SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

3810 Group

DESCRIPTION

The 3810 group is 8-bit microcomputer based on the 740
family core technology.

The 3810 group is designed mainly for VCR control, and in-
clude four 8-bit timers, a PWM function, and a 4-bit compa-
rator circuit.

The various microcomputers in the 3810 group include
variations of internal memory size and packaging. For de-
tails, refer to the section on part numbering.

For details on availability of microcomputers in the 3810
group, refer to the section on group expansion.

FEATURES
® Basic machine-language instructions s«+«---+oeoeerae s 71
® The minimum instruction execution time -«-«+--+-++ 095us

(at 4.19MHz osciilation frequency)
® Memory size .

ROM ................................................ 4K to 32K bytes
HAM ............................................... 192 to 1024 bytes
® Programmable inputloutput por-ts ............................ 27

® High-breakdown-voltage output ports ««-:--rseeemvmeeeen 28
® tmerrupts ................................. 11 sources, 11 vectors
. Timers ......................................................... 8_bit><4
® Serial [/Qrrrereeeeein 8-bitX 2 (Clock-synchronized)
® PWM output Girguit----=--=--rrerererronnn 14-bitX 1
[ Comparator CIPCUIL s s s s es s mrerrrrr s 4-hitX1
® 2 Clock generating circuit ‘ “
Clock (Xjn-Xoyr) rreeeermseerees Internal feedback resistor’
Sub-clock (Xein-Xcour) Without internal feedback resistor
® Power source voltage
in high-speed mode =+« rerreereeraeeia 4.0to 5.5V
In low-speed mode <<+ srreerimriiiii 28 to 5.5V
@ Power dissipation
In high-speed mode -+ s+ s, 26mwW
(at 4.19MHz oscillation frequency)
In low-speed mode === = - 300.W
(at 32kHz oscillation frequency)
® Operating temperature range =« +-evoee —10 10 +85C
APPLICATIONS

VCRs, tuners, musical instruments, office automation, etc.
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Package type : 64P6N-A
64-pin plastic-molded QFP
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SINGLE-CHIP

MITSUBISHI MICROCOMPUTERS

3810 Group

8-BIT CMOS MICROCOMPUTER

\

PIN

CONFIGURATION (TOP VIEW)

Vee [64] — P3,

Vee — [2] — P3,

P&; +» 62] — P3,

P6g/AN ++ [ 4] 61] — P3,

P65 + 5] 160] — P3,

P6, ++ |8} 159] — P35

PGy + 58] — P3g

PG, ++|8] — P3,

P8, [ 56] — POy

PS(]/PWM 19| — PQy

P57/m tad (] — PQ,

P5s/ScLke — P03

PS5s/Sourz +* 4 152] — PO,

P54/S|Nz - g 51] — P05

N/ o [E-—Pos
N

P52/Seik1 {163 < 49] — PO,

P5./Sourt + o 7] —+ P1,,

Pso/S;pn - >x< -+ P1,

. Pd:/Tour 19} ?f’ 46} — P1;

P4g ++ J20] T [45] — P1,

P45/CNTR + ’ — P1,

P4, +~|22] [43] — P14

Pd; ++ [23] 42] — P1g

Pd,/INT, + [24] [41] — P1,

P4,/INT, ++|25] 140] — P2,

P4p/INT,— |25] — P2,

RESET — 28] — P2,

Xom — 28] —+ P23

Xoour 29} $36] - P24

Yo — |30] 135] +> P2,

XOUT -— 34] + P25

Vss 33] « P2,

Package type : 64P4B
64-pin shrink plastic-molded

DIP
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MITSUBISHI MICROCOMPUTERS

3810 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Funection
Function except a port function
Voo, Vss | Power source . Apply'vonage of 4.0 10 5.5V to Vg, and OV to Vss.
Vee Pull-down power * Applies voltage supplied to pull-down resistors of ports PO, P1, P2;-P2;, and P3.
input
RESET Reset input » Reset input pin for active “L”
* Input and output signals for the clock generating circuit.
Xin Clock input * It consist of internal feedback resistor.
= Connect a ceramic resonalor or quartz-crystal oscillator between the X.N and Xgyr pins to set the oscillation fre-
quency. : .
Xour Ciock output = If an external clock Is used, connect the clock source to the Xy pin and leave the Xqur pin open..
. Thts clock Is used as the oscillating source of system clock
* Input and output signals for the internal sub-clock generating circuit.
Xen Sub clock input * It consist of without intemnal feedback resistor.
* Connect a ceramic resonator or quartz-crystal oscillator and external feedback resistor between the Xcin and Xcou-r
) pins.
Xcour Sub clock output + if an external clock is used, connect the clock source ta the Xg pin and leave the Xcour pin open.
+ This clock can also be used as the oscillating source of system clock.
P0,-PO; | Output port PO * 8-bit output port.
* The output structure is high- breakdown-voltage P-channel open-drain with internal pull- down resistors connected be-
tween the output and the Vee pin.
P1o-P17 | Qutput pont P1 « At reset this port is set to Vee pin level.
P2y-P2, Output port P2 * 4-bit output port with the same function as port PO.
P2,-P2; 1/0O port P2 * 4-bit 1/0 port.
* 170 diraction register allows each pin‘to be individually programmed as either input or output.
¢ At reset this port is set to input mode.
¢ TTL input level
* CMOS 3-state output
P3,-P3; | Output port P3 » 8-bit output port with the same function as port PO.
P4,/INT, Input port P4, « 1-bit CMOS input pin. * External interrupt input pins
P4,/iNT,, /O port P4 * 7-bit CMOS 1/0 port with the same function as port P2,-
P4,/INT; P2; )
« CMOS compatible input level.
P4, P4, ’
P4s/CGNTR * Timer 4 input pin
Pds
P4;/Tour * Timer 3 output pin
P5¢/Sin1, | 170 port P5 * 8-bit CMOS I/0 port with the same function as port P24~ | « Serial 1701 170 pins -
P54/Soum, P2;.
P5./Sci ki, * CMOS compatible Input level
PS53/Sapvi * N-channel open-drain output
* Keep the input voltage of this port hetween 0V and Vee. -
P5,/8 2. : * Serial 1/02 I/0 pins
PSs/Sourz,
P5g/Sc1ka,
P57/Saov2
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
Function except a port function
P6,/PWM | 170 port P6 * 8-bit CMOS 170 port with the same function as port P2,- | * 14-bit PWM output pin
E P27, ’
P&¢-P6s * CMOS compatible input level.
P6g/AN * Comparator input pin
P6;

PART NUMBERING

Product M3810 2 M 5 XXX
L Package type
SP ! 64P4B package
FP . 64P6N-A package
SS ! 6451B-E package
FS ! 64D0Q package

+————— ROM number
Omitted in some types.

ROM/PROM size
: 4096 bytes

: 8192 bytes

: 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes

GO~ T N b b —

The first 128 bytes and the last two bytes of ROM are reserved areas; they can not 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
1 1024 bytes

D W I R -
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

{2) Packages

Mitsubishi plans to expand the M3810x group as follows: GAPARB - oooveorererieenen Shrink plastic molded DIP
(1) Support for mask ROM, One Time PROM, and EPROM GAPEN-A - oeeemmrerininieeens e Plastic molded QFP
versions B4SIB-E ororrvrerrrmermsnne Shrink ceramic DIP
ROM/PROM CapaCIty ................. [EEREE 12K to 24K bytes 64D0 .................................................. Ceram'c LCC
RAM capacity .................................. 384 to 512 bytes
Memory expansion plan
ROM size (bytes)
2K """""""? """"""" "' """"""" :""'"""f"'z """"""" S en e s r """"""" v: """"""" *
oy I— RO WORUUNS SO SO SOOI SOUNN SO
! Mass product__ i A
o CUBOMGEES)
. Mass product i ;
L e I e B e
gMass prodiuct _
e T
12K ! —
8K
* i 5 ; | : :
P, H. s
- 192 256 384 512 640 768 896 - 1024

RAM size (bytes)

Currently supported products are listed helow.

The development schedule and other details of products under development may be revised without notice.

As of May 1996

Product name {P) ROM size (bytes}| RAM size (bytes) | Package Remarks
M38102M4-XXXSP 16K 64P4B | Mask ROM version
M38102M4-XXXFP : 384 64PBN-A | Mask ROM version
M38102M&E-XXXSP 20K 64P4B | Mask ROM version
M38102M5-XXXFP | 64PBN-A | Mask. ROM version
M38103M6E-XXXSP Mask ROM version
M38103E6-XXXSP 64P4B | One Time PROM version
| M38103E63P One Time PROM version {blank)
M38103M6E-XXXFP 24K 512 Mask ROM ve‘rsion
M38103E6-XXXFP 64PEN-A | One Time PROM version
M38103E6FP One Time PROM version (blank)
M38103E6SS 6481B-E | EPROM version
M38103E6FS 64D0 | EPROM version




MITSUBISHI MICROCOMPUTERS

3810 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3810 group uses the standard 740 family instruction
set. Refer to the table of 740 family addressing modes and
machine instructions or the SERIES 740 <(Software> User's
Manual for details 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.

CPU Mode Register
The CPU mode register is allocated at address 003B,5.

The CPU mode register contains the stack page selection

bit and the internal system clock selection bit.

b0

| ]

b7

RN

CPU mode register (CPUM . address 003B,5)

Processor mode bits

bib0

0 0 : Single-chip mods
01 :

1 0 ! { Not available

11

Stack page selection bit
0 * RAM in the zero page is used as stack area

"1 P RAM in page 1 is used as stack area

Not used (return “0" when read}

Xoour drivability selection bit
0 ! Low drive
1 : High drive

Main clock (Xjy-Xour) stop bit
0 : Operating
1 . Stopped

Internal system clock selection bit
0 : Xin-Xour selected (high-speed operation mode)
1} Xen-Xcour selected (low-speed operation mode}

Fig. 1 Structure of CPU mode register
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

Special Function Reglster (SFR) Area

The Speciaf Function Register area in the zero page con-
tains control registers such as 1/0 ports and timers.

RAM

RAM is used for data storage and for stack area of sub-
routine calls and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are re-

served for device testing and the rest is user area for stor-
ing programs.

interrupt Vector Area
The interrupt vector area contains reset and interrupt vec-
tors.

Zero Page
The 256 bytes from addresses 0000, to 00FF,; are called
the zero page area. The internal RAM and the special func-

-tion registers (SFR) are allocated to this area.

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

Special Page

The 256 bytes from addresses FF00,¢ to FFFF,G are called
the special page area. The special page addressmg mode
can be used to specify memory addresses in the special
page area. Access to this area with only 2 bytes is possible
in the special page addressing mode.

RAM area
RAM capacity | dress Xx0¢X1e
(bytes) :
192 00FF4g
256 - 013F¢
384 . 01BF.¢
512 023F s
640 . 02BF.s
768 033F;g
896 ' 03BF¢
1024 043F5
ROM area
ROM capacity Address YYYY,s | Address ZZZZs
(bytes)
4096 F000,¢ F0804¢
8192 E0004¢ EO804
12288 D0001s 00801é
16384 - C0004¢ C080,¢
20480 ) B0004s B080;4
24576 ~ ADOO4e A080,¢
28672 . 900045 9080,
32768 80004¢ 808046

000046 .
SFR area
Zero
004045 page
010044
RAM
XKKK16 | w e mmmmmmemcmnana-
Reservad area
0440,
Not used
'—YYY‘(‘sP--'."..'-----_ ----- - e
Reserved ROM area
{128 bytes)
2222
ROM —
FF00,¢ -
FFDC ‘
1® ) Special
Interrupt vector area page
FFFEqs
Reserved ROM area
| _FFFFg : _

Fig. 2 Memory map diagram
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0000,
0001,
0002,¢
00035
0004,
000518
0007,¢
0008,
0009,4
001046
001146
0012,
0013,¢
0014,
0015,¢
0016,¢
001745
001845
001945
001A,,
00184
001Cqg
001 D15
001E,,
001F,¢

Port PO {P0)

Port P1 {P1)

Port P2 (P2)

Port P2 direction register {P2D)

Port P3 (P3)

Port P4 (P4)

Port P4 direction register {P4D})

Port P5 {P5)

Port P5 direction register {P5D}

Port P6 {P6)

Port PG direction register { P6D)

Serial 1/01 control register (SID1CON)

Serial I/01 register (SI01)

Serial 1102 contral register (SIO2CON)

Serial /02 register (5102)

0020,
002146
002245
0023,
- 0024,
0025,
002646
002746
0028,
00296
002A,5
002845
002C g
002046
D026
002F ¢
0030,
00326
00335
0034,
0035,
0036,
00376
0038,¢
00396
003A15
00385
003C,q
003Eg
003F ¢

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 {T4)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

PWM control register (PWMGCON)

PWM register {upper) (PWMH)

PWM register {lower) (PWML)

Comparator register {CMP)

High-breakdown-voltage port control register { HYPC)

Interrupt edge selection reglster (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)

Fig. 3 Memory map of special function register (SFR)
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O PORTS

Direction Registers
The 3810 group has 27 programmable 1/0 pins arranged in

four 1/0 ports {ports P2,—P2;, P4, —P4;, P5, and P6). The
I70 ports have direction registers which determine the in-
put/ output direction of each individual pin. ‘Each bit in a
direction register corresponds to one pin, each pin can be
set tc be input port or output port.

When “0” is written to the bit corresponding to a pin, that
pin becomes an input pin. When "1” is written to that bit,
that pin becomes an output pin. '

I 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 input are floating. If a pin set to input is written
to, only the port output latch is written to and the pin. re-
mains floating., '

High-Breakdown-Voltage Output Ports -
The 3810 group has four ports with high-breakdown-voltge
pins (ports PO, P1, P2, — P2, and P3). The high-
breakdown-voltage ports have P-channel open-drain output
with a breakdown voltage of Vcc—40V. Each pin has an in-
ternal pull-down resistor connected to Vge. At reset, the P-
channel output transistor of each port latch is turned off, so
becomes Vge level (“L”) by the puli-down resistor.

. Writing “1” to bit 0 of the high-breakdown-voltage port con-

trol register (address 0038,5) slows the transition of the
output transistors to reduce transient noise. At reset, bit 0 of
the high-breakdown-voltage port control register is set to
“0" (strong drive).

] . D' .
Pin Name Input/Qutput 1/Q Format Non-Port Function Related SFRs :a:;ram
o.
High-breakdown-voltage P- . : :
P0,-PO; Port PO Output channel open-drain output ngh-breakdow.n-voltage
: with pull-down resistor port controll register
] High-breakdown-voltage P- Hioh-breakd : '
P1o-P1; Port P1 Output channel open-drain output "-;’t' ":al Dwr:-tvotage )
with pull-down resistor port controf register
‘High-breakdown-voitage P- High )
P2y-P23 Output channel open-drain output igh-breakdown-voltage
Port P2 with pull-down resistor port control register
Input/output, TTL level input
P2,-P2; npui/output P @
individual bits | CMOS 3-state output
. High-breakdown-voitage P- High-breakd ot
. ‘ ; ) igh-breakdown-voltage
P3,-P3; Port P3 Output channel open-drain output o?'tcontrol U g )
with pull-down resistor P g
CMOS tible input .
Pag/INTo | Input compatible Inpu _ (3)
lavel External interrupt Interrupt edge selection
P4./INT,, input ) register @)
P3p/INT, cMOS tible input
: compatbple Inpu
P45, P4, Port P4 Input/output, level P P {2)
P45/CNTR individual bits Timer 4 input Ti 4 ist 4
5 individual bi CMOS 3-state output imer 4 inpu imer 34 mode register (4)
P4, . (2)
P4/ Tour Timer 3 output Timer 34 mode register (8)
P50/Sin1s (6)
P51/SOUT1v .
Serial 1/01 function |/Q | Serial /01 control register 7
P52/Sey k1, CMOS compatible input I N regl )
P5,/S, Input/cutput, level N 8
3/ ORDY1 Port P5 - p!.l- u pu. . (8)
P54/Sin2, individual bits N-channel open-drain (6)
P5g/ , output a
Pbs/Sourz P Serial 1/02 funiction 1/0 | Serial 1/02 control register (7)
P5¢/ScLkz, i :
P57/Srov2 ) (8)
PWM control register
P6o/PWM 14-bit PW tput - i
0 GMOS compatible input |- bit PWM outpu PWML register (9)
Input/output, PWMH register
Port P& 1 ) level
P6,-P6; individual bits {2)
CMOS 3-state output - -
P6s/AN Comparator input Comparator register (o
P6; {2)
Note 1. For details of how to use double-function ports as function 1/Q ports, refer to the applicable sections.

2. Make sure that the input level at each pin is either OV or Vg during execution of the STP instruction.
If an input level is at an intermediate potential, a current will flow through the input-stage gate.
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(1) Ports PO, P1, P2y—P2;, P3 (2) Ports P2,—P2;, P4,, P4,, P4e, P6,—P6s, P6;

Directi
Data bus _.,__[>>_|§* [ Directien _D_lg’ _
v o
<] Data bus —b—-l Port latch ll 9 D’Jj
Vee 5
<
{3) Port P4, {4) Ports P4,, P4,, P4,
21 Direction .

Data bus <} Q 1 register —D’—|§
L =

INT, interrupt request @ - Data bus—»—*lml

o~

INT;, INT,, CNTR interrupt request or . @
timer 4 external clock input

{8) Port P4; _ (6) Ports P5q, P54

Timer 3 output selection bit

Direction
register

Data bus —4¢ Port latch

o~
Timer 3 output ‘é—

_4 Direction
register

s_m{mp
5

Data bus—o—-l Port latch = :l
~N

Serial 1/0 input «—<1i|—~

*: High-breakdown-valtage P-channel transistor

Fig. 4 Port block diagram (1)
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_ SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(7} Ports P5,, P5,, P55, P5s _ (8) Ports P55, P5;
Qutput-off control signal Sroy output enable bit ——
Serial I/0 port selection bit Direction \
- - register
Direction
register —0 . +—4—-0
ona s SR S 1
r
1 , i :
: <}
Sour or Scm—&—
"““"“-."“-“"“““""-“““—"“""“"""‘: ' S output
i Serial clock input<—@—g— Rov OUR B
"""""""""" PSs, P5s only ,
(9) Port PBg . : 40 Port P6g _
PWM output enable bit ) . . [ Drecton
Direction 3 register —D’—'g
register - : : :] O
Data bus —¢-= Port latch |—1—¢ ) :1
Data bus — Port latch _DJj' o
. ) !
J—
N ' .
Comparator input «——|
PWM output

Fig. 5 Port block diagram (2)
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INTERRUPTS

Interrupts occur by eleven sources: four external, six inter-
nal, and one software.

Interrupt Control

Each interrupt is controlled by its interrupt request bit, its
interrupt enable bit, and the interrupt disable fiag except
for the software interrupt set by the BRK instruction. An in-
terrupt occurs it the corresponding interrupt request and
enable bits are “t" and the interrupt disable flag is “0".
‘Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but can-
not 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 instruction interrupt.

When several interrupts occur at the same time, the inter-
rupts are received according to priority.

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 i
When the active edge of an external interrupt (INTo-INT,,
CNTR) is changed or when switching interrupt sources in
the same vector address, the corresponding interrupt re-
quest bit may also be set. Therefore, please take following
sequence;

(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.

Table 1. Interrupt vector addresses and priority
o Vector addresses (Note 1) Interrupt request
Interrupt scurce Priority - i N Remarks
High Low generating conditions
Reset (Note 2) 1 FFFD1e FFFCys At reset tNon-maskable
INT ; 5 FFEB — At detection of either rising or | External interrupt (active edge
o 16 1€ falling edge of INT, input selectable)
INT 3 FFFg I;'FFB At detection of either rising or | External interrupt (active edge
! 18 18 falling edge of INT, input selectable)
At detection of either rising or [ External interrupt (active edge
INT, 4 FEF71e FFFG1s falling edge of INT; input selectable)
Serial 1/01 5 FFF5 FFF4 At completion of serial 1/01 |, . hen serial O1 is selected
erial 16 16 data transfer ali en serial s selecte
. At completion of serial 1102 ) .
Serial /02 6 FFF34¢ FFF24¢ data transfer Valid when serial 1/02 is selected
Timer 1 7 FFF14e FFFO46 At timer 1 underflow
Timer 2 8 FFEF.s FFEE ¢ At timer 2 underflow STP release timer underflow
Timer 3 9 FFED+¢ FFEC,¢ At timer 3 underflow
Timer 4 10 FFEB,e FFEAq At timer 4 underfiow .
At detection of either rising or | External interrupt (active edge
CNTR " FFES:e FFE8:1s falling edge of CNTR input selectable)
R . . _ Non-maskable solware inter-
BRK instruction 12 FFDD,e FFDC¢ At BRK instruction execution rupt
Note 1. Vector addresses contain interrupt jump destination addresses.

2. Reset function in the same way as an interrupt with the highest priority.
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Interrupt request bit——
Interrupt enable bit ——

Interrupt disable flag() ——

BRK instruction

Reset

interrupt request

Fig. 6 Interrupt control

b0
] | Interrupt edge selection register -

INT, active edge selection bit
INT, active edge selection bit

CNTR active edge selection bit

b7 .

Interrupt request register 1

b0
[ (IREQ1 : ‘address G03C,s)

INT, interrupt request bit

INT, interrupt request bit

INT, interrupt request bit

Serlal 1/01 interrupt request bit
Serial 1/02 interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrupt request bit

Timer 3 interrupt request bit

bl
] Interrupt control register 1

(ICON1 : address 003Es)

|—INTD interrupt enable bit

INT, interrupt enable bit
INT, interrupt enable bit
Serial 1/01 interrupt enable bit
Serial 1/02 interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enabie bit

Timer 3 interrupt enable bit

(INTEDGE : address 003Ass)
l——IN‘F,, active edge selection bit
Not used (returns “0" when read)

Not used (retum “0" when read)

0 : Falling edge active
1 : Rising edge active

|} ] 1 I | | ,]bol Interfupt request register 2
(IREQ2 : address 003D¢)

Timer 4 interrupt request bit
———CNTR interrupt request bit
Not used (return “0” when read) .

0 : No interrupt request issued
1 @ Interrupt request issued

Interrupt control register 2
L1t LT (ICONZ : address 003F;)

Timer 4 interrupt enable bit
——CNTR interrupt enable bit
Not used (return “0” when read)

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

0 : interrupts disabled
{1 : Interrupts enabled

Fig. 7 Structure of interrupt-refated registers
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TIMERS

The 3810 group has four. built-in timers : time 1, timer 2,
timer 3, and timer 4. All timers are count down. When the
timer reaches “00,¢”, at the next count pulse the contents of
the corresponding timer latch is loaded into the timer, and
sets the corresponding interrupt request bit to 1. Each timer

also has a stop bit that stops the count of that timer when it
is setto “1”,

Note that the system clock ¢can be set to either high-

speed mode or low-speed mode by the CPU mode reg-
ister.

Timer 1 and Timer 2

The count sources of timer 1 and timer 2 can be selected
by setting the timer 12 mode register.

When the chip is reset or the STP instruction is executed,
all bits of the timer 12 mode register are cleared, timer 1 is
set to “FF.¢", and timer 2 is set to “01,4".

Timer 3 and Timer 4

The count sources of timer 3 and timer 4 can be selected
by setting the timer 34 mode register.

Timer 3 can also output a rectangular waveform from the
P4;/Tour pin. The waveform changes polarity each time
timer 3 underflows.

The external clock CNTR counts rising edge.

b7

bo
LT T ITT]

Timer 12 mode register
~ {address 0028,4)

Timer 1 count stop bit
0 : Operating
1 ! Stopped
'——— Timer 2 count stop bit
0 ! Operating
1 : Stopped
Timer 1 count selection bit
0 : 10X )/16 or f(Xcpw ) /16
12 Xo)
Not used (return “0” when read)
Timer 2 count selection bit
0 : Timer 1 underflow
1 HXew)
Not used (return “0” when read)

b7 b0 i
] 1] ] Timer 34 mode register
—L (address 0029,;)
Timer 3 count stop bit
0 : Operating
1 ! Stopped
Timer 4 count stop bit
0 . Operating
1. Stopped
Timer 3 count selection bit
0 (X716 or #{Xen) /16
1 2 Timer 2 underflow
Timer 4 count selection bits
00 : f(X)}/16 or (X ) /16
01 : Timer 3 underflow
10 ! External count input CNTR
11 ! Do not use
Timer 3 output selection bit (P4,)
0:1i/0 port
1 . Timer 3 output
Not used (return “0” when read)’

Fig. 8 Structure of timer-related registers
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Data bus

P4;/ Tour

Timer 3 output
selection bit

P4, direction register

P4; latch

selection bit
gy

Timer 2 latch (8)
Timer 2 count

ez}

Timer 2 count
stop bit

Timer 3 count
selection bit

“01”

Timer 4 count [¢
selection bit

—o Timer 4 (8)
“10" i Timer 4 count

stop bit

Rising/ falling

P4s/ CNTR (-

J@

edge switch

Xom O l@, . . Timer 1 latch (8) ‘
_ Timer 1 count RESET
. “1"  selection bit G: STP instruction
! ) Timer 1(8) Timer 1 interrupt request
Xin O fal —O . d
i “0"  Timer 1 count
Internal system clock stop bit
selection bit

Timer 2 interrupt request

» Timer 3 interrupt request

Timer 4 interrupt request

CNTR inierrupt request

Fig. 9 Timer block diagram
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SERIAL 110
The 3810 group has two built-in 8-bit clock synchronized

serial 1/QC channels (serial /01 and serial 1/02).
Serial 1701 has the same function as serial /02,

The 1/0 pins of the serial 1/0 function also operate as I/0
port P5, and their operation is selected by the serial 170
control registers (adresses 0019, and 001D,¢).

Internal system clock
selection bit

Data bus

1/258|
Serial 1/01
synchronous clock

P55 latch

Frequency divider

“Q" . N
P53/ SRDY1 S selection hit o=
. .
Srov: output selection bit é Synchronization
o [External clock] clock
P5; latch selection bit
/S v
P5
#/Souan O wqn® >{ Serlal 1/0 counter 1 (3} | Seriat 1/01 intsrrupt
Serial 1701 port selection bit
P5, latch
IIOH
P51/ Sour
u1ne‘_
Serial 1701 port selection bit
P50/ Sy O > Serial 170 shift register 1 (8) |~
Frequency divider
P5; latch  Serlal 1102 7
apy synchronous clock
_ o selection bit ~ .
P57/Srov2 © ROV2 :
“1- L_giout o
S output selection bit ¢ .
ROYZ OULD g Synchronization
3 ‘ clock
| External clock selection bit
P5g latch
P5g/S, O—e b
oL “1” o >'| Serial 1/0 counter 2 (3)1. Serial /02 interrupt
Serial 1702 port selection bit
PS5 latch
ugr
PSs/Soyr2
..1,.C’
Serial 1/02 port selection bit
PSe/Sinz O >  Serial /O shift register 2(8) —I—

Fig. 10 Serial 170 block diagram
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[Serial VO Control Registers]SIO1CON, SIO2CON
Each of the serial 170 control registers (addresses 0019
and 001D;g) contains seven bits that select various control

parameters of the serial 170 function. -

¢

b0

T

Serial 1701 control register(SIO1CON : address 0019,¢)

L L Internal synchronization clock selection bits

b7

b0

[ITTTTTT]

b2 b1 b0
000 :f(Xn)/8 or ({Xew)/8
001 :f(Xn)/16 or f{Xcm)/16
010:f(Xn)/32 or {Xcm)/32
011 :1(X)/64-0r f(Xcim)/64
110 (%) /128 or f(Xem) /128
111 1 1( %) /266 or f( Xy ) /256
Serial 1/01 port selection bit {P5, and P5;)
0:1/0 port :
1 . Sours and Sg k¢ signal pins
Sroys Output selection bit (P5g)
0 ! 1/0 port ’
1 Sgpy1 signal pin
Transfer direction selection bit
0 : LSB first
1 7 MSB first
Serial I/01 synchronous clock selection bit
. 01 External clock
17 Internal clock
Not used (returns “0” when read)

Serial 1702 control register {SIO2CON : address 001D04¢)

LLr internal synchronization clock selection bits

b2 b1 b0
000 :1(Xn)/B or f{Xen) /8

0018 Xn)/16 or f{Xcn) /16
010:f(Xn)/32 or f{Xcm)/32
011 §(X)/64 or f{Xem) /64
110: f(X.N)/128 or I(X0|N)/128
111 :1(X)n)/256 or 1{Xe) /256
Serial 1/02 port selection bit (P55 and P5g)
0:1/0 port .
1 : Sourz and Sgike signal pins
Sapvz output selection bit (P5;)
0:1/Q port -
1 Sppyp signal pin
Transfer direction selection bit

0 LSB first
-1 2 MSB first .
_Serial 1702 synchronous clock selection bit

0 ! External ciock
1 { internal clock

Not used {returns “0" when read)

Fig. 11 Structure of serial 1/0 control registers
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Operation In Serial /O Mode ,
Either an internal clock or an external clock can be
selected as the synchronization clock for seriai |/0 transfer.
A dedicated divider is built-in as the internal clock, giving a
choice of six clocks.

If internal clock is selected, transfer start is activated by a
write signal to a serial 1/0 register (address 001B,¢ or
001F,) . After eight bits have been transferred, the Sgur
" pin goes to high impedance.

If external clock is selected, the clock must be controlled
externally because the contents of the serial 1/0 register
continue to shift while the transfer clock is input. In this
case, nate that the Sgy7 pin does not go to high impedance
at the completion of data transfer. The interrupt request bit
is set at the end of the transfer of eight bits; regardless of
whether the internal or external clock is selected.

Synchronization
clock

Transfer clock

Serial 1/0 register
write signal

Serial 1/0 output
Sour

Serial I/0 input
SIN

Receive gnable

signal
Sapy

after transter ends.

Note, If internal clock is selected, the Spyr pin is at high impedance

Interrupt request bit set

Fig. 12 Serial 170 timing (for LSB first)
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PULSE WIDTH MODULATION (PWM) The explanation in the rest of this data sheet assumes
- OUTPUT CIRCUIT f{Xin) = 4MHz. -

The 3810 group has a PWM function with a 14-bit resolu-

tion. When the oscillation frequency Xy is 4MHz, the mini-

mum resolution bit width is 500ns and the cycle period is

8192us. The PWM timing generator supplies a PWM con-

trol signal based on a signal that is half the frequency of

the X, clock.

Data bus
Setto1 at PWML register(address 002D,¢)
( write ) a ] e - *
_ bit7 . | bits bit0
A
-~
o] : —
bit? bit0d '
" PWMH register
(address 002G )
o
PWM latch{14bits}
‘ msg| ' ' LSB
= )
. 14 ‘
When setting “0” 1o internal PBo latch
system clock selection bit PBo/PWM
X ]  14-bit PWM circuit ' il o
CIN - rcu .
v ' PWM output
Yo o——m0”® outpu
™ T , selection bit
PWM output
PWM__ |(128us period) selection bit
172 timing P&, direction .
generatar (819245 period) register

Fig. 13 PWM block diagram
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(1) Data Set-up

The PWM output pin also functions as port P6,. Set port P8,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B,g). The high-order eight bits
of output data are set in the high-order PWM register
PWMH {address 002C,s) and the low-order six bits are set
in the low-order PWM register PWML (address 002D¢).

(2) Transfer From Register to Latch

Date written to the  PWML regi'ster is transferred to the
PWM latch once in each PWM period (every 8192us), and
data written to the PWMH register is transferred to the
PWM latch once in each sub-period {every 128«s). When
the PWML register is read, the contents of the latch are
read. However, bit 7 of the PWML register indicates
whether the transfer to the PWM latch is completed; the
transter is completed when bit 7 is “0",

Table 2. Relationship between lower 6 bits of data and
period set by the ADD bit ,

Lower 6 Bils of Datal PWML) Sub-periods tm Lengthened {m =0 t0 63)

000007 |None

000001 |m=22

000010 | m=t648

000100 | m=8,2440,5

001000 | m=4,1220,25, 36,44, 52 60

010000 |m=2,6,10,14,18,22, 26,30, 34, 38, 42, 4,50, 54,53, 62

(3) PWM Operation

. The timing of the 14-bit PWM function Is shown in Fig. 16.

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

The high-order eight bits of data determine how long an
“H"-level signal is output during each sub-pericd. There
are 64 sub-periods in each period, and each sub-period is
256X 7 (128us) long. The signal is “H” for a length equal
to N times 7, where 7 is theé minimum resolution (500ns),

The contents of the low-order six bits of data enable the
lengthening of the high signal by * (500ns). As shown in
Fig. 13, the six bits of PWML determine which sub-cycles
are lengthened.

As shown in Fig. 16, the leading edge of the pulse is leng-
thened. By changing the length of specific sub-periods in-
stead of simply changing the "H” duration, an accurate
waveform can be duplicated without the use of complex ex-
ternal filters.

For example, if the high-order eight bits of the 14-bit data
are 03¢ and the low-order six bits are 05,4, the length of
the “H"-level output in sub-periods ts, tp, tss, tag, and tgg is
41, and its length 37 in all other~sub-periods.

100000 m=1,3,5,7, e ,57,59,61,63
8192 us
128 us - 128 us 128 us 128 us 128 us
m=0 m=7 m=8 m=9 m=63
( (
)] )
= - > o S - = e = e = - S o
31.5 us 31.5 us 31.5 us 32.0 us 31.5 us 315 us 315 us
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H" pulse width Is 32 zs m = 8, 24,32, 40, 56
Sub-periods where "H" pulse width is 31.5 us m = all other values

Fig. 14 PWM timing
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b7 b0 :
7711011 PWM moade register (address 002B,;)
L P6o/PWM output selection bit
0 : 1O port
1 I PWM output
Not used (return “0” when read)
Fig. 15 Structure of PWM mode register
Data BA;s stored at address 002C,¢ : Data 7B Stored at address 002C
PWMH . .
register 5% I 6Aw . I 7B
Data 24, stored| at address 002D Bit 7 ¢leared after transfer Data 35,6 stored at address 0020,
PW| v ' :
regil:'snllér 134 I Adie ! 2o I i 35
) Transfer from register to latch B516/'\ Transfer from register to latch
PW : —
(}Tb:f:):h |1653.5I 1A93, 1AAd,q 1AA4.3| - 1EEd,q ‘ q 1EFS,6 |
T=B192xs. — \'Nhen bit 7 of PWML is 0, transfer
- rom register to latch is disabled.
(64X1284s) 'l\ 9 ‘
I —
- --‘—-_
e  t=128us ——
| — ]
Example | 6A |6B 6A 6B 6A 6B 6A 6B G6A 6B |6B [6B 6A 6B 6A 6B G6A 6B GA 6B GA 6B BA 6B 6A |6B 6A
PWM output ) ‘
Low-order , ‘: :
6-bit output-: I 5 5 5 50 |5:2:5 5 5| 5 5 5 5 5 , 5|
H=6A|5,L=241a i ' )
6Byg-re-- 36times (<7 PPRITE 28times _________ o 106X 64438
(1o7) (106)
Example 2 6A |6A GA 6A 6B GA 68 6A 6B 6A BA A 6B 6A 68 6A 6B 6A BA BA 6B 6A ‘6B GA 6B [6A BA
PWM outputl | I I l I
Low-order
6-bit output : 4 3 4
H=6A13,L=1B|5 —
| — t=128us - —
L, . (256 X0.5us)
Minimum bit width] T = 05 us
—)—I@
£E H HE ' H HP H H R H :
PWM output - 68eatcatos o7y — to2; o1 64169168167} 10201
2 ADD ADD |
8-bit 102301300 |FF}FE! FDIFCE 197396 1 95— t021 01300 |FriFEjFDIFCE 1971965954
COlJntef H H H 3 R Il A A L J- A i A i L i N A ,.
The ADD -j he .
portions with H peried length specified by PWMH
additional T are L _ ‘
determined by ~
PWML. 2567 (128us), fixed

Fig. 16 14-blt PWM timing
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of a switch tree, ladder resis-
tors, a comparator, a comparator contrel circuit, a comparator
.register (address 0030,), and an analog signal input pin
{P6c/AN) . The analog signal input pin (P6e/AN) also func-
tions as an ordinary digital port.

Comparator Register (CMP)

The comparator register is a 5-bit register of which bits 0 to 3
can be used to generate internal reference voltages in steps
of 1/16 Ve, The result of the comparison between the analog
input voltage and an internal reference voltage is stored in bit
4 of the comparator regiéter.

Comparator Operation

To activate the comparator, first set port P6g to input mode
by setting the corresponding direction register (address
000D;g) to “O"—this ensures that port P6¢/AN is used as an
analog voltage input pin. Then write a digital value corres-
ponding to the internal comparison voitage into bits 0 to 3
of the comparator register (address 0030,,). This write op-
eration immediately activates the compariscn. After 14 cy-
cles of the system clock ¢ (the time required for the
comparison), the comparison result is stored in bit 4 of the
comparator.

If the analog input voltage is greater than the internal refer-
ence voltage, bit 4 is “17; if it is less than the internal refer-
ence voltage, bit 4 is “0”. To perform ancther comparison,
the comparator must be written to again, even if the same
internal reference voltage is to be used.

Table 3. Correspondence between bits 0 to 3 of the
comparator register and internal reference

voltage
Comparator register Internal reference voltage
Bit 3 Bit 2 Bit 1 Bit 0

0 0 0 0 1/32V 6

0 0 0 1 1/16Vge+1/32vec
o] 0 1 0 2/16Vcc+1/32Vce
0 0 1 1 3/16Veet+1/32Vee
0 ] 0 0 4/16Vec+1/32Vce
0 1 0 1 5/18Vcc+1/32Vce
0 1 1 0 6/16Vee+1/32Vec
0 1 1 1 7/16Vee11/32Vce
1 C 0 0 B8/16Vc1+1/32Vie
1. 0 0 1 9/16Vee+1/32Vee
1 0 1 4] 10/16Vee+1/32Vee
1 0 1 i 11/18Vee+1/32Vie
1 1 0 0 12/16Vee+1/32Vec
1 1 0 1 13/16Vec+1/32Vee
i 1 1 0 14/16Vec+1/32Vee
1 1 1 1 15/16Vgc+1/32Vec

(Address 000Gs)

Comparator control circuit

Pés CO— Z

Analog input voltage P

Comparator result

output 4
Comparator register (CMP}
(address 0030,¢}
p i Bit4 Bit 3 Bit 2 Bit 1 BitQ
{4
Switch tree

Internal reference voltage

. Ladder resistors

Ve

Fig. 17 Comparator clrcuit
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'RESET CIRCUIT f

After a reset, the microcomputer will start in high-speed
operation start mode or low-speed operation start mode
depending on a mask-progi’ammable option.

High-Speed Operation Start Mode _
In high-speed operation start mode, to reset the micro-
computer occurs, the RESET pin is held at an “L" level for
2us or mare. Then is returned to an “H” level (the power
source voltage should be between 4.0V and 5.5V), reset is
. released. Both the X,y and the X,y clocks begin oscillating.
In order to give the Xy clock time to stabilize; internal op-
- aration begins until after 13 X clock cycles are com-

pleted. After the reset is completed, the program starts
from the address contained in address FFFDys (high-order

byte) and address FFFC,g (low-order byte).

§/Pwerm .

Power
source
voltage

oV

Z (Note)

——\N—4 Reset
Pt input
= : voltage .

7 o
" Note ; Reset relsase voltages :

" In high-speed operation mode : Vgc=4.0V

In low-speed operation mode : Vec=2.8V

RESET Vee

" Power supply voltage

Fig. 18 Poweron reset clrcuit example

Low-Spee:d Operation Start Mode
In low-speed operation start mode, to reset the micro-
computer occurs, the RESET pin is held at a “L" level for

2us or more. Then is returned to an “H" ievel (the power

source voltage should be between 2.8V and 5.5V). The Xy
clock does not bégin oscillating. In order to give the Xcy
time to stabilize, timer 1 and timer 2 are connected .
together and 512 cycles of the Xcn/16 are counted before
internal operation begins. After the reset is completed, the
program starts from the address (:on_tained in address
FFFD4¢ (high-order byte) and address FFFC,s (low-order
byte). , '

if the Xciy clock is stable, reset will complete after approx- -
imately 250ms (assuming f(Xqn)=32.768kHz).”

Immediately after a poweron, the stability of the clock cir-
cuit will determine the reset timing and will vary according
to the characteristics of the oscillation circuit used.

Note on Use .

Make sure that the reset input voltage is less than 0.8V in
high-speed operation start mode, or less than 0.5V in low-
speed operation start mode.
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Address Flegisfer contents
(1) Port PO register (00005 00,6 |
(2) Port P1 register (00020~ 00y J
(3) Port P2 register {0004 15)"'[ 00,5 —|
(@) Port P2 direction register (00 0 5 45)--| OF |
(5) Port P3 register (00086 ,5)---L 006 j
{6) Port P4 register (000 8,6)---| 00,4 ‘
(7). Port P4 direction register (00 09 6)-+ 00y ‘
(8) Port P5 register (00 0AwW-] 0046 ]
() Port PS direction register (0 0 0Byg) [ 0046 ;
(0 Port P§ register (oboo C.;)---L 0046 j
(1 Port P6 direction register (0 0 0 Dyg)-- l 00,5 ]
(1D Serial 101 control register (0 0 1 915)"'L 0046 T
(3} Serial 102 control register {0 0 1 Dyg)- L 0044 ‘
(M) Timer 1 register (002 4,3)---| FFie ‘
(19 Timer 2 register (002 5| Ol \
(%) Timer 3 register - (002 616)«-] FFis ‘
() Timer 4 register (0027 FFs \
() Timer 12 mode register (002 8,¢)~| D0 ]
(19 Timer 34 mode register (0029 16)~-| 0045 ‘]
20) PWM control register (002 B1s)---l 0046 I
@) Comparator (00300 0 |
2 High-breakdown-voltage (0 0 3 816)---l 0045 —l
port control register
% Interrupt edge selection register {0 0 3 Ayg)-- | 00.¢ —l
2 CPU mods register (00 38:)- | #[%[1]0]0]o[o]0]
@9 Interrupt request register 1 (00 3015)-“\ 00,¢ |
@26) Interrupt request register 2 (003 D,a)---‘ 0045 |
@ Interrupt control register 1 (00 3Eg) L 0045 j
28  Interrupt 60ntro| register 2 © (00 3Fe)- L 00, —|
{29 Processor status register (Ps )---|X|X]X‘XIX] 1 |><|>?|
@30 Program counter (PCy)- ’Conlents of address FFFD“;I
(P C,_)---IContents of address FFF(%]
Note : ¥ : The initial values of bits 7 and 6 of the CPU mode register
are determined by a mask option.
X ! Undefined
The contents of all other registers and RAM are undefined
after a raset, so programs must set their initial values.

Fig. 19 Interpal status at reset
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Internal
reset

" P b
Time until oscillation starts Jlme necessary for oscillation to stabilize
|

Time until oscillation starts

|

A

A

System
clock

Address

Data

SYNC

aigigigish

0.5us

‘Xxx

X rrec X Freo XaD, .L[
‘ X.ADL Xaow X

Fig.

20 Reset sequence In high-speed operation mode

5.5V
Voo 5 gy

RESET

xOUT

(4MHz) — | ' |

Xcout

(32kHz) = |

Internat
reset

(Oscillation stopped)

A\

'\ Time until oscillation starts L’Time necessary for oscillation to stabilize
™=

System
clock
Address

Data

SYNC

JEpERERENE

62. 5us

—

B s E GO G O .

X2 X 2o X
N R

Fig. 21 Reset sequence in low-speed operation mode
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CLOCK GENERATING CIRCUIT

To supply a clock signal externally, input to the Xy (Xain)
pin and make the Xoyr (Xgour) pin open. If the Xgy clock
is not used, connect the Xy pin to Vgg, and leave the
Xcout RN open.

Either high-speed operation start mode or low-speed op-
eration start mode can be selected by using a mask option.

High-Speed Operation Start Mode

After reset has completed, the internal clock ¢ is half the
trequency of Xjy. Immediately after poweron, bath the X
and Xcn clock start oscillating. To set the internal clock ¢
to low-speed operation mode, set bit 7 of the CPU mode
register (address 003B,g) to “1".

Low-Speed Operation Start Mode

After reset has completed, the internal clock ¢is half the
frequency of Xgy. Immediately after poweron, only the Xcy
clock starts oscillating. To set the internal clock ¢ to high-
speed operation mode, first set bit 6 {CMg) of the CPU
mode register (address 003B,¢) to “0”, the set bit 7 (CM;)

to “0”. Note that the program must allow time for oscillation
to stabilize.

Oscillation Control

Stop Mode

If the STP instruction is executed, the internal clock ¢ stops
at an “H” {evel. Timer 1 is set to “FF;5" and timer 2 is set to
“0146".

Either X,y or Xy divided by 16 is input to timer 1, and the
output of timer 1 is connected to timer 2. The timer 1 and
timer 2 interrupt enable bits must be set to disabled (“0"),
80 a program must set these bits betore executing a STP
instruction. Oscillator restarts at reset or when an external
interrupt is received, but the internal clock ¢ is not supplied
to the GPU until timer 2 underflows. This.allows time for the
clock circuit oscillation to stabilize.

Wait Mode

[t the WIT instruction is executed, the internal clock ¢ stops
at an "H" level but the oscillator itself does not stop. The in-
ternal clock restarts if a reset occurs or when an interrupt is
received. Since the oscillator does not stop, normal opera-
tion can be started immediately after the clock is restarted.

Low-Speed Mode

If the internal clock is generated from the sub-clock (Xein),
a low power consumption operation can be entered by
stopping only the main clock X,y. To stop the main clock,
set bit 6 {(CM;) of the CPU mode register (003B,¢) to “1".
When the main clock Xy is restarted, the program must
allow enough time to for oscillation to stabilize.

Note that in low-power-consumption mode the Xcoin-Xeour
drivability can be reduced, allowing even lower power con-

sumption (20uA with f(Xcw)= 32kHz). To reduce the Xgw-
Xcour drivability, clear bit 5 (CMs) of the CPU mode regis-
ter (003B,¢) to “0". At reset or when a STP instruction is
executed, this bit is set to “1" and strong drivability is
selected to help the oscillation to start.

Xein Xcour Xin - Xour

[ i
e Com + Ceour ol Cin ;_Com'

Fig. 22 Ceramlc resonator circuit

Xcin Xcout Xin Xoyr

Open Open

External escillation External oscillation
circuit or pulse circuit

Vv Vee '
e L L e nnnw

Fig. 23 External clock input circuit
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Kem Xcout

X|N xOUT

e

O
Sugr

Internal system clock
source selection bit
CM; (Note)

~ [~Main clock stop bit CMg
— Internal system clock

source selection bit CM;

Timer 1 count stop bit

Timer 2 count stop bit

1" : LC Timer 2
178 o ©

ug ‘
Timer 1 count

source selection
bit

' Timing ¢
{Internal clogk)

Rf—— STP
instruction

wIT
instruction

S

R

Q

| | L :
@ s AG——Reset

R |——— STP instruction

[O—— Interrupt disable flag |

Note : The values of GM; and CMj at reset are determined by a mask option.

Reset

Interrupt request

Fig. 24 System clock generating clrcuit block diagram
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External interrupt,
timer interrupt, or
Serial I/0 interrupt

Note 1.
The delay after the STP state ends Is approximately 0.25s.

Specify this option when ordering a mask ROM version.

wIT STP
instruction instruction
X clock oscillating - Xin clock osdillating —_— Xin clock stopped
X clock osclllating Xcm clock oscillating Xcn ¢lock stopped
¢ is stopped {"H") > ¢ =t(X)/2 < ¢ is stopped (*H")
Timer operating Interrupt Interrupt )
(Note 1)

CM7=1
wWIT STP
Xy clock oscillating instruction igstruction
Xcin clock oscillating - Xin clock oscillating _— Xy clock stopped
¢ is stopped ("H") Xcin clock oscillating Xew clock stopped
Timer operating o ¢ =H{Xom) 72 -— ¢ is stopped (°H")
{Note 3) Interrupt interrupt
(Note 1)
CM|5=0
The program must
_ allow time for Xy
CMs= oscillation.to stabilize
wIT STP
X clock stopped instruction instruction
Xcy clock oscillating - Xy clock stopped _—> X clock stopped
# is stopped (*H") Xoim clock oscillating Xci clock stopped
Tlrr_w(el:J otpe;?tmg ¢ =HXem) /2 ¢ =stopped (“H")
oe interrupt : Interrupt
(Note 2)

When the STP state is ended, a delay of approximately 2ms is automatically generated by timer 1 and timer 2.

It the internal clock ¢ divided by 8 is used as the timer count sourbe, the frequency of the count source is f(Xc,)/16.

High-speed operation
start mode (Note 4)

CM,=0 External interrupt, or
Serial 1/0 interrupt

]

Low-speed operation
start mode (Note 4)

The example assumes that 4 MHz is being applied 10 the Xy pin and 32 kHz to the Xy pin.

Fig. 26 State transitions of system clock
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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 (1)
which is “1". After a reset, initialize flags which affect prog-
ram execution. In particular, it is essential to initialize the
index X mode (T) and the decimal mode (D) flags be-
cause of their effect on calculations.

interrupts

The contents of the interrupt request bits do not change im-
mediately after they have been written.

After writing to an interrupt request register, execute at
least one instruction before executing a BBC or BBS in-
struction.

Decimal Calculations

To calculate in decimal notation, set the decimal mode ﬂég
(D) to “1”, then execute a ADC or SBC instruction. Only the
~ ADC and SBC instruction yleid proper decimal results. After
executing an ADC or SBC instruction, execute at least one
instruction before executing a SEC, CLC, or CLD instruc-
tion.

In decimal mode, the values of the negative (N), overflow
(Vv), and zero (Z) 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 frequency division ratio is 1/(n41).

Multiplication and Division Instructions

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

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

Ports

The contents of the port direction registers cannot be read.

The following cannot be used :

« the data transfer instruction (LDA, etc.) ‘

» the operation instruction when the index X mode flag (T)
is “1”

* the addressing mode which uses the value of a direction
register as an index.

* the bit-test instruction (BBC or BBS, etc.) to a direction
register ' .

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

Use instructions such as LDM and STA etc to set the port

direction registers.

Do not write “1” to bit 0 of the poﬁ P4 direction register
(address 0009:5) :

Serial /0

When using an external clock, input “H” to the external
clock input pin and clear the serial 170 interrupt request bit -
before executing a serial I/O transfer.

When using the internal clock, set the synchronization clock
to internal clock, then clear the serial 1/0 interrupt request
bit before executing a serial 1/0 transfer.

Instruction Execution Timing
The instruction execution time is obtained by multiplying
the frequency 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 Xy or
Xciy frequency.

At the STP Instruction Release

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

The Xeout drivability selection bit (the CPU mode reglster)
is set to “1" (high drive) in order to start oscillating.
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:

(1) Mask ROM Qrder Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (three iden-
tical copies) '

If required, specify the following option on the Mask Con-
firmation Form:

* Operation start mode switching option

PROM 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.

Package Name of Programming Adapter
€4P4B, 84518 PCA4738S-64A
64P6N-A PCA4738F-64A
64D0 PCA4738L-64A

The PROM of the blank One Time PROM version is not
tested or screened in the assembly process and following
processes. To ensure proper operation after programming,
the procedure shown in Figure 26 is recommended to
verify programming.

Programming with
PRQOM Programmer

N

Screening {Caution)
{1507C for 40 hours)

NS

Verification with
PROM Pregrammer

NS

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. 26 Programming and testing of One Time PROM
version
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ABSOLUTE 'MAXIMUM RATINGS

Symbol Parameter Conditions ' Ratings ' Unit
Voo Power source voitage ) i ) —0.3t07.0 v
Vee Pull-down power source voltage Vec—40 to Ve +0. 3 \Y
\'A Input voitage P24-P2;, P4,-P4;, P5¢-P5;, P6g-P67 —0.3 to Vec+0. 3 A"
Vi Input voitage i - All voltages are based on the Vgg. —0-3t0 Vee0.3 v
v, Input voltage RESET, Xy Output ransistors are cut off —0.3 to Vgc10.3 .V
v, Input voltage Xy . —0.3 to Vge+0.3 v
Vo Output voltage P0y-P0;, P1g-P17, P2y-P23, P3¢-P3; Vee—40 10 Vee+0.3 v

Output voltage P2,-P2;, P4,-P4;, P5y-P5;, PBy-P6s,
Vo : PToP71, Xour, Xcour 7 —0.3to ch+0. 3 v
Pg Power dissipation Ta=25C. . 1000(Note 1) C mwW
Topr Operating temperature —10to 85 C
Tstg Storage temperature —40 to 125 C

Note 1. 600mW in case of the flat package.

RECOMMENDED OPERATING CONDiTlONS (Ve = 4.0105.5V, T, = —10 10 85%C, unless otherwise noted)

. Limits
Symbol Parameter - - Unit
. Min. . Typ. Max.
High-speed operation mode 4.0 5.0 5.5
Veo Power source voltage Low-speed operation mode 2.8 5.0 55 v
Vss Power source voltage ' 0 v -
Vee Puli-down power supply voltage Vee—38 Vee A
Via Analog.input voltage 0 Vee v
Vin “H” input voltage P2,-P2; 0. 4Vee Voo v .
Vin “H" input voltage P4 0. 75Veg Voe \'
Vin “H” input voltage P4,-P4;, P5y-P5;, P6y-P6; 0. 75V Veo v
Vi ,“H” input voltage RESET 0.8Vee Veo V-
Viu “H" input voltage Xin, Xoin 0. BVco Ve \'2
Vi “L” input voltage P24-P2; 0 0. 16Vc v
Vie “L” input voltage P4y 0 0.25Veo v
Vio “L" input voitage P4,-P4;, P5,-P5;, P6-P6; 0 0.25Vc Y
Vi “L" input voltage RESET 0 0.2Vec Vv
Vi “L” input'valtage X, Xci 0 0. 2Vee vV
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RECOMMENDED OPERATING CONDITIONS (Vco=4.0t05.5v, Ta=—10 to 85C, unless atherwise noted)

Limits
Symbol Parameter - . Unit
Min. Typ. Max.

“H" total peak output current P0y-P0;, P1g-P1;,
Zloutpeak) (Note 1) P2,-P2;, P3y-P3, —240 mA
2 lontpeak;| “H” total peak output current P4,-P4;; PBy-P6; —60 mA
2|0L(paak) L” total peak output current :52’::::; ::-:::, 100 mA
Zlo(peak)| “L" total peak output current P8, 3.0 mA

“H" total average ouiput current P0p-PO;, P1g-P1;,
Zloncavg) (Note 1) P20-P2;, PAg-P3; 10 mA
Zloncavg) | “H” total average output current Pa,-P4;, P6y-P6; —30 mA
2|0L(av ) “L" total average output current P2;-P2;, P4,-P4;, 50 mA

g P5o-P5;, P6(-P8;

ZloLcavg) | “L” total average output current P6y 1.5 mA

“H" peak output current P0p-P0;, P1g-P14, P2,-P2,,
lontpaak) P3o-P3; (Note 2) —40 mA
lontpeaky | “H” peak output current P2,-P2;, P4-P4;, P8y-P6; —10 mA
lovL(peak)| “L" peak output current P2,-P2;, P6-P§; 10 mA
loLcpeak)| “L.” peak output current P4y-P4;, P5-P5; 10 mA
loLtpeak)| “L" peak output current P& 3.0 mA
| “H" average cutput current PO,;-P0;, P1o-P17, —18 mA
ontavg> (Note 3)  P2,-P2;, P3y-P3;

“H" average cutput current P2,-P2;, P4,-P4;,
lontavg) P6o-PBs —5.0 mA
loLcavg) | “L" average output current P2,-P2;, P6;-P6; 5.0 mA
loLcavg) | “L” average output current P4,-P4;, P54-P5; - 10 mA
loLcavg) | “L” average outpit current P8, 1.5 mA’
f(CNTR) | Clock input frequency for timers 4 (duty cycle 50%) 250 kHz
£{ Xin) Main clock input oscillation frequency (Note 4) 4,2 MHz
f{Xcin) | Sub-clock input oscillation fraquency (Note 4, 5) 32.768 50 kHz

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 average value measured over 100ns. The total peak current is the peak

value of all the currents.

O bW

f(xcm) is less than f(X|N)/3. P

. The peak output current is the peak current flowing In each port.
. The average output current in an average value measured over 100ms.
When the osciliation frequency has a duty cycle of 50%.

. When using the microcomputer In low-speed mode, make sure that the sub-clock input frequency

Ay
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

o Limits
Symbad Parameter Test conditions Min. ve. Max. Unit
Vou “H” output voltaée POp-PO;, P1g-P17, P20-P2g, P3¢-P3; | lon=—18mA, Voc=4.5t0 5.5V Vee—2.0 Vv
Vo “H" output voltage P2,-P2;, P4;-P4;, P6,-PB7 | loy==--10mA, Vec=4.5 t0 5.5V Vee—2.0 V'
Voo “L" output voltage P24-P2;, P4,-P4;, P5,-P5;, P6,-P6; lor=10mA, Vgc=4.510 5.5V 2.0 \'
VoL “L” output voltage P8y | loe=1.5mA, Veo=4.5 to 5. 5V 0.5 v
V3+—Vy— | Hysteresis INT-INTZ, Sint, Sz, CLK1, CLK2, CNTR When using a non-port function 0.4 oV
V14+—Vr— | Hysteresis RESET, Xy RESET : Vgc=2.8V o 5.5V 0.5 \"
Vy4+—Vr— | Hysteresis Xon 0.5 \
lin “H” input current P24-P2;, P4,-Pdy, P5o-P5;, P6e-P6; Vi=Vee 5.0 2A
ha “H” input current P4, Vi=Vee 5.0 1A
hK “H" Input current RESET, Xcin Vi=Vgc 5.0 HA
hH “H" input current X Vi=Vgc 4 #A
I “L” input current P24-P2;, P4,-P4;, P5y-P5;, P6y-P6; Vi=Vss —5:0 { uhA
he “L" input current P4, Vi=Vgs —5.0 A
e - “L" Input current RESET, Xcm Vi=Vgg —5.0 #A
| “L” input current Xy Vi=Vgg —4 iA
lLoaD Output load current POy-POr, Pla-Pls, P2o-P2s, Par-P3y :;t‘h_li;utif:ns:t:sﬁc 150 | 500 900 A
Output leakage current P0y-PT;, P15-P17, P2¢-P23, Vee=Veo—38V, Vo=Vee—38V, .
heax P3g-PY; With output transistors “off” (Except for reset) —10 : #h
Vaam RAM hold voltage Whien clock is stopped 2.0 5.5 \'4
: In high-speed operation mode
f{Xn)=4MHz
i H{Xom ) =32kHz 5 10| mA
Qutput transistors “off”
Comparator operating
In high-speed operation made
(X)) =4MHz (in WIT state)
f(Xoin)=32kHz 1 mA
Output transistors “off”
Comparator stopped
In low-speed operation mode
(X)) = stopped f(Xcm)=32kHz
loo Power source current - | Low-power dissipation mode set 60 200 1A
' (CMs=0) ]
Qutput transistors “off”
In low-speed operation mode
. ' (X )= stopped
f(Xem)=32kHz (in \.NIT state) 20 a0 LA
Low-power dissipation mode set -
(CMs=0)
Qutput transistors “off”
All oscillation stopped Ta=25ﬂc 0.1 1.0
{in STP state} oA
Output transistors “off” Ta=85C 10
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COMPARATOR CHARACTERISTICS

(Voo=4.0t0 5, 5V, Vgg=0V, Ta=—10 to 85°'C, high-speed operation mode, uniess otherwise noted)

. Limits
Symbol Parameter Test conditions Unit
~ Min. Typ. Max.

- Resolution 4 Bits

— Absolute accuracy 1/2 LSB
Teconv Conversion time 7 us
i Analog port input current 5.0 uA
RLapper | Ladder resistor 30 kO

TIMING REQUIREMENTS (Voc=4.0105.5V, Vss=0V, Ta= —10to 85C, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
twiRESET) Reset input “L" pulse width 2 us
toixm) Main clock input cycle time {X)y input} 238 ns
twHxN) Main clock input “H” pulse width 60 ns
twL Main clock input “L” pulse width 60 ns
1o txem) Sub-clock Input cycle time (Xgn input) 20 us
twH(xan? Sub-clock input “H” pulse width 5 us
bwt Ocone? Sub-clock input “L” pulse width 5 s
tcicnTR) CNTR input cycle time 4 s
twH(CNTR) CNTR input “H” pulse width 1.6 “®s
twi(enTR) CNTR input “L" pulse width 1.6 us
bwHONT) INT;—INT. input "H" pulse width 80 ns
twLinT INTo—INT, input “L” pulse width 80 ns
tetseo Serial 170 ctock input cycle time 1 us
twH(sck) Serial 170 clock input clock “H” pulse width 400 ns
twisc Sarial 170 clock input clock “L” pulse width 400 ns
tsuiscik-on) | Serlat 1/Q input setup time 200 ns
thisgc-spy | Serial 170 input hold time 200 ns
SWITCHING CHARACTERISTICS (Voo =40105.5V, Vas =0V, T3 = —10t085C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.

twh(scw) Serial /0 clock output “H” pulse width C_ =100pF, R,=1kQ t/;‘i"]‘gé ns
twiiscue) Serial I/0 clock output “L” pulse width C.=100pF, R,=1k ‘/Z(—SC]LEI;[; . ns
te(souk—Sgup | Serial 170 output delay time 0. 2te ns
tyisck—Sour) | Serial 170 output hold time 0 ns
YHiscuo Serial 170 ¢lock output falling time C, =100pF, R_.=1kQ 40 ns
tre Pch—strg) I:;I«:::n:)el high-breakdown voltage output rising time CL=100pF, Veg=Voo—36V 55 ns
Yeron-woak! l(’;;t::n;)e! high-breakdown voltage output rising time CL=100pF, Vee=Voo—36V L8 s

Nate 1. When bit 0 of the high-breakdown voltage port control register {address 0038,¢) is at “0".
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) is at “1”.
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P5e/Scikz '— :
PS2/Scux PO, P1, P2,—P2,,P3
I |
| —ij" | = ICL
—-(I)— VEE

Serial 1/0 clock output port . P-channel output port ’

Fig. 27 OQutput switching characteristics measurement circuit
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TIMING CHART

| - teiontm
| twricnTr) 11 bwiicnTa) l
0.8v
CNTR e 0. 2Vee V
! C tweinT L twLlinT? |
INTo-INT2 / ’ 0. 8Vee 0. 2Vec
L twiResET) |
RESET \ | 0. Ve 0.8V¢e
. 1 tc(xm)
L tWH(XmJ . | ) tWL(XmJ
X, 0.8V, ' )
™ ce )’\L 0. Ve v
- tetxen)
| twnixen) L fwi (e
0.8Vee s
xlZ:IN ¢ 0. 2Vcc : F
tetsge)
i tWL(SCLK) ' tr tWH(SCLK)
— ’ |
0.8v,
Scik \‘ 0. 2V¢e ,/ ee ) N
tSU(Sm—SCLK) th(SC:LK_SIN)
K 0.8V
0. 2V g %02020%0%6% %% %%
tdiscLk—sour? ‘ t(scLe—soyr
Sour




