprocessor
mode can be selected by changing the contents of the processor
mode bits CMo and CMz1 (bits 0 and 1 of address 003B16). In
memory expansion mode and microprocessor mode, memory can
be expanded externally through ports PO to P3. In these modes,
ports PO to P3 lose their I/0 port functions and become bus pins.

Table 10. Functions of ports in memory expansion mode and
microprocessor mode

Port Name Function

Port PO Outputs low-order byte of address.

Port P1 Outputs high-order byte of address.

Operates as I/O pins for data D7 to Do

Port P2 . L .
(including instruction codes).

P30 and P31 function only as output pins
(except that the port latch cannot be read).
P32 is the ONW input pin.

P33 is the RESETOUT output pin. (Note)
P34 is the @ output pin.

P35 is the SYNC output pin.

P36 is the WR output pin, and P37 is the

Port P3

000016
000816

004016

044016

YYYY16

FFFF16

000016
SFR area 000816 | 5rg area

004016

Internal RAM Internal RAM

reserved area reserved area
044016

Internal ROM
FFFF16

Memory expansion mode

Microprocessor mode

The shaded areas are external memory areas.

U. YYYYis is the start address of internal ROM.

Fig. 37 Memory maps in various processor modes

RD output pin.

Note: If CNVss is connected to Vss, the microcomputer goes to
single-chip mode after a reset, so this pin cannot be used
as the RESETouUT output pin.

Single-Chip Mode
Select this mode by resetting the microcomputer with CNVss con-
nected to Vss.

Memory Expansion Mode

Select this mode by setting the processor mode bits to “01” in soft-
ware with CNVss connected to Vss. This mode enables external
memory expansion while maintaining the validity of the internal
ROM. Internal ROM will take precedence over external memory if
addresses conflict.

Microprocessor Mode

Select this mode by resetting the microcomputer with CNVss con-
nected to Vcc, or by setting the processor mode bits to “10” in
software with CNVss connected to Vss. In microprocessor mode,
the internal ROM is no longer valid and external memory must be
used.

b7

bo

| | CPU mode register

I I (CPUM : address 003Bu16)

Processor mode bits

b1 b0

0 0 : Single-chip mode

0 1: Memory expansion mode
1 0 : Microprocessor mode

1 1: Not available

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

Not used (return “0” when read)

Fig. 38 Structure of CPU mode register
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Bus control with memory expansion

The 3806 group has a built-in ONW function to facilitate access to
external memory and I/O devices in memory expansion mode or
microprocessor mode.

If an “L” level signal is input to the ONW pin when the CPU is in a
read or write state, the corresponding read or write cycle is ex-
tended by one cycle of ¢. During this extended period, the RD or
WR signal remains at “L". This extension period is valid only for
writing to and reading from addresses 000016 to 000716 and
044016 to FFFF16 in microprocessor mode, 044016 to YYYY16 in
memory expansion mode, and only read and write cycles are ex-

tended.
Read cycle Dummy cycle Write cycle Read cycle Dummy cycle Write cycle
e | L4 4 1 LJ 4 1 L J L
AD1sto ADo X X X X X X X
RD | I L1
WR L [
ow  \ / \
K| K| <>
ad O O
U : Period during which ONW input signal is received
During this period, the ONW signal must be fixed at either “H” or “L”. At all other times, the input level of the ONW
signal has no affect on operations.
The bus cycles is not extended for an address in the area 000816 to 043F16, regardless of whether the ONW signal
is received.

Fig. 39 ONW function timing
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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 (I) which is “1". Af-
ter 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 immedi-
ately after they have been written. After writing to an interrupt re-
quest register, execute at least one instruction before executing 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
executing a SEC, CLC, or CLD instruction.

In decimal mode, the values of the negative (N), overflow (V), and
zero (2) flags are invalid.

The carry flag can be used to indicate whether a carry or borrow
has occurred. Initialize the carry flag before each calculation.
Clear the carry flag before an ADC and set the flag before an
SBC.

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

Multiplication and Division Instructions

The index X mode (T) and the decimal mode (D) flags do not af-
fect 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 regis-
ter as an index

« The bit-test instruction (BBC or BBS, etc.) to a direction register

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

Use instructions such as LDM and STA, etc., to set the port direc-

tion registers.

Serial 1/0

In clock synchronous serial 1/0, if the receive side is using an ex-
ternal clock and it is to output the SRDY1 signal, set the transmit
enable bit, the receive enable bit, and the SRDY1 output enable bit
to “1".

Serial I/0O1 continues to output the final bit from the TxD pin after
transmission is completed. The SouT2 pin from serial /02 goes to
high impedance after transmission is completed.

A-D Converter

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

Make sure that f(XIN) is at least 500 kHz during an A-D conver-
sion. (If the ONW pin has been set to “L”, the A-D conversion will
take twice as long to match the longer bus cycle, and so f(XIN)
must be at least 1 MHz.)

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

D-A Converter
The accuracy of the D-A converter becomes poor rapidly under
the Vcc = 4.0 V or less condition.

Instruction Execution Time

The instruction execution time is obtained by multiplying the fre-
quency of the internal clock @ by the number of cycles needed to
execute an instruction.

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

The frequency of the internal clock @ is half of the XIN frequency.
When the ONW function is used in modes other than single-chip
mode, the frequency of the internal clock @ may be one fourth the
XIN frequency.

Memory Expansion Mode and Microproces-
sor Mode

Execute the LDM or STA instruction for writing to port P3 (address
000616) in memory expansion mode and microprocessor mode.
Set areas which can be read out and write to port P3 (address
000616) in a memory, using the read-modify-write instruction
(SEB, CLB).
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DATA REQUIRED FOR MASK 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
copies)

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version and built-
in 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. Programming adapter

Package Name of Programming Adapter
80P6N-A PCA4738F-80A
80P6S-A PCA4738G-80A

80D0 PCA4738L-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 40 is recommended to verify programming.

Programming with PROM
programmer

NS

Screening (Caution)
(150°C for 40 hours)

NS

Verification with
PROM programmer

N7

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. 40 Programming and testing of One Time PROM version
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FUNCTIONAL DESCRIPTION SUPPLEMENT

Interrupt

3806 group permits interrupts on the basis of 16
sources. It is vector interrupts with a fixed priority
system. Accordingly, when two or more interrupt

requests occur during the same sampling, the higher-
priority interrupt is accepted first. This priority is
determined by hardware, but variety of priority
processing can be performed by software, using an
interrupt enable bit and an interrupt disable flag.
For interrupt sources, vector addresses and inter-
rupt priority, refer to “Table 12.”

Table 12. Interrupt sources, vector addresses and interrupt priority

Vector addresses
Priority Interrupt sources T Remarks
High-order: Low-order
1 Reset (Note) FFFD1i6 , FFFC16 | Non-maskable
2 INTo interrupt FFFB16 : FFFA16 | External interrupt
: (active edge selectable)
3 INT1 interrupt FFF916 ' FFF816 | External interrupt
: (active edge selectable)
4 Serial 1/01 receive interrupt FFF716 | FFF616 | Valid when serial 1/01 is selected
5 Serial I/O1 transmit interrupt FFF516 , FFF416 | Valid when serial 1/01 is selected
6 | Timer X interrupt FFF316 , FFF216
7 Timer Y interrupt FFFli6 | FFFO16
8 Timer 1 interrupt FFEF16 ' FFEE16 | STP release timer underflow
9 Timer 2 interrupt FFED16 ' FFEC1i6
10 CNTRo interrupt FFEB16 '« FFEA16 | External interrupt
: (active edge selectable)
11 CNTRZ1 interrupt FFE916 : FFE816 | External interrupt
: (active edge selectable)
12 Serial 1/02 interrupt FFE716 : FFE616 | Valid when serial 1/02 is selected
13 INT2 interrupt FFE516 | FFE416 | External interrupt
' (active edge selectable)
14 INT3 interrupt FFE316 | FFE216 External interrupt
: (active edge selectable)
15 | INT4 interrupt FFEli6 , FFEO16 | External interrupt
: (active edge selectable)
16 | A-D conversion interrupt FFDF16 , FFDE1e
17 BRK instruction interrupt FFDD16 ! FFDCi6 | Non-maskable software interrupt

Note: Reset functions in the same way as an interrupt

with the highest priority.
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Timing After Interrupt Figure 41 shows a timing chart after an interrupt
occurs, and Figure 42 shows the time up to execu-

The interrupt processing routine begins with the tion of the interrupt processing routine.

machine cycle following the completion of the in-

struction that is currently in execution.

2 I O B O

SYNC li

ro | [] L L

we LI LT L]
Address bus PC Xs,SPs Xs-l, SPsXs-z.SPsX BLX BH XAL, AH

Databus X Notused XPCHX PCLY PS X AL X An X

SYNC : CPU operation code fetch cycle

BL, BH : Vector address of each interrupt

AL, AH : Jump destination address of each interrupt
SPS : “0016” or “0116”

Fig. 41 Timing chart after an interrupt occurs

Generation of interrupt request Start of interrupt processing

v

_ _ Waiting time for
Main routine post-processing
of pipeline

Stack push and

Vector fetch Interrupt processing routine

:d—hd—hd—b
0to 16" cycles 2 cycles | 5 cycles

S A

7 to 23 cycles
(At performing 8.0 MHz, 1.75 ps to 5.75 ps)

O : at execution of DIV instruction (16 cycles)

Fig. 42 Time up to execution of the interrupt processing routine
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A-D Converter

A-D conversion is started by setting AD conversion
completion bit to “0.” During A-D conversion, inter-
nal operations are performed as follows.

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 be-
comes “1.” When Vref > VIN, the highest-order
bit becomes “0.”

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 50 clock cycles (12.5
ps at f(XIN) = 8.0 MHz) after it is started, and the
result of the conversion is stored into the A-D con-
version 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.”

Relative formula for a reference voltage V

REF of A-D converter and Vref

When n

When n

0

1 to 255

Vref = 0

vref = YREF (n - 0.5)
256

n : the value of A-D converter (decimal numeral)

Table 13. Change of A-D conversion register during A-D conversion

Change of A-D conversion register Value of comparison voltage (Vref)
At start of conversion 'ololo]o]olo]o]o] 0
. : VREF VREF
First comparison \1\0\0\0\0\0\0\0\ -
2 512
: VREF VREF VREF
Second comparison \51\1\0\0\0\0\0\0\ + -
2 4 512
Third comparison ‘D 1 ‘D 2‘ 1 ‘ o ‘ o ‘ o ‘ o ‘ o ‘ VREF N VREF N VREF B VREF
2 4 8 512
After completion of eighth A result of A-D conversion
comparison "172]73]%4 75 76/7 7|78
01: A result of the first comparison 02: A result of the second comparison
03: A result of the third comparison 04: A result of the fourth comparison
05: A result of the fifth comparison [06: A result of the sixth comparison
07: A result of the seventh comparison (08: A result of the eighth comparison
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Figures 43 shows A-D conversion equivalent cir-
cuit, and Figure 44 shows A-D conversion timing

chart.

Vcc Vss

about 2 kQQ CP

VIN

ANo O— AN
ANt O— AN

ANz O— AN

Ans O— AN

AN4

AN5

AN7

AD/DA control register

O—" Wy

oWV
Ane O— AN

O\

—o/o——

oelbloo

Sampling
clock

VREF Oi

Avss O—

Build-in
D-A converter

Ve |

Reference
clock

[Ty

Chopper amplifie

_____________ a

HEN

N

A-D conversion register

A-D conversion interrupt request

Fig. 43 A-D conversion equivalent circuit

Write signal for AD/DA control register

AD conversion completion bit

Sampling clock

50 cycles

A

Fig. 44 A-D conversion timing chart
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MEMORANDUM
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APPLICATION

2.1 1/0 port

2.1 1/0O port

2.1.1 Memory map of 1/O port

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
O0OE16
000F16
001016
001116

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

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)

Fig. 2.1.1 Memory map of I/O port related registers
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APPLICATION

2.1 1/0 port
2.1.2 Related registers
Port Pi
b7 b6 b5 b4 b3 b2 bl b0
Port Pi (Pi) (i=0,1,2,3,4,5,6,7,8)
[ [ 1 1 [ [Address : 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1016]
i i i i i i i i B Name Function Atreset| R |[W
i i i i i i i ~-{ 0 | Port Pio « In output mode 2 |9|©
[ N N N Write }
o r i [ [Portpin Read J Portiateh > |ofo
TR T }  In input mode
A =—— 2 | Port Pi2 Write : Port latch 2 |O|O
[ R A B Read : Value of pins
L1 ———— 3 | Port Pis -~ |ofo
| | | |
| | | |
T R 4 |Port Pis » |o]o
| | |
| | |
o] 5 | Port Pis 2 |©9]©
| |
| | .
A T 6 | Port Pie » |O|O
|
o 7 | Port Pir - |olo

Fig. 2.1.2 Structure of Port Pi (i=0, 1, 2, 3, 4,5, 6, 7, 8)

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0O

Port Pi direction register (PiD) (i=0, 1, 2, 3, 4,5, 6, 7, 8)
[Address : 0116, 0316, 0516, 0716, 0916, 0B16, 0D16, OF16, 1116]

~| of o 2] 0| v -] oo

Name Function Atreset| R |W
Port Pi direction register 0 : Port Pioinput mode 0 |olo
1: Port Pio output mode
0 : Port Pizinput mode o |O]lo
1 : Port Pi1 output mode
0 : Port Piz input mode 0 olo
1 : Port Pi2 output mode
0 : Port Pizinput mode o |olo
1 : Port Pis output mode
0 : Port Piainput mode o |olo
1: Port Pia output mode
0 : Port Pis input mode 0 olo
1 : Port Pis output mode
0 : Port Pis input mode o |olo
1: Port Pis output mode
0 : Port Pizinput mode o |olo
1: Port Pi7 output mode

Fig. 2.1.3 Structure of Port Pi direction register (i=0, 1, 2, 3, 4, 5, 6, 7, 8)
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2.1 1/0 port

2.1.3 Handling of unused pins

Table 2.1.1 Handling of unused pins (in single-chip mode)

Name of Pins/Ports

Handling

PO, P1, P2, P3, P4, P5, P6, P7, P8

+ Set to the input mode and connect to Vcc or Vss

resistor of 1 kQ to 10 kQ.

e Set to the output mode and open at “L” or “H.”

through a

VREF Connect to Vss(GND) or open.
AVss Connect to VsSs(GND).
XouTt Open (only when using external clock).

Table 2.1.2 Handling of unused pins (in memory expansion mode and microprocessor mode)

Name of Pins/Ports

Handling

P30, P31

Open

P4, P5, P6, P7, P8

+ Set to the input mode and connect to Vcc or Vss through a

resistor of 1 kQ to 10 kQ.

» Set to the output mode and open at “L” or “H.”

VREF Connect to VsSs(GND) or open.

ONW Connect to Vcc through a resistor of 1 kQ to 10 kQ.
RESETouT Open

0} Open

SYNC Open

AVss Connect to Vss(GND).

XouT Open (only when using external clock).
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2.2 Timer
2.2 Timer
2.2.1 Memory map of timer
002016 | Prescaler 12 (PRE12)
002116 | Timer 1 (T1)
002216 | Timer 2 (T2)
002316 | Timer XY mode register (TM)
002416 | Prescaler X (PREX)
002516 | Timer X (TX)
002616 | Prescaler Y (PREY)
002716 | Timer Y (TY)
003C1g| Interrupt request register 1 (IREQ1)
003D16| Interrupt request register 2 (IREQ2)
003E16 | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)
Fig. 2.2.1 Memory map of timer related registers
3806 GROUP USER’S MANUAL 2.5



APPLICATION

2.2 Timer

2.2.2 Related registers

Prescaler 12, Prescaler X, Prescaler Y

b7 b6 b5 b4 b3 b2 bl bO

Prescaler 12 (PRE12), Prescaler X (PREX), Prescaler Y (PREY)

[Address : 2016, 2416, 2616]

I 1 1 1 1 1 1 1
|
i i i i i ! i i B Function At reset W
I ! L ]o]e The count value of each prescaler is set. 1 e}
[ N | |+ The value set in this register is written to both the prescaler and
I A 1| the prescaler latch at the same time. 1 o
I L « When the prescaler is read out, the value (count value) of the
[ —1 prescaler is read out.
T 2 L 1°l°
| | | | | —
b 3 BEE
| | | | —i
TR T 4 1 o
| | |
| | | 1
i i e —— 5 1 o
| | |
e 6 1 O
| —
b 7 1 o
Fig. 2.2.2 Structure of Prescaler 12, Prescaler X, Prescaler Y

Timer 1

b7 b6 b5 b4 b3 b2 bl b0
S S LN S S N Timer 1 (T1) [Address : 2116]

| .

i i i i i ; i i B Function At reset W
L1 1 1 1 1 1 —Jo|* The countvalue of the Timer 1 is set. 1 o)
[ ||+ The value set in this register is written to both the Timer 1 and
I 1| the Timer 1 latch at the same time. 0 o
Lol Lo « When the Timer 1 is read out, the value (count value) of the
i i i i i - 5 Timer 1 is read out. 0 o
| | | | | ——
L ] o [°]°
| | | | —
R T 4 0 o
| | |
| | | —
I 5 0 o
| |
| | |
bl 6 0 ©)
| —
L 7 0 o

Fig. 2.2.3 Structure of Timer 1
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2.2 Timer
Timer 2, Timer X, Timer Y
b7 b6 b5 b4 b3 b2 bl bo
Timer 2 (T2), Timer X (TX), Timer Y (TY)
— 1 111 1 1 [Address : 2216, 2516, 2716]
i i i i i i i i B Function Atreset| R |[W
o ! L lo]|e The count value of each timer is set. 1 |o|o
[ | |+ The value set in this register is written to both the Timer and the
R A 1| Timer latch at the same time. 1 lolo
Lol b « When the Timer is read out, the value (count value) of the Timer
N —] isread out.
T 2 t1o1°
| | | | | —
L L BEE
| | | | —i
N S S 4 1 |o|o
| | |
| | | 1
A S — 5 1 |o|o
| |
| | |
} L ____] 6 1 Ol10
| —
b 7 1 |olo

Fig. 2.2.4 Structure of Timer 2, Timer X, Timer Y
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2.2 Timer

Timer XY mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer XY mode register (TM) [Address : 2316]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
. . bl b0

b 111 L]0 |Timer X operating mode 0 0 Timer mode o |olo

I - 0 1: Pulse output mode

e T S 1 1 0: Event counter mode 0 |o|o

S 1 1: Pulse width measurement mode

o L] 2 |CNTRo active edge switch It depends on the operating mode o |olo

I bit of the Timer X (refer to Table 2.2.1).

A 3 | Timer X count stop bit 0 : Count start o |olo

Lo 1: Count stop

T S 4 |Timer Y operating mode 08" Timer mode 0 |[o]o

o [ 0 1: Pulse output mode

R 5 1 0: Event counter mode 0o |O|O

[ 1 1: Pulse width measurement mode

1 L 777777777777777 6 | CNTR1 active edge switch It depends on the operating mode 0o |olo

} bit of the Timer Y (refer to Table 2.2.1).

Lo 7 |Timer Y count stop bit 0 : Count start o lolo
1 : Count stop

Fig. 2.2.5 Structure of Timer XY

Table. 2.2.1 Function of CNTR 0o/CNTR1 edge switch bit

mode register

Operating mode of i i oo
Timer X/Timer Y Function of CNTR0o/CNTR1 edge switch bit (bits 2 and 6)
Timer mode | * Generation of CNTR0o/CNTR1 interrupt request : Falling edge
0 (No effect on timer count)
.. | * Generation of CNTR0o/CNTR1 interrupt request : Rising edge
! (No effect on timer count)
Pulse output mode “g" + Start of pulse output : From “H” level
» Generation of CNTR0/CNTR1 interrupt request : Falling edge
| Start of pulse output : From “L” level
» Generation of CNTR0o/CNTR1 interrupt request : Rising edge
Event counter mode wnn | * Timer X/Timer Y : Count of rising edge
0 » Generation of CNTR0/CNTR1 interrupt request : Falling edge
| Timer X/Timer Y : Count of falling edge
» Generation of CNTR0o/CNTRA1 interrupt request : Rising edge
Pulse width measurement mode | ., | * Timer X/Timer Y : Measurement of “H” level width
0 » Generation of CNTR0/CNTR1 interrupt request : Falling edge
wrn | * Timer X/Timer Y : Measurement of “L” level width
! » Generation of CNTR0/CNTR1 interrupt request : Rising edge
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2.2 Timer
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
e Interrupt request reigster 1 (IREQ1) [Address : 3Cus]
| | | | | | | .
A | T B Name Function Atreset| R [W
| 5
1 1 L1o0/[INTointerrupt request bit 0: No interrupt request 0 lolo
T T 1 : Interrupt request
| | | | | | 5
. | . ____|1 |INTzinterrupt request bit 0: No interrupt request 0 |oln
O R 1 : Interrupt request
| | | | | g
b ] 2 | serial 1101 receive interrupt |0 : No interrupt request 0 |olno
AR | request bit 1 : Interrupt request
|
L 3 | Serial /01 transmit interrupt |0 : No interrupt request 0 |O|O0
A request bit 1 : Interrupt request
A T S 4 | Timer X interrupt request 0 : No interrupt request o |o|b
} } } bit 1 : Interrupt request
T S 5 | Timer Y interrupt request 0 : No interrupt request o |o]|Oo
} } bit 1 : Interrupt request
] 6 | Timer 1 interrupt request bit |0 : No interrupt request o |olo
| 1: Interrupt request
| .
L 7 | Timer 2 interrupt request bit |0 : No interrupt request 0 |ol|Oo
1 : Interrupt request
O “0”is set by software, but not “1.”
Fig. 2.2.6 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
s B Interrupt request reigster 2 (IREQ2) [Address : 3D1s]
i A N = Name Function atreset| R (W
11 11 11 Lo |cNTRointerrupt request bit |0 : No interrupt request 0o |o|O
Lo 1 : Interrupt request
| | | | | | .
bbb L |1 [CNTRuinterrupt request bit O : NO interrupt request 0 |o|o
} [ T 1 : Interrupt request
| o L 777777 2 |Serial I/02 interrupt request 0 : No interrupt request o |olo
o bit 1 : Interrupt request
A 3 [INT2 interrupt request bit 0 : No interrupt request o |olo
| o 1 : Interrupt request
A 4 |INT3 interrupt request bit 0 : No interrupt request o |olo
[ 1 : Interrupt request
o :
] 5 | INT4 interrupt request bit 0: No interrupt request o |o|o
b 1 : Interrupt request
T 6 | AD conversion interrupt 0 : No interrupt request o |olo
| request bit 1 : Interrupt request
L 7 | Nothing is allocated for this bit. This is a write disabled bit. o |olo
When this bit is read out, the value is “0.”

O “0"is set by software, but not “1.”

Fig. 2.2.7 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 (ICON1) [Address : 3Eis]

I I I I I I I I
i i i i i i i i B Name Function At reset W
1111 L0 |INTointerrupt enable bit 0 : Interrupt disabled 0 o
I 1 : Interrupt enabled
| | | | | | | 7
~ bbb L 11 |INTzinterrupt enable bit 0 : Interrupt disabled 0 o
A 1 : Interrupt enabled
T 2 | Serial 1/01 receive interrupt |0 : Interrupt disabled 0 o)
e enable bit 1 : Interrupt enabled
A N 3 | Serial /01 transmit interrupt | O : Interrupt disabled 0 0
. enable bit 1 : Interrupt enabled
T 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0 0)
. 1 : Interrupt enabled
R S 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 o
L 1 : Interrupt enabled
| | "
R 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o
| 1 : Interrupt enabled
I 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 0
1 : Interrupt enabled
Fig. 2.2.8 Structure of Interrupt control register 1
Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0
? L 11 1 1 | Interrupt control reigster 2 (ICON2) [Address : 3Fu]
i i i i i i i i B Name Function Atreset W
L L1 L]0 |CNTRo interrupt enable bit 0 : Interrupt disabled 0 o
o 1 : Interrupt enabled
| | | | | | "
01t f1|CNTRtinterrupt enable bit |0 Interrupt disabled 0 o
R B 1 : Interrupt enabled

| .
T T B 2 | Serial 1102 interrupt enable bit |0 : Interrupt disabled 0 o}
oo 1 : Interrupt enabled
ol Lo 3 | INTz interrupt enable bit 0 : Interrupt disabled 0 o}
AR 1 : Interrupt enabled
T 4 |INT3 interrupt enable bit 0 : Interrupt disabled 0 o)
o 1 : Interrupt enabled
R 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 o)
} } 1 : Interrupt enabled
A 6 | AD conversion interrupt 0 : Interrupt disabled 0 (@)
\ enable bit 1 : Interrupt enabled
|
L 7 | Fix this bit to “0.” 0 ©)

Fig. 2.2.9 Structure of Interrupt control register 2

2-10
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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 X, Timer Y, Timer 1, Timer 2)

[Use]

The Timer count stop bit is set to “0” after setting a count value to a timer. Then a timer interrupt
request occurs after a certain period.

» Generation of an output signal timing
¢ Generation of a waiting time

[Function 2] Control of Cyclic operation (Timer X, Timer Y, Timer 1, Timer 2)

[Use]

The value of a timer latch is automatically written to a corresponding timer every time a timer
underflows, and each cyclic timer interrupt request occurs.

* Generation of cyclic interrupts
* Clock function (measurement of 250m second) - Application example 1
» Control of a main routine cycle

[Function 3] Output of Rectangular waveform (Timer X, Timer Y)

[Use]

The output level of the CNTR pin is inverted every time a timer underflows (Pulse output mode).

< A piezoelectric buzzer output - Application example 2
* Generation of the remote-control carrier waveforms

[Function 4] Count of External pulse (Timer X, Timer Y)

[Use]

External pulses input to the CNTR pin are selected as a timer count source (Event counter
mode).

« Measurement of frequency - Application example 3

« Division of external pulses.

» Generation of interrupts in a cycle based on an external pulse.
(count of a reel pulse)

[Function 5] Measurement of External pulse width (Timer X, Timer Y)

[Use]

The “H” or “L” level width of external pulses input to CNTR pin is measured (Pulse width
measurement mode).

« Measurement of external pulse frequency (Measurement of pulse width of FG pulse® gener-
ated by motor) - Application example 4
« Measurement of external pulse duty (when the frequency is fixed)

LJFG pulse : Pulse used for detecting the motor speed to control the motor speed.

3806 GROUP USER’S MANUAL 2-11



APPLICATION

2.2 Timer

(2) Timer application example 1 : Clock function (measurement of 250 ms)
Outline : The input clock is divided by a timer so that the clock counts up every 250 ms.
Specifications : » The clock f(XIN) = 4.19 MHz (222 Hz) is divided by a timer.
» The clock is counted at intervals of 250 ms by the Timer X interrupt.

Figure 2.2.10 shows a connection of timers and a setting of division ratios, Figure 2.2.11 shows a
setting of related registers, and Figure 2.2.12 shows a control procedure.

Fixed Prescaler X Timer X Timer X interrupt request bit
The clock is divided by 4 by software.
A
f(xn)y= —>11/16 > 1/256 > 1/256 > Oorl > 1/4 >
4.19 MHz
250 ms 1 second

0 : No interrupt request
1: Interrupt request

Fig. 2.2.10 Connection of timers and setting of division ratios [Clock function]
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2.2 Timer

™

PREX

TX

ICON1

IREQ1

b7

Timer XY mode register (Address : 2316)
bo

1

0

0

U—> Timer X operating mode bits : Timer mode

> Timer X count stop bit : Count stop
Setto “0” at starting count.

Prescaler X (Address : 2416)
b7 bo

255

Timer X (Address : 2516)
b7 bo

Set “division ratio — 1”

255

Igterrupt control register b1O (Address : 3Ez1s)

1

> Timer X interrupt enable bit : Interrupt enabled

Ikgterrupt request registerbol (Address : 3Cis6)

0

> Timer X interrupt request bit
(becomes “1” every 250 ms)

Fig. 2.2.11 Setting of related registers [Clock function]
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2.2 Timer

Control procedure :
Figure 2.2.12 shows a control procedure.

( RESET ) e X : This bit is not used in this application.
Setitto “0” or “1.” It's value can be disregarded.

Initialization

SEI . All interrupts : Disabled

TM  (Address : 2316) <— XXXX1X002 - Timer X : Timer mode

ICON1 (Address : 3Eus), bitd <— 1 - Timer X interrupt : Enabled

PREX (Address : 2416) «— 256 -1 - Set “division ratio — 1" to the Prescaler X

TX (Address : 2516) «— 256 -1 and Timer X.

TM  (Address : 2316), bit3 «— 0 - Timer X count : Operating

- Interrupts : Enabled

CLi

] ) - When restarting the clock from zero

Main processing second after completing to set the

: clock, reset timers.

[Processing for completion of setting clock] Note 1: This processing is performed only

(Note 1) at completing to set the clock.

PREX (Address : 2416) <«— 256-1

TX (Address : 2516) <« 256-1

IREQ1 (Address : 3Cus), bit4 «— 0

~
( Timer X interrupt processing routine )
CLT (Note 2) Note 2: When using the Index X mode flag (T).
CLD (Note 3) Note 3: When using the Decimal mode flag (D).
Push register to stack * Push the register used in the interrupt

processing routine into the stack.

Y
- Check if the clock has already been set.
N
Clock count up (1/4 second-year) - Count up the clock.
Pop registers - Pop registers which is pushed to stack

v
( RTI )

Fig. 2.2.12 Control procedure [Clock function]
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(3) Timer application example 2 : Piezoelectric buzzer output
Outline : The rectangular waveform output function of a timer is applied for a piezoelectric buzzer
output.
Specifications :  The rectangular waveform resulting from dividing clock f(XiN) = 4.19 MHz into about
2 kHz (2048 Hz) is output from the P54/CNTRo pin.
» The level of the P54/CNTRo pin fixes to “H” while a piezoelectric buzzer output is
stopped.

Figure 2.2.13 shows an example of a peripheral circuit, and Figure 2.2.14 shows a connection of the
timer and setting of the division ratio.

The “H” level is output while a piezoelectric buzzer output is stopped.

T
G111

P54/CNTRo
I PiPiPi....

X »e > =|(]/\f

244 us 244 ps

Set a division ratio so that the underflow output cycle of the Timer X becomes this value.

Fig. 2.2.13 Example of a peripheral circuit

Fixed Prescaler X Timer X Fixed

f(XiN) = 4.19 MHz > 1/16 > 1 > 1/64 > 1/2 > CNTRo

Fig. 2.2.14 Connection of the timer and setting of the division ratio [Piezoelectric buzzer output]
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2.2 Timer

Timer XY mode register (Address : 23 16)
b7 bo

™ 1{0|0]|1

u—) Timer X operating mode bits : Pulse output mode

CNTRo active edge switch bit : Output from the “H” level

> Timer X count stop bit : Count stop
Set to “0” at starting to count.
'I;)imer X (Address : 25 16)b
7 0

™ 63
F:);escaler X (Address : 24b1016) Set “division ratio — 1"
PREX 0

Fig. 2.2.15 Setting of related registers [Piezoelectric buzzer output]

Control procedure :
Figure 2.2.16 shows a control procedure.

( RESET )

Initialization e X : This bit is not used in this application.

: Setitto “0” or “1.” It's value can be disregarded.
P5 (Address : 0Az1e), bitd<— 1
P5D (Address : OB1s) <— XXX1IXXXX2

ICON1(Address : 3E1s), bit4 <— 0 - Timer X interrupts : Disabled

TM  (Address : 2316) <— XXXX10012 - The CNTRo output is stopped at this point (stop
outputting a piezoelectric buzzer).

TX  (Address : 2516) <« 64-1 - Set “division ratio — 1" to the Prescaler X and

PREX (Address : 2416) «—1-1 Timer X.

3,
>

Main processing

- The piezoelectric buzzer request occured in the

Output unit v main processing is processed in the output unit.

A piezoelectric buzzer
is requested?

A

TM (Address : 2316), bit3 «— 1

TX (Address : 2515) - 64-1 TM (Address : 2316), bit3 «— 0

During outputting a piezoelectric buzzer

<

During stopping outputting a piezoelectric buzzer

Fig. 2.2.16 Control procedure [Piezoelectric buzzer output]
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2.2 Timer

(4) Timer application example 3 : Measurement of frequency
Outline : The following two values are compared for judging if the frequency is within a certain range.
e A value counted a pulse which is input to P55/CNTR1 pin by a timer.
* A referance value
Specifications : ¢ The pulse is input to the P55/CNTR1 pin and counted by the Timer Y.
* A count value is read out at the interval of about 2 ms (Timer 1 interrupt interval
: 244 pus O 8). When the count value is 28 to 40, it is regarded the input pulse
as a valid.
« Because the timer is a down-counter, the count value is compared with 227 to 2155,
0227 to 215 = 255 (initialized value of counter) — 28 to 40 (the number of valid
value).

Figure 2.2.17 shows a method for judging if input pulse exists, and Figure 2.2.18 shows a setting of
related registers.

| Lo
| Lo
| L

‘- p “—> —— o

714 ysormore 714 s 50 ps " '50 ps or less
(14 kHz or less) (14 kHz) (20 kHz) | (20 kHz or more)
Invalid > Valid > Invalid
2ms 2ms
— = =2 ————= 4 n
714 ps 8 counts 50 pis 0 counts

Fig 2.2.17 A method for judging if input pulse exists
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Timer XY mode register (Address : 23 16)
b7 b0

™ 1111110

> Timer Y operating mode bit : Event counter mode.

> CNTR1 active edge switch bit : Count at falling edge

> Timer Y count stop bit : Count stop
Set to “0” at starting to count.

Prescaler 12 (Address : 20 16)
b7 bo

~
PRE12 63
Timer 1 (Address : 21 16)
b7 bo
T1 7 >~ Set “division ratio — 1”
Prescaler Y (Address : 26 16)
b7 bo
PREY 0 D

Timer Y (Address : 27 16)
b7 bo

Set “255” to this register immediately before
TY 255 counting pulse.

(After a certain time, this value is decreased by
the number of input pulses)

Interrupt control register 1 (Address : 3E 16)
b7 bo

ICON1 110

| > Timer Y interrupt enable bit : Interrupt disabled
> Timer 1 interrupt enable bit : Interrupt enabled

Interrupt request register 1 (Address : 3C 16)
b7 b0

IREQ1 0

> Judgment of Timer Y interrupt request bit
(When this bit is set to “1” at reading out

the count value of the Timer Y (address : 27 16),
256 pulses or more are input (at setting 255 to
the Timer Y).)

Fig. 2.2.18 Setting of related registers [Measurement of frequency]
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Control procedure :
Figure 2.2.19 shows a control procedure.

( RESET ) e X : This bit is not used in this application.
Setitto “0” or “1.” It's value can be disregarded.
Initialization - All interrupts : Disabled
SEI

™ (Address : 2316) €<— 1110XXXX2
PRE12(Address : 2016) «— 641

T1 (Address : 2116) «— 8-1

PREY (Address:2616) «— 1-1 - Set the division ratio so that the Timer 1 interrupt
TY  (Address:2716) «— 256-1 occurs every 2 ms.

ICONL1 (Address : 3E1s), bit6 «— 1 - Timer 1 interrupt : Enabled

- Timer Y : Event counter mode
(Count at falling edge of pulse input from CNTR 1 pin)

: - Interrupts : Enabled
CLI

X

~

( Timer 1 interrupt processing routine )

Note 1. When using the Index X mode flag (T).
gt-[l; ((’l\\ll(())ttz 12)) Note 2: When using the Decimal mode flag (D).

Push register to stack - Push the register used in the interrupt
processing routine into the stack

When the count value is 256 or more, the
processing is performed as out of range.

IREQ1 (Address : 3C1s), bit5?

- Read the count value.
(A) «<— TY (Address : 27 16) - Store the count value in the accumulator (A).

In range

214 < (A) < 2287 - Compare the count value read with the

reference value.

> Out of range v Store the comparison result in flag Fpulse.
Fpulse «—0 Fpulse «—1
- '
- Initialize the count value.
TY (Address : 2716) «—256-1 . : . wpy
IREQ1 (Address : 3C1s), bit5 <— 0 - Set the Timer Y interrupt request bit to “O.

Processing for a result of judgment

Pop registers - Pop registers which is pushed to stack.

v
( RTI )

Fig. 2.2.19 Control procedure [Measurement of frequency]
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(5) Timer application example 4 : Measurement of pulse width of FG pulse generated by motor

Outline : The “H” level width of a pulse input to the P54/CNTRo pin is counted by Timer X. An
underflow is detected by Timer X interrupt and an end of the input pulse “H” level is

detected by CNTRo interrupt.
Specifications : « The “H” level width of FG pulse input to the P54/CNTRo pin is counted by Timer

X.

(Example : When the clock frequency is 4.19 MHz, the count source would be 3.8
us that is obtained by dividing the clock frequency by 16. Measure-
ment can be made up to 250 ms in the range of FFFF16 to 000016.)

Figure 2.2.20 shows a connection of the timer and a setting of the division ratio, and Figure 2.2.21
shows a setting of related registers.

Fixed Prescaler X Timer X Timer X interrupt request bit
f(XiN) = 4.19 MHz —>{ 1/16 > 1/256 > 1/256 > Oorl
250 ms

0 : No interrupt request
1 : Interrupt request

Fig. 2.2.20 Connection of the timer and setting of the division ratio [Measurement of pulse width]
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™

PREX

X

ICON1

IREQ1

ICON2

IREQ2

Timer XY mode register (Address : 23 16)
b7 bo

11011

|—I—> Timer X operating mode bits : Pulse width

measurement mode

CNTRo active edge switch bit : Count “H” level width

> Timer X count stop bit : Count stop
Set to “0” at starting to count.

Prescaler X (Address : 24 16)

b7 bo
255
Timer X (Address : 25 16) Set “division ratio — 1"
b7 bo
255

Interrupt control register 1 (Address : 3E 16)
b7 b0

> Timer X interrupt enable bit : Interrupt enabled

Interrupt request register (Address : 3C 16)
b7 b0

0

> Timer X interrupt request bit
(This bit is set to “1” at underflow of Timer X.)

Interrupt control register 2 (Address : 3F 16)
b7 b0

1

|—> CNTRo interrupt enable bit : Interrupt enabled

Interrupt request register 2 (Address : 3D 16)
b7 b0

0

|—> CNTRo interrupt request bit

(This bit is set to “1” at completion of inputting
“H” level signal.)

Fig. 2.2.21 Setting of related registers [Measurement of pulse width]
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Figure 2.2.22 shows a control procedure.

( RESET
]

Initialization
SEI

TM  (Address : 2316) <— XXXX10112
PREX (Address : 2416) <«— 256-1
TX  (Address : 2516) <«— 256-1
ICONZ1(Address : 3E16), bit4 «<— 1
IREQ1 (Address : 3Cus), bit4<— 0
ICON2(Address : 3F1s), bit0 «<— 1
IREQ2 (Address : 3D1s), bit0O<«— 0

TM  (Address : 2315), bit3 <— 0

CLI

~

( Timer X interrupt processing routine

Processing for error

v

( RT|

( CNTRo interrupt processing routine

CLT (Note 1)
CLD (Note 2)
Push register to stack

(A) <— PREX

Result of pulse width measurement .
Iow—orderpB-bit <— Inversion of (A)
(A) <« TX

Result of pulse width measurement
high—order 8-bit

PREX (Address : 2416)

TX  (Address: 2516)

<— Inversion of (A)

<« 256-1
<— 256-1

Pop registers

'

( RTI )

) e X : This bit is not used in this application.

Setitto “0” or “1.” It's value can be disregarded.

- All interrupts : Disabled
- Timer X : Pulse width measurement mode

(Count “H” level width of pulse input from CNTR o pin.)

- Set the division ratio so that the Timer X interrupt

occurs every 250 ms.

+ Timer X interrupt : Enabled

* CNTRo interrupt : Enabled

- Timer X count : Start
- Interrupts : Enabled

- Error occurs

Note 1: When using the Index X mode flag (T).
Note 2: When using the Decimal mode flag (D).

+ Push the register used in the interrupt

processing routine into the stack.

- A count value is read out and stored to RAM.

-+ Set the division ratio so that the Timer X

interrupt occurs every 250 ms.

- Pop registers which is pushed to stack .

Fig. 2.2.22 Control procedure [Measurement of pulse width]
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2.3 Serial 1/0
2.3.1 Memory map of serial 1/O

001816 | Transmit/Receive buffer register (TB/RB)
001916 | Serial /01 status register (SIO1STS)
001A16 | Serial I/O1 control register (SIO1CON)
001B16 | UART control register (UARTCON)
001C16| Baud rate generator (BRG)

001D1s| Serial 1/02 control register (SIO2CON)

001F1es | Serial /02 register (SI02)

003A16 | Interrupt edge selection register (INTEDGE)

1§

—
P~

003C16 | Interrupt request register 1 (IREQ1)

003D16 | Interrupt request register 2 (IREQ2)
003E16 | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

Fig. 2.3.1 Memory map of serial 1/O related registers
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2.3.2 Related registers

Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl b0

Transmit/Receive buffer register (TB/RB) [Address : 1816]

1 1 1 1 | 1 | I
IR i .1 |B Function Atreset| R |W
| | | | | | |
Lo : L]0 |A transmission data is written to or a receive data is read out ?2 |olo
[ | | from this buffer register.
A N R 1 |+ Atwriting : a data is written to the Transmit buffer register. > lolo
A « At reading : a content of the Receive buffer register is read out. ’
. 2 2 |olo
| | | | |
| | | | | _—
Lo Lo 3 2 |ofo
| | | |
| | | | —
T T 4 ? |olo
| | |
| | | —
b ] 5 ? |10|O
| |
i ] 6 ?2 |O|O
‘ fr—
Lo 7 2 |ofo
Fig. 2.3.2 Structure of Transmit/Receive buffer register
Serial /01 status register
b7 b6 b5 b4 b3 b2 bl b0
1 1 1 1 [ Serial /01 status reigster (SIO1STS) [Address : 1916]
SRR i o B Name Function Atreset| R |W
R N T L_ 0 Transmit buffer empty flag 0 : Buffer full o |olo
R (TBE) 1 : Buffer empty
| | | | | | |
© b L ['1] Receive buffer full flag (RBF) |0 - Buffer empty o |o|O
A T B T 1 : Buffer full
T T o | Transmit shift register shift 0 : Transmit shift in progress o lolo
R completion flag (TSC) 1 : Transmit shift completed
R 3 | Overrun error flag (OE) 0: No error o |o|O
Lo 1 : Overrun error
R S 4 | Parity error flag (PE) 0: No error 0 |o|0O
[ 1: Parity error
| | |
T 5 | Framing error flag (FE) 0 : No error 0 [ofO
Lo 1 : Framing error
| | . —
R 6 | Summing error flag (SE) 0: (OE) U (PE)U (FE)=0 0 |0O|0O
i 1: (OE) u (PE) U (FE)=1
|
L 7 | Nothing is allocated for this bit. It is a write disabled bit. 1 [o]|O
When this bit is read out, the value is “0.”

Fig. 2.3.3 Structure of Serial I/0O1 status register

2-24
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Serial I/0O1 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/01 control register (SIOLCON) [Address : 1A16]
I I I I I 1 1 1
R } 1|8 Name Function Atreset| R 'W
B T 0 | BRG count source 0 : f(XiN) 0 |o!o
1 0 111 T selection bit (CSS) 1 : f(XIN)/4 :
| .
I N R T 1| Serial /01 At selecting clock synchronous serial 110 0 0.0
A synchronous clock 0': BRG output divided by 4
A —— selection bit (SCS) 1 : External clock input !
I I I I I I At selecting UART '
A 0 : BRG output divided by 16 :
} } } } } } 1: External clock input divided by 16 :
I 2 | Srovioutput enable bit 0 : I/O port (P47) 0 |O:0
AR (SRDY) 1 : SRDY1 output pin :
N T B B 3 | Transmit interrupt 0 : Transmit buffer empty 0 0.0
A T T — source selection bit 1 : Transmit shift operating
Lo (TIC) completion '
ol 4 | Transmit enable bit (TE) 0 : Transmit disabled 0o |o:o
o 1 : Transmit enabled .
Lo L 7777777777777 5| Receive enable bit (RE) 0 : Receive disabled 0 0:0
Lo 1 : Receive enabled :
L 6 | Serial /101 mode 0: UART o |oio
| selection bit (SIOM) 1 : Clock synchronous serial I/O :
| 7| Serial /01 enable bit 0: ?Pe;ialglllOl Sigablet)i 0o |oio
o 4—PA47 . port H
(SIOE) 1: Serial I/O1 enabled '
(P44—P47 : Serial 1/O function pin) H
Fig. 2.3.4 Structure of Serial I/0O1 control register
UART control register
b7 b6 b5 b4 b3 b2 bl b0
- UART control register (UARTCON) [Address : 1B16g]
S B Name Function Atreset| R 1W
.~ 01 1 1 1 1 1] o] Character length 08 bits 0 |00
e selection bit (CHAS) 1:7 bits
L 1 | Parity enable bit 0 : Parity checking disabled o |oo
R R R (PARE) 1 : Parity checking enabled !
A 2 | Parity selection bit 0 : Even parity 0 |oio
Lo (PARS) 1 : Odd parity :
A 3 | Stop bit length selection 0: 1 stop bit 0 [o:0
A bit (STPS) 1: 2 stop bits :
A P45/TxD P-ch I In output mode :
Do e 4 5/Tx . ¢ an.ne 0 : CMOS output o [© :O
o output disable bit 1 : N-channel open-drain '
Lo (POFF) output
S EEEEEE T | 5 | Nothing is allocated for these bits. These are write 1 (OO0
G EEEEE TR Ry | 6] disabled bits. When these bits are read out, the 1 |O O
oo 7 | values are “1.” 1 10.0

Fig. 2.3.5 Structure of UART control register
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Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator (BRG) [Address : 1Cis]

1 1 1 1 1 1 1 1
i i i i i i i i B Function Atreset| R |W
11 1 1 | | L]0 |Acountvalue of Baud rate generator is set. 2 |OfO
| | | | | | |
| | | | | | | 1
o
I - 2EE
| | | | | _—
R - o[
| | | | —
e :  |°]°
| | | _—
L 5 > |ofo
| | |
} L 6 2 O|0O
| _—
o 7 , |olo
Fig. 2.3.6 Structure of Baud rate generator
Serial 1/02 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/02 control register (SIO2CON) [Address : 1D16]
B Name Function Atreset| R 'W
i | 0 [ Internal synchronous b2 bl b0 0 |0:0
clock selection bits 8 8 (1);&:35?6 :
------ 1 0 1 0:f(Xin)/32 0 ]9:0
0 1 1:f(Xin)/64 :
2 1 1 0:f(XiNn)/128 o |0:0
********* 1 1 1:f(XiN)/256 :
77777777777777 3 | Serial 1/02 port selection bit | 0 : /O port (P71, P72) 0 |0:0
1: SouT2, ScLK2 output pin
77777777777777777 4 |SrDY2 output enable bit 0:1/0 port (P73) 0 [C:0
1 : SRDY2 output pin '
77777777777777777777 5 | Transfer direction 0 : LSB first o |loio
selection bit 1: MSB first :
777777777777777777777777 6 |Serial /02 synchronous clock| O : External clock 0 [O0:0
selection bit 1 : Internal clock
7 | Nothing is allocated for this bit. This is write disabled bit. When o |O ' O

this bit is read out, the value is “0.”

Fig. 2.3.7

Structure of Serial 1/02 control register
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Serial 1/02 register

b7 b6 b5 b4 b3 b2 bl b0
A1 L1 1 1 1 | Seriall/O2register (SIO2) [Address : 1Fsg]
I i B Function Atreset| R |W
| | | | | | |
Lol o |Ashift register for serial transmission and reception. ? |0|O
A T R N || At transmitting : Set a transmission data.
. At receiving : Store a reception data. 2 |lolo
[ N } ||
. 2 2 |olo
R [
R 3 2 |olo
| | | |
| | | | _—
T T 4 2 |o|o
| | |
| | | —
A 5 2 |ofo
| |
I " > [o[o
I fr—
Lo 7 2 |olo

Fig. 2.3.8 Structure of Serial 1/02 register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register (INTEDGE) [Address : 3Aus]

N ) Name Function Atreset| R "W
. 0 1 1 1 1 |0 |INTointerrupt edge 0 : Falling edge active 0 |O:0
Lo selection bit 1: Rising edge active :
. 1 | INT1 interrupt edge 0 : Falling edge active 0 |00
A selection bit 1 : Rising edge active :
R 2 |Nothing is allocated for this bit. This is a write disabled bit. 0 |O a
When this bit is read out, the value is “0.” :
A 3 | INT2 interrupt edge 0 : Falling edge active 0 |O0:i0
oo selection bit 1 : Rising edge active :
A 4 | INT3 interrupt edge 0 : Falling edge active 0 10.0
selection bit 1 : Rising edge active :
o 5 [INT4 interrupt edge 0 : Falling edge active 0 |0:0
Lo selection bit 1 : Rising edge active .
B R 6 [ Nothing is allocated for these bits. These are write disabled 0 [o:0
e 7 | bits. When these bits are read out, the values are “0.” o |O - O

Fig. 2.3.9 Structure of Interrupt edge selection register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 1 (IREQ1) [Address : 3Cis]

1 1 1 1 1 1 | I

| | | | | | | | .

o B Name Function Atreset W

11 1 11 L]0]INTointerrupt request bit 0 : No interrupt request 0 O

[ N 1 : Interrupt request

| | | | | | | c

0 L[ 1 [ INT1interrupt request bit 0 : No interrupt request 0 0

N N 1 : Interrupt request

R :_ 777777 2 | Serial 1/01 receive interrupt | 0 : No interrupt request 0 O

} Lo request bit 1 : Interrupt request

oo 3 [ Serial I/01 transmit interrupt | 0 : No interrupt request 0 ]

L ] request bit 1 : Interrupt request

R 4 | Timer X interrupt request bit | O+ No interrupt request 0 O

} Lo 1 : Interrupt request

T T 5 | Timer Y interrupt request bit | 0 - No interrupt request 0 O

L 1 : Interrupt request

A 6 | Timer 1 interrupt request bit |0 : No interrupt request 0 O

| 1 : Interrupt request

[ - -

e 7 | Timer 2 interrupt request bit | 0 : No interrupt request 0 i
1 : Interrupt request

O “0"is set by software, but not “1.”
Fig. 2.3.10 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
1 [ 1 1 [ | Interruptrequest reigster 2 (IREQ2) [Address : 3D1s]

| | | | | | | | .

ol B Name Function Atreset W

11| Llo|CNTRointerrupt request bit |0 : No interrupt request 0 0

} } } } } } : 1 : Interrupt request

011 L___[1]|CNTRuinterrupt request bit |9 No interrupt request 0 O

S T R 1 : Interrupt request

TR L] 2 | Serial 1/02 interrupt request bit| 0 : No interrupt request 0 0

oo 1: Interrupt request

ol o] 3 [ INT2 interrupt request bit 0 : No interrupt request 0 O

o 1 : Interrupt request

A 4 | INT3 interrupt request bit 0 : No interrupt request 0 0

. 1 : Interrupt request

R S —— 5 | INT4 interrupt request bit 0 : No interrupt request 0 0

L 1 : Interrupt request

o] 6 | AD conversion interrupt 0 : No interrupt request 0 O

| request bit 1: Interrupt request

T 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 0

When this bit is read out, the value is “0.”

0 “0"is set by software, but not “1.”

Fig. 2.3.11 Structure of Interrupt request register 2
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0
1111 I | | Interrupt control register 1 (ICON1) [Address : 3E1e]
i i i i i i i i B Name Function Atreset| R |W
L0111 L1 0/|INTointerrupt enable bit 0 : Interrupt disabled o |o|o
N 1 : Interrupt enabled
| | | | | | .
111 L___|1|INTzinterrupt enable bit 0: Interrupt disabled o |of|o
S R T T 1 : Interrupt enabled
A N R I 2 | Serial /01 receive interrupt 0 : Interrupt disabled o |olo
I enable bit 1 : Interrupt enabled
oo L 3 | Serial I/O1 transmit interrupt | 0 : Interrupt disabled o lolo
o enable bit 1 : Interrupt enabled
N 4 | Timer X interrupt enable bit | 0 : Interrupt disabled o |olo
[ I 1 : Interrupt enabled
| | | =
[ S 5 | Timer Y interrupt enable bit | O : Interrupt disabled o |olo
L 1 : Interrupt enabled
| L ,,,,,,,,,,,,,,, 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |lolo
! 1 : Interrupt enabled
e 7 | Timer 2 interrupt enable bit | 0 : Interrupt disabled 0o |ofo

1: Interrupt enabled
Fig. 2.3.12 Structure of Interrupt control register 1

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 :

e Interrupt control reigster 2 (ICON2) [Address : 3Fi¢]

| | | | | | | .

Lo ! o B Name Function Atreset| R W
L0111 L 1o|CNTRointerrupt enable bit |0 : Interrupt disabled o |o]o
[ 1 : Interrupt enabled

| | | | | | | g

.1 11| L___|1|CNTRutinterrupt enable bit |0 Interrupt disabled o |ofo
A A T 1 : Interrupt enabled

T 2 | Serial 1102 interrupt enable bit | O : Interrupt disabled 0o |o|o
S 1: Interrupt enabled

R 3 | INT2 interrupt enable bit 0 : Interrupt disabled o |o]o
Lo 1 : Interrupt enabled

N 4 | INTz interrupt enable bit 0 : Interrupt disabled 0o |ofo
. 1 : Interrupt enabled

N I 5 | INT4 interrupt enable bit 0 : Interrupt disabled o |olo
L 1 : Interrupt enabled

: L 777777777777777 6 | AD conversion interrupt 0 : Interrupt disabled o |olo
| enable bit 1 : Interrupt enabled

L 7 | Fix this bit to “0.” o |olo

Fig. 2.3.13 Structure of Interrupt control register 2
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2.3.3 Serial I/O connection examples
(1) Control of peripheral IC equipped with CS pin
There are connection examples using a clock synchronous serial /O mode.
Figure 2.3.14 shows connection examples of a peripheral IC equipped with the CS pin.

(1) Only transmission (2) Transmission and reception
(using the RxD pin as an I/O port)

Port cS Port CS
S Scik CLK
CLK CLK YD IN
TxD DATA RxD ouT
3806 group Peripheral IC 3806 group Peripheral IC
(OSD controller etc.) (E?PROM etc.)

(3) Transmission and reception
(Pins RxD and TxD are connected)
(Pins IN and OUT in peripheral IC
are connected)

(4) Connecting ICs

Port Cs Port Cs
ScLk CLK ScLk CLK
TxD J L IN TxD IN
RxD ouT RXD ouT
3806 group ™! Peripheral IC™? Port Peripheral IC 1
(E*PROM etc.)
3806 group
. . Cs
01: Select an N-channel open-drain output control of TxD pin.
2: Use such OUT pin of peripheral IC as an N-channel open- >|CLK
drain output in high impedance during receiving data. >IN
. < ouT
Notesl: “Port” is an output port controlled by software.
2: Use Sout and SIN instead of TxD and RxD in the Peripheral IC 2

serial 1/02.

Fig. 2.3.14 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer
Figure 2.3.15 shows connection examples of the other microcomputers.

(1) Selecting an internal clock (2) Selecting an external clock
Scik CLK Scik CLK
TXD IN TxD IN
RxD ouT RxD ouT

3806 group Microcomputer 3806 group  Microcomputer

(3) Using the Srov signal output function

(Selecting an external clock) (4) Using UART"
Srov RDY
Scik CLK TxD RXD
T™xD IN RxD TXD
RxD ouT
3806 group  Microcomputer 3806 group  Microcomputer

[J: UART can not be used in the serial 1/02.
Note: Use Sout and SiN instead of TxD and RxD in the serial 1/02.

Fig. 2.3.15 Serial 1/0 connection examples (2)
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2.3.4 Setting of serial I/O transfer data format

A clock synchronous or clock asynchronous (UART) is selected as a data format of the serial 1/01. The
serial 1/02 operates in a clock synchronous.

Figure 2.3.16 shows a setting of serial I/O transfer data format.

1ST-8DATA-1SP

st se X X X X X X Xwmseysp

1ST-7DATA-1SP

st Kuse X X X X X Xuss)sp

1ST-8DATA-1PAR-1SP

sT KusB X X X X X X XuseX ARy sp

1ST-7DATA-1PAR-1SP

st Kse X X X X X XuseXpar)” sp

1ST-8DATA-2SP

st Kuse XX X X XX Xuse 2sp

1ST-7DATA-2SP

st Kse X X X X X Xwsey asp
Serial __|

1/O1 1ST-8DATA-1PAR-2SP

st KseX X X X X X XwmseXpar) 2sp

1ST-7DATA-1PAR-2SP

- st Kse X X X XX XusexXpar 2sp

— UART—

Clock synchronous

~ Serial I/O —— LSB first
LSB first ST : Start bit
Serial _ Clock synchronous SP : Stop bit
1102 Serial I/O0 PAR : Parity bit
MSB first

Fig. 2.3.16 Setting of Serial 1/0 transfer data format
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2.3.5 Serial I1/O application examples
(1) Communication using a clock synchronous serial 1/0O (transmit/receive)
Outline : 2-byte data is transmitted and received through the clock synchronous serial 1/0. The Srovy
signal is used for communication control.

Figure 2.3.17 shows a connection diagram, and Figure 2.3.18 shows a timing chart.

Transmitting side Receiving side
P42/INTo [€ SRDY1
ScLk1 ScLk
TXD RxD
3806 group 3806 group

Fig. 2.3.17 Connection diagram [Communication using a clock synchronous serial 1/0]

Specifications : ¢ The Serial I/0O1 is used (clock synchronous serial 1/O is selected)
» Synchronous clock frequency : 125 kHz (f(XIN) = 4 MHz is divided by 32)
« The srov1 (receivable signal) is used.
» The receiving side outputs the Srovi signal at intervals of 2 ms (generated by
timer), and 2-byte data is transferred from the transmitting side to the receiving
side.

e U UL U UL UL U QUL -

0 B XD ENE T \EEXE BT TG -

2ms

L )

<
<

Fig. 2.3.18 Timing chart [Communication using a clock synchronous serial /O]
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Transmitting side

Serial I/O1 status register (Address : 19 16)
b7 bo

SIO1STS

L> Transmit buffer empty flag
« Check to be transferred data from the Transmit buffer register to
Transmit shift register.
« Writable the next transmission data to the Transmit buffer register
at being set to “1.”

Transmit shift register shift completion flag
Check a completion of transmitting 1-byte data with this flag
“1" : Transmit shift completed

Serial I/O1 control register (Address : 1A 16)
b7

SIOICON (1(1({0]1

BRG counter source selection bit : (X IN)
Serial 1/01 synchronous clock selection bit : BRG/4

Transmit enable bit : Transmit enabled

Receive enable bit : Receive disabled

Serial /01 mode selection bit : Clock synchronous serial I/O
Serial I/01 enable bit : Serial /01 enabled

o
o |z
,,,£f°

Baud rate generator (Address : 1C 16)
b7 bo

BRG 7 Set “division radio — 1”

Interrupt edge selection register (Address : 3A 16)
b7 bo

INTEDGE 0

\—> INTo active edge selection bit : Select INTo falling edge

Fig. 2.3.19 Setting of related registers at a transmitting side [Communication using a clock
synchronous serial 1/0]
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Receiving side

Serial 1/01 status register (Address : 19 16)
b7 b0

\—> Receive buffer full flag

Check a completion of receiving 1-byte data with this flag.
{“1” : At completing to receive
“0” : At reading out a receive buffer

SIO1STS

Serial 1/01 control register (Address : 1A 16)
b7 bo

SIOICON [1(f1f1]1 111

L Serial 1/01 synchronous clock selection bit : External clock
SRDY1 output enable bit : Use the SRDY1 output

Transmit enable bit : Transmit enabled

Set this bit to “1,” using SRDY1 output.

Receive enable bit : Receive enabled

> Serial /01 mode selection bit : Clock synchronous serial 1/0
> Serial /01 enable bit : Serial /01 enabled

Fig. 2.3.20 Setting of related registers at a receiving side [Communication using a clock
synchronous serial 1/0]
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Control procedure :

Figure 2.3.21 shows a control procedure at a transmitting side, and Figure

2.3.22 shows a control procedure at a receiving side.

( RESET

)

Initialization

SIOL1CON (Address : 1A16) <~ 1101XX002
BRG (Address : 1C16) <« 8—1
INTEDGE (Address : 3A16), bit0 <« 0o

IREQ1 (Address:3C 16), bit0?

IREQ1 (Address : 3C16), bit0 «—0

The first byte of a

TB/RB (Address : 1816) <— .
transmission data

SIO1STS (Address : 19 16), bit0?

The second byte of

TB/RB (Address : 1816)<— . yanmission data

SIO1STS (Address : 1916), bit0?

e X : This bit is not used in this application.
Setitto “0” or “1.” It's value can be disregarded.

« Detect INTo falling edge

» Write a transmission data
The Transmit buffer empty flag is set to “0”
by this writing.

« Check to be transfered data from the Transmit
buffer register to the Transmit shift register.
(Transmit buffer empty flag)

» Write a transmission data
The Transmit buffer empty flag is set to “0”
by this writing.

 Check to be transfered data from the Transmit
buffer register to the Transmit shift register.
(Transmit buffer empty flag)

* Check a shift completion of the Transmit shift register
(Transmit shift register shift completion flag)

Fig. 2.3.21 Control procedure at a transmitting side [Communication using a clock synchronous

serial 1/0]
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RESET )

Initialization

SIO1CON (Address : 1A16) «<—1111X11X2

Pass 2 ms?

Y

TB/RB (Address : 1816) <— Dummy data

SIO1STS (Address : 1916), bitl1?

Read out reception data from
TB/RB (Address : 1816)

SIO1STS (Address : 1916), bitl1?

Read out reception data from
TB/RB (Address : 1816)

e X : This bit is not used in this application.

Setitto “0” or “1.” It's value can be disregarded.

* An interval of 2 ms is generated by a timer.

* SRDY1 output
SRDY1 signal is output by writing data to
the TB/RB.
Using the SRbY1 , the transmit enabled bit
(bit4) of the SIO1CON is set to “1.”

» Check a completion of receiving
(Receive buffer full flag)

* Receive the first byte data.

A Receive buffer full flag is set to “0” by reading data.

» Check a completion of receiving
(Receive buffer full flag)

* Receive the second byte data.

A Receive buffer full flag is set to “0” by reading data.

Fig. 2.3.22 Control procedure at a receiving side [Communication using a clock synchronous

serial 1/0]
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(2) Output of serial data (control of a peripheral IC)
Outline : 4-byte data is transmitted and received through the clock synchronous serial 1/0. The CS
signal is output to a peripheral IC through the port P53.

P53 CS »Cs P53 cs cs
SCLK1 CLK » CLK ScLk2 CLK CLK
TxD DATA Ll paTA Sout2 DATA __ ,lbaTA
3806 group Peripheral IC 3806 group Peripheral IC
(1) Example for using Serial 1/01 (2) Example for using Serial 1/02

Fig. 2.3.23 Connection diagram [Output of serial data]

Specifications : « The Serial 1/O is used. (clock synchronous serial 1/0 is selected)

* Synchronous clock frequency : 125 kHz (f(XIN) = 4 MHz is divided by 32)

» Transfer direction : LSB first

e The Serial I/01 interrupt is not used.
The Port P53 is connected to the CS pin (“L” active) of the peripheral IC for a
transmission control (the output level of the port P53 is controlled by software).

Figre 2.3.24 shows an output timing chart of serial data.

s ] [

ci > X X XK

Y oos ¥ Y oos ¥ ¥ oox ¥ ¥ oor ¥

Note: The SouT2 pin is in high impedance after completing to transfer data, using the serial 1/02.

Fig. 2.3.24 Timing chart [Output of serial data]
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Figure 2.3.25 shows a setting of serial 1/01 related registers, and Figure 2.3.26 shows a setting of
serial 1/01 transmission data.

Serial /01 control register (Address : 1A 16)
b7 b0

SIOICON [1]1]|0]1]1]|0]0]|0O

\—> BRG count source selection bit : f(X in)
Serial I/01 synchronous clock selection bit : BRG/4

SRDY1 output enable bit : Not use the Srov: signal output function

Transmit interrupt source selection bit : Transmit shift operating completion
> Transmit enable bit : Transmit enabled
> Receive enable bit : Receive disabled
> Serial /01 mode selection bit : Clock synchronous serial 1/0
> Serial I/01 enable bit : Serial /01 enabled

UART control register (Address : 1B 16)
b7 b0

UARTCON 0

Baud rate generator (Address : 1C 16)
0

> P45/TxD P-channel output disable bit : CMOS output

b7 b
BRG 7 Set “division ratio — 1”
Interrupt control register 1 (Address : 3E 16)
b7 b0
ICON1 0

|—> Serial I/01 transmit interrupt enable bit : Interrupt disabled

Interrupt request register 1 (Address : 3C 16)
b7 b0

IREQ1 0

\—> Serial I/O1 transmit interrupt request bit

Using this bit, check the completion of

transmitting 1-byte base data.
“1” : Transmit shift completion

Fig. 2.3.25 Setting of serial I/O1 related registers [Output of serial data]

Transmit/Receive buffer register (Address : 1816)
b7 b0

Set a transmission data.

Check that transmission of the previous data is
completed before writing data (bit 3 of the
Interrupt request register 1 is set to “1”).

TB/RB

Fig. 2.3.26 Setting of serial I/01 transmission data [Output of serial data]

3806 GROUP USER’S MANUAL 2-39



APPLICATION

2.3 Serial 1/10

Control procedure : When the registers are set as shown in Fig. 2.3.25, the Serial 1/01 can transmit
1-byte data simply by writing data to the Transmit buffer register.
Thus, after setting the CS signal to “L,” write the transmission data to the
Receive buffer register on a 1-byte base, and return the CS signal to “H” when
the desired number of bytes have been transmitted.
Figure 2.3.27 shows a control procedure of serial I/0O1.

RESET e X: This_bit is not used in this application. _
C S ) Setitto “0” or “1.” It's value can be disregarded.
Initialization
SIO1CON (Address : 1A16) «<— 110110002 . Set the Serial 1/01.
UARTCON (Address : 1Bzs), bit4 <=0
BRG (Address : 1Cais) «8-1 - Serial /01 transmit interrupt : Disabled
ICON1(Address : 3Ezis), hit3 «—0 .
P5 EAddress : 0A16§, bit3 <«— 1 -S“et”the CS signal output port.
P5D  (Address : OB1e) <— XXXX1XXX2 (*H" level output)
]
|
)
P5 (Address : OAz1s), bit3<— 0 - Set the CS signal output level to “L.”
IREQ1 (Address : 3C1s), bit3 <— 0 - Set the Serial I/O1 transmit interrupt
request bit to “0.”
TB/RB (Address : 1816) «— gaggnsmission - Write a transmission data.
(start to transmit 1-byte data)

IREQ1 (Address : 3Cais), bit3? - Check the completion of transmitting 1-
byte data.

. Use any of RAM area as a counter for
counting the number of transmitted bytes.

- Check that transmission of the target
number of bytes has been completed.

P5 (Address : 0A1s), bit3 <— 1 - Return the C_S _S|gnal output level to “H
when transmission of the target number of

T bytes is completed.

Fig. 2.3.27 Control procedure of serial 1/01 [Output of serial data]
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Figure 2.3.28 shows a setting of serial 1/02 related registers, and Figure 2.3.29 shows a setting of

serial 1/02 transmission data.

Serial 1/02 control register (Address : 1Dz1s)
b7 bO

SI02CON 1]0|0|1(0|1]0

~.

W_/
‘ | \—> Internal synchronous clock selection bits : f(Xin)/32

> Serial 1/02 port selection bit : Use the Serial 1/02

> Transfer direction selection bit : LSB first
> Serial 1/02 synchronous clock selection bit : Internal clock

Interrupt control register 2 (Address : 3F1s)

b7 b0
ICON2 0
\—> Serial /02 interrupt enable bit : Interrupt disabled
Interrupt request register 2 (Address : 3Dz1s)
b7 b0
IREQ2 0

\—> Serial I/02 interrupt request bit

Using this bit, check the completion of
transmitting 1-byte base data.
“1" : Transmit completion

> SRDY2 output enable bit : Not use the Srov2 signal output function

Fig. 2.3.28 Setting of serial 1/02 related registers [Output of serial data]

Serial 1/02 register (Address : 1F1e)
b7 b0
sS102 Set a transmission data.
Check that transmission of the previous data is
completed before writing data (bit 2 of the Interrupt
request register 2 is set to “1").

Fig. 2.3.29 Setting of serial 1/02 transmission data [Output of serial data]
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Control procedure : When the registers are set as shown in Fig. 2.3.28, the Serial 1/02 can transmit
1-byte data simply by writing data to the Serial 1/02 register.
Thus, after setting the CS signal to “L,” write the transmission data to the Serial
I/01 register on a 1-byte base, and return the CS signal to “H” when the desired
number of bytes have been transmitted.
Figure 2.3.30 shows a control procedure of serial 1/02.

e X : This bit is not used in this application.
( RESET ) Setitto “0” or “1.” It's value can be disregarded.
Initialization
SIO2CON (Address : 1D16)«— X10010102 - Set the Serial /02 control register.
ICON2  (Address : 3Fs), bit2«—0 . Serial /02 interrupt : Disabled
P5 (Address : OAis), bit3<— 1 - Set the CS signal output port.
P5D (Address : 0B1s)<«— XXXX1XXX2 (“H” level output)
[
|
N|
|
PS5 (Address : 0A1s), bit3 <— 0 - Set the CS signal output level to “L.”

- Set the Serial /02 interrupt

IREQ2 (Address : 3Dzs), bit2 €<—0 request bit to “0.”

SIO2 (Address : 1Fi6) «— gtransmission * Write a transmission data.
ata (start to transmit 1-byte data)

- Check the completion of transmitting 1-
byte data.

- Use any of RAM area as a counter for
counting the number of transmitted bytes.

- Check that transmission of the target
number of bytes has been completed.

- Return the CS signal output level to “H”
when transmission of the target number of

P5 (Address : 0Az1s), bit3<— 1

T bytes is completed.

Fig. 2.3.30 Control procedure of serial 1/02 [Output of serial data]

2-42 3806 GROUP USER’S MANUAL



APPLICATION
2.3 Serial 1/0

(3) Cyclic transmission or reception of block data (data of a specified number of bytes)
between microcomputers
[without using an automatic transfer]

Outline : When a clock synchronous serial I/O 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 synchronizing clock. Thus, it is necessary to be corrected constantly. This
“heading adjustment” is carried out by using the interval between blocks in this example.

Scik ScLk

RxD TxD

TxD RxD
Master unit Slave unit

Note: Use Sout and SIN instead of TxD and RxD in the serial 1/02.

Fig. 2.3.31 Connection diagram [Cyclic transmission or reception of block data between
microcomputers]

Specifications : ¢ The serial 1/01 is used (clock synchronous serial 1/0O is selected).
* 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 byte/block
* Block transfer cycle : 16 ms
* Block transfer period : 3.5 ms
* Interval between blocks : 12.5 ms
« Heading adjustive time : 8 ms

Limitations of the specifications
1. 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 1/0O1 receive interrupt request to generating of the
next synchronizing clock is 431 ps).
2. "Heading adjustive time < interval between blocks” must be satisfied.
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The communication is performed according to the timing shown below. In the slave unit, when a
synchronizing clock is not input within a certain time (heading adjustive time), the next clock input is
processed as the beginning (heading) of a block.

When a clock is input again after one block (8 byte) is received, the clock is ignored.

Figure 2.3.33 shows a setting of related registers.

Do D1 D2 D7 Do

| 1
Byte cycle
—p!

|

| Block transfer period .1 Interval between blocks
4 »re >

| |

| |

|

|
»

Block transfer cycle

i | g
: Heading adjustive time
| I |
| | i |

Processing for heading adjustment

Fig. 2.3.32 Timing chart [Cyclic transmission or reception of block data between microcomputers]

Master unit Slave unit
Serial /01 control register (Address : 1A1s) Serial 1/01 control register (Address : 1A1s)
b7 b0 b7 b0
sioacon [1]1[1{1]1]o]o]o] siorcon [1[1[1[a] fo[1] |
> BRG count source : f(XIN) |-> Not be effected by
Synchronous external clock
clock : BRG/4 Synchronous clock : External clock
Not use the Srovi output Not use the Srovi output
Transmitinterrupt source : Not use the serial /01 transmit interrupt
Transmit shift operating completion
Transmit enabled Transmit enabled
> Receive enabled —— > Receive enabled
L—————> Clock synchronous serial I/O ———— > Clock synchronous serial I/O
>Serial 1/01 enabled ————————> Serial /01 enabled

Both of units

UART control register (Address : 1B16)
b0

b7
uartcon| | [ Jo] [ [ ] |

\—> P4s5/TxD pin : CMOS output

Baud rate generator (Address : 1Cie)
b7 b0

BRG | 7 | Set “division ratio — 1"

Fig. 2.3.33 Setting of related registers [Cyclic transmission or reception of block data between
microcomputers]
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Control procedure :
® Control in the master unit

After a setting of the related registers is completed as shown in Figure 2.3.33, in the master unit
transmission or reception of 1-byte data is started simply by writing transmission data to the
Transmit buffer register.
To perform the communication in the timing shown in Figure 2.3.32, therefore, take the timing into
account and write transmission data. Read out the reception data when the Serial I/O1 transmit
interrupt request bit is set to “1,” or before the next transmission data is written to the Transmit
buffer register.
A processing example in the master unit using timer interrupts is shown below.

Interrupt processing routine
executed every 488 us

Note 1: When using the Index X mode flag (T).

CLT (Note 1) Note 2: When using the Decimal mode flag (D).
CLD (Note 2) * Push the register used in the interrupt
Push register to stack processing routine into the stack.

Within a block transfer period?

- Generate a certain block interval by
using a timer or other functions.

- Check the block interval counter and

Read a reception data Count a block interval counter determine to start of a block transfer.

Complete to transfer a block? Start a block transfer?

Write the first transmission data
(first byte) in a block

Write a transmission data

&
<

A

Pop registers - Pop registers which is pushed to stack.

v
( RTI )

Fig. 2.3.34 Control in the master unit
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@ Control in the slave unit
After a setting of the related registers is completed as shown in Figure 2.3.33, the slave unit becomes the
state which is received a synchronizing clock at all times, and the Serial I/O1 receive interrupt request bit
is set to “1” every time an 8-bit synchronous clock is received.
By the serial 1/01 receive interrupt processing routine, the data to be transmitted next is written to the
Transmit buffer register after received data is read out.
However, if no serial /01 receive interrupt occurs for more than a certain time (head adjustive time), the
following processing will be performed.
1. The first 1 byte data of the transmission data in the block is written into the Transmission buffer register.
2. The data to be received next is processed as the first 1 byte of the received data in the block.
Figure 2.3.35 shows the control in the slave unit using a serial /01 receive interrupt and any timer interrupt
(for head adjustive).

Serial /01 receive interrupt Timer interrupt processing
processing routine routine

CLT (Note 1) . . CLT (Note 1) _ _

CLD (Note 2) + Push the register used in CLD (Note 2) - Push the register used in

Push register to stack the interrupt processing Push register to stack the interrupt processing
routine into the stack. routine into the stack.

- Check the received byte |
counter to judge if a block
N has been transfered. Heading adjustive counter — 1

ithin a block transfer period?2

Heading adjustive
counter = 0?

Read a reception data

Write the first transmission data
A received byte counter +1 (first byte) in a block

A received byte counter<— 0

A received byte counter > 8?

Pop registers - Pop registers which is
Write a transmission data Write any data (FFas) i pushed to stack.

l¢ I

€ C RTI D)
Heading adjustive - Initialized
counter value (Note 3),

Pop registers - Pop registers which is
pushed to stack.

|

( RTI ) Notes 1: 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 adjustive time divided by the timer interrupt
cycle as the initialized value of the heading adjustive
counter.

For example: When the heading adjustive time is 8 ms
and the timer interrupt cycle is 1 ms, set
8 as the initialized value.

Fig. 2.3.35 Control in the slave unit
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(4) Communication (transmit/receive) using an asynchronous serial I/0 (UART)
Point : 2-byte data is transmitted and received through an asynchronous serial 1/0.
The port P40 is used for communication control.

Figure 2.3.36 shows a connection diagram, and Figure 2.3.37 shows a timing chart.

Transmitting side Receiving side
P4o > P4o
TxD > RxD
3806 group 3806 group

Fig. 2.3.36 Connection diagram [Communication using UART]

Specifications : « The Serial 1/01 is used (UART is selected).
e Transfer bit rate : 9600 bps (f(XIN) = 4.9152 MHz is divided by 512)
« Communication control using port P40
(The output level of the port P4o is controlled by softoware.)
» 2-byte data is transferred from the transmitting side to the receiving side at inter-
vals of 10 ms (generated by timer).

P4o_| | o0

0 N\ s (o X o e e BB XY s\ Ao o e BB XY sre < ¢

10 ms

4 AW
«< >

Fig. 2.3.37 Timing chart [Communication using UART]
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Table 2.3.1 shows setting examples of Baud rate generator (BRG) values and transfer bit rate values,
Figure 2.3.38 shows a setting of related registers at a transmitting side, and Figure 2.3.39 shows a
setting of related registers at a receiving side.

Table 2.3.1 Setting examples of Baud rate generator values and transfer bit rate values

Transfer bit|BRG count at f(XIN) = 4.9152 MHz at f(XIN) = 7.3728 MHz at f(XIN) = 8 MHz

rate(t()ﬁ;)e 1) SOUTC(ﬁme 2) |BRG setting value|Actual time (bps)|BRG setting value|Actual time (bps)BRG setting value|Actual time (bps)
600 | f(XIN)/4 127(7F1e) 600.00 191(BF16) 600.00 207(CF1s) 600.96
1200 | f(XiN)/4 63(3F16) 1200.00 95(5F16) 1200.00 103(6716) 1201.92
2400 | f(XIN)/4 31(1F1e) 2400.00 47(2F16) 2400.00 51(3316) 2403.85
4800 | f(XIN)/4 15(0F16) 4800.00 23(1716) 4800.00 25(1916) 4807.69
9600 | f(XIN)/4 7(0716) 9600.00 11(0B16) 9600.00 12(0Cz1s) 9615.38
19200 | f(XiNn)/4 3(0316) 19200.00 5(0516) 19200.00 5(0516) 20833.33
38400 | f(XIN)/4 1(0l1e) 38400.00 2(0216) 38400.00 2(0216) 41666.67
76800 f(XIN) 3(0316) 76800.00 5(0516) 76800.00 5(0516) 83333.33
31250 f(XIN) 15(0F16) 31250.00
62500 f(XIN) 7(0716) 62500.00

Notes 1: Equation of transfer bit rate
f(XIN)

Transfer bit rate (bps) = .
(BRG setting value + 1) 0 16 O m

m: when bit 0 of the Serial 1/01 control register (Address :
of mis 1.
when bit 0 of the Serial 1/01 control register (Address : 1A16) is set to “1,” a value
of mis 4.

1A16) is set to “0,” a value

2: A BRG count source is selected by bit 0 of the Serial 1/01 control register (Address : 1A1s).

2-48
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Transmitting side

Serial /01 status register (Address : 19 16)
b7 b0

SIO1STS

L > Transmit buffer empty flag
» Check to be transferred data from the Transmit buffer
register to the Transmit shift register.
» Writable the next transmission data to the Transmit buffer
register at being setto “1.”

——> Transmit shift register shift completion flag
Check a completion of transmitting 1-byte data with this flag.
“1” : Transmit shift completed

Serial /01 control register (Address : 1A 16)
b7 bo

SIO1CON [1[0]0]1 ojo|1

|—> BRG count source selection bit : f(XIN)/4

Serial I/01 synchronous clock selection bit : BRG/16
SRDY1 output enable bit : Not use SRDY1 output

Transmit enable bit : Transmit enabled

> Receive enable bit : Receive disabled

> Serial I/01 mode selection bit : Asynchronous serial I/O(UART)
> Serial I/01 enable bit : Serial /01 enabled

UART control register (Address : 1B 16)
b7 b0

UARTCON 01 0]0

L Character length selection bit : 8 bits
Parity enable bit : Parity checking disabled

————> Stop bit length selection bit : 2 stop bits
P4s/TxD P-channel output disable bit : CMOS output

Baud rate generator (Address : 1C 16)
b7 b0

BRG 7

f(XIN) 1
Transfer bit rate 016 0O m®Y

0 when bit 0 of the Serial I/O1 control register (Address : 1A 16) is set to
“0,” avalue of mis 1.
when bit 0 of the Serial I/O1 control register (Address : 1A 16) is set to
“1,” a value of mis 4.

Fig. 2.3.38 Setting of related registers at a transmitting side [Communication using UART)]
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Receiving side

Serial /01 status register (Address : 19 16)
b7 bo

SIO1STS

|—> Receive buffer full flag

Check a completion of receiving 1-byte data with this flag.
[“1” : at completing to receive
(“0" : at reading out a content of the Receive buffer register

Overrun error flag
“1” : when data are ready to be transferred to the
Receive shift register in the state of storing data
into the Receive buffer register.

——————> Parity error flag
“1” : when parity error occurs at enabled parity.

Framing error flag
“1” : when data can not be received at the timing of

setting a stop bit.

Summing error flag
“1” : when even one of the following errors occurs.
» Overrun error
* Parity error
 Framing error

Serial I/01 control register (Address : 1A 16)
b7 b0

SIO1CON |1 ]0|1]0 0]0|1
L BRG count source selection bit : f(X IN)/4
Serial I/01 synchronous clock selection bit : BRG/16

SRDY1 output enable bit : Not use SRDY1 out

Transmit enable bit : Transmit disabled

Receive enable bit : Receive enabled

Serial I/01 mode selection bit : Asynchronous serial I/O(UART)
> Serial I/01 enable bit : Serial /01 enabled

UART control register (Address : 1B 16)
b7 bo

UARTCON 1 o|o

Lo Character length selection bit : 8 bits
Parity enable bit : Parity checking disabled

Stop bit length selection bit : 2 stop bits

Baud rate generator (Address : 1C 16)
b7 b0

BRG 7 Set

f(XIN)
Transfer bit rate 0 16 D m®
0 when bit O of the Serial /01 control register (Address : 1A 16) is set to
“0,” a value of mis 1.

when bit O of the Serial /01 control register (Address : 1A 16) is set to
“1,” a value of mis 4.

Fig. 2.3.39 Setting of related registers at a receiving side [Communication using UART]
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Control procedure : Figure 2.3.40 shows a control procedure at a transmitting side, and Figure 2.3.41
shows a control procedure at a receiving side.

( RESET ) e X : This bit is not used in this application.
Setitto “0” or “1.” It's value can be disregarded.

Initialization

SIO1CON (Address : 1A16)<-1001X0012
UARTCON(Address : 1B16)< 000010002

BRG (Address : 1C16)«-8-1
P4 (Address : 0816), bit0 <0 o
P4D (Address : 0916) <~ XXXXXXX 12 + Set port P40 for a communication control.
N
Pass 10 ms? * An interval of 10 ms is generated by a timer.
Y
P4 (Address : 0816), bit0 <— 1 « Start of communication.
' The first byte of a * Write a transmission data
TB/RB (Address : 1816) <— - mission data The Transmit buffer empty flag is set to “0”

by this writing.

* Check to be transferred data from the Transmit
buffer register to the Transmit shift register.

SIO1STS (Address : 1916), bit0? J
(Transmit buffer empty flag)

* Write a transmission data
The Transmit buffer empty flag is set to “0”
by this writing.

The second byte of

TB/RB (Address : 1816) “— 2 transmission data

* Check to be transferred data from the Transmit
buffer register to the Transmit shift register.
(Transmit buffer empty flag)

SIO1STS (Address : 19 16), bit0?

+ Check a shift completion of the Transmit shift register.

SIO1STS (Address : 1916), bit2? (Transmit shift register shift completion flag)

P4 (Address : 0816), bitO <— 0 * End of communication

Fig. 2.3.40 Control procedure at a transmitting side [Communication using UART)]
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( RESET )

Initialization

SIO1CON
UARTCON
BRG

P4D

Address : 1A16) < 1010X0012
Address : 1B16) <— 000010002
Address : 1C16) < 8—1

Address : 0916) <« XXXXXXX02

— — —

SIO1STS (Address : 1916), bit1?

1

Read out a reception data
from RB (Address : 1816)

SIO1STS (Address : 19 16), bit6?

e X : This bit is not used in this application.
Setitto “0” or “1.” It's value can be disregarded.

» Check a completion of receiving.
(Receive buffer full flag)

* Receive the first 1 byte data
A Receive buffer full flag is set
to “0” by reading data.

+ Check an error flag.

SIO1STS (Address : 1916), bit1?

Read out a reception data
from RB (Address : 1816)

+ Check a completion of receiving.
(Receive buffer full flag)

* Receive the second byte data
A Receive buffer full flag is set
to “0” by reading data.

+ Check an error flag.

SIO1STS (Address : 19 16), bit6?

Processing for error

|

P4 (Address : 0816), hit0?

SIO1CON (Address : 1A16) <— 0000X0012
SIO1CON (Address : 1A16) <— 1010X0012

« Countermeasure for a bit slippage

Fig. 2.3.41 Control procedure at a receiving side [Communication using UART]
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2.4 A-D converter

2.4.1 Memory map of A-D conversion

003416

AD/DA control register (ADCON)

A-D conversion register (AD)

003516

—~

0

003D1s6

Interrupt request register 2 (IREQ2)

=1
—~

i

003F16

Interrupt control register 2 (ICON2)

Fig. 2.4.1 Memory map of A-D conversion related registers
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2.4 A-D converter

2.4.2 Related registers

AD/DA control register
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address : 34 16]

I I I I I I
i i i i i i i i B Name Function Atreset| R [W
1111 Lo |Analog input pin selection bits |50 : P6o/ANG 0 |O|O
O T R R 001:P61/AN1
Lo ] 010:P62/AN2
I e 011:P63/ANs 0 |91°
A T R 100 : P64/AN4
N | 101:P65/ANs olo
T N N Ry 2 110: P66/ANs 0
A R 111:P67/AN7
A T R S 3 | AD conversion completion bit |0 : Conversion in progress 1 |O|O
. 1: Conversion completed
A S 4 | Nothing is allocated for these bits. These are write disabled bits. 0 1010
I 5 | When these bits are read out, the values are “0.” 0 |O]|O
| | 5
O 6 | DAz output enable bit 0 : DA1 output disable 0 |o]o
| 1 : DA: output enable
L ,,,,,,,,,,,,,,,,, 7 | DAz output enable bit 0 : DA2 output disabled o |o|o
1: DAz output enabled
Fig. 2.4.2 Structure of AD/DA control register
A-D conversion register
b7 b6 b5 b4 b3 b2 bl bo
s s A-D conversion register (AD) [Address : 35 16]
i i i i i | i i B Function Atreset| R |W
} } } } } } } Lf% The read-only register which A-D conversion results are stored. Z 8 g
| | | I | I ——— :
I 2] 2_[o]o
I 3] 2 [olc
A 4 Z 1512
Dol e [ 5 | ?2 1010
bbb [ 6 ?2 1010
e 7 ?2 1010

Fig. 2.4.3 Structure of A-D conversion register
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 2 (IREQ2) [Address : 3D 16]

I I I I I I I
| | | | | | | | N
e B Name Function Atreset| R |[W
Lo | I L]0 |CNTRo interrupt request bit 0 : No interrupt request 0 |olo
Lor 1 : Interrupt request
| | | | | |
} } } } } } I __ |1 |CNTRu: interrupt request bit 0 : No interrupt request 0 oo
[ N 1 : Interrupt request
A ] 2 | Serial /02 interrupt request bit [ 0 : No interrupt request 0 oo
A 1 : Interrupt request
A 3 | INT2 interrupt request bit 0 : No interrupt request 0 |o|o
A 1 : Interrupt request
A 4 | INTs interrupt request bit 0 : No interrupt request 0 |ofo
o 1 : Interrupt request
e —— 5 | INT4 interrupt request bit 0 : No interrupt request o |lolo
[ 1 : Interrupt request
T 6 | AD conversion interrupt 0 : No interrupt request 0 (o]0
} request bit 1 : Interrupt request
L 7 | Nothing is allocated for this bit. This is a write disabled bit. o lolo
When this bit is read out, the value is “0.”
U “0”is set by software, but not “1.”
Fig. 2.4.4 Structure of Interrupt request register 2

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control reigster 2 (ICON2) [Address : 3F 16]
Lo
B Name Function Atreset| R [W
-1l 1 L]0 |CNTRointerrupt enable bit 0 : Interrupt disabled 0 |©|O
[ T A A 1 : Interrupt enabled

| "

o L777 1 | CNTRz interrupt enable bit 0 : Interrupt disabled 0 |O]|O
A 1 Interrupt enabled
T ] 2 | Serial /02 interrupt enable bit |0 : Interrupt disabled 0 |O]O
A 1 : Interrupt enabled
b 3 | INTz interrupt enable bit 0 : Interrupt disabled o |olo
Lo 1 : Interrupt enabled
N 4 | INT3s interrupt enable bit 0 : Interrupt disabled 0 |O]|O
(I 1 : Interrupt enabled
| | |
(R 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 Oo|O
[ 1 : Interrupt enabled
o 6 | AD conversion interrupt 0 : Interrupt disabled 0 |O|O
} enable bit 1 : Interrupt enabled
|
b 7 | Fix this bit to “0.” 0 |0O|O

Fig. 2.4.5 Structure of Interrupt control register 2
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2.4.3 A-D conversion application example
Conversion of Analog input voltage
Outline : The analog input voltage input from the sensor is converted into digital values.

Figure 2.4.6 shows a connection diagram, and Figure 2.4.7 shows a setting of related registers.

P60/ANo Sensor

3806 group

Fig. 2.4.6 Connection diagram [Conversion of Analog input voltage]

Specifications : ¢ The analog input voltage input from the sensor is converted into digital values.
» The P60/ANo pin is used as an analog input pin.

AD/DA control register (Address : 3416)

—

‘ \—>Analog input pin selection bits : Select the P60o/ANo pin
> AD conversion completion bit : Conversion in progress

A-D conversion register (Address : 3516)

AD (read-only)

> Store a result of A-D conversion ( Note)

Note: Read out a result of A-D conversion after bit 3 of the
AD/DA control register (ADCON) is set to “1.”

Fig. 2.4.7 Setting of related registers [Conversion of Analog input voltage]
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2.4 A-D converter

Control procedure : By setting the related registers as shown in Figure 2.4.7, the analog input
voltage input from the sensor are converted into digital values.

—~

—~
ADCON (Address : 3415), bit0 — bit2 «— 0002 » Select the P60o/ANo pin as an analog input pin.
ADCON (Address : 3416), bit3 <« 0 « Start A-D conversion.

le
<

ADCON (Address : 341s), bit3?

« Check the completion of A-D conversion.

Read out AD (Address : 351s)

!

P~
P~

» Read out the conversion result.

Fig. 2.4.8 Control procedure [Conversion of Analog input voltage]
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2.5 Processor mode
2.5.1 Memory map of processor mode

003B16 | CPU mode register (CPUM)

Fig. 2.5.1 Memory map of processor mode related register

2.5.2 Related register

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address : 3B16]

0 |B Name Function Atreset| R (W
1| 0] Processor mode bits 00 : Single-chip mode 0 |OfO

P | 01 : Memory expansion mode
b 1 10 : Microprocessor mode o (o]0

LT 11 : Not available
L 2 | Stack page selection bit 0:0 page 0 |O]|O
1:1 page

P e | 3 | Nothing is allocated for these bits. These are write disabled bits. 0 1010
B | 4 | When these bits are read out, the values are “0.” 0 100
777777777777777777777 5| o (OO
......................... | 6 | 0 (OO
---------------------------- 7 0 |00

O An initial value of bit 1 is determined by a level of the CNVss pin.

Fig. 2.5.2 Structure of CPU mode register
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2.5.3 Processor mode application examples

(1) Application example of memory expansion in the case where the ONW (One-Wait)

function is not used

Outline : The external memory is accessed in the microprocessor mode.
At f(XIN) = 8 MHz, an available RAM is given by the following
« OE access time : ta (OE) <50 ns
e Setup time for writing data : tsu (D) < 65 ns

For example, the M5M5256BP-10 whose address access is 100 ns is available.

Figure 2.5.3 shows an expansion example of a 32K byte ROM and a 32K byte RAM.
3806 group
CNVss
AD15
ONW
M5M27C256AK-10 M5M5256BP-10
<I| P30, P31 _ _
—|>0— CE s
AD14 74F04
P4 i 15
ADO N Ao-A14 /——1A0-A14
EPROM SRAM
h«‘ P5
DBo 8
: Do-D7 DQ1-DQs
P6 DB7 o D Memory map
OE OE W 000016 External RAM area
\ / (M5M5256BP)
P7 . 000816
”«‘ RD SFR area
— 004016 |neternal RAM area
WR
P8 044016 |External RAM area
(M5M5256BP)
ﬁ |:| iSMHZ Vee=5.0vV+10% 500016 External ROM area
(M5M27C256AK)

Fig. 2.5.3 Expansion example of ROM and RAM
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Figure 2.5.4, Figure 2.5.5 and Figure 2.5.6 shows a standard timing at 8 MHz (No-Wait).

Ao-A7
(Port PO) XX Address (low-order) x |
As—A14 .
(Port P1) w Address (high-order) x x
s
(A15)
__OE td(AH-RD) twL(RD) _
(RD of 3806) 125 ns - 35 ns (min) 125 ns - 10 ns (min)
| ta(OE)
"~ 50ns(max)
DQ1-DQs \\\ Data\ W
(Port P2) —
tsu(DB—RD)
- 65 ns (min) o
WR “H" level
td(AH_—R_D) . @ delay time after outputting address of 3806
twL(RD) . RD pulse width of 3806
ta(OE) . Output enabled access time of M5SM5256BP
tsu(DB—RD) : Data bus setup time before RD of 3806
Fig. 2.5.4 Read-cycle (OE access, SRAM)
Ao-A7
(Port P0) Address (low-order) xx
As-A14 .
(Port P1) Address (high-order) xx
— \
CE tPHL
— -
5.8 ns (max)
_ OE td(AH-RD) twL(RD) o
(RD of 3806) 125 ns - 35 ns (min) 125 ns - 10ns (min)
ta(OE)

l————1
50 ns (max) Dat
ata
Do-D7 §
(Port P2) tSU(DB—RE)

65 ns (min)
WR “H” level
tPHL . Output delay time of 74F04
td(AH;RTD) . RD delay time after outputting address of 3806
twL(RD) . RD pulse width of 3806
ta(OE) : Output enabled access time of M5M27C256AK
tsu(DB—RD) . Data bus setup time before RD of 3806

Fig. 2.5.5 Read-cycle (OE access, EPROM)
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Ao—A7
(Port PO) ><> Address (low-order) x x
As—A14 .
(Port P1) Address (high-order)
s
(A15)
W td(AH-WR) tWL(WR) —
(WR of 3806) 125 ns - 35 ns (min) 125 ns - 10 ns (min)
tdWR-DB)
‘ 65ns (max)
DQ1-DQs Data N—
(Port P2)
tsu(D)
35 ns (min) o
__OE “H* level
(RD of 3806)
td(AH;VWR’) . WR delay time after outputting address of 3806
twL(WR) : WR pulse width of 3806
td(WR-DB) . Data bus delay time after WR of 3806
tsu(D) : Data setup time of M5M5256BP

Fig. 2.5.6 Write-cycle (W control, SRAM)
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(2) Application example of memory expansion in the case where the ‘ONW (One-Wait)

function is used

Outline : ONW function is used when the external memory access is slow.
If “L” level signal is input to the P32/ONW pin while the CPU is in the read or write status,
the read or write cycle corresponding to 1 cycle of ¢ is extended. In the extended period,
the RD or WR signal is kept at the “L” level. The ONW function operates only when data is
read from or written into addresses 000016 to 000716 and addresses 044016 to FFFF1e.

Figure 2.5.7 shows an application example of the ONW function.

3806 group
i CNVss
AD15
74F04
P30, P31 M5M27C256AK-10 | M5M5256BP-10
ONW CE _
S
AD14
P4 ! » - -
Ao . Ao-A14 —— Ao-A14
EPROM SRAM
DBo 8
| Do-D7 DQ1-DQs
PS5 DB7 e - Memory map
OE OE W | 000016 [External RAM area
\ / (M5M5256BP)
205 000816 | SFR area
P6 o 004016 {Internal RAM area
044016 |External RAM area
(M5M5256BP)
ﬁ |:| %MHZ vee =5.0v+10 % 500016 External ROM area
(M5M27C256AK)
;; ;l/; FFFF16

Fig. 2.5.7 Application example of the  ONW function
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(3) Application example of memory expansion in the case wher

(A-version)
Outline

is used

APPLICATION

2.5 Processor mode

. High-speed version is used when the extarnal memory access is fast.

At f(XIN) = 9 MHz, an available RAM is given by the following :
+ OE access time : ta (OE) < 35 ns
» Setup time for writing data : tsu (D) < 50 ns
For example, the M5M5256BP-70 whose address access is 70 ns is available.
Figure 2.5.8 shows an expansion example of a 32K byte ROM and a 32K byte RAM.

e the High-speed version

3806 group (High-speed version)

CNVss
AD15
ONW
M5M27C256AK-85 M5M5256BP-70
(2 pao,pan _ -
CE S
AD14 74F04
1
P4 ADo 2 o Ao—A14 —— Ao-A14
EPROM SRAM
P5
DBo
I Do-D7 DQ1-DQs
P6 DB7 o g (i Memory
OE OE W 000016 [£ytermal RAM area
\ (M5M5256BP)
P7 — 000816
hﬂ 25 )i SFR area
. 004016 | |nternal RAM area
WR
P8 044016 |External RAM area
(M5M5256BP)
ﬁ |:| TMHZ vee =5.0v+10 % 800016 External ROM area
(M5M27C256AK)
HE - FFFF16
Fig. 2.5.8 Expansion example of ROM and RAM [High-speed vers ion]
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APPLICATION

2.5 Processor mode

Figure 2.5.9, Figure 2.5.10 and Figure 2.5.11 shows a standard timing at 9 MHz (No-Wait).

Ao-A7
(Port P0O)

Address (low-order)

As-A14
(Port P1)

= ==

Address (high-order)

I
I

S
(A15)

__OE
(RD of 3806)

td(AH-RD)

111 ns - 35 ns (min)

DQ1-DQs
(Port P2)

tWL(@) -
| 111 ns - 10ns (min) T
ta(OE)
" 35ns (max) 7\
Data; §§ }—

\\ p—

tsu(DB—RD)
50 ns (min) o

WR

“H” level

td(AH-RD)
twL (ﬁ)
ta(OE)
tsu(DB—RD)

: RD delay time after outputting address of 3806
. RD pulse width of 3806

. Output enabled access time of M5M5256BP

. Data bus setup time before RD of 3806

Fig. 2.5.9 Read-cycle (OE access, SRAM) [High-speed version]

Ao-A7 ICC
(Port PO) Adderss (low-order)
As-A14
(Port P1) Adderss (high-order) x x
— \
CE tPHL
—
5.8 ns (max)
__OE td(AH-RD) twL(RD) o
(RD of 3806) 111 ns - 35 ns (min) 111 ns - 10ns (min)
ta(OE)
45 ns (max) D
Do-D7 ata
(Port P2) tsu(DB—RD)
50 ns (min)
WR “H” level
tPHL . Output delay time of 74F04
td(AH-RD) : RD delay time after outputting address of 3806
twL(RD) . RD pulse width of 3806
ta(OE) . Output enabled access time of M5M27C256AK
tsu(DB-RD) - Data bus setup time before RD of 3806

Fig. 2.5.10 Read-cycle (OE access, EPROM) [High-speed version]
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APPLICATION

2.5 Processor mode

Ao-A7

(Port PO) Address (low-order)

Address (high-order) N

As—A14
(Port P1)

= =

W td(AH-WR) ol tWL(WR)
(WR of 3806) 111 ns - 35 ns (min) 111 ns - 10 ns (min)

_td(WR-DB)
DQ1-DQs 30 ns (max) o
(Port P2) k;
tsu(D)
30 ns (min)

Y

— OE “H” level
(RD of 3806)

td(AH-WR) WR delay time after outputting address of 3806

twL(WR) : WR pulse width of 3806
td(WR-DB) : Data bus delay time after WR of 3806
tsu(D) . Data setup time of M5M5256BP

Fig. 2.5.11 Write-cycle (W control, SRAM) [High-speed versio  n]
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APPLICATION
2.6 Reset

2.6 Reset

2.6.1 Connection example of reset IC

? & Vcc

1]

Power source

M62022L |3 OUtPU! ® RESET
Delay capacity
4
GND
0.1pF
3 T 40 Vss
ua
3806 group

Fig. 2.6.1 Example of Poweron reset circuit

Figure 2.6.2 shows the system example which switch to the RAM backup mode by detecting a drop of the
system power source voltage with the INT interrupt.

System power o1
source voltage g T Vee
5 *
7
Vccl 5 .
RESET RESET
2vecz  INTE INT
1 6 40 Vss
Vi Cd ol
GN? L 'L 3806 group
7T

M62009L, M62009P, M62009FP

Fig. 2.6.2 RAM back-up system
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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
Vcc Power source voltage -0.3t0 7.0 \%
Input voltage P00-P07, P1o-P17, P20-P27,
P30-P37, P40—P47, P50-P57,
Vi P60-P67, P70-P77, P80-P87, —0.3toVee+0.3 v
VREF All vol based on V
== voltages are based on Vss.
Vi Input voltage RESET, XIN Output transistors are cut off. —0.3to Vcc +0.3 \%
\ Input voltage CNVss -0.3t0 13 \%
Output voltage P0o-PO07, P1o-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
vo P60-P67, P70-P77, P80-P87, —0.310Vee +0.3 v
Xout
Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature —201to0 85 °C
Tstg Storage temperature —-40to 125 °C
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3.1.2 Recommended operating conditions

Table 3.1.2 Recommended operating conditions

APPENDIX

3.1 Electrical characteristics

(Vcc =3.0t0 5.5V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
vee Power source voltage (f(XIN) < 2 MHz) (Note 1) 3.0 5.0 5.5 Vv
Power source voltage (f(XIN) = 8 MHz) (Note 1) 4.0 5.0 5.5
Vss Power source voltage 0 \Y
VREF Analog reference voltage (when A-D converter is used) 2.0 vece Vv
Analog reference voltage (when D-A converter is used) 3.0 \Y/elo}
AVss Analog power source voltage 0 \%
VIA Analog input voltage ANo0-AN7 AVss \Y/elo} \%
ey P Tl e e PP oavee| | vee |
VIH “H” input voltage RESET, XIN, CNVss 0.8 Vcc vce \%
e P e pern PP o | Jozvee| v
VIL “L” input voltage RESET 0 0.2Vvcec| V
VIL “L” input voltage XIN 0 0.16 Vcc| V
ViL “L” input voltage CNVss 0 0.2vecc| V
ZloH(peak) | “H” total peak output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 2) -80 mA
>loH(peak) | “H” total peak output current P40-P47,P50—-P57, P60—-P67 (Note 2) -80 mA
ZloL(peak) “L” total peak output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 2) 80 mA
ZloL(peak) “L” total peak output current P40-P47,P50-P57, P60-P67, P70—P77 (Note 2) 80 mA
>|0H(avg) “H” total average output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 2) -40 mA
>|0H(avg) “H” total average output current P40—P47,P50-P57, P60—P67 (Note 2) -40 mA
Zl0L(avg) “L” total average output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 2) 40 mA
Zl0L(avg) “L” total average output current P40—P47,P50-P57, P60-P67, P70—P77 (Note 2) 40 mA
oneag | ¥ Pk ouput urent B0 80 BLG P P20 B2 S0 £, PR P4 0 | ma
oy | Pk oL atent o B P P P b2 oy e o | m
IoH(avg) “H” average output current P00-PO07, P10o-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60-P67, P80—P87 (Note 4)
oL (av) “L” average output current P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60—P67, P70-P77, P80—-P87 (Note 4)
XN Internal clock oscillation frequency (Vcc = 4.0 to 5.5 V) 8 MHz
Internal clock oscillation frequency (Vcc = 3.0 to 4.0 V) 6 Vcc-16

Note 1:
2:

3:
4:

The minimum power source voltage is % [V] (F(XIN) = XMHZz) on the condition of 2 MHz < f(XIN) < 8 MHz.

The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-

age value measured over 100 ms. The total peak current is the peak value of all the currents.

The peak output current is the peak current flowing in each port.
The average output current loL(avg), IOH(avg) in an average value measured over 100 ms.
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APPENDIX

3.1 Electrical characteristics

3.1.3 Electrical characteristics

Table 3.1.3 Electrical characteristics

(Vcc=3.0t05.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Vin Typ Vo Unit
“H” output voltage P00-PO07, P10-P17, P20-P27, | IOoH = -10 mA Vee—2.0
VOH P30-P37, P40-P47, P50-P57, | Vcc=4.0t05.5V ) v
P60-P67, P80-P87 (Note 1) IOH = —1.0 MA Vee1o
Vcc=3.0t05.5V '
“L” output voltage P00-P07, P10-P17, P20-P27, | loL = 10 mA 20
VoL P30-P37, P40-P47,P50-P57, | Vcc=4.0t05.5V ’ v
P60-P67, P70-P77, P80-P87 [ |5/ = 1.0 mA 10
Vcc=3.0t05.5V ’
VT+— VT- Hysteresis CNTRo, CNTR1, INT0-INT4 0.4 \Y
VT+— VT- Hysteresis RXD, SCLK1, SIN2, SCLK2 0.5 \Y
VT+—VT- | Hysteresis RESET 0.5 \Y
“H” input current  P00-PO07, P1o-P17, P20-P27,
IIH P30-P37, P40-P47, P50-P57, | VI=Vcc 5.0 HA
P60-P67, P70-P77, P80-P87
IIH “H” input current  RESET, CNVss VI =Vcc 5.0 HA
IIH “H” input current ~ XIN VI =Vcc 4 HA
“L” input current  POo-PO07, P1o-P17, P20-P27,
i P30-P37, P40-P47, P50-P57, | VI=Vss -5.0 HA
P60-P67, P70-P77, P80-P87
i “L” input current  RESET, CNVss VI =Vss -5.0 HA
i “L” input current  XIN VI =Vss -4 HA
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%
f(XIN) =8 MHz, Vcc =5V 6.4 13
f(XIN) =5 MHz, Vcc =5V 4 8
f(XIN) =2 MHz, Vcc =3V 0.8 2.0
When WIT instruction is executed 15
with f(XIN) = 8 MHz, Vcc =5 V ‘ mA
When WIT instruction is executed
Icc Power source current with f(XIN) =5 MHz, Vcc =5 V 1
When WIT instruction is executed 0.2
with f(XIN) =2 MHz, Vcc =3V ’
When STP instruction | Ta=25°C 0.1 1
is executed with clock | (Note 2) '
stopped, output Ta=85°C HA
transistors isolated. (Note 2) 10

Note 1: P45 is measured when the P45/TXD P-channel output disable bit of the UART control register (bit 4 of address 001B1s6) is “0”.

2: With output transistors isolated and A-D converter having completed conversion, and not including current flowing through VREF pin.

3.1.4 A-D converter characteristics

Table 3.1.4 A-D converter characteristics
(Vcc=3.0t05.5V,Vss = AVss =0V, VREF = 2.0 V to Vcc, Ta = =20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tCONV Conversion time 50 tc(g)
RLADDER Ladder resistor 35 kQ
IVREF Reference power source input current (Note) VREF =5.0 V 50 150 200 HA
11(AD) A-D port input current 0.5 5.0 HA

Note: When D-A conversion registers (addresses 003616 and 003716) contain “0016".
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APPENDIX

3.1 Electrical characteristics

3.1.5 D-A converter characteristics

Table 3.1.5 D-A converter characteristics

(Vcc=3.0t05.5V,Vss =AVss =0V, VREF = 3.0 V to Vcc, Ta = —20 to 85 °C, unless otherwise noted)

Limits

Symbol Parameter Test conditions - Unit
Min. Typ. Max.

— Resolution 8 Bits
Vcc=4.0t05.5V 1.0

— Absolute accuracy %
Vcc=3.0t04.0V 25

tsu Setting time 3 us

RO Qutput resistor 1 2.5 4 kQ

IVREF Reference power source input current (Note) 3.2 mA

Note: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”, and excluding cur-
rents flowing through the A-D resistance ladder.
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APPENDIX

3.1 Electrical characteristics

3.1.6 Timing requirements and Switching characteristics

Table 3.1.6 Timing requirements (1) (Vcc=4.0t05.5V,Vss=0V, 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(Xin) External clock input cycle time 125 ns
twH(XIN) External clock input “H” pulse width 50 ns
twL(XIN) External clock input “L” pulse width 50 ns
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
twH(INT) INTo to INT4 input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twL(INT) INTo to INT4 input “L” pulse width 80 ns
te(Scika) Serial 1/01 clock input cycle time (Note) 800 ns
tc(Scik2) Serial 1/02 clock input cycle time 1000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 400 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(RxD-Scik1) | Serial I1/0O1 input set up time 220 ns
tsu(Sma-Scikz) | Serial 1/02 input set up time 200 ns
th(Scixi-RxD) | Serial /01 input hold time 100 ns
th(Scike-Sin?) | Serial 1/02 input hold time 200 ns

Note: When bit 6 of address 001A16 is “1”. Divide this value by four when bit 6 of address 001A16 is “0".

Table 3.1.7 Timing requirements (2) (Vcc=3.0t04.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits )

Symbol Parameter Vin Typ Vo Unit
tw(RESET) Reset input “L” pulse width 2 ps
te(Xiv) External clock input cycle time (3?/2(0)18) ns

: wpyn : 200/
twH(XiN) External clock input “H” pulse width (3 Vee-8) ns
: ) . 200/

twL(XIN) External clock input “L” pulse width (3 Vee-8) ns
tc(CNTR) CNTRo, CNTR1 input cycle time 500 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 230 ns
twH(INT) INTo to INT4 input “H” pulse width 230 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 230 ns
twL(INT) INTo to INT4 input “L” pulse width 230 ns
te(Scika) Serial 1/01 clock input cycle time (Note) 2000 ns
tc(Scik2) Serial 1/02 clock input cycle time 2000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 950 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(RxD-Scik1) | Serial 1/01 input set up time 400 ns
tsu(Sma-Scikz) | Serial 1/02 input set up time 400 ns
th(Scixi-RxD) | Serial /01 input hold time 200 ns
th(Scike-Sin?) | Serial 1/02 input hold time 300 ns

Note : When bit 6 of address 001A16 is “1”. Divide this value by four when bit 6 of address 001A16 is “0".
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Table 3.1.8 Switching characteristics (1)

APPENDIX

3.1 Electrical 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(ScLk1) Serial 1/01 clock output “H” pulse width te(Sck1)/2-30 ns
twL(ScLk1) Serial /01 clock output “L” pulse width te(Scik1)/2-30 ns
td(Scx-TxD) | Serial /01 output delay time (Note 1) Fig. 3.1.1 140 ns
tv(Scki-TxD) | Serial 1/01 output valid time (Note 1) -30 ns
tr(ScLk1) Serial 1/01 clock output rising time 30 ns
tf(Scika) Serial 1/01 clock output falling time 30 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scikz)/2-160 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Scikz)/2-160 ns
td(Scike-Soutz) | Serial 1/02 output delay time Fig. 3.1.2 200 ns
tv(Scke-Sout2) | Serial 1/02 output valid time 0 ns
tf(Scik2) Serial 1/02 clock output falling time 40 ns
tr(CMOS) CMOS output rising time (Note 2) ) 10 30 ns
tf(CMOS) CMOS output falling time (Note 2) Fig.3.1.1 10 30 ns
Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0”.
2: Pins XouT and P70-P77 are excluded.
Table 3.1.9 Switching characteristics (2) (Vcc=3.0t04.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)
" Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
twH(ScLk1) Serial 1/01 clock output “H” pulse width te(Sck1)/2-50 ns
twL(ScLk1) Serial /01 clock output “L” pulse width te(Sck1)/2-50 ns
td(Scx-TxD) | Serial /01 output delay time (Note 1) Fig. 3.1.1 350 ns
tv(Scki-TxD) | Serial 1/01 output valid time (Note 1) -30 ns
tr(ScLk1) Serial 1/01 clock output rising time 50 ns
tf(Scika) Serial 1/01 clock output falling time 50 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scikz)/2—-240 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Scikz)/2—-240 ns
td(Scike-Soutz) | Serial 1/02 output delay time Fig. 3.1.2 400 ns
tv(Scke-Sout2) | Serial 1/02 output valid time 0 ns
tf(Scik2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 2) Fig. 3.1.1 20 50 ns
tf(CMOS) CMOS output falling time (Note 2) 20 50 ns

Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0".

2: Pins XouT and P70-P77 are excluded.
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APPENDIX

3.1 Electrical characteristics

Table 3.1.10 Timing requirements in memory expansion mode and microprocessor mode (1)
(Vcc=4.0t05.5V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.

tsu(ONW—-¢g) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—q) Before @ data bus set up time 60 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu{ONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(B-RD) | Before RD data bus set up time 65 ns
th(RD-DB) After RD data bus hold time 0 ns

Table 3.1.11 Switching characteristics in memory expansion mode and microprocessor mode (1)
(Vcc=4.0t05.5V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

te(g) @ clock cycle time 2tc(XiN) ns
twH(g) @ clock “H” pulse width te(xin)—10 ns
twL(¢) @ clock “L” pulse width te(xin)—10 ns
td(p-AH) After @ AD15—-ADs delay time 20 40 ns
tv(p-AH) After @ AD15—-AD8 valid time 6 10 ns
td(e-AL) After @ AD7—ADo delay time 25 45 ns
tv(e-AL) After @ AD7—ADo valid time 6 10 ns
td(@-SYNC) SYNC delay time 20 ns
tv(p-SYNC) SYNC valid time 10 ns
td(¢-WR) RD and WR delay time 10 20 ns
tv(@-WR) RD and WR valid time 3 5 10 ns
td(¢-DB) After @ data bus delay time 20 70 ns
tv(¢-DB) After @ data bus valid time 15 ns
WL ED) @ pulse W?dth, @ pulse W?dth Fig. 3.1.1 te(Xm)—10 ns
I e T e s
el e e s
e s o e s
tv(RD-AH) After RD AD15-AD8 valid time 0 5 ns
tv(WR-AH) After WR AD15-ADs valid time
tv(RD-AL) After RD AD7-ADo valid time 0 5 ns
tv(WR-AL) After WR AD7-ADo valid time
td(WR-DB) After WR data bus delay time 15 65 ns
tvWR-DB) | After WR data bus valid time 10 ns
tdRESET-RESETor | RESETOUT output delay time (Note 1) 200 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 200 ns

Note 1: The RESETouT output goes “H” in sync with the fall of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
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Table 3.1.12 Timing requirements in memory expansion mode and microprocessor mode (2)

APPENDIX

3.1 Electrical characteristics

(Vec=3.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tsu(ONW—-¢g) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—q) Before @ data bus set up time 180 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu{ONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONw) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(B-RD) | Before RD data bus set up time 185 ns
th(RD-DB) After RD data bus hold time 0 ns

Table 3.1.13 Switching characteristics in memory expansion mode and microprocessor mode (2)
(Vec=3.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

te(g) @ clock cycle time 2tc(XiN) ns
twH(g) @ clock “H” pulse width te(xin)—20 ns
twL(¢) @ clock “L” pulse width te(xin)—20 ns
td(p-AH) After @ AD15—-ADs delay time 150 ns
tv(p-AH) After @ AD15—-AD8 valid time 10 15 ns
td(e-AL) After @ AD7—ADo delay time 150 ns
tv(e-AL) After @ AD7—ADo valid time 10 15 ns
td(@-SYNC) SYNC delay time 40 ns
tv(¢-SYNC) SYNC valid time 20 ns
td(@-WR) RD and WR delay time 15 25 ns
tv(p-WR) RD and WR valid time 3 7 15 ns
td(¢-DB) After @ data bus delay time 200 ns
tv(¢-DB) After @ data bus valid time 15 ns
WL D) @ pulse W?dth, @ pulse W?dth Fig. 3.1.1 te(xiny—20 ns
I e e s
| A A Ry e s
e s o ey e s
tv(RD-AH) After RD AD15-ADs valid time 5 10 ns
tv(WR-AH) After WR AD15-ADs8 valid time
tv(RD-AL) After RD AD7-ADo valid time 5 10 ns
tv(WR-AL) After WR AD7-ADo valid time
td(WR-DB) After WR data bus delay time 195 ns
tvWR-DB) | After WR data bus valid time 10 ns
tdRESET-RESETor | RESEToUT output delay time (Note 1) 300 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 300 ns

Notel: The RESETouT output goes “H” in sync with the fall of the @ clock that is anywhere between about 8 cycle and 13 cycles after

the RESET input goes “H".
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APPENDIX

3.1 Electrical characteristics

3.1.7 Absolute maximum ratings (Extended operating temperature version)

Table 3.1.14 Absolute maximum ratings (Extended operating temperature version)

Symbol Parameter Conditions Ratings Unit
vVce Power source voltage -0.3t07.0 \%
Input voltage P00-P07, P1lo-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vi P60-P67, P70-P77, P80-P87, —0.3t0Vee +0.3 v
VREF All volt based on V
=== voltage are based on Vss.
VI Input voltage RESET, XIN Output transistors are cut off. -0.3to Vcc +0.3 \%
VI Input voltage CNVss -0.31t0 13 \%
Qutput voltage P00—-P07, P1o-P17, P20-P27,
P30-P37, P40—P47, P50-P57,
vo P60-P67, P70-P77, P80—P87, —0:3toVee +0.3 v
XouTt
Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature -40to 85 °C
Tstg Storage temperature —65 to 150 °C

3.1.8 Recommended operating conditions (Extended operating temperature version)

Table 3.1.15 Recommended operating conditions (Extended operating temperature version)
(Vcc =4.0t0 5.5V, Ta=-40 to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
vVce Power source voltage 4.0 5.0 55 \%
Vss Power source voltage 0 \%
VREF Analog reference voltage (when A-D converter is used) 2.0 Vcc v
Analog reference voltage (when D-A converter is used) 4.0 Vcc
AVss Analog power source voltage 0 \%
VIA Analog input voltage AN0-AN7 AVss vce \Y
Vi Hinput volage PSo-PS7. Poo_POY. Pro_pP7r, PBO-PET | |08 Ve vee | v
VIH “H” input voltage RESET, XIN, CNVss 0.8 Vce vee \%
vi et volage PSo-PSr, PBo-PGr. PT0Pry. PRoPEY | 02vee| v
VIL “L” input voltage RESET, CNVss 0 0.2Vcc| V
VIL “L” input voltage XIN 0 0.16 vcc| V
ZIOH(peak) | “H" total peak output current P00-P07, P10-P17, P20-P27, P30-P37, P80-P87 (Note 1) -80 mA
ZIOH(peak) | “H" total peak output current P40—P47,P50-P57, P60—P67 (Note 1) -80 mA
Z|OL(peak) “L” total peak output current P00-P07, P10-P17, P20-P27, P30-P37, P80-P87 (Note 1) 80 mA
Z|OL(peak) “L” total peak output current P40-P47,P50-P57, P60-P67, P70—P77 (Note 1) 80 mA
2 |OH(avg) “H” total average output current P0o-P07, P10-P17, P20-P27, P30-P37, P80-P87 (Note 1) -40 mA
2 |OH(avg) “H” total average output current P40-P47,P50-P57, P60—P67 (Note 1) -40 mA
ZloL(avg) “L” total average output current PQ00-P07, P10-P17, P20-P27, P30-P37, P80-P87 (Note 1) 40 mA
ZloL(avg) “L” total average output current P40-P47,P50-P57, P60-P67, P70—P77 (Note 1) 40 mA
onpean | " PRk oupu urent B B0 P PR PR PR RS PR PP 0 | ma
0L (peak) “L” peak output current P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47, 10 mA
P50-P57, P60-P67, P70-P77, P80-P87 (Note 2)
IoH(avg) “H” average output current P00-P07, P10-P17, P20-P27, P30—P37, P40—P47, 5 mA
P50-P57, P60-P67, P80—P87 (Note 3)
oL (av) “L” average output current P00-P07, P1o-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60-P67, P70-P77, P80-P87 (Note 3)
f(XIN) Internal clock oscillation frequency 8 MHz

Note 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-
age 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 IoL(avg), IOH(avg) in an average value measured over 100 ms.
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3.1.9 Electrical characteristics (Extended operating temperature version)

Table 3.1.16 Electrical characteristics (Extended operating temperature version)
(Vcc=4.0t0 5.5V, Vss=0V, Ta =-40 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
“H” output voltage P00-PO07, P1o-P17, P20-P27,
VOH P30-P37, P40—-P47, P50-P57, | lIoH = -10 mA Vce-2.0 \%
P60-P67, P80-P87 (Note 1)
“L” output voltage P00-PO07, P1o-P17, P20-P27,
VoL P30-P37, P40-P47,P50-P57, | loL =10 mA 2.0 \%
P60-P67, P70-P77, P80-P87
VT+— VT- Hysteresis CNTRo, CNTR1, INT0-INT4 0.4 \Y
VT+— VT- Hysteresis RXD, SCLK1, SIN2, SCLK2 0.5 \Y
VT+—VT- | Hysteresis RESET 0.5 \Y
“H” input current  PO0-PO07, P1o-P17, P20-P27,
IIH P30-P37, P40-P47, P50-P57, | VI=Vcc 5.0 HA
P60-P67, P70-P77, P80-P87
IIH “H” input current  RESET, CNVss Vi =Vcc 5.0 HA
IIH “H” input current ~ XIN Vi =Vcc 4 HA
“L" input current  P00-PO07, P1o-P17, P20-P27,
I P30-P37, P40-P47, P50-P57, | VI =Vss -5.0 HA
P60-P67, P70-P77, P80-P87
i “L” input current  RESET, CNVss VI =Vss -5.0 HA
i “L” input current  XIN VI =Vss -4 HA
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%
f(XIN) = 8 MHz 6.4 13
f(XIN) = 5 MHz 4 8
When WIT instruction is executed
with f(XIN) = 8 MHz L5 mA
lcc Power source current When WIT instruction is executed 1
with f(XIN) =5 MHz
When STP instruction | Ta=25°C 0.1 1
is executed with clock | (Note 2) '
stopped, output Ta=85°C HA
transistors isolated. (Note 2) 10

Note 1: P45 is measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.

2: With output transistors isolated and A-D converter having completed conversion, and not including current flowing through VREF pin.

3.1.10 A-D converter characteristics (Extended operating temperature version)

Table 3.1.17 A-D converter characteristics

(Extended operating temperature version)

(Vcc=4.0t05.5V,Vss = AVss =0V, VRer = 2.0 V to Vcc, Ta = —40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tCONV Conversion time 50 tc(g)
RLADDER Ladder resistor 35 kQ
IVREF Reference power source input current (Note) VREF =5.0 V 50 150 200 HA
11(AD) A-D port input current 0.5 5.0 HA

Note: When D-A conversion registers (addresses 003616 and 003716) contain “0016".
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APPENDIX

3.1 Electrical characteristics

3.1.11 D-A converter characteristics (Extended operating temperature version)

Table 3.1.18 D-A converter characteristics (Extended operating temperature version)
(Vec=4.0t05.5V,Vss = AVss =0V, VRer = 3.0 V to Vcc, Ta = —40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute accuracy 1.0 %
tsu Setting time 3 ps
Ro Output resistor 1 25 4 kQ
IVREF Reference power source input current (Note) 3.2 mA

Note: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”, and excluding cur-
rents flowing through the A-D resistance ladder.
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3.1.12 Timing requirements and Switching characteristics (Extended operating temperature version)

Table 3.1.19 Timing requirements (Extended operating temperature version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 ps
te(Xin) External clock input cycle time 125 ns
twH(Xin) External clock input “H” pulse width 50 ns
twL(Xin) External clock input “L” pulse width 50 ns
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
twH(INT) INTo to INT4 input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twL(INT) INTo to INT4 input “L” pulse width 80 ns
te(Scika) Serial /01 clock input cycle time (Note) 800 ns
te(Scikz) Serial 1/02 clock input cycle time 1000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 400 ns
twL(Scik1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(RxD-Scik1) | Serial 1/0O1 input set up time 220 ns
tsu(Sm2-Scikz) | Serial 1/02 input set up time 200 ns
th(Scxi-RxD) | Serial 1/01 input hold time 100 ns
th(Scke-Sinz) | Serial 1/02 input hold time 200 ns

Note: When bit 6 of address 001A16 is “1”. Divide this value by four when bit 6 of address 001A16 is “0".

Table 3.1.20 Switching characteristics (Extended operating temperature version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

twH(ScLk1) Serial 1/01 clock output “H” pulse width te(Sck1)/2-30 ns
twL(ScLk1) Serial 1/01 clock output “L” pulse width te(Scik1)/2-30 ns
td(Sc-TxD) | Serial /01 output delay time (Note 1) Fig. 3.1.1 140 ns
tv(Scki-TxD) | Serial 1/01 output valid time (Note 1) -30 ns
tr(Scik) Serial 1/01 clock output rise time 30 ns
tf(ScLk1) Serial 1/01 clock output fall time 30 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scikz)/2-160 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Scikz)/2-160 ns
td(Scwke-Soutz) | Serial 1/02 output delay time Fig. 3.1.2 200 ns
tv(Scke-Sout2) | Serial 1/02 output valid time 0 ns
tf(ScLk2) Serial 1/02 clock output fall time 40 ns
tr(CMOS) CMOS output rise time (Note 2) Fig. 3.1.1 10 30 ns
tf(CMOS) CMOS output fall time (Note 2) 10 30 ns

Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0".
2: Pins XouT pin and P70-77 are excluded.
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APPENDIX

3.1 Electrical characteristics

Table 3.1.21 Timing requirements in memory expansion mode and microprocessor mode
(Extended operating temperature version) (Vcc =4.0t05.5V,Vss=0V, Ta=—-40 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tsu(ONW—-¢g) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—q) Before @ data bus set up time 60 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu{ONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(B-RD) | Before RD data bus set up time 65 ns
th(RD-DB) After RD data bus hold time 0 ns

Table 3.1.22 Switching characteristics in memory expansion mode and microprocessor mode
(Extended operating temperature version)  (Vcc =4.0t0 5.5V, Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

te(g) @ clock cycle time 2tc(XIN) ns
twH(g) @ clock “H” pulse width te(xin)—10 ns
twL(¢) @ clock “L” pulse width te(xin)—10 ns
td(p-AH) After @ AD15—-ADs delay time 20 40 ns
tv(p-AH) After @ AD15—-AD8 valid time 6 10 ns
td(e-AL) After @ AD7—ADo delay time 25 45 ns
tv(e-AL) After @ AD7—ADo valid time 6 10 ns
td(@-SYNC) SYNC delay time 20 ns
tv(p-SYNC) SYNC valid time 10 ns
td(¢-WR) RD and WR delay time 10 20 ns
tv(@-WR) RD and WR valid time 3 5 10 ns
td(¢-DB) After @ data bus delay time 20 70 ns
tv(¢-DB) After @ data bus valid time 15 ns
WL(ED) @ pulse W?dth, @ pulse W?dth Fig. 3.1.1 te(Xm)—10 ns
I e T e s
| A e D o e s
| e Ao W ey s
tv(RD-AH) After RD AD15-AD8 valid time 0 5 ns
tv(WR-AH) After WR AD15-ADs valid time

tv(RD-AL) After RD AD7-ADo valid time 0 5 ns
tv(WR-AL) After WR AD7-ADo valid time

td(WR-DB) After WR data bus delay time 15 65 ns
tvWR-DB) | After WR data bus valid time 10 ns
tdRESET-RESETor | RESETOUT output delay time (Note 1) 200 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 200 ns

Note 1: The RESETouT output goes “H” in sync with the fall of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
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3.1.13 Absolute maxim um ratings (High-speed ver sion)

Table 3.1.23 Absolute maxim um ratings (High-speed ver sion)

APPENDIX

3.1 Electrical characteristics

Symbol Parameter Conditions Ratings Unit
\Y/ele: Power source voltage -0.3t07.0 \%
Input voltage  P00-PO07, P1o—P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vi P60-P67, P70-P77, P80-P87, —0.3toVee +0.3 v
VREF, XIN
Vi Input voltage RESET All voltages are based on Vss. -0.3t07.0 \Y
Mask ROM version | Output transistors are cut off. -0.3t0 7.0
Vi Input voltage CNVss - \Y
PROM version -0.3t0 13
Output voltage P0o-P07, P1o-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
vo P60—P67, P70-P77, P80-P87, —0-3tovee +0.3 v
Xout
Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature —-201t0 85 °C
Tstg Storage temperature -40to 125 °C

3.1.14 Recommended operating conditions (High-speed version )

Table 3.1.24 Recommended operating conditions (High-speed version)

(Vcc =2.71t0 5.5V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
vee Power source voltage (f(XIN) < 4.15 MHz) 2.7 5.0 5.5 Vv
Power source voltage (f(XIN) = 10 MHz) 4.0 5.0 5.5
Vss Power source voltage 0 \Y
VREF Analog reference voltage (when A-D converter is used) 2.0 Vce v
Analog reference voltage (when D-A converter is used) 2.7 Vcc
AVss Analog power source voltage 0 \Y
VIA Analog input voltage ANo0-AN7 AVss Vcc \%
“H” input voltage P00-P07, P10-P17, P20-P27, P30-P37, P40-P47,
VIH P50-P57, P60—P67, P70-P77, P80—P87, RESET, XIN, 0.8 Vcc Vcc \%
CNVss
VIL “L” input voltage P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, 0 0.2 Vee
P50-P57, P60-P67, P70-P77, P80-P87, RESET, CNVss
ViL “L” input voltage XIN 0 0.16 Vcc
ZloH(peak) | “H” total peak output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 1) -80 mA
ZloH(peak) | “H” total peak output current P40-P47,P50—-P57, P60—P67 (Note 1) -80 mA
ZloL(peak) “L” total peak output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 1) 80 mA
ZloL(peak) “L” total peak output current P40-P47,P50-P57, P60-P67, P70—P77 (Note 1) 80 mA
>|0H(avg) “H” total average output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 1) -40 mA
>|0H(avg) “H” total average output current P40—P47,P50-P57, P60—P67 (Note 1) -40 mA
Zl0L(avg) “L” total average output current P00-P07, P1o-P17, P20-P27, P30-P37, P80-P87 (Note 1) 40 mA
Zl0L(avg) “L” total average output current P40—P47,P50-P57, P60-P67, P70—P77 (Note 1) 40 mA
ey | " PeaK ot cutent B0 07 PL PR PR PR P P PP 0 | m
loLpeak) | T e . PoPGy. Pro-p1r. Pao_PBY (Note 2) 10 | mA
IoH(avg) “H” average output current P00-PO07, P1o-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60-P67, P80—P87 (Note 3)
oL (av) “L” average output current P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, 5 mA
P50-P57, P60—P67, P70-P77, P80—-P87 (Note 3)
XN Internal clock oscillation frequency (4.0 V < Vcc £5.5V) 10 MHz
Internal clock oscillation frequency (2.7 V < Vcc < 4.0 V) 4.5Vcc-8

Note 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-

age 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 IOL(avg), |OH(avg) in an average value measured over 100 ms.
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3.1 Electrical characteristics

3.1.15 Electrical characteristics (High-speed version)

Table 3.1.25 Electrical characteristics (High-speed version)

(Vcc=2.7t05.5V,Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
“H” output voltage PQ00-PO07, P10-P17, P20-P27, | IOH =-10 mA Vee—2.0
P30-P37, P40-P47, P50-P57, | Vcc=4.0t0 5.5V )
VoH P60-P67, P80-P87 (Note 1) [ 1o = —1.0 mA v
Vee=271t055V vee-1.0
“L” output voltage P00-P07, P10-P17, P20-P27, | loL =10 mA 20
VoL P30-P37, P40-P47,P50-P57, | Vcc=4.0t05.5V : v
P60-P67, P70-P77, P80-P87 [ |5 = 1.0 mA 10
Vcc=2.7t055V ’
VT+— VT- Hysteresis CNTRo, CNTR1, INTo-INT4 0.4 \%
VT+— VT- Hysteresis RxD, SCLK1, SIN2, SCLK2 0.5 \%
VT+—VT- | Hysteresis RESET 0.5 \%
“H” input current  P00-P07, P10-P17, P20-P27,
liH P30-P37, P40-P47, P50-P57, | Vi=Vcc 5.0 pA
P60-P67, P70-P77, P80—-P87
IIH “H” input current  RESET, CNVss VI =Vcc 5.0 HA
IiH “H” input current ~ XIN VI =Vcc 4 MA
“L"input current  P00-PO07, P10-P17, P20-P27,
P30-P37, P40-P47, P50-P57, _
e P60_P67, P70-P77, P8o-P87, | V'~ VSS S0 | wA
RESET, CNVss
i “L” input current  XIN VI =Vss -4 HA
VRAM RAM hold voltage With clock stopped 2.0 5.5 \%
f(XIN) = 10 MHz, Vcc =5V 8 16
f(XIN) =4 MHz, Vcc = 2.7V 1.3 2
When WIT instruction is executed 2 mA
with f(XIN) = 10 MHz, Vcc =5V
lcc Power source current When WIT instruction is executed 0.3
with f(XIN) =4 MHz, Vcc =2.7V '
When STP instruction | Ta=25°C 01 1
is executed with clock | (Note 2) '
stopped, output Ta=85°C HA
transistors isolated. (Note 2) 10

Note 1: P45 is measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
2: With output transistors isolated and A-D converter having completed conversion, and not including current flowing through VREF pin.

3.1.16 A-D converter characteristics (High-speed version)

Table 3.1.26 A-D converter characteristics (High-speed version)
(Vcc=2.7t05.5V,Vss = AVss =0V, VRer = 2.0 V to Vcc, Ta = -20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tCoNV Conversion time 50 tc(o)
RLADDER Ladder resistor 35 kQ
IVREF Reference power source input current (Note) VREF =5.0 V 50 150 200 HA
11(AD) A-D port input current 0.5 5.0 HA

Note: When D-A conversion registers (addresses 003616 and 003716) contain “0016".
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3.1.17 D-A converter characteristics (High-speed version)

Table 3.1.27 D-A converter characteristics

(High-speed version)

APPENDIX

3.1 Electrical characteristics

(Vcc=2.7t05.5V,Vss = AVss =0V, VREF = 2.7 V to Vcc, Ta = —20 to 85 °C, unless otherwise noted)

Limits

Symbol Parameter Test conditions - Unit
Min. Typ. Max.

— Resolution 8 Bits
Vcc=4.0t055V 1.0

— Absolute accuracy %
Vcc=27t055V 25

tsu Setting time 3 ps

Ro Output resistor 1 25 4 kQ

IVREF Reference power source input current (Note) 3.2 mA

Note: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”, and excluding cur-
rents flowing through the A-D resistance ladder.
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3.1.18 Timing requirements and Switching characteristics (High-speed version)

Table 3.1.28 Timing requirements (1) (High-speed version) (Vcc=4.0t05.5V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 ps
te(Xin) External clock input cycle time 100 ns
twH(Xin) External clock input “H” pulse width 40 ns
twL(Xin) External clock input “L” pulse width 40 ns
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
twH(INT) INTo to INT4 input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twL(INT) INTo to INT4 input “L” pulse width 80 ns
te(Scika) Serial 1/01 clock input cycle time (Note) 800 ns
te(Scikz) Serial 1/02 clock input cycle time 1000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 400 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(RxD-Scik1) | Serial 1/0O1 input set up time 220 ns
tsu(Sm2-Scikz) | Serial 1/02 input set up time 200 ns
th(Scxi-RxD) | Serial 1/01 input hold time 100 ns
th(Scke-Sin2) | Serial 1/02 input hold time 200 ns

Note: When f(XIN) = 8 MHz and bit 6 of address 001A16 is “1”. Divide this value by four when f(XIN) = 8 MHz and bit 6 of address 001A16 is “0”".

Table 3.1.29 Timing requirements (2) (High-speed version) (Vcc=2.7t04.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits )

Symbol Parameter Vin Typ Vo Unit
tw(RESET) Reset input “L” pulse width 2 ps
te(Xiv) External clock input cycle time (4%3?/2218) ns

: wpyn : 400/
twH(XIN) External clock input “H” pulse width (45 Voe-9) ns
; w » ; 400/

twL(XiN) External clock input “L” pulse width (45 Vce-9) ns
tc(CNTR) CNTRo, CNTR1 input cycle time 500 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 230 ns
twH(INT) INTo to INT4 input “H” pulse width 230 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 230 ns
twL(INT) INTo to INT4 input “L” pulse width 230 ns
te(Scika) Serial 1/01 clock input cycle time (Note) 2000 ns
tc(Scik2) Serial 1/02 clock input cycle time 2000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 950 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(RxD-Scik1) | Serial 1/01 input set up time 400 ns
tsu(Sma-Scikz) | Serial 1/02 input set up time 400 ns
th(Scixi-RxD) | Serial /01 input hold time 200 ns
th(Scike-Sin?) | Serial 1/02 input hold time 300 ns

Note: When f(XIN) = 2 MHz and bit 6 of address 001A16 is “1”. Divide this value by four when f(XIN) = 2 MHz and bit 6 of address 001A16 is “0”.
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Table 3.1.30 Switching characteristics (1) (High-speed version)

APPENDIX

3.1 Electrical 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(ScLk1) Serial 1/01 clock output “H” pulse width te(Scik1)/2-30 ns
twL(ScLk1) Serial 1/01 clock output “L” pulse width te(ScLk1)/2-30 ns
td(Scixi-TxD) | Serial /01 output delay time (Note 1) Fig. 3.1.1 140 ns
tv(Scki-TxD) | Serial 1/01 output valid time (Note 1) -30 ns
tr(Scik) Serial 1/01 clock output rising time 30 ns
tf(ScLk1) Serial 1/01 clock output falling time 30 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scik2)/2-160 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Scik2)/2-160 ns
td(Scike-Soutz) | Serial 1/02 output delay time Fig. 3.1.2 200 ns
tv(Scike-Soutz) | Serial 1/02 output valid time 0 ns
tf(ScLk2) Serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note 2) ) 10 30 ns
tf(CMOS) CMOS output falling time (Note 2) Fig. 3.1.1 10 30 ns

Notel: When the P4s/TXD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0”.
2: XouT pin is excluded.

Table 3.1.31 Switching characteristics (2) (High-speed version)

(Vcc=2.7t04.0V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

twH(ScLk1) Serial 1/01 clock output “H” pulse width te(Sck1)/2-50 ns
twL(ScLk1) Serial 1/01 clock output “L” pulse width te(Sck1)/2-50 ns
td(Scx-TxD) | Serial /01 output delay time (Note 1) Fig. 3.1.1 350 ns
tv(Scki-TxD) | Serial 1/01 output valid time (Note 1) -30 ns
tr(ScLk1) Serial 1/01 clock output rising time 50 ns
tf(Scika) Serial 1/01 clock output falling time 50 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scikz)/2—-240 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Scikz)/2—-240 ns
td(Scwke-Soutz) | Serial 1/02 output delay time Fig. 3.1.2 400 ns
tv(Scke-Sout2) | Serial 1/02 output valid time 0 ns
tf(Scik2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 2) Fig. 3.1.1 20 50 ns
tf(CMOS) CMOS output falling time (Note 2) 20 50 ns

Note 1: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0”.
2: XourT pin is excluded.
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Table 3.1.32 Timing requirements in memory expansion mode and microprocessor mode (1) (High-speed version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.

tsu(ONW—¢g) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—q) Before @ data bus set up time 50 25 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu{ONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WrR-ONW) | After WR ONW input hold time
tsu(dB-RD) | Before RD data bus set up time 50 25 ns
th(RD-DB) After RD data bus hold time 0 ns

Table 3.1.33 Switching characteristics in memory expansion mode and microprocessor mode (1) (High-speed version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
te(g) @ clock cycle time 2tc(XIN) ns
twH(g) @ clock “H” pulse width te(xin)—10 ns
twL(¢) @ clock “L” pulse width te(xin)—10 ns
td(p-AH) After @ AD15—-ADs delay time 16 35 ns
tv(p-AH) After @ AD15—-AD8 valid time 2 5 ns
td(e-AL) After @ AD7—ADo delay time 20 40 ns
tv(e-AL) After @ AD7—ADo valid time 2 5 ns
td(@-SYNC) SYNC delay time 16 ns
tv(p-SYNC) SYNC valid time 5 ns
td(¢-DB) After @ data bus delay time 15 30 ns
tv(¢-DB) After @ data bus valid time 10 ns
_ RD pulse width, WR pulse width te(Xm)—10 ns

twL(RD) RD pulse width, WR pulse width Fig. 3.1.1
BWLOWR) (When one-wait is valid) Ste(xiny-10 ns
| A e D o e s
AL WR) | Aftor AD7-ADO WR delay time tepxny=40 | to-20 ns
tv(RD-AH) After RD AD15-AD8 valid time 2 5 ns
tv(WR-AH) After WR AD15-ADs8 valid time
tv(RD-AL) After RD AD7-ADo valid time 5 5 ns
tv(WR-AL) After WR AD7-ADo valid time
td(WR-DB) After WR data bus delay time 15 30 ns
tyWR-DB) | After WR data bus valid time 10 ns
tdRESET-RESETo | RESETOUT output delay time (Note 1) 200 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 100 ns

Note 1: The RESETouT output goes “H” in sync with the fall of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
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Table 3.1.34 Timing requirements in memory expansion mode and microprocessor mode (2) (High-speed version)
(Vec=2.7V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.

tsu(ONW—¢g) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—q) Before @ data bus set up time 120 60 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu(ONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(dB-RD) | Before RD data bus set up time 120 60 ns
th(RD-DB) After RD data bus hold time 0 ns

Table 3.1.35 Switching characteristics in memory expansion mode and microprocessor mode (2) (High-speed version)
(Vecc =2.7V,Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
te(g) @ clock cycle time 2tc(XIN) ns
twH(g) @ clock “H” pulse width te(xin)—20 ns
twL(¢) @ clock “L” pulse width te(xin)—20 ns
td(p-AH) AD15-ADs delay time 40 100 ns
tv(p-AH) AD15—-ADs valid time 5 10 ns
td(e-AL) AD7-ADo delay time 50 100 ns
tv(e-AL) AD7-ADo valid time 5 10 ns
td(@-SYNC) SYNC delay time 40 ns
tv(p-SYNC) SYNC valid time 10 ns
td(¢-DB) Data bus delay time 30 80 ns
tv(¢-DB) Data bus valid time 10 ns
WL ED) @ pulse W?dth, @ pulse W?dth Fig. 3.1.1 te(xin)—20 ns
W) | (ohon oneawatis valld) 3tox-20 ns
e | A D A Wy e s
WAL WR) | After AD7-ADO WR delay time te0x=100 | tan)-50 ns
tv(RD-AH) After RD AD15-AD8 valid time 5 10 ns
tv(WR-AH) After WR AD15-ADs8 valid time
tv(RD-AL) After RD AD7-ADo valid time 5 10 ns
tv(WR-AL) After WR AD7-ADo valid time
td(WR-DB) After WR data bus delay time 30 80 ns
tvWR-DB) | After WR data bus valid time 10 ns
tdRESET-RESETor | RESETOUT output delay time (Note 1) 300 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 150 ns
Note 1: The RESETOUT output goes “H” in sync with the rise of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
Measurement output pin ()j—» 1kQ
100pF Measurement output pin
;l 100pF
CMOS output J;
N-channel open-drain output

Fig. 3.1.1 Circuit for measuring output switching
characteristics (1)

Fig. 3.1.2 Circuit for measuring output switching
characteristics (2)
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3.1.19 Timing diagram

)

I

N

tv(SCLK1-TXD),
tv(ScLk2-SouT2)

Timing Diagram
| {C(CNTR)
; IWH(CNTR) - IWL(CNTR)
CNTRo, CNTR1 0.8 Vee )’\L 0.2 Ve ]
| TWH(INT) | twL(INT)
INTo-INT4 /‘ 0.8 Vee H 0.2 Vee
’ IW(RESET) ,
RESET 0.8 Vcc
0.2 Vcc
) tc(xiny
’ TWH(XIN) . TWL(XIN)
0.8V
XIN ce H 0.2 Vcc A
tc(sciki), te(scik2)
tf twi(sciki), twi(scLk2) tr tWH(ScLK1), tWH(SCLK2)
ScLK1 — J
ScLk2 \( 0.2 Vee ] 0.8 Vcc
tsu(RxD-SCLK1), th(ScLK1-RXD),
tsu(SIN2-SCLK2) th(scLk2-SIN2)
S|N2 x 0.2 Vcc 7
td(scLk1-TxD),td(ScLK2-SoUT2)
TxD
Sout2

Fig. 3.1.3 Timing diagram (in single-chip mode)
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Timing Diagram in Memory Expansion Mode and Microprocessor Mode (1)

(At CPU writing)

RESET

RESETout

N

Timing Diagram in Microprocessor Mode

tc
tWH(g) twi(g)
¢ 4 \ /
7 0.5 Vvcc \ 7
td(-AH) tv(p-AH)
AD15-ADg Wos vee XX
td(p-AL) tv(gAL)
AD7—ADo %k% vee ><><
td(¢-SYNC) tv(e-SYNC)
SYNC ?’Qko.s vee ><><:
td(¢WR) tv(-WR)
@,WR 0.5 Vce
tSUONW-g) th(e-ONW)
ONW XXX XXXXX XX N o2 vee XX
ONW L0.2 Ve 2
_tsus-¢ th(¢DB)
. 0.8 Vce
DBo-DB7 io.zw:c ﬁ
(At CPU reading)
td(¢-DB) tv(e¢-DB)
DBo-DB7 0.5 Voo >_

({

0.8 Vcc /#
x 0.2 Vcc g

{d(RESET- RESETOUT)

0.5Vcc

(@

)

tv(¢- RESETOUT)

)

Fig. 3.1.4 Timing diagram (in memory expansion mode and microprocessor mode) (1)
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AD15—ADs

AD7—ADo

ONW

(At CPU reading)

RD

DBo-DB7

(At CPU writing)

WR

DBo-DB7

Timing Diagram in Memory Expansion Mode and Microprocessor Mode (2)

twL(RD)
tWL(WR)

\\ 0.5 Vce

/|

td(AH-RD)
td(AH-WR)

—

tv(RD-AH)

%\IEH)

X * 0.5 Vcc

td(AL-RD)

tv(RD-AL)

%V%AL)

td(AL-WR)
tsu(ONW-RD)

><>>< 0.5 Ve
tsu(ONW-WR)

th(RD-ONW)
th(WR-ONW)

f 0.8 Vvce
0.2 Vcc

X0

tWL(RD)

\\ 0.5 Vce

tSu(DB-RD)

|

th(RD-DB)

0.8 Vcc

0.2 Vcc

—

tWL(WR)

\- 0.5 Vcc

td(WR-DB)

—

0.5 Vce

Fig. 3.1.5 Timing diagram (in memory expansion mode and microprocessor mode) (2)
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3.2 Standard characteristics
3.2.1 Power source current characteristic examples

Figures 3.2.1 and Figure 3.2.2 show power source current characteristic examples.

[Measuring condition :

Rectangular waveform

Power source current

25 °C, A-D conversion stopped]

(mA)

Vecc =55V, Ta=25 °C

/

Vec=4.0V,Ta=25°C

7 /
6 ///

5 //

4 // /

; /,/ —

? ,// Vee =2.7V, Ta=25°C

>

10
Frequency f(Xin) (MHz)

Fig. 3.2.1 Power source current characteristic example

[Measuring condition :

Power source current

Rectangular waveform

25 °C, A-D conversion stopped]

(mA) 9

8

7

| —

[ —

Vecc =55V, Ta=25°C

| —
I

|

=———F—Vcc=27V,Ta=25°C

—

Vec=4.0V, Ta=25°C

3

0 1 2 3 4 5 6 7

8

9

10
Frequency f(XiN) (MHz)

Fig. 3.2.2 Power source current characteristic example (in wait mode)
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3.2.2 Port standard characteristic examples
Figures 3.2.3, Figure 3.2.4, Figure 3.2.5 and Figure 3.2.6 show port standard characteristic examples.

[Port POo IoH—VOH characteristic (P-channel drive)]
(Pins with same characteristic : PO, P1, P2, P3, P4, P5, P6, P8)

IoH

ma) A
-50
-45
-40
Vee=5.0V
-3 Ta =85 °C
-30 Vee =4.0V
_25 Ta=85°C N
-20 | \\
_15 Vee =27V N
Ta = 85°C \\
-5 \\ N AN
0 N >
0 05 10 15 20 25 30 35 40 45 50 55

VoH (V)

Fig. 3.2.3 Standard characteristic example of CMOS output port at P-channel drive (1)

[Port POo IoH-VoOH characteristic (P-channel drive)]
(Pins with same characteristic : PO, P1, P2, P3, P4, P5, P6, P8)

loH A
(mA)
—45 — Vec=5.0V
—40 Ta=25°C
35 Vee=4.0V N\
-30 Ta=25°C \\
-25 | N
20 Vee =27V L \
- Ta=25°C N
s N\ AN
_10 N \
N N
5 AN
0 N >
0 05 10 15 20 25 30 35 40 45 50 55

VoH (V)

Fig. 3.2.4 Standard characteristic example of CMOS output port at P-channel drive (2)
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[Port POo loL—VoL characteristic (N-channel drive)]
(Pins with same characteristic : PO, P1, P2, P3, P4, P5, P6, P7, P8)

loL
(mA)

50

45
L —
40 ] Vee=50V |

Ta=85°C
35

30
25

Vec=4.0V
. / e Ta=85°C
/8
15 /
10 // Vee =27V
5 // Ta ‘2 85 °C
0

0 05 10 15 20 25 30 35 40 45 50
VoL (V)

Fig. 3.2.5 Standard characteristic example of CMOS output port at N-channel drive (1)

[Port POo loL—VoL characteristic (N-channel drive)]
(Pins with same characteristic : PO, P1, P2, P3, P4, P5, P6, P7, P8)

loL A
(mA)
50 —
45 | Vec=5.0V
Ta=25°C
40 ‘
e —
/ Vec=4.0V
30 /’ Ta=25°C
25 ///
20 /
15
] Vee=2.7V
10 Ta=25°C
Y/
0 >

0 05 10 15 20 25 30 35 40 45 50
VoL (V)

Fig. 3.2.6 Standard characteristic example of CMOS output port at N-channel drive (2)
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3.2.3 A-D conversion standard characteristics

Figure 3.2.7 shows the A-D conversion standard characteristics.

The lower-side line on the graph indicates the absolute precision error. It represents the deviation from the
ideal value. For example, the conversion of output code from O to 1 occurs ideally at the point of ANo =
10 mV, but the measured value is 0 mV. Accordingly, the measured point of conversion is represented as
“10 - 0 = 10 mV.”

The upper-side 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 13 is 22 mV, so the differential nonlinear
error is represented as “22 — 20 = 2 mV” (0.1 LSB).

Vecec =5.12 [V], VREF =5.12 [V]
XIN = 4.80 [MHz], ANALOG Port P60
Temp. = 25deg.
1LSB WIDTH
30 (T T T T T T T T T T T T T T T T Hyux T 30
20 T A —A AA ~ A 20+1LSB
=
S 10 10 (£
£ s
& 0 FHRRARRE AR R O O
£ T A Vo LAY T~ e
@ —_
W —10 +— 3
Absolute precision error =
-0t — -4 +---1--+-" - -1 —|— 1 — +— —|— — -1LsB
-30 NN S NN N NN N NN NN NN NN NS NN ENNESEENEEEENEEEEEN}
8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128
STEP No.
30 (T T T T T T T T T T T T T T T T T T T e e e e 30
20 A 20+1LSB
=
S 10 10 (£
£ =
& 0 FHHHHHHHH A O O
e Tt RARRARAN ALY VALK RARRARAN RAREER S ul RARAAAAE AUARA) SASAL)S AR AN RRLS SR AR N g
@
W —10 3
=
-0t — -4+ -------" - -1 —|\— 1 — +— —|— — -iLsB
-30 NN S NN N NN N NN NN NN NN NS NN ENNESEENEEEENEEEEEN}
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP No.
Measured when a power source voltage is stable in the single-chip mode and the high-speed mode

Fig. 3.2.7 A-D conversion standard characteristics
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3.2.4 D-A conversion standard characteristics

Figure 3.2.8 shows the D-A conversion standard characteristics. The lower-side line on the graph indicates
the absolute precision error. In this case, it represents the difference between the ideal analog output value
for an input code and the measured value.

The upper-side line on the graph indicates the change width of output analog value to a one-bit change
of input code.

D-A CONVERTER STEP WIDTH MEASUREMENT

Vce =5.12 [V], VREF = 5.12 [V]
XIN =4.80 [MHz], ANALOG OUTPUT — DA
Temp. = 25deg.
1LSB WIDTH

30 [T T T [ T T T T AT T T T e 30

20 FW/‘WMMMMP\M —a 20+1LSB

i
off 0o
— 1 1
> @
E =
L~ —— <
@ 0 [NEEEN AN lllllllmlLllLLl I N NI NN N NN NN 11111110 o
o) T T T T T T T T T T T T T T INAT T T TN T P TS LT e e e et
o —— T
o
w_10 o E
Absolute precision error =<
-20|— -+ -+ -9 —\-—|-"—]-" 4 -+ — 7= == —|— —|— — -1iLsB
_30 I N N N NN NN NS NN NN NN E NN
8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128
STEP No.

30 (T T T T T T T T T T T T T T T T T e 30

20 WWWWWWWWWWWWWWW%ZMLSB

-

10 o
— 10
> w@
E s
14 0 I N NN NN NN NN HLHHO 5
O WA N R 3
M— ]

24 I
& NN AN\ —_
w_10 3
=<

-20|- -] -4+ + -1+ —\--|-—]1- - - 4~ -+ - —|— —|— — -iLsB

o b b b e b b b b s b b b b s b
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
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Measured when a power source voltage is stable in the single-chip mode and the high-speed mode
Fig. 3.2.8 D-A conversion standard characteristics
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) Sequence for switching an external interrupt
detection edge
When the external interrupt detection edge must be

|Clear an interrupt enable bit to “0” (interrupt disabled) |

switched, make sure the following sequence. | Switch the jfteCtion edge |
Reason Clear an interrupt request bit to “0” (no interrupt requ-

The interrupt circuit recognizes the switching of the [est issued)

detection edge as the change of external input N

signals. This may cause an unnecessary interrupt. Set the interrupt enable bit to “1” (interrupt enabled ) |

(2) Bit 7 of the interrupt control register 2
Fix the bit 7 of the interrupt control register 2 b7 bo

. “g”. 0 Interrupt control register 2
(Address:003Fis6) to “0 Address 003F16

Figure 3.3.1 shows the structure of the interrupt
control register 2.

Interrupt enable bits

Not used
Fix this bit to “0”

Fig. 3.3.1 Structure of interrupt control register 2

3.3.2 Notes on the serial /01

(1) Stop of data transmission
As for the serial /01 that can be used as either a clock synchronous or an asynchronous (UART) serial I/O, clear
the transmit enable bit to “0” (transmit disabled), and clear the serial I/O enable bit to “0” (serial /01 disabled)in
the following cases :
e when stopping data transmission during transmitting data in the clock synchronous serial /O mode
e when stopping data transmission during transmitting data in the UART mode
e when stopping only data transmission during transmitting and receiving data in the UART mode

Reason
Since transmission is not stopped and the transmission circuit is not initialized even if the serial /01 enable bit
is cleared to “0” (serial /01 disabled), the internal transmission is running (in this case, since pins TxD, RxD, SCLK1,
and SRrDY1 function as I/O ports, the transmission data is not output). When data is written to the transmit buffer
register in this state, the data is transferred to the transmit shift register and start to be shifted. When the serial
I/01 enable bit is set to “1” at this time, the data during internally shifting is output to the TxD pin and ti may cause
an operation failure to a microcomputer.

(2) Stop of data reception
As for the serial /01 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 /O enable bit to “0” (serial /O disabled) in the
following case :
e when stopping data reception during receiving data in the clock synchronous serial I/O mode
Clear the receive enable bit to “0” (receive disabled) in the following cases :
e when stopping data reception during receiving data in the UART mode
e when stopping only data reception during transmitting and receiving data in the UART mode
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(3) Stop of data transmission and reception in a clock synchronous serial I/O mode
As for the serial /01 that can be used as either a clock synchronous or an asynchronous (UART) serial I/O, clear
both the transmit enable bit and receive enable bit to “0” (transmit and receive disabled) at the same time in the
following case:
e when stopping data transmission and reception during transmitting and receiving data in the clock synchronous
mode (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 I/O 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 /01 enable bit to “0” (serial I/O1 disabled) (refer to (1)).

(4) The SRDY pin on a receiving side
When signals are output from the SRDY 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 SRDY output enable bit, and the transmit enable
bit to “1” (transmit enabled).

(5) Stop of data reception in a clock synchronous
serial /0 mode
Set the serial I/O1 control register again after the
transmission and the reception circuits are reset by

Clear both the transmit
enable bit (TE) and the
receive enable bit (RE) to “0”

clearing both the transmit enable bit and the receive N2
enable bit to “0.” Set the bits 0 to 3 and bit 6 of
the serial 1/0O1 control
register Can be set with the
\|/ LDM instruction at

Set both the transmit enable | | the same time
bit (TE) and the receive
enable bit (RE) to “1”

(6) Control of data transmission using the transmit shift completion flag
The transmit shift completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift clocks. When checking
the transmit shift completion flag after writing a data to the transmit buffer register for controlling a data
transmission, note this delay.

(7) Control of data transmission using an external clock
When an external clock is used as the synchronous clock for data transmission, set the transmit enable bit to “1”
at “H” level of the ScLK input signal. Also, write data to the transmit buffer register at “H” level of the ScLK input
signal.

3.3.3 Notes on the A-D converter

(1) Input of signals from signal source with high impedance to an analog input pin
Make the signal source impedance for analog input low, or equip an analog input pin with an external capacitor
of 0.01 uF to 1 uF. Further, maek sure to check the operation of application products on the user side.

Reason
The A-D converter builds in the capacitor for analog voltage comparison. Accordingly, when signals from signal
source with high impedance are input to an analog input pin, a charge and discharge noise generates. This may
cause the A-D conversion precision to be worse.
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(2) AVss pin
Connect a power source for the A-D converter, AVss pin to the Vss line of the analog circuit.

(3) A clock frequency during an 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 500 kHz or more .
(When the ONW pin is "L", f(XIN) is 1 MHz or more.)
e Do not execute the STP instruction and WIT instruction.

3.3.4 Notes on the RESET pin

When a rising time of the reset signal 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, make
sure the following :

e Make the length of the wiring which is connected to a capacitor the shortest possible.

e Make sure to check the operation of application products on the user side.

Reason
If the several nanosecond or several ten hanosecond impulse noise enters the RESET pin, a microcomputer may

malfunction.

3.3.5 Notes on input and output pins

(1) Fix of a port input level in stand-by state
Fix input levels of an input and an I/O port for getting effect of low-power dissipation in stand-by state, especially
for the I/O 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, make sure the following:
e External circuit
e Variation of output levels during the ordinary operation

* stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

Reason
Even when setting as an output port with its direction register, in the following state :
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. Make sure 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 an input and an 1/O port are “undefined.” This may cause power source current.

(2) Modify of the content of I/O port latch
When the content of the port latch of an 1/O port is modified with the bit managing instruction*, the value of the

unspecified bit may be changed.

Reason
The bit managing instruction is read-modify-write instruction for reading and writing data by a byte unit.
Accordingly, when this instruction is executed on one bit of the port latch of an I/O port, the following is executed
to all bits of the port latch.
e As for a bit which is set as 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 as an output port : The bit value is read in the CPU, and is written to this bit after bit
managing.
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Make sure the following :
e 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 Even when a bit of a port latch which is set as an input port is not speccified with a bit managing instruction,
its value may be changed in case where content of the pin differs from a content of the port latch.

* bit managing instructions : SEB and CLB instruction

(3) The AVss pin when not using the A-D converter

When not using the A-D converter, handle a power source pin for the A-D converter, AVss pin as follows :
e AVss : Connect to the Vss pin

Reason
If the AVss pin is opened, the microcomputer may malfunction by effect of noise or others.

3.3.6 Notes on memaory expansion mode and microprocessor mode

(1) Writing data to the port latch of port P3
In the memory expansion or the microprocessor mode, ports P30 and P31 can be used as the output port. Use the
LDM or STA instruction for writing data to the port latch (address 000616) of port P3.
When using a read-modify-write instruction (the SEB or the CLB instruction), allocate the read and the write
enabled memory at address 000616.

Reason

In the memory expansion or microprocessor mode, address 000616 is allocated in the external area.
Accordingly,

e Data is read from the external memory.

e Data is written to both the port latch of the port P3 and the external memory.
Accordingly, when executing a read-modify-write instruction for address 000616, external memory data is read and
modified, and the result is written in both the port latch of the port P3 and the external memory. If the read enabled
memory is not allocated at address 000616, the read data is undefined. The undefined data is modified and written
to the port latch of the port P3. The port latch data of port P3 becomes “undefined.”

(2) Overlap of an internal memory and an external memory
When the internal and the external memory are overlapped in the memory expansion mode, the internal memory
is valid in this overlapped area. When the CPU writes or reads to this area, the following is performed :
e When reading data
Only the data in the internal memory is read into the CPU and the data in the external memory is not read into
the CPU. However, as the read signal and address are still valid, the external memory data of the
corresponding address is output to the external data bus.
e When writing data
Data is written in both the internal and the external memory.
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3.3.7 Notes on built-in PROM
(1) Programming adapter
To write or read data into/from the internal PROM, use the dedicated programming adapter and general-purpose

PROM programmer as shown in Table 3.3.1.

Table 3.3.1 Programming adapter

Microcomputer Programming adapter PROM mode
M38063E6FS PCA4738L-80A
M38063E6FP

PCA4738F-80A 256K

(one-time blank)

M38063E6GP

PCA4738G-80A
(one-time blank)

M38067ECAFS PCA4738L-80A

M38067ECFP
(one-time blank)

M38067ECDFP

PCA4738F-80A
(one-time blank)

M38067ECAFP

1M

(one-time blank)

M38067ECGP

(one-time blank)

M38067ECAGP

PCA4738G-80A

(one-time blank)

(2) Write and read

In PROM mode, operation is the same as that of the M5M27C256AK and the M5M27C101, 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 write/read. Take care not to apply 21 V to Vpp pin (is also used as
the CNVss pin), or the product may be permanently damaged.

e Programming voltage : 12.5V

e Setting of programming adapter switch : refer to table 3.3.2

e Setting of PROM programmer address : refer to table 3.3.3

Table 3.3.2 Setting of programming adapter switch
Programming adapter SW 1 SwW 2 SW 3

PCA4738F-80A
PCA4738L-80A CMOS CMOS OFF

PCA4738G-80A
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Table 3.3.3 Setting of PROM programmer address

Microcomputer PROM programmer start address PROM programmer completion address

M38063E6FS
M38063E6FP
M38063E6GP
M38067ECFP
M38067ECGP
M38067ECDFP
M38067ECAFS
M38067ECAFP

M38067ECAGP

Notel : Addresses A08016 to FFFD16 in the internal PROM correspond to addresses 208016 to 7FFD16 in the
ROM programmer.

Address : 208016 (Note 1) Address : 7FFD16 (Note 1)

Address : 408016 (Note 2) Address : FFFD16 (Note 2)

2 : Addresses 408016 to FFFD16 in the internal PROM correspond to addresses 408016 to FFFD16 in the
ROM programmer.
(3) Erasing
Contents of the windowed EPROM are erased through an ultraviolet light source of the wavelength 2537-
Angstrom . At least 15 W-sec/cm?are required to erase EPROM contents.
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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 be 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) Wiring for the 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).

Reason
The reset works to initialize a microcomputer.
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 é Z Reset
circuit ¢ RESET circuit RESET
Vss Vss Vss - T Vss
N.G. 3806 group O.K. 3806 group

Fig. 3.4.1 Wiring for the RESET pin

(2) Wiring for clock input/output pins
e Make the length of wiring which is connected to clock 1/O pins as short as possible.
e Make the length of wiring (within 20mm) across the grounding lead of a capacitor which is connected to an
oscillatorand the Vss pin of a microcomputer as short as possible.
e Separate the Vss pattern only for oscillation from other Vss patterns.

Reason
A microcomputer's operation synchronizes with a clock generated by the oscillator (circuit). If noise enters clock
1/0 pins, clock waveforms may be deformed. This may cause a malfunction 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.
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Noise An example of Vss patterns on the
- underside of a printed circuit board

S ] ] Oscillator wiring
pattern example
=] XIN
(XN XN — =5 XouT
=+ Xout F—Xout = \/ss
Vss Vss
777)
N.G. O.K. Separate the Vs line for oscillation from other V ss lines

Fig. 3.4.2 Wiring for clock 1/O pins

(3) Wiring for the V PP pin of the One Time PROM
version and the EPROM version

(In this microcomputer the V PP pin is also used
as the CNV ss pin)
Connect an approximately 5 kQ resistor to theVpp
pin the shortest possible in series and also to the Vss
pin. When not connecting the resistor, make the CNVss/Vpp
length of wiring between the VPP pin and the Vss pin '
the shortest possible. Vss

Approximately
5kQ

Note:Even when a circuit which inclued an 3806 group
approximately 5 kQ resistor is used in the Mask ROM

version, the maicrocomputer operates correctly. Make it the shortest possible

Reason
The VPP pin of the One Time PROM and the EPROM Fig. 3.4.3 Wiring fortheVV pp pin_ of the One Time PROM
version is the power source input pin for the built-in and the EPROM version
PROM. When programming in the built-in PROM,
the impedance of the VPP pin is low to allow the
electric current for wiring flow into the PROM. Be-
cause of this, noise can enter easily. If noise enters
the VPP pin, abnormal in struction codes or data are
read from the built-in PROM, which may cause a
program runaway.

3.4.2 Connection of a bypass capacitor across the
Vss line and the Vcc line
Connect an approximately 0.1 uF bypass capacitor
across the Vss line and the Vcc line as follows:
e Connect a bypass capacitor across the Vss pin i
and the Vcc pin at equal length . Chip
e Connect a bypass capacitor across the Vss pin
and the Vcc pin with the shortest possible wiring. Vce Vss
e Use lines with a larger diameter than other signal ﬁ

lines for Vss line and Vcc line. ﬂ
bhvss NN

il

Vcc

2

Fig. 3.4.4 Bypass capacitor across the V. ss line and
the Vccline
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3.4.3 Wiring to analog input pins

e 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.

Reason

Signals which is input in an analog input pin (such as
an A-D converter 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.

3.4.4. Consideration for oscillator
Take care to prevent an oscillator that generates
clocks for a microcomputer operation from being
affected by other signals.

(1) Keeping an 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.

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.

(2) Keeping an oscillator away from signal lines
where potential levels change frequently
Install an oscillator and a connecting pattern of an
osillator 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.

Reason
Signal lines where potential levels change frequently
(such as the CNTR pin line) may affect other lines at
signal rising 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.

=z
o.
7]
(]

(Note) Microcomputer

Thermistor

@ :

g N.G. O.K. Vs

uu

i Analog
5 I A input pin

Note:The resistor is for dividing resistance
with a thermister.

Fig.3.4.5 Analog signal line and a resistor and a
capacitor

’Microcomputer
Mutual inductance -

MI%
=

Large &5 | XIN
current Xout
Vss

GND

1

Fig.3.4.6 Wiring for a large current signal line

Do not cross CNTR

f XIN
; XouTt
Vss

vy

HOK

Fig.3.4.7 Wiring to a signal line where potential levels
change frequently
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3.4.5 Setup for I/O ports
Setup 1/0 ports using hardware and software as follows: Noise
O.K.
<Hardware>
e Connect a resistor of 100 Q or more to an I/O port Data bus ONNN—=
inseries. i
™ atce
<Software> N.G.
e As for an input port, read data several times by a O—~——
program for checking whether input levels are I/O port
equal or not. pins
e As for an output port, since the output data may
reverse because of noise, rewrite data to its port

latch at fixed periods.

e Rewirte data to direction registers and pull-up
control registers (only the product having it) at fixed
periods.

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.

Fig. 3.4.8 Setup for I/O ports

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 (ﬁM ain routine Qnterrupt processing routine)

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.

[(swWDT) - (SwDT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
<The main routine> routine errors errors

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  Fig. 3.4.9 Watchdog timer by software
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.

e Watches the operation of the interrupt processing routine by comparing the SWDT contents with counts of
interrupt processing count 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 cases:
If the SWDT contents do not change after interrupt processing
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<The interrupt processing routine>

e Decrements the SWDT contents by 1 at each interrupt processing.

e Determins 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).

e Detects that the main routine has failed and determines to branch to the program initialization routine for recovery
processing in the following case:
When the contents of the SWDT reach 0 or less by continuative decrement without initializing to the initial value
N .
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Port Pi
b7 b6 b5 b4 b3 b2 bl bo

Port Pi (Pi) (i1=0, 1,2, 3, 4,5, 6,7, 8)
[Address : 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1016]

B Name Function Atreset| R |W
Port Pio « In output mode ? |9|©
Write
1 | Port Pix Read}Port latch > |ofo
 In input mode
12 |Port Pi2 Write : Port latch 2 [O]C
Read : Value of pins
3 | Port Pis » |O|O
4 | Port Pia 2 O|0O
{5 |Port Pis 2 |©]0
6 | Port Pis ~» |O|0O
Port Pi7 » |O|O

Fig. 3.5.1 Structure of Port Pi (i=0, 1, 2, 3,4, 5,6, 7, 8)

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i=0, 1, 2,3,4,5,6, 7, 8)

[Address : 0116, 0316, 0516, 0716, 0916, 0B16, 0D16, OF16, 1116]

B Name Function Atreset| R |W

0 | Port Pi direction register 0 : Port Pioinput mode 0 |ofo
1: Port Pio output mode

1 0 : Port Pizinput mode 0 Oolo
| 1 : Port Pi1 output mode

) 0 : Port Pizinput mode o |O]lo
|| 1 : Port Pi2 output mode

3 0 : Port Pizinput mode o |olo
1: Port Piz output mode

4 0 : Port Piainput mode o |olo
1 : Port Pia output mode

5 0 : Port Pis input mode 0 olo
| 1 : Port Pis output mode

6 0 : Port Pis input mode o |olo
1 : Port Pis output mode

7 0 : Port Pizinput mode o |O]o
1: Port Pi7 output mode

Fig. 3.5.2 Structure of Port Pi direction register (i =0, 1, 2, 3, 4,5, 6, 7, 8)
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Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl b0

Transmit/Receive buffer register (TB/RB) [Address : 1816]

I I I I I I 1 1
R i 1B Function Atreset| R |W
| | | | | | |
I | L Lfo|A transmission data is written to or a receive data is read out ?2 |lolo
[ N N | [ from this buffer register.
A 1 |+ Atwriting : a data is written to the transmit buffer register. > lolo
o « At reading : a content of the receive buffer register is read out. )
I - 7 o0
| | | | | —
TR T 3 2> |olo
| | | |
| | | | —
R R 4 ? |o|o
| | |
| | | —
i i (R 5 ? [O]0O
] O > Tolo
| —
L 7 2 |olo
Fig. 3.5.3 Structure of Transmit/Receive buffer register
Serial /01 status register
b7 b6 b5 b4 b3 b2 bl b0
A1 I 1 1 1 | Seriall/O1 status reigster (SIO1STS) [Address : 191¢]
i i i i i i i i B Name Function Atreset| R |W
Lo Transmit buffer empty flag 0 : Buffer full o |olo
bl (TBE) 1 : Buffer empty
| | | | | | |
1Lt L '1] Receive buffer full flag (RBF) |0 : Buffer empty o [of|O
S T T A 1 : Buffer full
A N o | Transmit shift register shift 0 : Transmit shift in progress o |olo
Lo completion flag (TSC) 1 : Transmit shift completed
Lo Lo 3 | Overrun error flag (OE) 0 : No error 0o |O|O
b 1 : Overrun error
A 4 | Parity error flag (PE) 0 : No error 0 |o|U
[ B 1: Parity error
| | |
T T TR 5 | Framing error flag (FE) 0: No error 0 |o|O
[ 1 : Framing error
o - —
b 6 | Summing error flag (SE) 0: (OE) U (PE) U (FE)=0 0 |O|0O
| 1: (OE) U (PE) U (FE) =1
|
‘ 7 | Nothing is allocated for this bit. It is a write disabled bit. 1 o0

When this bit is read out, the value is “0.”

Fig. 3.5.4 Structure of Serial /01 status register
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Serial I/0O1 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial /01 control register (SIO1CON) [Address : 1A16]
I I I 1 1 1 1 1
b |B Name Function Atreset] R+ W
o o | BRG count source 0 : f(XIN) 0 |o!o
1111 11 || selection bit (CSS) 1: f(XIN)/4 :
| .
o 1| Serial /01 At selecting clock synchronous serial /0 0 0.0
A synchronous clock 0: BRG output divided by 4
i selection bit (SCS) 1: External clock input :
I I I I I I At selecting UART !
A 0 BRG output divided by 16 !
} } } } } } 1: External clock input divided by 16 :
A . 2 | Srovioutput enable bit 0 : 1/0 port (P47) o |oo
B (SRDY) 1 : SRDY1 output pin :
[ A N R 3| Transmit interrupt 0 : Transmit buffer empty 0 0,0
A T T —— source selection bit 1 : Transmit shift operating
Lo (TIC) completion '
o L 4 | Transmit enable bit (TE) 0 : Transmit disabled o |oio
Lo 1 : Transmit enabled '
oo 5| Receive enable bit (RE) 0: Receive disabled 0 |0O:0
Lo 1: Receive enabled '
ey 6| Serial /01 mode 0: UART 0o |oio
| selection bit (SIOM) 1 : Clock synchronous serial 1/O :
| 7| Serial /01 enable bit 0: (S;A{ialglélol Siosablec)i 0 |oio
L 4—PA47 . port .
(SIOE) 1: Serial /01 enabled ,
(P44—P47 : Serial 1/0 function pin) i
Fig. 3.5.5 Structure of Serial 1/01 control register
UART control register
b7 b6 b5 b4 b3 b2 bl bo
- UART control register (UARTCON) [Address : 1B16]
oo B Name Function Atreset| R tW
© 1 01 11| o Character length 0: 8 bits o |00
e selection bit (CHAS) 1:7 bits !
b 1 | Parity enable bit 0 : Parity checking disabled o |ot0o
A (PARE) 1 : Parity checking enabled '
A 2 | Parity selection bit 0 : Even parity 0 (o0
P (PARS) 1 : Odd parity :
A 3 | Stop bit length selection 0: 1 stop bit o (oo
. bit (STPS) 1: 2 stop bits :
N - In output mode !
A 4 | P4s/TxD P-channel 0- CMOS output 0 |© :O
o output disable bit 1 : N-channel open-drain i
o (POFF) output :
bt | 5 | Nothing is allocated for these bits. These are write 1 100
R | 6 | disabled bits. When these bits are read out, the 1 (oo
e 7 | values are “1.” 1 [O0.0

Fig. 3.5.6 Structure of UART control register
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Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator (BRG) [Address : 1Cise]

this bit is read out, the value is “0.”

I I I I I ! I I
i i i i i i i i B Function Atreset| R |W
"1 1 1 1 1 | L]0 |Acountvalue of Baud rate generator is set. 2 |OfO
| | | | | | |
| | | | | | | |
Rt
BT IR - > [°]°
| | | | | _—
N REE > °[°
| | | | —
i i i L 4 - |0|©0
| | | "
e 5 > |o]o
| | |
} L 6 2 (O] K¢
| _—
I 7 > |o]o
Fig. 3.5.7 Structure of Baud rate generator
Serial I/02 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/02 control register (SIO2CON) [Address : 1D16]
1 B Name Function Atreset| R | W
! | 0 | Internal synchronous b2 bl bo 0 |00
: clock selection bits 09 (1);&:35?6 :
AR 1 0 1 0:f(Xm)32 0 9:0
| 0 1 1:f(Xin)/64 !
| 2 1 1 0:f(Xin)/128 o |oio
ftmmme 1 1 1:f(XiN)/256 '
______________ 3 | Serial /02 port selection bit |0 : /O port (P71, P72) 0 |00
1: SouT2, ScLK2 output pin i
77777777777777777 4 |Srovz output enable bit 0: 1/O port (P73) 0 |00
1 :"SRDY2 output pin
____________________ 5 | Transfer direction 0 : LSB first o [o'o
selection bit 1 : MSB first
777777777777777777777777 6 | Serial /02 synchronous clock| 0 : External clock 0 [O:0
selection bit 1 : Internal clock
7 | Nothing is allocated for this bit. This is write disabled bit. When o |O 0

Fig. 3.5.8 Structure of Serial 1/02 control register
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Serial I/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial /02 register (SI02) [Address : 1F1s]

1 1 1 I I I I I

i i i i i i i i B Function Atreset| R |\W
A } . =] 0|[Ashift register for serial transmission and reception. ? |10|0O
A | | || » At transmitting : Set a transmission data.

A S | * At receiving : Store a reception data. 2 |olo
[ N |

BRI S 2EE
| | | | | —_—

oo o] 3 2 |o|o
| | | |

| | | | —

T T 4 2 |o]o
| | |

| | | —

o ] 5 ? |O|O
| |

i :_ _______________ 6 ? |O|O
I fr—

Lo 7 2 |olo

Fig. 3.5.9 Structure of Serial 1/02 register

Prescaler 12, Prescaler X, Prescaler Y
b7 b6 b5 b4 b3 b2 bl b0

Prescaler 12 (PRE12), Prescaler X (PREX), Prescaler Y (PREY)
[Address : 2016, 2416, 2616]

I I I I I I I I

|
i i i i i } i i B Function Atreset| R | W
A | o L]o]* The count value of each prescaler is set. 1 |olo
[ A | |+ The value set in this register is written to both the prescaler and
A 1| the prescaler latch at the same time. 1 |olo
A Lo « When the prescaler is read out, the value (count value) of the
I I N —] prescaler is read out.
e o
| | | | | —
L s BEE
| | | | —i
A T 4 1 |ofo
| | |
| | | 1
i i (R —— 5 1 |0(o
| | |
] 6 1 |00
| —
o 7 1 |ofo

Fig. 3.5.10 Structure of Prescaler 12, Prescaler X, Prescaler Y
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Timer 1
b7 b6 b5 b4 b3 b2 bl b0

Timer 1 (T1) [Address : 2116]

1 1 1 1 1 1 1 1
i i i i i i i i B Function At reset Wi
Lo 011 Lo |* The countvalue of the Timer 1 is set. 1 O
b ||+ The value set in this register is written to both the Timer 1 and
I N R 1| the Timer 1 latch at the same time. 0 o
A « When the Timer 1 is read out, the value (count value) of the
| — | Timer lisread out.
SRR I EE
| | | | | —
oo ] 3 0 o
| | | |
| | | | —
T T T 4 0 @)
| | |
| | | "
o] 5 0 O
| |
| | |
T 6 0 O
| —
Lo 7 0 o)
Fig. 3.5.11 Structure of Timer 1
Timer 2, Timer X, Timer Y
b7 b6 b5 b4 b3 b2 bl bo
Timer 2 (T2), Timer X (TX), Timer Y (TY)
— 1 11 1 1 1 [Address : 2216, 2516, 2716]
|
i i i i i : i i B Function At reset W
o ! A o The count value of each timer is set. 1 o)
[ A | |+ The value set in this register is written to both the Timer and the
I 1| Timer latch at the same time. 1 o
I b « When the Timer is read out, the value (count value) of the Timer
N —1 isread out.
N 2 ' 1o
| | | | | —
L s BEE
| | | | —i
A T S 4 1 o
| | |
| | | 1
i i L] 5 1 @)
| | |
i S 6 1 O
b 7 1 o

Fig. 3.5.12 Structure of Timer 2, Timer X, Timer Y
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Timer XY mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer XY mode register (TM) [Address : 2316]

I I I I I I I I
|

i i i i i } i i B Name Function Atreset| R |[W

b1 b1 1 L]0 |Timer X operating mode %1 80 Timer mode o |olo

I B - 0 1: Pulse output mode

[ N } [ 1 0: Event counter mode 0 O|0

Lo 1 1: Pulse width measurement mode

R L ,,,,,, 2 | CNTRo active edge switch It depends on the operating mode o |olo

T bit of the Timer X (refer to Table 3.5.1).

} } } } L 3 | Timer X count stop bit 0 : Count start 0 olo

} } } } 1: Count stop

R 4 | Timer Y operating mode 08" Timer mode o |olo

Lol | 0 1: Pulse output mode

R 5 1 0: Event counter mode o |o]o

[ 1 1: Pulse width measurement mode

} L 777777777777777 6 | CNTR1 active edge switch It depends on the operating mode 0 olo

| bit of the Timer Y (refer to Table 3.5.1).

L 7 |Timer Y count stop bit 0 : Count start o lolo
1 : Count stop

Fig. 3.5.13 Structure of Timer XY mode register

Table. 3.5.1 Function of CNTR 0o/CNTR1 edge switch bit

Operating mode of ) ) ] )
Timer X/Timer Y Function of CNTR0o/CNTR1 edge switch bit (bits 2 and 6)
Timer mode . | * Generation of CNTR0o/CNTR1 interrupt request : Falling edge
0 (No effect on timer count)
qn | " Generation of CNTR0o/CNTR1 interrupt request : Rising edge
(No effect on timer count)
Pulse output mode v « Start of pulse output : From “H” level
» Generation of CNTR0/CNTR1 interrupt request : Falling edge
qn | " Start of pulse output : From “L” level
» Generation of CNTR0o/CNTR1 interrupt request : Rising edge
Event counter mode wnn | * Timer X/Timer Y : Count of rising edge
0 » Generation of CNTR0/CNTR1 interrupt request : Falling edge
qn | " Timer X/Timer Y : Count of falling edge
» Generation of CNTR0o/CNTRA1 interrupt request : Rising edge
Pulse width measurement mode | . | * Timer X/Timer Y : Measurement of “H” level width
0 » Generation of CNTR0/CNTR1 interrupt request : Falling edge
wan | ¢ Timer X/Timer Y : Measurement of “L” level width
! » Generation of CNTR0/CNTR1 interrupt request : Rising edge
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AD/DA control reqister
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address : 341¢]

I I I I I I
i i i i i i i i B Name Function atreset| R |W
1111 Lo |Analog input pin selection bits |§00 : P6o/ANG 0 |©fO
A 001:P61/AN1
[ — 010:P62/AN2
R e b 011:P63/ANs 0 |9]©
T T T 100 : P64/AN4
A N | 101:P65/ANs olo
T N N Ry 2 110: P66/ANs 0
oo 111:P67/AN7
T 3 | AD conversion completion bit |0 : Conversion in progress 1 [ofo
. 1 : Conversion completed
S S | 4 [ Nothing is allocated for these bits. These are write disabled bits. 0 1010
[ 5 | When these bits are read out, the values are “0.” 0 olo
| | -
O 6 | DA1 output enable bit 0 : DA1 output disable 0 |olo
| 1: DA: output enable
I 7 | DAz output enable bit 0: DAz output disabled 0 lolo
1: DAz output enabled
Fig. 3.5.14 Structure of AD/DA control register
A-D conversion register
b7 b6 b5 b4 b3 b2 bl b0
B s s B A-D conversion register (AD) [Address : 3516]
: : : : } } } } B Function Atresetl R | W
| | | | | | |
R R R N ~19] The read-only register which A-D conversion results are stored. 2 1010
e [ 1 ? ol0
o e 2] 2 |olo
B 3] 7 [o]0
R 2] 5T
e 5] 2 [o]0
B 6] 2 [o]D
S 7 ? 1010

Fig. 3.5.15 Structure of A-D conversion register
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D-Al conversion register, D-A2 conversion reqgister
b7 b6 b5 b4 b3 b2 bl b0

D-A1l conversion register (DA1), D-A2 conversion register (DA2)
[Address : 3616, 3716]

I I I I I I I I
i i i i i i i i B Function Atreset| R |W
} } } } } } } ' {0 | An output value of each D-A converter is set. 0 ol|lo
| | | | | | |
| | | | | | | 1
T
BRI I . o o[
| | | | | —
R 3 o |olo
| | | |
| | | | —i
A T R S 4 0o |o|o
| | |
| | | 1
i i (R 5 0 [O]|O
| | |
e —— 6 o |of|o
| —
b 7 o |o]o
Fig. 3.5.16 Structure of D-A 1 conversion, D-A 2 conversion register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

- . Interrupt edge selection register INTEDGE) [Address : 3Aus]
B Name Function Atreset| R W
0 0 1 1 1 o [INTointerrupt edge 0 : Falling edge active o [o:o
Lo selection bit 1 : Rising edge active :
e 1 [INT1 interrupt edge 0 : Falling edge active 0 [0:0
3 1 1 1 1 1 selection bit 1 : Rising edge active .
o 2 |Nothing is allocated for this bit. This is a write disabled bit. 0o (o:D
When this bit is read out, the value is “0.” !
A 3 |INT2 interrupt edge 0 : Falling edge active o |o:o
A selection bit 1 : Rising edge active H
. 4 |INT3 interrupt edge 0 : Falling edge active 0 [0:0
Lo selection bit 1 : Rising edge active :
oo 5 [INT4 interrupt edge 0 : Falling edge active 0 |0i0
b selection bit 1: Rising edge active
R EEEEEEEE 6 | Nothing is allocated for these bits. These are write disabled 0 |[o:0O
SRR 7 |bits. When these bits are read out, the values are “0.” 0 |0:0

Fig. 3.5.17 Structure of Interrupt edge selection register
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CPU mode register
b7 b6 b5 b4 b3 b2 bl b0
CPU mode register (CPUM) [Address : 3B16]
A ) Name Function Atreset| R |W
oo v 10| Processor mode bits 00 : Single-chip mode 0 |0]|0O
A | 01 : Memory expansion mode
oo 1 10 : Microprocessor mode O |00
S T A T 11 : Not available
A 2 | Stack page selection bit 0:0 page 0o |o|o
Lo 1:1 page
I | 3 | Nothing is allocated for these bits. These are write disabled bits. 0 |0]0
bl e | 4 | When these bits are read out, the values are “0.” 0 |00
A 5 | 0 |o]0
e | 6 | 0 1910
s 7 0 [9]0
O An initial value of bit 1 is determined by a level of the CNVss pin.
Fig. 3.5.18 Structure of CPU mode register

3-50

3806 GROUP USER’S MANUAL




APPENDIX

3.5 List of registers

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request reigster 1 (IREQ1) [Address : 3C1s]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R
bbb 1 Lo [INTointerrupt request bit 0 : No interrupt request o |o
[ 1: Interrupt request
| | | | | | | -
bt 1|1 |INTzinterrupt request bit 0 : No interrupt request o |o
T T B 1 : Interrupt request
o L 777777 2 | Serial /01 receive interrupt 0 : No interrupt request o |©
oo request bit 1 : Interrupt request
TR R 3 | Serial /01 transmit interrupt |0 : No interrupt request o |o
b request bit 1: Interrupt request
T | 4 | Timer X interrupt request 0 : No interrupt request o)
,,,,,,,,, 0
} } } bit 1: Interrupt request
T T 5 [Timer Y interrupt request bit |0 : No interrupt request 0o |o
o 1: Interrupt request
o] 6 | Timer 1 interrupt request bit |0 : No interrupt request 0o |o
| 1: Interrupt request
| B
e 7 | Timer 2 interrupt request bit |0 : No interrupt request o |o
1: Interrupt request
O “0"is set by software, but not “1.”
Fig. 3.5.19 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0

L1111 | Interrupt request reigster 2 (IREQ2) [Address : 3Dag]

| | | | | | | .
i B Name Function Atreset| R
1 11 11 Lo |CcNTRointerrupt request bit |0 : No interrupt request o |o
[ N I } \ 1 : Interrupt request
| | | | | | .
L0 L |1 [CNTRuinterrupt request bit O : NO interrupt request 0 |o
} [ T 1 : Interrupt request
| T L 777777 2 |Serial /02 interrupt request 0 : No interrupt request 0 e}
o bit 1 : Interrupt request
A 3 |INT2 interrupt request bit 0 : No interrupt request o |o
} } } } 1 : Interrupt request
A 4 |INT3 interrupt request bit 0 : No interrupt request o |o
[ 1 : Interrupt request
o -
[ 5 | INT4 interrupt request bit 0 : No interrupt request o |o
} | 1 : Interrupt request
T 6 | AD conversion interrupt 0 : No interrupt request o |o
‘ request bit 1: Interrupt request
|
L 7 | Nothing is allocated for this bit. This is a write disabled bit. o |o

When this bit is read out, the value is “0.”

O “0"is set by software, but not “1.”

Fig. 3.5.20 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3Eis]

I I I I I I I I
| | | | | | | | N
B Name Function At reset W
bbb 1 Lo [INTo interrupt enable bit 0 : Interrupt disabled 0 o)
[ 1 : Interrupt enabled
| | | | | | | N
Cb bbb L 11 |INTzinterrupt enable bit 0: Interrupt disabled 0 o
R 1 : Interrupt enabled
IR L 777777 2 | Serial /01 receive interrupt 0 : Interrupt disabled 0 e}
. enable bit 1 : Interrupt enabled
b L 3 | Serial 1/01 transmit interrupt |0 : Interrupt disabled 0 o
. enable bit 1: Interrupt enabled
T T 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0 0
. 1: Interrupt enabled
T SO 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 o)
- 1: Interrupt enabled
| | "
[ 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o)
| 1 : Interrupt enabled
I 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 o}
1: Interrupt enabled
Fig. 3.5.21 Structure of Interrupt control register 1
Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0
? 11 1 1 [ | Interrupt control reigster 2 (ICON2) [Address : 3Fug]
i i i i i i i i B Name Function Atreset| R |W
011111 Lo [CNTRo interrupt enable bit 0 : Interrupt disabled 0 o}
A 1 : Interrupt enabled
| | | | | | -
bbb L1 [CNTR1interrupt enable bit 0 : Interrupt disabled 0 o
T T T N R 1 : Interrupt enabled

| .
b L] 2 | Serial 1102 interrupt enable bit |0 : Interrupt disabled 0 e
b 1 : Interrupt enabled
R 3 |INTz interrupt enable bit 0 : Interrupt disabled 0 0)
. 1: Interrupt enabled
T S 4 | INT3 interrupt enable bit 0 : Interrupt disabled 0 o)
. 1 : Interrupt enabled
by 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 0
o 1 : Interrupt enabled
e 6 | AD conversion interrupt 0 : Interrupt disabled 0 O
1 enable bit 1 : Interrupt enabled
|
L 7 | Fix this bit to “0.” 0 o

Fig. 3.5.22 Structure of Interrupt control register 2
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3.6 Mask ROM ordering method

GZZ-SH03-63B<07B0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38062M3-XXXFP/GP o |Section head| Supervisor
S signature signature
MITSUBISHI ELECTRIC 3
oY

Note : Please fill in all items marked [.

Submitted b Supervisor
Company TEL 3¢ . :
name ( )| €32
0 | Customer So
Lo
_Date Date: =0
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs 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.

Microcomputer name : [] M38062M3-XXXFP [0 M38062M3-XXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[1 27256 [] 27512
CPROM add CPROM add In the address space of the microcomputer, the internal ROM
0000; r:jj'uct — 000016a r:rsojuct — area is from address D08016 to FFFD16. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCis and FFFD1s.
000F1s ‘M38062M3-" 000F1s ‘M38062M3-'

001016 001016

507F16 DO7F16

508016 P DO08016s

ata data
ROM 12158 bytes ROM 12158 bytes

7FFD16 FFFD1s

7FFE1s FFFE1s

TFFF16 FFFF1e

(1) Set the data in the unused area (the shaded area of Address Address

the diagram) to “FF1s". 000016 | ‘M’=4D1s 000816 |'—'=2D1e
(2) The ASCII codes of the product name “M38062M3-" 000116 | ‘3’ = 3316 000916 FFie
must be entered in addresses 000016 to 00081s. And 000216 ‘8’ = 3816 000A16 FFie
set the data “FFi6” in addresses 000916 to 000F1s. 000316 ‘0’ = 3016 000B1s FFie
The ASCII codes and addresses are listed to the right 000416 | '6’ = 3616 000Cz16 FF1e
in hexadecimal notation. 000516 ‘2" = 3216 000D16 FFie
000616 ‘M’ = 4D1s 000Ez1s6 FFi6
000716 ‘3’ = 3316 000F16 FFie

(1/2)
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GZZ-SH03-63B<07B0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38062M3-XXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512
i *=/\$8000 *=/\$0000
The pseudo-command | g\ e \"3g062M3— | .BYTE A ‘M38062M3—

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 for M38062M3-XXXFP, 80P6S for M38062M3-XXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments

2/12)
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GZZ-SH04-80B<16A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38062M3DXXXFP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

0 1. Confirmation
Specify the type of EPROMSs 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 EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[l 27256 1 27512
EPROM add CPROM add In the address space of the microcomputer, the internal ROM
OOOOma r:r:j'uct — OOOOlGa r:rsojuct — area is from address D08016 to FFFD16. The reset vector is
ASCII code : ASCII code : stored in addresses FFFC1s and FFFDzs.
000F1s | ‘M38062M3D’ 000F1s | ‘M38062M3D’
001016 001016
507F16 DO7F16
508016 data D08016 data
ROM 12158 bytes ROM 12158 bytes
7FFD1s FFFD1s
7TFFE1s FFFE1e
TFFF16 FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 ‘D’ = 4416
(2) The ASCII codes of the product name “M38062M3D” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000F1s. 000316 ‘0’ = 3016 000B1s FFie
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 ‘2" = 3216 000D1s FFie
000616 ‘M’ = 4D1e OOOEuze FFie6
000716 ‘3" = 3316 000F16 FFie

(1/2)
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GZZ-SH04-80B<16A0> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38062M3DXXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512

*=/\$8000 *=/\$0000
.BYTEA ‘M38062M3D’ .BYTEA ‘M38062M3D’

The pseudo-command

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 for M38062M3DXXXFP) and attach it to the mask ROM confirmation form.

O 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?

[] Ceramic resonator [] Quartz crystal
[ External clock input [] oOther( )

At what frequency? f(XiN) = |:| MHz

(2) In which operation mode will you use your microcomputer?

[1 Single-chip mode [J Memory expansion mode
[] Microprocessor mode

0 4. Comments

(2/2)
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GZZ-SH04-26B<13B0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38062M4-XXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : ] M38062M4-XXXFP ] M38062M4-XXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[l 27256 1 27512
EPROM add CPROM add In the address space of the microcomputer, the internal ROM
OOOOma r:r:j'uct — OOOOlGa r:rsojuct — area is from address C08016 to FFFD1s. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCis and FFFDis.
000F1s ‘M38062M4—" 000F16 ‘M38062M4-'
001016 001016
407F16 CO7Fs
408016 data C08016 data
ROM 16254 bytes ROM 16254 bytes
7FFDa1s FFFD1s
7FFE1s FFFE1s
TFFF16 FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 ‘M’ =4D1s 000816 |‘—'=2D1s
(2) The ASCII codes of the product name “M38062M4-" 000116 | ‘3’ = 3316 000916 FFie
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFis
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFis
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFi6
in hexadecimal notation. 000516 | ‘2" = 3216 000D16 FFie
000616 ‘M’ = 4D1e 000E1e FFie
000716 | ‘4’ = 3416 000F16 FF1s

(1/2)
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GZZ-SH04-26B<13B0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38062M4-XXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512
] *=/\ $8000 *= A $0000
The pseudo-command | g\ re \"M3g062MA— | BYTE A ‘M38062M4—

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 for M38062M4-XXXFP, 80P6S for M38062M4-XXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments

2/12)
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GZZ-SH04-81B<16A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38062M4DXXXFP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
o

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y P
>
0 | Customer name ( ) %g
Date Date: 2%
issued

0 1. Confirmation
Specify 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 (indicate the type used)

[1 27256 [] 27512
CPROM add EPROM add In the address space of the microcomputer, the internal ROM
000016a r:j:uct — 000016a r::):uct — area is from address C08016 to FFFD1s. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCis and FFFD1s.
000F1s | ‘M38062M4D’ 000F15 | ‘M38062M4D’
001016 001016
407F16 CO7F1s
408016 data C08016 data
ROM 16254 bytes ROM 16254 bytes
7FFDa1s FFFD1s
7FFE1s FFFE1s
TFFFie FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FFas™. 000016 | ‘M’ =4D1s 000816 | ‘D’ = 4416
(2) The ASCII codes of the product name “M38062M4D” 000116 | '3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8" = 3816 000A16 FFis
set the data “FFi6” in addresses 000916 to 000F1s. 000316 ‘0’ = 3016 000B16 FFis
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFi6
in hexadecimal notation. 000516 ‘2" = 3216 000D16 FF1s
000616 ‘M’ = 4D1s 000E16 FFie
000716 | ‘4’ = 3416 000F16 FFis

(1/2)
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GZZ-SH04-81B<16A0> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38062M4DXXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512

*=/\$8000 *=/\$0000
.BYTE A ‘M38062M4D’ .BYTEA ‘M38062M4D’

The pseudo-command

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 for M38062M4DXXXFP) and attach it to the mask ROM confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments
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APPENDIX
3.6 Mask ROM ordering method

GZZ-SH03-26B<9ZC0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : [] M38063M6-XXXFP [ M38063M6-XXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[l 27256 1 27512
EPROM add CPROM add In the address space of the microcomputer, the internal ROM
OOOOma r:r:j'uct — OOOOlGa r:rsojuct — area is from address A0801s to FFFD1s. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCi1s and FFFDzs.
000F1s ‘M38063M6—" 000F16 ‘M38063M6-'
001016 001016
207F16 AO07Fs
208016 data A08016 data
ROM 24446 bytes ROM 24446 bytes
7FFD1s FFFD1s
7TFFE1s FFFE1e
TFFF16 FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 |‘—'=2D1s
(2) The ASCII codes of the product name “M38063M6-" 000116 | ‘3’ = 3316 000916 FFie
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFis
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B1s FFis
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFi6
in hexadecimal notation. 000516 ‘3’ = 3316 000D1s FFie
000616 ‘M’ = 4D1e 000E1e FFis
000716 | '6’ = 3616 000F16 FF1s

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH03-26B<9ZC0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512
) *= A$8000 *= /A$0000
The pseudo-command | g\ e A\"\38063M6— | .BYTE A ‘M38063M6—

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.

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 for M38063M6-XXXFP, 80P6S for M38063M6-XXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[l Ceramic resonator 1 Quartz crystal
[] External clock input [] Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[1 Single-chip mode [J Memory expansion mode
[ Microprocessor mode

0 4. Comments

(212)

3-62 3806 GROUP USER'S MANUAL



APPENDIX
3.6 Mask ROM ordering method

GZZ-SH07-64B<36B0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38063M6AXXXFP/GP/HP | . [Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : ] M38063MBAXXXFP [] M38063MBAXXXGP [ M38063MBAXXXHP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[l 27256 1 27512
EPROM add CPROM add In the address space of the microcomputer, the internal ROM
OOOOma r:r:j'uct — OOOOlGa r:rsojuct — area is from address A0801s to FFFD1s. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCi1s and FFFDzs.
000F1s | ‘M38063M6A’ 000F1s | M38063M6BA’
001016 001016
207F16 AO07Fs
208016 data A08016 data
ROM 24446 bytes ROM 24446 bytes
7FFD1s FFFD1s
7TFFE1s FFFE1e
TFFF16 FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 ‘A’ = 4116
(2) The ASCII codes of the product name “M38063M6A” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000F1s. 000316 ‘0’ = 3016 000B1s FFie
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 ‘3’ = 3316 000D1s FFie
000616 ‘M’ = 4D1e OOOEuze FFie6
000716 ‘6’ = 3616 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH07-64B<36B0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38063M6AXXXFP/GP/HP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512

*=/\$8000 *=/\$0000
.BYTE A ‘M38063M6A’ .BYTE A ‘M38063M6A’

The pseudo-command

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 for M38063MBAXXXFP, 80P6S for M38063MBAXXXGP, 80P6D for M38063MEAXXXHP) and
attach it to the mask ROM confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments
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3.6 Mask ROM ordering method

GZZ-SH04-72B<15A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38063M6DXXXFP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

0 1. Confirmation
Specify the type of EPROMSs 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 EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[l 27256 1 27512
EPROM add CPROM add In the address space of the microcomputer, the internal ROM
OOOOma r:r:j'uct — OOOOlGa r:rsojuct — area is from address A0801s to FFFD1s. The reset vector is
ASCII code : ASCII code : stored in addresses FFFCi1s and FFFDzs.
000F1s | ‘M38063M6D’ 000F1s | ‘M38063M6D*
001016 001016
207F16 AO07Fs
208016 data A08016 data
ROM 24446 bytes ROM 24446 bytes
7FFD1s FFFD1s
7TFFE1s FFFE1e
TFFF16 FFFF1e
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 ‘D’ = 4416
(2) The ASCII codes of the product name “M38063M6D” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000F1s. 000316 ‘0’ = 3016 000B1s FFie
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 ‘3’ = 3316 000D1s FFie
000616 ‘M’ = 4D1e OOOEuze FFie6
000716 ‘6’ = 3616 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH04-72B<15A0> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38063M6DXXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27256 27512

*=/\$8000 *=/\$0000
BYTEA ‘M38063M6D’ .BYTE A ‘M38063M6D

The pseudo-command

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 for M38063M6DXXXFP) and attach it to the mask ROM confirmation form.

O 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the Xin-Xourt oscillator?

[J Ceramic resonator [] Quartz crystal
[J External clock input [] Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[] Single-chip mode [ Memory expansion mode

[ Microprocessor mode

0 4. Comments
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3.6 Mask ROM ordering method

GZZ-SH04-87B<17B0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067M8-XXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : [] M38067M8-XXXFP [ M38067M8-XXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 808016 to FFFD16. The reset vector is

0000
* Fl(%‘é‘ffiﬂi? e stored in addresses FFFCis and FFFDis.
000F1s ‘M38067M8-"
001016
807F16
808016 d
ata
ROM 32638 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 |‘—'=2D1s
(2) The ASCII codes of the product name “M38067M8-" 000116 | ‘3’ = 3316 000916 FFie
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFis
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFis
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFi6
in hexadecimal notation. 000516 | ‘7' = 3716 000D16 FFie
000616 ‘M’ = 4D1e 000E1e FFie
000716 | '8 = 3816 000F16 FFis

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH04-87B<17B0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067M8-XXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/\$0000
.BYTEA ‘M38067M8—

The pseudo-command

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 for M38067M8-XXXFP, 80P6S for M38067M8-XXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[J Ceramic resonator [] Quartz crystal
[ External clock input [ other( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [ Memory expansion mode
[] Microprocessor mode

0 4. Comments
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3.6 Mask ROM ordering method

GZZ-SH07-63B<36B0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067M8AXXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : ] M38067MBAXXXFP [] M38067M8AXXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 808016 to FFFD16. The reset vector is

0000
* P;{gccj:lflctcgzgq e stored in addresses FFFCis and FFFDis.
000F1 | ‘M38067M8A’
001016
807F16
808016 d
ata
ROM 32638 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 | ‘M’'=4D1s 000816 ‘A’ = 4116
(2) The ASCII codes of the product name “M38067M8A” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFi6
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 | ‘7' = 3716 000D16 FF1e
000616 ‘M’ = 4D1e 000E1e FFie
000716 ‘8" = 3816 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH07-63B<36B0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067M8AXXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/\$0000
.BYTE A ‘M38067M8A’

The pseudo-command

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 for M38067M8AXXXFP, 80P6S for M38067M8AXXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments
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3.6 Mask ROM ordering method

GZZ-SH04-89B<17A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067M8DXXXFP 5 |Sectionhead) Supervisor
T signature signature
MITSUBISHI ELECTRIC S
o

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

0 1. Confirmation
Specify the type of EPROMSs 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 EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 808016 to FFFD16. The reset vector is

0000
* Fl(%‘é‘ffiﬂi? e stored in addresses FFFCis and FFFDis.
000F1 | ‘M38067M8D’
001016
807F16
808016 d
ata
ROM 32638 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FFas". 000016 | ‘M’=4D1s 000816 | ‘D’ = 4416
(2) The ASCII codes of the product name “M38067M8D” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFi6
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 | ‘7' = 3716 000D16 FF1e
000616 ‘M’ = 4D1e 000E1e FFie
000716 ‘8" = 3816 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH04-89B<17A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067M8DXXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/A\$0000
.BYTEA ‘M38067M8D’

The pseudo-command

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 for M38067M8DXXXFP) and attach it to the mask ROM confirmation form.

O 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?

[J Ceramic resonator [] Quartz crystal
[ External clock input [ other( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [ Memory expansion mode
[] Microprocessor mode

0 4. Comments
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APPENDIX
3.6 Mask ROM ordering method

GZZ-SHO07-53B<35A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067MC-XXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : [ M38067MC-XXXFP ] M38067MC-XXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 408016 to FFFD16. The reset vector is

0000
* P;{gccj:lflctcgzgq e stored in addresses FFFCis and FFFDis.
000F1s ‘M38067MC-'
001016
407F16
408016 d
ata
ROM 49022 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FF1s". 000016 ‘M’ =4D1s 000816 |‘'—'=2D1s
(2) The ASCII codes of the product name “M38067MC-" 000116 | ‘3’ = 3316 000916 FFie
must be entered in addresses 000016 to 000816. And 000216 ‘8" = 3816 000A16 FFis
set the data “FFis” in addresses 000916 to 000F16. The 000316 ‘0’ = 3016 000B16 FFis
ASCII codes and addresses are listed to the right in 000416 | ‘6’ = 3616 000C16 FFi6
hexadecimal notation. 000516 ‘7' = 3716 000D1s FFi6
000616 ‘M’ = 4D1e 000E1e FFie
000716 | ‘'C’ = 4316 000F16 FFis

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH07-53B<35A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067MC-XXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/A\$0000
.BYTE A ‘M38067MC-'

The pseudo-command

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 for M38067MC-XXXFP, 80P6S for M38067MC-XXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments
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APPENDIX
3.6 Mask ROM ordering method

GZZ-SHO07-66B<36A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067MCAXXXFP/GP o |Section head| Supervisor
T signature signature
MITSUBISHI ELECTRIC S
@

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

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 EPROMSs.

Microcomputer name : [ M38067MCAXXXFP [ M38067MCAXXXGP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 408016 to FFFD16. The reset vector is

0000
* P;{gccj:lflctcgzgq e stored in addresses FFFCis and FFFDis.
000F1 | ‘M3B0O67MCA’
001016
407F16
408016 d
ata
ROM 49022 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FFas". 000016 | ‘M’=4D1s 000816 | ‘A’=4l1s
(2) The ASCII codes of the product name “M38067MCA” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFi6
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 | ‘7' = 3716 000D16 FF1e
000616 ‘M’ = 4D1e 000E1e FFie
000716 | ‘'C’ = 4316 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SHO7-66B<36A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067MCAXXXFP/GP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/A\$0000
.BYTE A ‘M38067MCA’

The pseudo-command

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 for M38067MCAXXXFP, 80P6S for M38067TMCAXXXGP) and attach it to the mask ROM
confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )
At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments

212)
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3.6 Mask ROM ordering method

GZZ-SH07-54B<35A0> | Mask ROM number | |
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M38067MCDXXXFP 5 |Sectionhead) Supervisor
T signature signature
MITSUBISHI ELECTRIC S
o

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL g y P
=)
0 | Customer name ( ) %g
Date Date: 29
issued

0 1. Confirmation
Specify the type of EPROMSs 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 EPROMSs.

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

1 27512
EPROM address

In the address space of the microcomputer, the internal ROM
area is from address 408016 to FFFD16. The reset vector is

0000
* Fl(%‘é‘ffiﬂi? e stored in addresses FFFCis and FFFDis.
000F1 | ‘M38067MCD’
001016
407F16
408016 d
ata
ROM 49022 bytes
FFFD1s
FFFE1s
FFFFi6
(1) Set the data in the unused area (the shaded area of Address Address
the diagram) to “FFas". 000016 | ‘M’=4D1s 000816 | ‘D’ = 4416
(2) The ASCII codes of the product name “M38067MCD” 000116 | ‘3’ = 3316 000916 FFis
must be entered in addresses 000016 to 000816. And 000216 ‘8’ = 3816 000A16 FFie6
set the data “FFi6” in addresses 000916 to 000Fs. 000316 ‘0’ = 3016 000B16 FFi6
The ASCII codes and addresses are listed to the right 000416 | ‘6’ = 3616 000C16 FFie
in hexadecimal notation. 000516 | ‘7' = 3716 000D16 FF1e
000616 ‘M’ = 4D1e 000E1e FFie
000716 | ‘'C’ = 4316 000F16 FFie

(1/2)
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3.6 Mask ROM ordering method

GZZ-SH07-54B<35A0> Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M38067MCDXXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*=/\$0000
.BYTE A ‘M38067MCD’

The pseudo-command

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 for M38067MCDXXXFP) and attach it to the mask ROM confirmation form.

O 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?

[ Ceramic resonator 1 Quartz crystal
[] External clock input [l Other ( )

At what frequency? fxny=[ ] MHz

(2) In which operation mode will you use your microcomputer?

[ Single-chip mode [0 Memory expansion mode
[ Microprocessor mode

0 4. Comments

212)
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3.7 Mark specification form

3.7 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

==l | & e Mitsubishi IC catalog name
3| e
% Mitsubishi lot number] [Eaem
= {6-digit or 7-digit) | Eam
|| == ]
@

r———- Customer's parts number
II Note : The fonts and size of characters are standard
Mitsubishi type.
-1 |- —-Mitsubishi IC catalog name
]
H & ~—d Note3 : Customer's parts number can be up to 14 char-
acters ©
Only 0~9, A~Z, +, —, /, (, ), & ©, . (period),
and , (comma) are usable.
4:1f the Mitsubishi logo A is not required, check
the box below.
Note1: The mark field should be written right aligned. “Mitsubishi logo is not required
2:The fonts and size of characters are standard
Mitsubishi type.

-]
Mitsubishi lot number] (x>
(6-digit or 7-digit) E—_—,m

C. Special Mark Required Note1 : If the special mark is to be printed, indicate the
desired layout of the mark in the left figure. The
layout will be duplicated as close as possible.
Mitsubishi lot number (6-digit or 7-digit) and
mask ROM number (3-digit) are always marked.

2:1f the customer's trade mark logo must be used
in the special mark, check the box below.
Please submit a clean original of the logo.

For the new special character fonts a clean font
original (ideally logo drawing) must be sub-
mitted.

Special logo required

The standard Mitsubishi font is used for all char-
acters except for a logo.
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3.7 Mark specification form

80P6S iso-pm QFP) MARK_ SPECIFICATION FORM
80P6D (80-PIN Fine-pitch QFP)

Mitsubishi IC catalog name

Please <):hoose 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

Mitsubishi IC catalog name

Mitsubishi IC catalog name

Mitsubishi product number,
(6-digit, or 7-digit)

itsubishi IC Catalog Name

Customer's Parts Number

Y Note :The fonts and size of characters are standard Mitsu-
bishi type.

_ Mitsubishi IC catalog name

. Notel : The mark field should be written right aligned.

2: The fonts and size of characters are standard Mitsu-
bishi type.

3: Customer's parts number can be up to 10 alpha-
numeric characters for capital letters, hyphens,
commas, periods and so on.

4:If the Mitsubishi logo A is not required, check the
box below.

SMitsubishi logo is not required

5:The allocation of Mitsubishi IC catalog name and
Mitsubishl product number is ditferent on the pack-
age owing to the number of Mitsubishi IC catalog
name’s characters, and the requiring Mitsubishi logo
A or not.

Note1 : if special mark is to be printed, indicate the desired
layout of the mark in the left figure. The layout will
be duplicated technically as close as possible. Mit-
subishi product number (6-digit, or 7-digit) and
Mask ROM number (3-digit) are always marked for
sorting the products.

2:1f special character fonts (e.g., customer's trade
mark logo) must be used in Special Mark, check
the box below.
For the new special character fonts a clean font ori-
ginal (ideally logo drawing) must be submitted.

Special character fonts required
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3.8 Package outline

3.8 Package outline

80P6N—A Plastic 80pin 14 x20mm body QFP
EIAJ Package Code JEDEC Code Weight (g) Lead Material
QFP80-P-1420-0.80 - 1.58 Alloy 42 Mb
Scale : 2/1 ® [m_ .__[]
N HD }:ﬂ _--Il:--_ — ]
0 = =
[7) ® R S R
AAAAAAAARAAARARA = o B
*=H0 =L = "Pz,' b
20 OF b
= = = e | 00T
adf =ea] —
ad o —
H == = Recommended Mount Pad
ad === =
= Bo w| ¥ E Symboll_imension in Millimeters
= = = y Min_ | Nom | Max
= =] = A - - 3.05
= = = Al 0 0.1 0.2
== = = A2 — 28 ~
: O = - e or
— C . . .
= =@ - D 138 14.0 142
EEEELEEEEEEEEEL]:]: E— £ 198 20.0 20.2
® o LA el — 0.8 —
L1 Ho | 165 16.8 17.1
_ He | 225 22.8 231
L 0.4 0.6 0.8
[ [\ g L1 - 14 —
vl g8 H ARE - — e
F = ﬁ‘r“ 6 0 - 10°
(€] b z LL ) - 05 =
@ Detail F r\|,12D 1._3 14; :
ME — 20.6 —
80P6S—A Plastic 80pin 14 x 14mm body QFP
EIAJ Package Code JEDEC Code | Weight(g) | Lead Material |
QFP80-P-1414-0.65 | 1.11 [ Aloy42 | Mo
Scale : 2.5/1 g
. o o ,L 1 e
“-— ] =
" D = =
o 0 S
8 ¢ o
. RARAARAARAAAARAARRAAAR PC" ! L
== =] _ e —— ¥
= O OE [
o o um]
g:: ::% Recommended Mount Pad
=i Fm
g:: % w Symbol Dimension in Millimeters
g:: % el ymbo Min Nom Max
== == A - — 3.05
% % 21 0 gé 02
2 - . —
= O £S5 o 025 | 03 04
@ o ==t c 0.13 0.15 0.2
' D 13.8 14.0 14.2
£ 13.8 14.0 14.2
A
Il B - 0.65 -
Ll Ho | 165 16.8 17.1
He | 165 16.8 17.1
L 0.4 0.6 0.8
. [ — 1.4 —
< ﬂ\\ o y - 0.1
; \ 6 0 - 10
‘L-*“:ri b2 — 0.35 -
z L 2 13 - -
Detail F MD _ 146 _
Mg — 14.6 —
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3.8 Package outline

80DO

Glass seal 80pin QFN

EtAJ Package Code

I
l

JEDEC Code |
[

Weight(g) |
]

Scale : 2/1

21.0*0.2

3.32MAX

1.78TYP

18.4%0.15

15.6+0.2

0.8TYP ||

1.2TYP

€=
—
€=
K—]
k=
—
—
—
=
—
=
1
=
K]
—
K]
—
=
i
=
.

12.0%0.15

\ INDEX

—

1.2TYP

0.57vP ||

80P6D—A Plastic 80pin 12X 12mm body LQFP
EIAJ Package Code JEDEC Code Weight (g) Lead Material |
LQFP80-P-1212-0.50 — 0.44 Alloy 42 |
Scale : 2.5/1 L U_..t il
Hb [l (=]
—
D I I I I
® @ o T ank
RAARAAAAAAARRAAAAARAR "1:| i . L
| =
24O OE® e | 0T
g § w Recommended Mount Pad
E E “T Symbol Dimension in Millimeters
= = Min Nom Max
= = A - — 1.7
® = O =0 :; 0 ?‘11 0.2
LCCCEEEEALEEEEEELLLL b 0.13 0.18 0.28
@ @ c 0.105 | 0.125 | 0.175
A D 11.9 12.0 12.1
E 11.9 12.0 12.1
(e] L1 (e] — 0.5 -
T Ho | 138 14.0 14.2
H — HE 13.8 14.0 14.2
.rﬁ:mu L 0.3 05 0.7
< ~ L1 - 10 -
b :_ ‘;yluL_:v* y - — 0.1
) 6 0 — 10°
< L b — 0.225 -
I2 1.0 — —
Detail F Mb — 12.4 —
Mg — 12.4 —
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3.9 List of instruction codes

3.9 List of instruction codes

. 3-byte instruction

D 2-byte instruction

D 1-byte instruction

D3 - Do 0000 | 0001 | 0010 | OO11 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

brope EImA o 1y | 2 | s | 4| s |6 |7 |8 | e |a]|B]|Cc|D]|E]|F

EEmEEREEE O

0001 1 | BRL II\(I)I;AY cLT %?g — ?PF??( zpl;s,|3<

" R EEEE  OFE

oo | 3 | ewGpR | seT [EER ] — 10 [ e x sec

owo | 4 | Rm | SOR] sTe [ S80I RS On PA [ |

mor | s [eve |[OR | _ |esc | | EoR | ism o _

wwo | o | g [ fone e fsce s JRER ., | s0c [ von

wn | o [es |20 | - [ee| o [soc|non femc| . _

wo | o [oon | e e oo Foncfiggl e, | — [

o | o [soo | S| [ sy [ s | s [mee 1y . s

oo | o |l ie [ieees o ion Fiox R ., [io |

NN 5 | | B || k| 2 oL TS

o | o [EEIES] wir (SRS T [ % v | e | oEx

s | o |ewe |cwn | [esc ] [ow |oec oo _

wo | e |Gl see o fess fiepx fsec e R e | Sec | vor

un | r e eS| = | TR | - x| SED -
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3.10 Machine instructions

3.10 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 | #
ADC When T =0 Adds the carry, accumulator and memory con- 69| 2 65| 3
(Notel) | A« A+M+C tents. The results are entered into the
(Note 5) accumulator.
When T =1 Adds the contents of the memory in the ad-
M(X) « M(X)+ M+ C dress indicated by index register X, the
contents of the memory specified by the ad-
dressing mode and the carry. The results are
entered into the memory at the address indi-
cated by index register X.
AND WhenT=0 “AND’s” the accumulator and memory con- 29| 2 25(3
(Notel) | A= AAM tents.
The results are entered into the accumulator.
WhenT=1 “AND’s” the contents of the memory of the ad-
M(X) « M(X) AM dress indicated by index register X and the
contents of the memory specified by the ad-
dressing mode. The results are entered into
the memory at the address indicated by index
register X.
ASL 7 0 Shifts the contents of accumulator or contents 0A|2 |1 06| 5
(o — R of memory one bit to the left. The low order bit
of the accumulator or memory is cleared and
the high order bit is shifted into the carry flag.
BBC Ab or Mb = 0? Branches when the contents of the bit speci- 13142 171513
(Note 4) fied in the accumulator or memory is “0”. 2i 2i
BBS Ab or Mb = 1? Branches when the contents of the bit speci- 0342 07513
(Note 4) fied in the accumulator or memory is “1”. 2i 2i
BCC c=0? Branches when the contents of carry flag is
(Note 4) “0”.
BCS c=1? Branches when the contents of carry flag is
(Note 4) “17,
BEQ Z=17? Branches when the contents of zero flag is “1".
(Note 4)
BIT AAM “AND’s” the contents of accumulator and 2413
memory. The results are not entered any-
where.
BMI N=1? Branches when the contents of negative flag is
(Note 4) “17,
BNE Z=07? Branches when the contents of zero flag is “0”.
(Note 4)
BPL N =0? Branches when the contents of negative flag is
(Note 4) ‘0.
BRA PC ~ PC # offset Jumps to address specified by adding offset to
the program counter.
BRK B~1 Executes a software interrupt. 00| 7
M(S) < PCH
S-S-1
M(S) - PCL
S-S-1
M(S) ~ PS
S-S-1
PCL — ADL
PCH < ADH
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3.10 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 7/6|(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|#|OPln N T|B|D|Il|Z]|C
754 |2 6D| 4 |3 |7D| 5|3 79|53 61|16 |2|71|6|2 N[{V|[e|e|e||Z]|C
35(4 |2 2D| 4 |3|3D|5|3[39(5]3 216 |2]|31{6 |2 Nfe|eo|e][e||Z]°"
16| 6 | 2 OE| 6 |3 |1E| 7|3 N|e|e]e|e|elz]|C
9022 el e oo o]| o] o]

BO| 2|2 el e oo o]|e] o]

Fol2 |2 el o ofofe]| o] o]

2C| 4|3 M7[M6| ¢ | e | o | e |Z |«

30(2 ]2 oo oo |o]| o] o]

Dol 2|2 oo oo || o] o]

1012 |2 oo o e|o]| o] o]

80| 4|2 oo o e|o]| o] o]

O IR IR T R ¢ N I
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3.10 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 | #
BVvVC V=07 Branches when the contents of overflow flag is
(Note 4) “0”.
BVS V=17 Branches when the contents of overflow flag is
(Note 4) “1”.
CLB AborMb ~ 0 Clears the contents of the bit specified in the Bj2|1 1F(5]2
accumulator or memory to “0”. 2i 2i
CLC C<0 Clears the contents of the carry flag to “0”. 18| 2
CLD D0 Clears the contents of decimal mode flag to |D8| 2
“0”.
CLI 1«0 Clears the contents of interrupt disable flag to |58 2
“0”.
CLT T~0 Clears the contents of index X mode flag to [12| 2
“0”.
CLvV V<0 Clears the contents of overflow flag to “0”. B8| 2
CMP WhenT=0 Compares the contents of accumulator and C9| 2 C5|3
(Note3) | A-M memory.
When T =1 Compares the contents of the memory speci-
M(X) = M fied by the addressing mode with the contents
of the address indicated by index register X.
COM M <M Forms a one’s complement of the contents of 4415
memory, and stores it into memory.
CPX X-M Compares the contents of index register X and EO| 2 E4| 3
memory.
CPY Y-M Compares the contents of index register Y and CO| 2 C4|3
memory.
DEC A-A-1lor Decrements the contents of the accumulator 1A| 2 C6| 5
M-M-1 or memory by 1.
DEX X e« X=-1 Decrements the contents of index register X [CA| 2
by 1.
DEY Y-Y-1 Decrements the contents of index register Y |88 2
by 1.
DIV A« M(zz+X+1), Divides the 16-bit data that is the contents of
M(zz + X)) / A M (zz + x + 1) for high byte and the contents of
M(S) < 1's complememt | M (zz + x) for low byte by the accumulator.
of Remainder Stores the quotient in the accumulator and the
S~S-1 1's complement of the remainder on the stack.
EOR When T =0 “Exclusive-ORs” the contents of accumulator 49| 2 45| 3
(Notel) | A< AV¥VM and memory. The results are stored in the ac-
cumulator.
WhenT=1 “Exclusive-ORs” the contents of the memory
M(X) « M(X) ¥M specified by the addressing mode and the
contents of the memory at the address indi-
cated by index register X. The results are
stored into the memory at the address indi-
cated by index register X.
INC A~A+1lor Increments the contents of accumulator or 3A|2 E6| 5
M-M+1 memory by 1.
INX X« X+1 Increments the contents of index register X by |E8| 2
1.
INY Y-Y+1 Increments the contents of index register Y by |C8| 2
1.
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3.10 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 7/6|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 N|V|T|B|D|I|Z]|C
50|12 |2 efofo o] o]

70|12 |2 efofo|e]| o]l

e|le|lelele]e]0

e |loe e O] e]|e]-e

e|le|le|e|O]e]e

e |0 e ofo]e]e

Ofe|e|ofo]e]e

D5| 4 CD| 4 DD|5 |3 |D9|5 |3 Cl{6|2|D1|6 |2 Nfe|e]e||*]Z]|C
Nfe|e]|]e|o|eo]z]e

EC| 4 N|ef|[e|e]e]|e]|Zz]|C

CC| 4 N|ef|[e|]e]e]|e]|Zz]|C

D6| 6 CE| 6 DE(7 |3 Nfeo|e]|]e|o|o]z]e
Nfeo|e]|]e|o|o]z]e

N|jeo|e]|]e|o|eo]z]e

E2(16 e|le e oo o]
55(4 4D| 4 5D[{5(3]59|5|3 4116 |2 |51|6 |2 Nfele]e|ef]Z]-
F6| 6 EE| 6 FE[7 |3 N|e|oe|eo]|eo]|e]|Z]|e
N|e|o|o|o|e]|z]e~

N|e|oe|o|o|e]|z]e~
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3.10 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|#

JMP If addressing mode is ABS Jumps to the specified address.
PCL « ADL

PCH — ADH

If addressing mode is IND
PCL « M (ADH, ADL)
PCH « M (ADH, ADL + 1)
If addressing mode is ZP, IND
PCL « M(00, ADL)
PCH «~ M(00, ADL + 1)

JSR M(S) « PCH After storing contents of program counter in
S<S-1 stack, and jumps to the specified address.
M(S) — PCL
S-S-1

After executing the above,
if addressing mode is ABS,
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 Load accumulator with contents of memory. A9| 2|2 A5|3 |2
(Note2) | A~ M
WhenT=1 Load memory indicated by index register X
M(X) « M with contents of memory specified by the ad-
dressing mode.
LDM M < nn Load memory with immediate value. 3C|4 |3
LDX X <M Load index register X with contents of A2 2|2 A6| 3|2
memory.
LDY Y M Load index register Y with contents of AO[2 |2 A4|3 |2
memory.
LSR 7 0 Shift the contents of accumulator or memory 4A12 [ 1 46|5 | 2
0-[_]-C to the right by one bit.

The low order bit of accumulator or memory is
stored in carry, 7th bit is cleared.

MUL M(S) - A « AOM(zz + X) | Multiplies the accumulator with the contents of
S~S-1 memory specified by the zero page X address-
ing mode and stores the high byte of the result
on the stack and the low byte in the accumula-

tor.
NOP PC -« PC+1 No operation. EA| 2 |1
ORA WhenT=0 “Logical OR’s” the contents of memory and ac- 09|22 05(3 1|2
(Notel) | A< AVM cumulator. The result is stored in the
accumulator.
WhenT=1 “Logical OR's” the contents of memory indi-
M(X) « M(X) VM cated by index register X and contents of

memory specified by the addressing mode.
The result is stored in the memory specified by
index register X.
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3.10 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 7/6|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|#|N|V|T|B|D|IlI|Z]|C
4C( 33 6C|5|3(B2| 4|2 e oo o] ]|

2016 |3 02| 7|2 22|52 e | e| o oo o] o]

B5|4 |2 AD| 4 |3 |BD|5|3|B9|5|3 Al 6 |2|B1l{6 |2 Nfe|eo|e][e||Z]°"
B6| 4| 2 |AE| 4| 3 BE| 5|3 N[e|o|e|e|e]|Z]-

B4| 4|2 AC| 4 |3 |BC| 5|3 N|e|o|o|e|o]|Z]e
56|62 4E( 6 | 3|5E| 7 | 3 O|le|e|le]e]|e]|z]|C
62(15| 2 oo o oo o]
1514 |2 OD| 4 |3|1D|5|3[19(5 (3 01{6|2]|11|6 |2 Nfefe|[e]|]||Z]"
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3.10 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 | #
PHA M(S) « A Saves the contents of the accumulator in |48 3
S~S-1 memory at the address indicated by the stack
pointer and decrements the contents of stack
pointer by 1.
PHP M(S) <« PS Saves the contents of the processor status |08 3
S~S-1 register in memory at the address indicated by
the stack pointer and decrements the contents
of the stack pointer by 1.
PLA S~S+1 Increments the contents of the stack pointer |68 | 4
A < M(S) by 1 and restores the accumulator from the
memory at the address indicated by the stack
pointer.
PLP S~S+1 Increments the contents of stack pointer by 1 |28 4
PS < M(S) and restores the processor status register
from the memory at the address indicated by
the stack pointer.
ROL 7 0 Shifts the contents of the memory or accumu- 2A12 |1 26|5
[ 1<[Cl lator to the left by one bit. The high order bit is
shifted into the carry flag and the carry flag is
shifted into the low order bit.
ROR 7 0 Shifts the contents of the memory or accumu- 6A|2 |1 66| 5
|: N lator to the right by one bit. The low order bit is
shifted into the carry flag and the carry flag is
shifted into the high order bit.
RRF 7 0 Rotates the contents of memory to the right by 828
- 1- 4 bits.
RTI S~S+1 Returns from an interrupt routine to the main |40 | 6
PS < M(S) routine.
S-S+1
PCL —~ M(S)
S-S+1
PCH « M(S)
RTS S-S+1 Returns from a subroutine to the main routine. |60 | 6
PCL —~ M(S)
S-S+1
PCH « M(S)
SBC WhenT=0 Subtracts the contents of memory and E9| 2 E5|3
(Notel) | A< A-M-C complement of carry flag from the contents of
(Note 5) accumulator. The results are stored into the
WhenT=1 o accumulator.
M(X) « M(X)-M-C Subtracts contents of complement of carry flag
and contents of the memory indicated by the
addressing mode from the memory at the ad-
dress indicated by index register X. The
results are stored into the memory of the ad-
dress indicated by index register X.
SEB AborMb ~ 1 Sets the specified bit in the accumulator or 0B|2 |1 OF| 5|2
memory to “1”. 2i 2i
SEC CcC-1 Sets the contents of the carry flag to “1”". 38| 2
SED D~1 Sets the contents of the decimal mode flag to |F8| 2
apn
SEI <1 Sets the contents of the interrupt disable flag |78 2
10 “1".
SET T~1 Sets the contents of the index X mode flag to |32 2
agn
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3.10 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 7/6|(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|ln N[V |T|B|D|I|Z]|C
N|e|o|e]|e|e|z]e
(Value saved in stack)
36| 6 2E| 6 3E|7 |3 Nfef|e]]||*|Z]|C
76| 6 6E| 6 TE| 7 |3 Nfe|e]|e][|*|Z]|C
(Value saved in stack)
F5| 4 ED| 4 FD|{5[3|F9|5 |3 E1|6 |2 |F1|6 |2 N[{V|[e|e|[||Z]|C
e | e oo |||
N S O O T S A
S R I I I T S
e |1 e oo o]
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3.10 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 | #
STA M~ A Stores the contents of accumulator in memory. 85| 4
STP Stops the oscillator. 4212
STX M < X Stores the contents of index register X in 86| 4
memory.
STY MY Stores the contents of index register Y in 84| 4
memory.
TAX X <A Transfers the contents of the accumulator to [AA| 2
index register X.
TAY Y <A Transfers the contents of the accumulator to [A8]| 2
index register Y.
TST M =0? Tests whether the contents of memory are “0” 643
or not.
TSX X «<S Transfers the contents of the stack pointer to |BA| 2
index register X.
TXA A~ X Transfers the contents of index register X to |8A| 2
the accumulator.
TXS S <X Transfers the contents of index register X to |9A| 2
the stack pointer.
TYA A-Y Transfers the contents of index register Y to |98| 2
the accumulator.
WIT Stops the internal clock. C2| 2
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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3.10 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 7(6(5[4|3|2|1]0
OP| n | # |OP| n OP| n |# |[OP| n|# |OP[ n|# |OP| n|# |[OP| n|# |OP| n | # |OP #|OP| n|#|OPn|#|N|V|T|B|D|I|Z|C
95|52 8D|5|3|9D|6[3]99|6 |3 817|291 2 oo |||
96| 5 8E|5 (3 oo oo |||
94|5 |2 8C|5 |3
N|o|o|e]|e|le|z]e
N|o|o|e]|e|le|z]e
N|o|o|e]|e|lel|z]e
N|o|o|e]|e]|le|z]e
N|eo|o|e]|e]|le|Zz]e
N|o|o|e]|e|le|Zz]e
Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode A Logical OR
\% Logical AND
BIT, A Accumulator bit relative addressing mode ¥ Logical exclusive OR
— Negation
zP Zero page addressing mode p Shows direction of data flow
BIT, ZP Zero page bit relative addressing mode X Index register X
Y Index register Y
ZP, X Zero page X addressing mode S Stack pointer
ZP,Y Zero page Y addressing mode PC Program counter
ABS Absolute addressing mode PS Processor status register
ABS, X Absolute X addressing mode PCH 8 high-order bits of program counter
ABS, Y Absolute Y addressing mode PCL 8 low-order bits of program counter
IND Indirect absolute addressing mode ADH 8 high-order bits of address
ADL 8 low-order bits of address
ZP, IND Zero page indirect absolute addressing mode FF FF in Hexadecimal notation
nn Immediate value
IND, X Indirect X addressing mode M Memory specified by address designation of any ad-
IND, Y Indirect Y addressing mode dressing mode
REL Relative addressing mode M(X) Memory of address indicated by contents of index
SP Special page addressing mode register X
C Carry flag M(S) Memory of address indicated by contents of stack
4 Zero flag pointer
| Interrupt disable flag M(ADH, ADL) Contents of memory at address indicated by ADH and
D Decimal mode flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
B Break flag der bits.
T X-modified arithmetic mode flag M(00, ADL) Contents of address indicated by zero page ADL
\Y Overflow flag Ab 1 bit of accumulator
N Negative flag Mb 1 bit of memory
OP Opcode
n Number of cycles
# Number of bytes
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3.11 SFR memory map

3.11 SFR memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B1s
000Ca1s6
000D16
0O00E1s
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s6
001C1s6
001D1e
001E1s
001F16

Port PO (P0O)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

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)

Transmit/Receive buffer register (TB/RB)

Serial I/01 status register (SIO1STS)

Serial I/0O1 control register (SIO1CON)

UART control register (UARTCON)

Baud rate generator (BRG)

Serial 1/02 control register (SIO2CON)

Serial 1/02 register (S102)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B1s
002C1s6
002D1s
002E1s6
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B1s6
003Ci1s6
003D16
003Ez1s
003F16

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer XY mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Prescaler Y (PREY)

Timer Y (TY)

AD/DA control register (ADCON)

A-D conversion register (AD)

D-A1 conversion register (DA1)

D-A2 conversion register (DA2)

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)
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3.12 Pin configuration

3.12 Pin configuration

PIN CONFIGURATION (TOP VIEW)

DBo
DB1
DB2
DB3
DBs
DBs
DB7

SSSSSSS S

<+ P24/DB4
Vss

[40] <> P2y
[30] < p2;
[38] <> p2,
[37] < p2s
[36]

[35] <> p2s
[34] < p2g
[33] < p2y,
[32]

RESET

[31] — Xour
[30] <— xin

[20] < pyo

28] <+ pg;

[27] -—

[26] <— CnNvss
[25] < p42/INTO

STAV/LTd < [17]
v1AV/9Td <—» [27]
€1QV/STd <—» [E7|
Z1av/vld < [
TIAV/ETd - [P
01aVv/eTd <a—» [97]
6QV/TTd <—» [Z7]
8QV/0Td <> [87]
LQV/.0d <> [67]
90aV/°0d -e— [05]
SQV/S0d < 19|
vaV/v0d <e—» TS|
£QV/e0d < 5|
2av/e0d <—» [75]

TAV/10d <—» [55|
0aV/00d < [J5]
Qy/Led -—» [ L]
HW/9Ed < [B5|
ONAS/S€d < [T
Ojved ~a—- [09]
1N013S3H/EEd -—» [T9
MNO/eEd -—» 29
T 1ed - [E9]

0€d -—» 79

M38063M6-XXXFP

O

O

O

| v¢] <«—» TLNI/EYd
[62] < Qxd/rvd
|2c] -—» axL1/std
@ -4 TX10S/9%d
[02] <—» TAQNS/I¥dl
[6T] < 05d

| 8T] <-—» ZINI/1Sd
[ZT] < £LNI/eSd
[9T] <-—» vINI/ESd
[ST] < 041ND/¥Sd
[7T] <—» T41ND/SGd
[€T] <—» TVQ/95d
[€T] < 2vqQ/.6d
[TT] <> zNnIS/02d
[OT] < z1n0S/1/d
[6] <> 2010S/2.d
[8] <> zAa¥S/eLd
ﬂ - 7/d

9] - 5/d

ﬂ - 9/d

V] - 1/d

[€] < oNv/ood
[Z] < 1NV/19d
[T] <> eNv/ead

[z3]

P87 <« [65]
P86 <> [66]
Pg8s < [67]
P84 <> [6g]
p8s < [69]
Pg; < [10]
P81 < [71]
P80 < [12]
VRer —® [74]
AVss — [75]
AN7 ~- [76]
ANe < [77]
ANs <> [7g]

Vee

P67,
P6e:

ANs < [79]
AN3 <= [50]

N

P6s,
P64,
P63

Package type : 80P6N-A
80-pin plastic-molded QFP
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3.12 Pin configuration

PIN CONFIGURATION (TOP VIEW)

-
3
[
25 2 cnNmtwenwoSHYE
‘ZLU >—D:‘DODODODDODODOOD
OreoSlzgsgggI<<IL<<L
FRIBBHSSSSSIESSIII3I S
[T Wa Wy a W a Iy a M o Wy a Wy WO Wy WY Y o WY a Wy o M o My a WY n N o MY 0 Y
ElEEEEEERE R ElEEEEEEEE
P31 <»[61] [20]<> P16/AD14
P30 <»[e2] [39] <> P17/AD1s
P87 >3] [38]<> P20/DBo
P86 =64 |37 |=> P21/DB1
P85 <> [65] [36]<> P22/DB2
P84 <»[o6] [35]<> P23/DBs3
P83 <67 [34]<> P24/DB4
P82 o8] 33| P25/DBs
P81 <[00 ] [32] > P26/DBs
P8o <>[r0} M38063M6-XXXGP [51] <> P27/DB7
Vee 7] M38063MBAXXXHP = Vss
VREF —»{72 | |29]— Xourt
AVss —>[73] [28] =— Xin
P67/AN7 <[74] [37] <> P4o
P66/ANs ~>=[15] 26] <> P4y
P65/ANs |76 | | 25| -— RESET
P64/AN4 <>|77 | 24|<— CNVss
P63/AN3 <»[78] [23] == P42/INTo
P62/AN2 <[79 Q [22] <> P43/INT1
P61/AN1 <->|80 O 21| =» P44/RxD
TR
SRR ESIIFRELEBEER
<0000 233000EEZ2220 B3F
8 VLo 85685 292
a i daaassaae Sya
o0 E E oo

Package type : 80P6S-A/80P6D-A
80-pin plastic-molded QFP
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