MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 7477/7478 group is the single-chip microcomputer de-
signed with CMOS silicon gate technology.

The single-chip microcomputer is useful for business
equipment and other consumer applications.

In addition to its simple instruction set, the ROM, RAM, and
/0 addresses are placed on the same memory map to en-
able easy programming.

In addition, built-in PROM type microcomputers with built-in
electrically writable PROM, and additional functions equiva-
lent to the mask ROM version are also available.

7477/7478 group products are shown noted below.

The 7477 and the 7478 differ in the number of /0O ports,
package outline, and clock generating circuit only.

Product
M37477M4-XXXSP/FP
M37477M8-XXXSP/FP
M37477E8SP/FP
M37477E8-XXXSP/FP
M37478M4-XXXSP/FP
M37478M8-XXXSP/FP

Version

Mask ROM version

One Time PROM version
(Buiit-in PROM type microcomputers)

Mask ROM version

M37478E8SP/FP One Time PROM version
M37478E8-XXXSP/FP | (Built-in PROM type microcomputers)
PROM version
7
M37478E8SS (Built-in PROM type microcomputer)
FEATURES
® Basic machine-language instructions ----r-roooreerreeee 71
® Memory size
ROM --ovrevreeeeeens 8192 bytes (M37477M4,M37478M4)
RAM - eeememmeeseenees 192 bytes (M37477M4,M37478M4)

® The minimum instruction execution time

---------------------- 0.5 {at 8MHz oscillation frequency)
® Power source voltage

~~~~~ 2.7 to 4.5V (at 2.2V —2.0MHz oscillation frequency)

--------------- 4.5 to 5.5V (at 8MHz oscillation frequency)
® Power dissipation in normal mode

--------------------- 35mwW (at 8MHz oscillation frequency)
@ Subroutine nesting

------------------- 96 levels max. (M37477M4, M37478M4)

@ Interrupt-- oo 13 sources, 11 vectors

@ B-Dit HMErg--r-rrererrrmrre e 4
® Programmabie 1/0 ports

(Ports PO, P1, P4} «oermrreesemnenees 18 (7477 group)

20 (7478 group)

@ Input ports (Ports P2, P3)--wrerreereeeeess 8 (7477 group)

(Ports P2, P3, P5) «-wveeeeeee 16 (7478 group)

@ B8-bit serial I/O-------+ 1 (UART or clock-synchronized)

® 8-bit A-D converter ---oeeeee 4 channels (7477 group)

8 channels (7478 group)

PiIN CONFIGURATION (TOP VIEW)

P1,/Sppy +*
Plg/Scik +*

P1./RyD +[4] + PO,
P1y/T, + 5] ITZ +* POy
Pt 999 - PO,
P1,+ 38% Ao e,
~N N
P1y + 8] mgL + POy
P2IN,~[3] TP - P4,
P2,/IN; — >>§ >>§ § +» P4,
P2,/IN, — P <« P3,/CNTR,
P24/INg T « P3,/CNTR,
Vegr — [20] « P3,/INT,
X = [14] 18] « P3,/INT,
Xour 8] +— RESET
Vss Vee
Outline 32P4B
P1;/Spov ++ [ + PO,
Plg/Scik + +* POg
P1s/TyD +> [30] + PO,
P1,/RyD + [4] +~ PO,
PiyT,~[E zzz > PO,
PiTo+~[E] 48Y - PO,
Pl + %% - PO,
Po-BE w22 PO,
P2,/INg — P h -~ P4,
PN, ] XL « Pdy
P2,/IN; — [11] >_|$l : >1<1 «— P35/CNTR,
P2o/INg — vvU + P3,/CNTR,
Veee — [20) +— P3,/INT,
X~ [14] “— P3,/INT,
Xour +— «— RESET
Vsg Vee

Outline 32P2W-A

APPLICATION
Audio-visual equipment, VCR, Tuner,
Office automation equipment
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
- o
P5; — i« p5, EE e
P =
P17/Snoy +* )~ PO, 52z2
Qe z
[ T o o > %S
Pio/Soux =~ (- P, SEFEEFTIIFeELETe
P1/TD > L4 5~ o, Parit ety 44
P1y/FuD + ] 3] - Po. FREFEFRREEREFEE
P1a/T; == [E] 37+~ PO, e ~— RESET
P12/ To ++ [%] « PO, PO5 ++ [4] O NG
P1, + 8] Iz 2T E"PO‘ POg + [47] [26] «+ P51/Xcour
3 &‘; g 3 P07 +» [#]| 125] +— PSo/Xcin
Po=B] FFIF HEHero PS5, — [@ M37478M4-XXXFP ZI
PN, [l Sasa [@e e NC M37478MB8-XXXFP vee
Po/iNs—[] TMEZT [Fra Vss - Ves
6’ s Q00000 & 2
PO /N, — B ] Pa PS5 — [5] M37478E8-XXXFP AVsg
e ool ! P17/Spoy +» [53] NG
P2,/IN, — XXX 3]+ P4, Ple/Scik +» [5] — Xour
P24/INg — BT |5« PI/CNTR, P1s/TxD « [5) — Xin
P2,/IN, — 78] + P3,/CNTR, NG NG
Sy 2~ PaNT, PRTAT T T
P20/INp — [T7] 6] +— P3,/INT, A
- - w
Xin = E"’P51/XCOUT gu'n‘ EEE‘&E&‘EE
Xour + [ 73] + P5o/Xun
VSS 22—-! VCC
Outling 42P48 Outline 56P6N-A
42S1B-A(Window)
Note. The differences between 42P4B package type of 7478 group and 56PBN-A package type of 7478 group are package outline, power
dissipation ability (absolute maximum ratings}, and the provision of an AVss pin by the 56P6N-A package type.
NC : No connection
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7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS
7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIiT CMOS MICROCOMPUTER

FUNCTIONS OF 7477/7478 GROUP

Parameter Functions
Basic machine-language instructions Ial
tnstruction execution time 0.5¢5 (The minimum instructions, at 8MHz oscillation frequency)
Clock input oscillation frequency 8MHz (max.)
M37477M4 From 8192 bytes
. M37478M4 RAM 192 bytes
Memory size
M37477MB/E8 (P)ROM 16384 bytes
M37478M8B/E8 RAM 384 bytes
PO, P1 1o 8-bitX2
P2 Input 8-bitX1 (4-bitX1 for the 7477 group)
Input/Output port -
P3, P5 input 4-bitX 2 (Port P5 is not included in the 7477 group)
P4 [Z1e} 4-bitX1 (2-bitX1 for the 7477 group)
Serial /O 8-bitXt
Timers 8-bit timerX4

8-bitX 1 (8 channels)

A-D converter
(8-bitX 1 (4 channels) for the 7477 group)

M37477M4, M37478M4 96 (max.)
Subroutine nesting
M37477M8/E8, M37478M8/EB 192 {max.)
Interrupt § external interrupts, 7 internal interrupts, 1 software interrupt
Clock generating circuit Built-in circuit with internal feedback resistor {a ceramic or a quartz-crystal oscillator )
Power source voltage 2.7 t04.59 (at 2. Vo2 OMHz oscillation frequency), 4.5 to 5.5V (at 8MHz oscillation frequency)
Power dissipation 35mW (at 8MHz oscillation frequency)
| input/Output voltage 5v
Input/Output characters I " -
i Output current —5 to 10mA (PQ, P1, P4 1 CMOS tri-states)
Operating temperature range 20 10 85C
Device structure CMOS silicon gate
M37477M4/MB/EB-XXXSP 32-pin shrink plastic molded DiP
M37477M4/MB/E8-XXXFP 32-pin plastic molded SOP
Package M37478M4/MB/E8-XXXSP 42-pin shrink plastic molded DIP
M37478M4/MB/EB-XXXFP 56-pin plastic molded QFP
M37478E85S 42-pin ceramic DIP
MITSUBISHI 3—51

ELECTRIC



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

" Input/
Pin Name Functions
Qutput
Voo Power source Apply voltage of 2.7 to 5. 5V to Ve, and 0V to Vgg.
Vss
AVgs Analog pawer source Ground level input pin for A-D converter.
(Note 1) Sarme voltage as Vsg is applied.
RESET Reset input L Input To enter the reset state, the reset input pin must be kept at “L” for 2us or more (under normal Veg
conditions).
Kin Clock input input These are I/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
external ceramic or a quartz crystal oscillator is connected between the Xy and Xoyr pins. If an external
! clock is used, the clock source should be connected the X in and the X in should be teft N
Xour Clock output Output | e P out P open
Feedback resistor is connected between Xy and Xoyr.
Veaer Reference voltage Input Reterence voltage input pin for A-D converter.
input
P0,—PO; | 170 port PO t{e] Port PO is an 8-bit 1/O port. The output structure is CMOS output.
When this port is selected for input, pull-up transistor can be connected in units of 1-bit and a key on wake
up function is provided.
P1y=P1; | 170 port P1 : /G Port P1 is an 8-bit 170 port. The output structure is CMOS output.
When this port is selected for input, pull-up transistor can be connected in units of 4-bit. P13, P13 are in
common with timer output pins Ty, T1. P14, Pls, P1g, P17 are in common with serial 170 pins RxD, TxD, Scix,
Saov, raspectively.
P2,—P2; | Input port P2 input Port P2 is an 8-bit input port.
(Note 2) This port is in common with analog input pins INg—IN-.
i
P3,—P3; | input port P3 Input ! Port P3is a 4-bit input port. P3g, P34 are in common with external interrupt input pins INTy, INT, and P3;,
| P3, are in common with timer input pins CNTRg, CNTR;.
P4,—P4, | I/0 port P4 1{e] ‘ Port P4 is a 4-bit 170 port. The output structure is CMOS output. When this port is selected for input,
(Note 3} i pull-up transistor can be connected in units of 4-bit.
P55—P55 | Input port PS tnput Port P5 is a 4-bit input port and pull-up transistor can be connected in units of 4-bit. P5;, P5; are in com-
(Note 4) mon with input/output pins of clock for clock function Xcin, Xcour. When P5g, PSy are used as Xew, Xcour.
connect a ceramic or a quariz crystal osciliator between Xcin and Xcour.
| If an external clock input is used, connect the ciock input to the Xc, pin and open the Xcour pin. Feedback
:\ l resistor is connected between Xcin and Xcoyr Pins.

Note 1 @ AVggtor M37478M4/MB/ES-XXXFP.

I Only P2,—P2; {INg—IN3) 4-bit for the 7477 group.
Only P4, and P4, 2-bit for the 7477 group.

This port is not included in the 7477 group.

FSET N Y
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION CPU Mode Register
Central Processing Unit (CPU) The CPU mode register is allocated at address 00FBe.
The 7477/7478 group uses the standard 740 family instruc- This register contains the stack page selection bit.

tion set. Refer to the table of 740 family addressing modes
and machine instructions or the SERIES 740 (Software> Us-
er'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 MUL, DIV, WIT, and STP instruction can be used.

b7 b0

I ] I [ I I l I l CPU mode register
[ I i (Address 00FB,)
These bits must always be set to “Q".
Stack page selection bit (Note 1)

0 !In page 0 area
1 'in page 1 area

P5g, P51/ Xcin: Xcour selection bit (Note 2)
0 : PS5y, P5,
1 1 Xems Xcour

- Xcour drive capacity selection bit (Note 2)
0 lLow
1 I High

Clock (Xi-Xout) stop bit {Note 2)
‘ 0 : Osciliates
| 1 ! Stops

; Internal system clock selection bit (Note 2)
0 Xn-Xour selected (normal mode)
1 1 Xoin-Xcour selected (low-speed mode)

Note 1  Inthe M37477M4, M37478M4, set this bit to “0".
2 Inthe 7477 group, set this bit to “0”.

Fig. 1 Structure of CPU mode register
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

GLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

*» Special Function Register (SFR) Area

The special function register (SFR) area contains the reg-
isters relating to functions such as 1/O ports and timers.

* RAM

RAM is used for data storage as well as a stack area.

* ROM

ROM is used for storing user programs as well as the inter-
rupt vector area.

* Interrupt Vector Area

The interrupt vector area is for storing jump destination
addresses used at reset or when an interrupt is generated.
* Zero Page

Zero page addressing mode is useful because it enables
access to this area with fewer instruction cycles.

* Special Page

Special page addressing mode is useful because it en-
ables access to this area with fewer instruction cycles.

0000,¢
RAM(192 bytes)
for
M37477M4
M37477MB/E8
M37478M4
M37478MB/ES Zero page
00BF,¢
SFR area
00FF,q J
RAM(192 bytes) | 0100,¢
for
M37477M8/E8
M37478M8/E8 | 01BF:s
Not used
C000,6
E000,¢
ROM
(16K bytes) ROM
for { (8K bytes) FFOD:s
M37477M8/E8 for
M37478MB/ES M37477M4
M37478M4 | ppeg Special page
interrupt vector area;
FFFF g
Fig. 2 Memory map
MITSUBISHI



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BiT CMOS MICROCOMPUTER

00C0,¢ | Port PO Q00EO,s | Transmit/receive buifer register
00C144 | Port PO direction register Q0E1 g | Serial 1/O status register
00C2,¢ | Port P1 00E2,4 | Serial 1/0 control register
00C3y¢ | Port P1 direction register Q0E3,g | UART control register
00C4,¢ | Port P2 Q0E4,s | Baud rate generator
00C54¢ Q0E5.¢
00C6,5 | Port P3 00ES6,¢
00C74s 00E74¢
00C8,¢ | Port P4 00E8,s
00C9;¢ | Port P4 direction register 00E9,¢
00CA| Port P5 (Note 1) 00EA;s
00GB4¢ 00EB,¢
00CCs 00EC 5
00CDe 00ED
00CE ¢ Q0EE s
00CF g O0EF:¢
00D0,¢ | PO pult-up control register 00F04g | Timer 1
000146 | P1—P5 pull-up cantrol register (Note 2) 00F14g | Timer 2
00D2¢ 00F2, | Timer 3
00D34s 00F3,¢ | Timer 4
00D4,¢ | Edge polarity setection register 00F4,¢
00D54s 00F5,¢
00D86, | Input latch register 00F6,¢
00D7,¢ 00F74¢ | Timer FF register
00086 00F8,¢ | Timer 12 mode register
00D%,¢ | A-D control register 00F9,¢ | Timer 34 mode register
00DA,¢| A-D conversion register 00FA,¢ | Timer mode register 2
00DB;s . 00FB,¢ | CPU mode register
00DC4 00FC,¢ | Interrupt request register 1
00DD;g| 00FD;¢ | Interrupt request register 2
00DE;¢ ) 00FE,¢ | Interrupt control register 1
O0DF,¢ 00FF,¢ | Interrupt control register 2
Note 1 : This address is not used in the 7477 group.
2 : This address is allocated P1—P4 pull-up control register for the 7477 group.

Fig. 3 SFR (Special Function Register) memory map




MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

interrupts can be caused by 13 different sources consisting
of five external, seven internal, and one software sources.
Interrupts are vectored intersupts with priorities shown in
Table 1. Reset is alsc included in the table because its op-
eration is similar to an interrupt.

When an interrupt is accepted, the registers are pushed,
interrupt disable flag | is set, and the program jumps to the
address specified in the vector table. The interrupt request
bit is cleared automatically. The reset and BRK instruction
interrupt can never be disabled. Other interrupts are dis-
abled when the interrupt disable flag is set.

Al interrupts except the BRK instruction interrupt have an
interrupt request bit and an interrupt enable bit. The inter-
rupt request bits are in interrupt request registers 1 and 2
and the interrupt enable bits are in interrupt control regis-
ters 1 and 2. External interrupts INT,; and INT, can be
asserted on either the falling or rising edge as set in the
edge polarity selection register. When “0” is set to this reg-
ister, the interrupt is activated on the falling edge; when “1”
is set to the register, the interrupt is activated on the rising
edge.

Table 1. Interrupt vector address and priority.

When the device is put into power-down state by the STP
instruction or the WIT instruction, if bit 5 in the edge polar-
ity selection register is “1”, the INT, interrupt becomes a
key on wake up interrupt. When a key on wake up interrupt
is valid, an interrupt request is generated by applying the
“L" level to any pin in port PO. In this case, the port used for
interrupt must have been set for the input mode.

It bit 5 in the edge polarity selection register is "0" when
the device is in power-down state, the INT, interrupt is
selected. Also, if bit 5 in the edge polarity selection regis-
ter is set to “1” when the device is not in a power-down
state, neither key on wake up interrupt request nor INT, in-
terrupt request is generated.

The CNTRy/CNTR, interrupts function in the same as INT,
and INT4. The interrupt input pin can be specified for either
CNTRy or CNTR, pin by setting bit 4 in the edge polarity
selection register.

Figure 4 shows the structure of the edge polarity selection
register, interrupt request registers 1 and 2, and interrupt
control registers 1 and 2.

Interrupts other than the BRK instruction interrupt and reset
are accepted when the interrupt enable bit is “1”, interrupt
request bit is “1”, and the interrupt disable ftag is “0”. The
interrupt request bit can be reset with a program, but not
set. The interrupt enable bit can be set and reset with a
program.

Reset is treated as a non-maskable interrupt with the high-
est priority. Figure 5 shows interrupts control.

Interrupt source Priority Vector addresses Rernarks
RESET 1 FFFFis, FFFE,e Non-maskable
INT, interrupt 2 FFFDs, FFFCyg External interrupt ( polarity programmable)
{NT, interrupt or key on wake up interrupt 3 FFFBg, FFFA,q External interrupt (INT, is polarity programmabie)
GCNTR, interrupt or CNTR, interrupt 4 FFF9.6, FFF8,¢ External interrupt ( polarity programmable)
Timer 1 interrupt 5 FFF7.s, FFF64¢
Timer 2 interrupt 6 FFF5,s, FFF4,¢
Timer 3 interrupt 7 FFF346, FFF24g
Timer 4 interrupt 8 FFF1,5, FFFO4¢
Serial 1/0 receive interrupt 9 FFEF.s, FFEEe
Serial 1/0 transmit interrupt 10 FFED+s, FFEC,q
A-D conversion completion interrupt 1 FFEB.s, FFEAg
BRK instruction interrupt 12 FFE94e, FFE8,4 Non-maskable software interrupt

2 Ty



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7 b0
L [ T l I T l ﬂ Edge polarity selection register (EG)

(Address 00D4,¢)
INT, edge selection bit
INT, edge selection bit
CNTR, adge selection bit
— CNTR, edge selection bit
0 : Falling edge
1 ! Rising edge
i—~ CNTRo/CNTR, interrupt selection bit
0 I CNTRq
1 I CNTR,
INT; source selection bit (at power-down state)
0 ! P3,/INT,
L 1 1 P0,~PO; “L" level {for key on wake up)
Nothing is allocated (The value is undefined at reading)
b7 b0 b7 b0
L 1111 Pl ] Interrupt request register 1 l J | ] ] | j J ] Interrupt request register 2
(Address 00FC,q) (Address 00FD,4)
Timer 1 interrupt request bit INT, interrupt request bit
Timer 2 interrupt request bit | —— INT, interrupt request bit
Timer 3 intarrupt request bit | CNTR, or CNTR, interrupt request bit
Timer 4 interrupt request bit 0 No interrupt request
‘ Nothing is allocated (The 1 [ Interrupt requested
| value is undefined at reading) Nothing is aliocated
e Serial I/O receive interrupt (The value is undefined at reading)
; request bit
J Serial 170 transmit interrupt request bit
A-D conversion compietion interrupt request bit
b7 o0 b7 b0
L l [ 11 I'T T 1 interrupt control register1 | | | I 1 1 1 1 ] mterrupt control register 2
(Address 00FE,g) L (Address D0FF)
Timer 1 interrupt enable bit INT, interrupt enable bit
| h Timer 2 interrupt enable bit —— INT, interrupt enable bit
Timer 3 interrupt enable bit CNTR; or CNTR, interrupt enable bit
i Timer 4 interrupt enable bit 0 ! interrupt disable
Nothing is allocated {The 1 interrupt enabled
value is undefined at reading) Nothing is allocated
Serial I/0 recsive interrupt enabie bit (The value is undefined at reading)
Serial 170 transmit interrupt enable bit

A-D conversion completion interrupt enabie bit

Fig. 4 Structure of registers related to interrupt

Interrupt request bit ——

Interrupt enabie bit ———f

interrupt disable flag \—4

BRK instruction interrupt request
reset

Fig. 5 Interrupt control

AMTSIB&SH 3—57



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMER
The 7477/7478 group has four timers; timer 1, timer 2, timer
3, and timer 4.
A block diagram of timer 1 through 4 is shown in Figure 6.
Timer 1 can be operated in the timer mode, event count
mode, or pulse output mode. Timer 1 starts counting when
bit 0 in the timer 12 mode register (address 00F8,s) is set
to “0”.
The count source can be selected from the f(X,y) divided
by 16, f(Xcin) divided by 16, f(Xcin), or event input from
P3,/CNTR, pin. Do not select f(Xc,y) as the count source
in the 7477 group. When bit 1 and bit 2 in the timer 12
mode register are “0”, {(X,y) divided by 16 or f(Xg) di-
vided by 16 is selected. Selection between f(X,) and
f(Xen) is done by bit 7 in the CPU mode register {address
00FB4s) . When bit 1 in the timer 12 mode register is “0"
and bit 2 is “17, f(Xcn) is selected. And, when bit 1 in the
timer 12 mode register is “1”, an event input from the
CNTR, pin is selected. Event inputs are selected depend-
ing on bit 2 in the edge polarity selection register (address
00D4,4). When this bit is “0”, the inverted value of CNTR,
input is selected; when the bit is “1”, CNTRy input is
selected.
When bit 3 in the timer 12 mode register is set to “1”, the
P1, pin becomes timer output To. When the direction regis-
ter of P1, is set for the output mode at this time, the timer 1
overflow divided by 2 is output from Tg.
Please set the initial output value in the following proce-
dure.
@ Set “1” to bit 0 of the timer 12 mode register.

(Timer 1 count stop.)
@ Set “1” to bit 0 of the timer mode register 2.
(3@ Set the output value to bit 0 of the timer FF register.
@ Set the count value to the timer 1.
® Set “0” to bit 0 of the timer 12 mode register.

(Timer 1 count start.)
Timer 2 can only be operated in the timer mode. Timer 2
starts counting when bit 4 in the timer 12 mode register is
set to “0”.
The count source can be selected from the divide by 16,
divide by 64, divide by 128, or divide by 256 frequency of
f{(Xin) or f(Xcin), and timer 1 overflow. Do not select f(Xciy)
as the count source in the 7477 group. When bit 5 in the
timer 12 mode register is “0”, any of the divide by 16, di-
vide by B4, divide by 128, or divide by 256 frequency of
f(Xi) or f(Xen) is selected. The divide ratio is selected
according to bit 6 and bit 7 in the timer 12 mode register,
and selection between f(X,y) and f(X¢) is made accord-
ing to bit 7 in the CPU mode register. When bit 5 in the
timer 12 mode register is “17, timer 1 overfiow is selected
as the count source.
Timer 3 can be operated in the timer mode, event count
mode, or PWM mode. Timer 3 starts counting when bit 0 in
the timer 34 mode register (address 00F9,¢) is set to “0".

The count source can be selected from the (X,,) divided
by 16, t{Xcn) divided by 18, f(Xcw) . timer 1 or timer 2
overflow, or an event input from P3;/CNTAR, pins according
to the statuses of bit 1 and bit 2 in the timer 34 mode regis-
ter, bit 6 in the timer mode register 2 (address 00FA,¢) and
bit 7 in the CPU mode register. Do not select f(X¢,y) as the
count source in the 7477 group. Note, however, that if timer
1 overflow or timer 2 overflow is selected for the count
source of timer 3 when timer 1 overflow is selected for the
count source of timer 2, timer 1 overflow is always selected
regardless of the status of bit 6 in the timer mode register
2. Event inputs are selected depending on bit 3 in the
edge polarity selection register. When this bit is “0", the in-
verted value of CNTR, input is selected; when the bit is
“1”, CNTR, input is selected.
Timer 4 can be operated in the timer mode, event count
mode, pulse output mode, pulse width measuring mode, or
PWM mode. Timer 4 starts counting when bit 3 in the timer
34 mode register is set to “0” when bit 6 in this register is
“0”. When bit 6 is “1”, the pulse width measuring mode is
selected. The count source can be selected from timer 3
overflow, f (X,y) divided by 16, f (Xgn) divided by 16,
f(Xoin), timer 1 or timer 2 overflow, or an event input from
P33/CNTR; pin according to the statuses of bit 4 and bit 5
in the timer 34 mode register, bit 6 in the timer mode regis-
ter 2, and bit 7 in the CPU mode register. Do not seiect
f (Xcin) as the count source in the 7477 group. Note,
however, that if timer 1 overflow or timer 2 overflow is
selected for the count source of timer 4 when timer 1 over-
flow is selected for the count source of timer 2, timer 1
overflow is always selected regardless of the status of bit 6
in the timer mode register 2. Event inputs are selected de-
pending on bit 3 in the edge polarity selection register.
When this bit is “0”, the inverted value of CNTR, input is
selected; when the bit is “17, CNTR, input is selected.
When bit 7 in the timer 34 mode register is set to “1”, the
P15 pin becomes timer output T,. When the direction regis-
ter of P1; is set for the output mode at this time, the timer 4
overflow divided by 2 is output from T, when bit 7 in the
timer mode register 2 is "0".
Please set the initial output value in the following proce-
dure.
(D Set “1” to bit 3 of the timer 34 mode register.

(Timer 4 count stop.)
@ Set “1” to bit 1 of the timer mode register 2.
3 Set the output value to bit 1 of the timer FF register.
@ Set the count value to the timer 4.
® Set “0” to bit 3 of the timer 34 mode register.

(Timer 4 count start.)
(1)} Timer mode
Timer performs down count operations with the dividing
ratio being 1/(n-+1). Writing a value to the timer iatch sets
a value to the timer. When the value to be set to the timer
latch is nnyg, the value to be set to a timer is nnye, Which is

LR
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down counted at the falling edge of the count source from
niyg 1o (NNyg-1) to (nnqg-2) to..014¢ to 0046 to FFie. At the
falling edge of the count source immediately after timer
value has reached FF value (nn,s-1) obtained by sub-
tracting one from the timer latch value is set (reloaded) to
the timer to continue counting. At the rising edge of the
count source immediately after the timer value has reached
FF. an overflow occurs and an interrupt request is gener-
ated.

(2) Event count mode

Timer operates in the same way as in the timer mode ex-
cept that it counts input from the CNTR, or CNTR; pin.

(3) Pulse output mode

In this mode, duty 50% pulses are output from the To or T,
pin. When the timer overflows, the polarity of the To or Ty
pin output level is inverted.

(4) Pulse width measuring mode

The 7477/7478 group can measure the “H" or “L” width of
the CNTR, or CNTR, input waveform by using the pulse
width measuring mode of timer 4. The pulse width measur-
ing mode is selected by writing “1” to bit 6 in the timer 34
mode register. In the pulse width measuring mode, the tim-
er counts the count source while the CNTR; or CNTR; input
is “H" or “L”. Whether the CNTR, input or CNTR, input to
be measured can be specified by the status of bit 4 in the
edge polarity selection register; whether the "H” width or
“L" width to be measured can be specified by the status of
bit 2 (CNTR,) and bit 3 (CNTR,) in the edge polarity
selection register.

(5) PWM mode

The PWM mode can be entered for timer 3 and timer 4 by
setting bit 7 in the timer mode register 2 to “1”. in the PWM
mode, the P15 pin is set for timer output T, to output PWM
waveforms by setting bit 7 in the timer 34 mode register to
“1”_The direction register of P1; must be set for the output
mode before this can be done.

In the PWM mode, timer 3 is counting and timer 4 is idle
while the PWM waveform is “L”. When timer 3 overflows,
the PWM waveform goes “H". At this time, timer 3 stops
counting simultaneously and timer 4 starts counting. When
timer 4 overflows, the PWM waveform goes “L”, and timer 4
stops and timer 3 starts counting again. Consequently, the
“L" duration of the PWM waveform is determined by the
value of timer 3; the "H” duration of the PWM waveform is
determined by the value of timer 4.

When a value is written to the timer in operation during the
PWM mode, the value is only written to the timer latch, and
not written to the timer. In this case, if the timer overflows, a
value one less the value in the timer latch is written to the
timer. When any value is written to an idle timer, the value
is written to both the timer latch and the timer.

In this mode, do not select timer 3 overflow as the count
source for timer 4.

INPUT LATCH FUNCTION

The 7477/7478 group can latch the P3y/INT, P3,/INT,,
P3,/CNTRg, and P3;/CNTR, pin level into the input latch
register (address 00D6.5) when timer 4 overflows. The
polarity of each pin latched to the input latch register can
be selected by using the edge polarity selection register.
When bit 0 in the edge polarity selection register is “0”, the
inverted value of the P3,/INT, pin levei is latched; when
the bit is “1", the P3¢/INT, pin level is latched as it is.
When bit 1 in the edge polarity selection register is “0", the
inverted value of the P3,/INT; pin level is latched; when
the bit is “1”, the P3;/INT, pin level is latched as it is.
When bit 2 in the edge polarity selection register is “0”, the
inverted value of the P3,/CNTR, pin level is latched; when
the bit is “1”, the P3,/CNTR, pin level is latched as it is.
When bit 3 in the edge polarity selection register is “0”, the
inverted value of the P3;/CNTR; pin level is latched; when
the bit is “1”, the P33/CNTR, pin level is latched as it is.

KA
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Data bus

Timer 1
interrupt request

5 Timer 2
I interrupt request

Timer 3
interrupt request

Timer 4

interrupt request

P3,/CNTR,

P3,/CNTR,

P3,/INT,

P3,/INT,

T12M, l Timer 1 latch {8) l
T12Mqg 'L
P3,/CNTR, o—@ Timer 1 (8) H
EG, T12M,
Port latch
P1,/To { A 1/2
T12M, = o
Timer 2 latch (8) |
T12Mg T12M, \L
T1 2M7
Timer 2 (8) I—-
T12M,
1/4
1/8
Timer 3 latch (8) l
P3,/CNTR, Timer 3 (8) 1
EG, !
Timer 4 iatch (8) I
Timer 4 (8) I
Port latch
P12/T, }
T34M,

+$—— Select gate - At reset, shaded side is connected.)

Note : The 7477 group does not have Xc input.

Fig. 6 Block diagram of timer 1 through 4

~
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b7

b0

Timer mode register 2 (TM2)
(Address 00FA,g)

(T

l l ] l I IJTimer34moderegister(T34MJ

r Timer 1 overflow FF set enable bit
j 0 : Set disable
1 © Set enable
| Timer 4 overfiow FF set enable bit
\ 0! Set disable
] 1 . Set enable
Nothing is allocated
(The value is undefined at reading)

————————— Timer 3, timer 4 count overfiow signal
selection bit

0 : Timer 1 overflow

1 : Timer 2 overtlow
Timer 3, timer 4 function selection bit

0 Normal mode

1 PWM mode
b7 b0
l I l | I l l I ITimer 12 mode register (T12M)
(Address 00F8,5)

\— Timer 1 count stop bit
0 Count start
1 Count stop
L—— Timer 1 count source seiection bit
0 : internal clock (Note 1)
1 P3,/CNTR, externat clock
Timer 1 internai clock source
selection bit (Note 2)
0 (X,y) divided by 16 or
(X ) divided by 16

11 Xen)
P1,/T, port output selection bit
0 ! P1; port output
1 Timer 1 overflow divided by 2
Timer 2 count stop bit
0 : Count start
1 1 Count stop
Timer 2 count source selection bit
0 : Internal clock
1: Timer 1 overtlow
Timer 2 internal clock source
selection bits (Note 3)
:f{ X} divided by 16 or
f(Xcin) divided by 16
L #{ X ) divided by 64 or
f(Xcun) divided by 64
10 : f(X,n) divided by 128 or
f(Xcin) divided by 128
T 1{ X ) divided by 256 or
f{ Xew) divided by 256

00

0

1

Note 1 :f(X,) divided by 16 in the 7477 group.

L (Address 00F9,,)

Timer 3 count stop bit
0 : Count start
1 I Count stop
Timer 3 count source selection bits (Note 3)
00 : f(Xy) divided by 16 aor
f(Xcwy) divided by 16

01 t{Xci)
10 : Timer 1 overfiow or timer 2 overflow
11 : P33/CNTR, externai clock
—————— Timer 4 count stop bit
0 : Count start
11 Count stop
Timer 4 count source selection bits (Note 3)
00 : Timer 3 overflow
01 : (X} divided by 16 or
f(Xow) divided by 16
10 : Timer 1 overflow or timer 2 overflow
11 . P33/CNTR, external clock

Timer 4 pulse width measuring mode
selection bit
0 : Timer mode
1 : Puise width measuring mode

P15/T, port output selection bit
0 : P1; port output
1 ! Timer 4 overfiow divided by 2
or PWM output

2 : The 7477 group does not use this bit (bit 2). Set this bit to “0”.
3 ! Do not select f{Xcy) as the count source in the 7477 group.

Fig. 7 Structure of timer mode registers
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SERIAL 1O Clock Synchronous Serial /0 Mode

Serial 1/0 can be used as either clock synchronous or Clock synchronous serial 1/0 mode can be selected by set-
asynchronous (UART) serial 1/0. A dedicated timer (baud ting the mode selection bit of the serial |/O control register
rate generator) is also provided for baud rate generation. to “1”.

For clock synchronous serial 1/0, the transmitter and the
receiver must use the same clock. If an internal clock is
used, transfer is started by a write signal to the transmit or
receive buffer.

R R R DRI AR R D T

address 00E2,s

Receive buffer full flag (RBF)

| address 00E0;

RAsceive butier register

RxD O - Receive shift register

Receive interrupt request (RI)

Ciock contrat circuit

Sotx SE Serial I/O 6
© Frequency dividing lsyr':chv?nc;qs o
tio 1/ clock selection bit—
ces roidrtl) (scs)
X D 77
address 00E4,¢
SRADY
Seor O

Transmit shift completion flag (TSC)
Transmit interrupt request (TI)
Transmit butter empty flag (TBE)

Fig. 8 Clock synchronous serial 170 block diagram

Transfer shift clock
(1/8 to 1/8192 of the internal
clock, or an external clock)

|
|

By XDy X D5 X 0 X Dl7

B; )X Do B X Bs D7 X

Receive enable signal Sppy —— ! ;
|
t

Seriat output TyxD

Serial input RyD

Write signai to
receive/transmit buffer J— }

vy ¥
TBE=0 ppey RBF=1
TSC=0 TSC=1

Overrun error (OE) detection

Note 1 The transmit interrupt request (T1) can be selected 1o 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 /O 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 request {R1) is set when the receive buffer full flag (RBF) becomes “1".

Fig. 9 Operation of clock synchronous serial /O function
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Asynchronous Serial YO (UART) Mode

Clock asynchronous serial 1/0 mode (UART) can be
selected by clearing the serial 1/0 mode selection bit of
the serial 1/0 control register to “0".

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

have a buffer, but the two buffers have the same address in
memory. Since the shift register cannot be written to or
read from directly, transmit data is written to the transmit
buffer, and receive data is read from the receive buffer.
The transmit buffer can aiso hold the next data to be trans-
mitted, and the receive buffer can hold a character while

identical. The transmit and receive shift registers each the next character is being received.

address

address 00E2;

1|
i
00EQ,¢ |
RxD O Receive buffer full flag (RBF) i
Receive interrupt request (Af) I
H 116 address 0CES
[_§-bit ] PE FE 16
Clock control circuit
4
Serial /0 synchronous clock selection bit
Scwx O j - #—
Frequency dividing ratio 1/(n+1)
1) —{T72H D
Transmit shift completion flag (TSC)
TE '/PA ganerstion l/g Tic p [}
<0 O e L Tranemi Shif regiate Transmit interrupt request (T1)

tength
selecton
Pls bit

Transmit butfer empty flag (TBE)
address 00E1,¢

Tranamit buffer register

address 00EQ:s

Plg

ial 170 status register

R

Fig. 10 UART serial 1/0O block diagram

Transmit or receive clock

Transmit buffer write signal I I
v

TBE=0
TSC=0

TSC=1*

Serial output TxD e -

1 start bit

<———— 7 or 8 data bits—————
1 or 0 parity bit
1 or 2 stop bit(s)

Receive buffer read signal

RBF=1

TS XX

Serial input RxD

Note 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 (Tt) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the transmit
interrupt source setection bit (TIC) of the serial 1/0 control register.
3 The receive interrupt (RI) is set' when the RBF flag becomes “1".
Fig. 11 Operation of UART serial 170 function
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Serial /0 Control Register SIOCON
The serial 1/0 control register consists of eight control bits
for the serial 1/0 function.

UART Control Register UARTCON

The UART control register consists of four control bits (bits
0 to 3) which are valid when asynchronous serial 1/0 is
selected and set the data format of an data transfer.

Serial /O Status Register SIOSTS

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

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

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. Writing to the
serial {/O status register clears all the error flags OE, PE,
FE, and SE (bit 3 to bit 6, respectively). Writing “0” to the
serial 1/0 enable bit SIOE (bit 7 of the serial 1/0 control
register) also clears all the status flags, including the error
flags.

All bits of the serial 1/O status register are initialized to “0”
at reset, but if the transmit enable bit (bit 4) of the serial
1/0 control register 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 TB/RB
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

The baud rate generator determines the baud rate for se-
rial transfer.

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 generator.
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b7 b0

b7 b0 : )
(T 17 111 Serial 1/0 status register T T T T T Serial I/0O control register
e e e {SI0STS: address 00E1 ) || (SIOCON: address 0DE2,,)

L Transmit butfer empty flag (TBE) BRG count source selection bit (CSS)
0 : Buffer full 0 :1(Xy) divided by 4
1 : Bufter empty 1 1{X,y) divided by 16
Receive buffer full flag (RBF) Serial 170 synchronaus clock selection bit
0 : Butfer empty (scs)
1 2 Buffer full 0 : BRG output divided by 4 when clock
Transmit shift compietion fiag (TSC) synchronous serial 1/0 is selected,
0 : Transmit shift in progress BRG output divided by 16
1 : Transmit shift completed when UART is selected
Overrun error flag (OE) ) 1 : External clack input
0 : Noerror when clock synchronous serial
1 ! Overrun error 1/0 is selected,
Parity error flag (PE) external cloc_k input divided by 16
0 : No error ____ when UART is selected.
1 ! Parity error Sppy output enable blt(ng?
0 ! P1; pin operates as ordinary /0 pin
Framing error flag (FE) 1 ! P1, pin operates as Sgpy output pin
0 - Noerror Transmit interrupt source selection bit (TIC)
1 : Framing eror 0 : Interrupt when transmit buffer has emptied
Summing error Hag (SE) 1 I Interrupt when transmit shift
0 :{OE) U {PE) U (FE)=0 operation is completed
1 1 (OE) U (PE) U (FE)=1 —————— Transmit enable bit (TE)
0 : Transmit disabled
Not used (returns “1" when read) 1 : Transmit énabled

Receive enable bit (RE)
0 ! Receive disabled
1 ! Receive enabled
- Serial 1/0 mode selection bit (SIOM)
0 ! Asynchronous serial I/0 (UART)

b7 bo 1 : Clock synchronous serial 1/0
UART control register ———————— Serial I/O enable bit {SIOE)
L n (UARTCON: address D0E34e) 0 : Serial /O disabled
L (pins P1, to P1,
Character length selection bit (CHAS) operate as ordinary /O pins)
0 : 8 bits 1 Serial 1/0 enabled
1 17 bits (pins P14 to P1;
Parity enable bit { PARE) operate as serial 1/0 pins)
0 ! Parity checking disabled
1 ' Parity checking enabled

L Parity selection bit (PARS)
Q0 : Even parity
1 : Odd Parity
L Stop bit iength selection bit {(STPS)
0 : 1 stop bit
1 2 stop bits

[—1—‘—{— Not used {returns “1” when read)

Fig. 12 Structure of serial 1/0 control registers
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A-D CONVERTER

The A-D conversion uses an 8-bit successive comparison
method. Figure 13 shows a block diagram of the A-D con-
version circuit. Gonversion is automatically carried out once
started by the program.

There are eight analog input pins which are shared with
P24 to P2; of port P2 (Only P2, to P2; 4-bit for 7477 group).
Which analog inputs are to be A-D converted is specified
by using bit 2 to bit 0 in the A-D control register (address
00D9,¢). Pins for inputs to be A-D converted must be set
for input by setting the direction register bit to “0". Bit 3 in
the A-D control register is an A-D conversion end bit. This
is “0” during A-D conversion; it is set to “1” when the con-
version is terminated. Therefore, it is possible to know
whether A-D conversion is terminated by checking this bit.
Figure 14 shows the relationship between the contents of
A-D control register and the seilected input pins.

The A-D conversion register (address 00DA) contains in-
formation on the results of conversion, so that it is possible
to know the results of conversion by reading the contents of
this register.

The following explains the procedure to execute A-D con-
version. First, set values to bit 2 to bit 0 in the A-D control
register to select the pins that you want to execute A-D
conversion. Next, clear the A-D conversion end bit to “0".
When the above is done, A-D conversion is initiated. The
A-D conversion is completed after an elapse of 50 machine
cycles (12545 when f(Xy) =8MHz), the A-D conversion
end bit is set to “1”, and the interrupt request bit is set to
“1”. The results of conversion are contained in the
A-D conversion register.

A-D control register
(Address 00D9,¢)

A-D control circuit

A-D conversion completion
interrupt request

A-D conversion register
(Address D0DA,)

P2,/IN, O

P2,/IN, O
3
5

P2:/IN; O k!
a
3

P2,/IN, O 2
&
=
4}

L

Note 1 @ AVgg for M37478M4/MB/EB-XXXFP

Switch tree

Ladder resistor

O
Vss (Note 1) Verer

2 : The 7477 group does not have P2,/IN, to P2;/IN; pins.

Fig. 13 A-D converter circuit
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b7 b0
[ l | l I I l I lA-Dcontrolregister

000 & INg
001 : IN,
010 : IN,
011 2 INg
100 1IN,
101 1 INg
110 : I1Ng
1IN,

(Nate)

A-D conversion end bit

1. End conversion

Nothing is allocated

Note . Do not select INg to IN; in the 7477 group.

(Address 0009,)

Analog input selection bits

0! Under conversion

(The value is undefined at reading)

This bit must be set to “0".

Fig. 14 Structure of A-D control register

~
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KEY ON WAKE UP

“Key on wake up” is one way of returning from a power
down state caused by the STP or WIT instruction. If any ter-
minal of port PO has “L” level applied, after bit 5 of the
edge polarity selection register (EGs) is set to “17, an in-
terrupt is generated and the microcomputer is returned to
the normal operating state. A key matrix can be connected
to port PO and the microcomputer can be returned to a nor-

mal state by pushing any key.

The key on wake up interrupt is common with the INT, in-
terrupt. When EG;s is set to “1”, the key on wake up func-
tion is selected. However, key on wake up cannot be used
in the normal operating state. When the microcomputer is in
the normal operating state, both key on wake up and INT,
are invalid.

P33/CNTR,
t EG;
P3,/CNTR, EG. €6,

s

XCIN
(P5g) z %

Port P3; data read circuit

CNTR interrupt request signal

Port P3; data read circuit

Port P3, data read circuit

X
P3y/ INT N
0/[:0 [ CM,*
P3,/INT Noise |
l‘ ' EGo i*“m:z:ﬂ"{

R
_Noise
EG, eliminating

circuit

Puli-up
control register

Direction register

CPU hait
state signal

I
!
|
|
i
I
i
1
'

Pull-up
control register

Direction register

.7

Pult-up
controt register

Direction register

INT, interrupt request signal

Port P3, data read circuit
EGs

INT, interrupt request signal

Port PO data read circuit

( *6— Select gate: At reset, shaded side is connected.)

Note . The 7477 group does not have Xey input.

‘Fig. 15 Block diagram of interrupt input and key on wake up circuit
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RESET CIRCUIT

The 7477/7478 group is reset according to the sequence
shown in Figure 18. It starts the program from the address
formed by using the content of address FFFF,s as the high
order address and the content of the address FFFE,g as the
low order address, when the RESET pin is held at “L” level
for no less than 2u«s while the power voltage is in the re-
commended operating condition and then returned to “H”
level.

The internal initializations following reset are shown in Fi-
gure 17.

Example of reset circuit is Figure 16. Immediately after re-
set, timer 3 and timer 4 are connected, and counts the
f(X,n) divided by 16. At this time, FF 4 is set to timer 3, and
07,6 is set to timer 4. The reset is cleared when timer 4
overflows.

7477/7478 group

RESET Vee

Y

¥

Fig. 16 Example of reset circuit

Address
(1) Port PO direction register (Ctyg)- ¥700:a_ |
(2) Port P1 direction register (C346) o 06 j
(3) Port P4 direction register (C9)| | 1 10 @
{4) PO puli-up control register (DOyg) | 00,5_
{5} Pt—P5 pull-up control register (Note 1) (D1,g)+ L 0 | OT—F#LPJ
(6) Edge selection register  (EG) (Ddig)~ | | |0/0]0! @
17)  A-D control register (D) | 0 _‘l‘_ﬂ 10j0
(8) Serial 170 status register (E1 m)“- \ 0 i olo O_Tj_ﬂ
(9) Serial /0 control register (ez,s)--- 00,5 ‘_—J
{100 UART control register (E31s)--~ 0 0.
(1 Timer 12 mode register (T12M) (F&ie)- | 00y
(122 Timer 34 mode register (T34M) (F9)-- —'__00‘5 o
1% Timer mode register 2 (TM2) (FAs g} nn __[

14 CPU mode register {CM) (FByg)+

ofe[o]e[ [oo[o]

15 interrupt request register 1 (FCyg)+ nn.. 0 D
{6 interrupt request register 2 (FDyg) - ‘TUEOJ
(7. interrupt controf register 1 (FEqg) MM
{18 interrupt control register 2 (FFig) r OJEE!
19 Program counter (PCy)+ Eomsn;:;;dd@
20 Processor status register (PS)-+ Elj | 11—_—1:]

Note 1 : This address is aliocated P1—P4 pull-up control register for

the 7477 group. Bit 6 is not used.

2 . Since the contents of both registers other than those listed
above (including timers and the transmit/receive buffer
register) are undefined at reset, it is necessary to set ini-
tial values.

Fig. 17 Internal state of microcomputer at reset

w ML - Jyuuir
PR . SN I 1 I I N O N
RESET 1
Internal
RESET
SYNC I l
Adress ) D O CO. I XD G G 0
Reset address
1 thi tor tabl
Data P ED &£ 6 O O rom the vecloriable
Note 1

32768 counts of f{X)

Frequency relation of Xy and @is H{X,) =2-¢.
2. The mark “? " means that the address is changeable
depending upon the previous state.

Fig. 18 Timing diagram at reset
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/O PORTS

1)

Port PO

Port PO is an 8-bit 1O port with CMOS outputs. As
shown in Figure 2, PO can be accessed as memory
through zero page address 00C0,s. Port PQ's direction
register allows each bit to be programmed individually
as input or output. The direction register (zero page
address 00C1,¢) can be programmed as input with “0”,
or as output with “1". When in the output mode, the
data to be output is latched to the port latch and output.
When data is read from the output port, the output pin
level is not read, only the latched data of the port latch
is read. Therefore, a previously output value can be
read correctly even though the output voltage level has
been shifted up or down. Port pins set as input are in
the high impedance state so the signal level can be
read. When data is written into the input pon, the data
is latched only to the output latch and the pin still re-
mains in the high impedance state. Following the ex-
ecution of STP or WIT instruction, key matrix with port
PO can be used to generate the interrupt to bring the
microcomputer back in its normal state. When this port
is selected for input, pull-up transistor can be con-
nected in units of 1-bit.

Port P1

Port P1 has the same function as port P0O. P1,— P1;
serve dual functions, and the desired function can be
selected by the program. When this port is selected for
input, pull-up transistor can be connected in units of 4-
bit.

Port P2

Port P2 is an 8-bit input port. In the 7477 group, this
port is P2y— P23, a 4-bit input port. This port can also
be used as the analog voitage input pins.

(4)

(8)

(o)

Port P3

Port P3 is a 4-bit input port.

Port P4

Port P4 is a 4-bit 1/0 port and has basically the same
functions as port PO. In the 7477 group, this port is P4,
and P4,, a 2-bit 170 port. When this port is selected for
input, pull-up transistor can be connected in units of 4-
bit.

Port PS

Port P5 is a 4-bit input port and puli-up transistor can
be connected in units of 4-bit. P5, and P5, are shared
with clock generating circuit input/output pins.

The 7477 group does not have this port.

INT, pin (P34/INT, pin)

This is an interrupt input pin, and is shared with port
P3o. When “H” to “L” or “L" to “H" transition input is ap-
plied to this pin, the INT; interrupt request bit (bit 0 of
address 00FD;) is set to “1”.

INT, pin (P3,/INT; pin)

This is an interrupt input pin, and is shared with port
P3,. When “H” to “L" or “L” to “H” transition input is ap-
plied to this pin, the INT, interrupt request bit (bit 1 of
address 00FDyg) is set to 1",

Counter input CNTRy pin (P3,/CNTR, pin)

This is a timer input pin, and is shared with port P3,.
When this pin is selected to CNTR; or CNTR;, interrupt
input pin and “H" to “L" or “L” to “H” transition input is
applied to this pin, the CNTR, or CNTR; interrupt re-
quest bit (bit 2 of address 00FD,;) is set to “1".
Counter input CNTR, pin (P3;/CNTR; pin)

This is a timer input pin, and is shared with port P3,.
When this pin is selected to CNTR, or CNTR; interrupt
input pin and "H” to “L" or “L" to “H” transition input is
applied to this pin, the CNTRy or CNTR; interrupt re-
quest bit (bit 2 of address 00FD,¢) is set to “1”.
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Pont PO 4]

control register
° Trt

#

Direction ragistar

™)
Data bus —4-{ Port latch J ?D}jz }——me .

_]- Y
Interrupt control circuit

Port P1,—P1, ]

Pult-up
oues0s | ot e -
< Taam, —:D—?y

Direction regiater
Data bus — Port latch ]Vk

=8
Eg J ——DoED*“%'_POPon P13
Tn_‘_‘—b g

G T1TM3 )ﬂ}—j}‘iﬂ"

Diraction register

S

I

Data bus —4 Port latch I ID)—‘E

To— '_‘$
1

N
,,_lDI'ecﬂon register } [‘DD—_]
== [~ 31O

i

;

Direction register

Data bus Port latch

Port P1,

b
S

Te1—T¢5 are pull-up transistors

Fig. 19 Block diagram of ports PO, P1,—P1;
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Port P1,—P1, S0

{
SioN—{——
a7 i:D»—gT
N ré

Direction registel

Data bus — Port latch —j I “3—+—()Port P1;

o

SCs

SIOE
SIoM j
SIOE 1,7

>—-|Direction regist 3 ———FD;,_’j
?’; —Q Port P1g

Data bus -~ Port latch J

|

.

CLK output_r)— CLK mput..__._@_—
SIOE
E—LD— _ j“
C Tr8
i >
Direction register TD&_W
Data bus—-»—i Port latch l[ J ]I/k $—+—Port P15

g

30— >——
SIOE
RE _ j
— = Tro
:

Data bus— Port latch J E 1

Jr

{5

Puli- up control

T6—T,9 are pull-up transistors

Fig. 20 Block diagram of ports P1,—P1;
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Port P2

Port P2

<
ot s —<] o
!

A-D conversion circuit Multi-
plexer | __
Port P3
Data bus
Port P3
INTo, INT,
CNTRg, CNTR,
e * : Control in units of 4-bit {Control in units of 2-bit for the 7477 group)
Port P4
N

— 1
— Pull- trol ter™®
Data bus —l ult-up control register* | ;‘JD)—_] 10
Lo

>_I Direction register =

Data bus —.—r Port latch Jl ] 3—
D Port P4

&

JAN

T¢10 is puti-up transistor

Fig. 21 Block diagram of ports P2—P4
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Port P5
‘
l Puli-u| l
Data bus controt re%ister ] ﬁ
“1 T
<
Data bus < j L0
éﬁ Port PS5y
"] Tri2
<1
Data bus < —0
l—'%ﬂ Port P5;
cM, *—_:Do—1§
= T8
Data bus
— O
53 Port P5,
o,
CM,
CM,
Xem |
7
" Tri4
Data bus
+——O
Port P5,
Ty11—Tr14 are pult-up transistors
Note - The 7477 group does not have this port.

Fig. 22 Biock diagram of port PS
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CLOCK GENERATING CIRCUIT

The 7477 group has one internal clock generating circuit
and 7478 group has two internal clock generating circuits.
Figure 27 shows a block diagram of the clock generating
circuit. Normally, the frequency applied to the clock input
pin Xy divided by two is used as the internal clock ¢. Bit 7
of CPU mode register can be used to switch the internal
clock ¢to 1/2 the frequency applied to the clock input pin
Xcin in the 7478 group.

Figure 23, 24 show a circuit example using a ceramic re-
sonator (or quartz crystal oscillator). Use the manufactur-
er's recommended values for constants such as capaci-
tance which will differ depending on each osciliator. When
using an external clock signal, input from the X;n(Xciw) pin
and feave the Xour{Xcour) pin open. A circuit example is
shown in Figure 25, 26.

The 7477/7478 group has two low power dissipation mod-
es; stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator (both
X clock and Xgy clock) stops with the internal clock ¢
held at “H" level. in this case timer 3 and timer 4 are forc-
ibly connected and FFs is automatically set in timer 3 and
0746 in timer 4.

Although oscillation is restarted when an external interrupt
is accepted, the internal clock ¢ remains in the “H” state
until timer 4 overflows. In other words, the internai clock ¢
is not supplied until timer 4 overflows. This is because
when a ceramic or similar other osciliator is used, a finite
time is required until stable oscillation is obtained after res-
tart.

The microcomputer enters an wait mode when the WIT in-
struction is executed. The internal clock ¢ stops at “H”
level, but the oscillator does not stop. ¢ is re-supplied {wait
mode release) when the microcomputer receives an inter-
rupt.

Instructions can be executed immediately because the
oscillator is not stopped. The interrupt enable bit of the in-
terrupt used to reset the wait mode or the stop mode must
be set to “1” before executing the WIT or the STP instruc-
tion.

Low power dissipation operation is also achieved when the
Xin clock is stopped and the internal clock ¢ is generated
from the Xc clock (30uA typ. at f(Xgn) =32kHz).This op-
eration is only 7478 group. X,y clock oscillation is stopped
when the bit 6 of CPU mode register is set and restarted
when it is cleared. However, the wait time until the oscilla-
tion stabilizes must be generated with a program when res-
tarting. Figure 29 shows the transition of states for the sys-
tem clock.

M37477M4-XXXSP/FP
xlN XOUT

Rd

L Gy Cour

Fig. 23 Example of ceramic resonator circuit (7477 group)

M37478M4-XXXSP/FP

xIN XOUT x(}IN xCO\JT

Rd Rd

Cim ;Cuuv /;Ccm /;Ccom

Fig. 24 Example of ceramic resonator circult (7478 group)

M37477M4-XXXSP/FP

XIN XOUT
Open

External oscillation circuit

edun B I
Vss

Fig. 25 External clock Input circuit (7477 group)

M37478M4-XXXSP/FP

Xin  Xour Xen  Xcour
f Open f Open
External oscillation  External oscitlation circuit
circuit or external puise

VSS VSS

Fig. 26 External clock Input circuit (7478 group)
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XCIN XCOUT
X X 1/2
IN ouT T34MQ
1/2 '>‘L)~ 1/8 Timer 3 — Timer 4 f——
CM, T34M,
T34M,
CMg
CM,
internal clock ¢
—a s s Q Qs —G Reset
R— $TP WIT —R R~ STP instruction
instruction instruction

Note [ The 7477 group does not have X input and Xcoyr output.

( side is connected

Select gate . At reset, shaded ]

Interrupt disable flag |

Interrupt request

Fig. 27 Block diagram of clock generating circuit

b7

b0

LIT T 1]

I | CPU mode register

b
{
i

—=

rw,_gﬁ

Note

I l (Address 00FB,¢)

These bits must always be set to "0".

Stack page selection bit {Note 1)
0 ®Inpage O area
1 !In page 1 area

P5o, P51/ X, Xcout selection bit (Note 2)
0 : PS5, P5,
1 1 Xews Xcour

- Xgour drive capacity selection bit {Note 2)
0 lLow
1 : High
Clock (Xin-Xour) stop bit (Note 2)
0 . Osciliates
1 | Stops

Internal system clock selection bit (Note 2)
0 Xiu-Xour selected (normai mode)
1 1 Xewn-Xcour selected (low-speed mode)

1 Iinthe M37477M4, M37478M4, set this bit to “0".
2 !inthe 7477 group, set this bit to “0”.

Fig. 28 Structure of CPU mode reglister
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#(Xn) oscillation WIT instruction #{X) osciltation
1(Xcn) stop

¢ stop

STP instruction HXin) stop

—_—

{Xeimn) stop

H{Xemw) stop
[
interrupt {Note 1)

PS§g, P5, input
Interrupt ¢=f{Xn)/2

$ stop
Timer operation

(Note 2)

f(Xn) oscillation WIT instruction

£(X,) oscillation

STP instruction
—— e~

( ) 1(Xn) stop
(X ascilation
a 1{Xcn) Osciliation

$=1(Xn)/2

H Xain) stop

# stop
—_—————— -
Timer operation interrupt

-———
interrupt (Note 1) ¢ stop

CMg=1
STP instruction

(X)) oscillation WIT instruction

#(X,) oscillation 1(Xin) stop
f(Xcin) oscillation
(X oscillation H{Xcin) stop
¢ stop

——
Interrupt

B —
¢=HXcm)/2 Interrupt (Note 1) # stop

Timer operation

!

CMg=0
(Note 2)

CMg=1
STP instruction

f(Xin) stop WIT instruction

(
1(Xcw) oscillati X stop H(X) stop
) oscillation o
1(Xein) oscillation HXom) stop
-

Interrupt (Note 1)

¢ stop

R #=1(Xem)/2

¢ stoj
interrupt g

Timer operation

Note 1 Latency time is automnatically generated upon release from the STP instruction due to the connections of timer 3
and 4.
2 When the system clock is switched over by restarting clock oscillation, a certain wait time required for oscillation
to stabilize must be inserted by the program.

Fig. 29 Transition of states for the system clock.
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Normal operation

Operation on the clock function only

<An example of flow for system>>

Power on reset
Clock X oscillation

Internal system clock start (X —1/2— ¢)

Program start from RESET vector
Normal program «—Operating at f(X,n)

Clock for ciock fu?ction X oscillation start (CM,=1, CMg=1)

|: Latency time for oscitlation to stabilize (by program) +—Operating at f(X;y)

Xc clock power déwn (CMg: 1—0)

internal ciock ¢ solurce switching X—Xc {(CM;: 0—1)
Clock X halt{X¢ in operation) (CMg=1)

Internal clock hant WIT instruction)

Timer 4 (clock count)overflow

Internal clock operation start (WIT instruction released)

[ Clock processing routine «— Operating at f(Xcin)

Internal clock halt (WIT instruction)
Interrupts from INTo, INT,, CNTRg/CNTR,, timer 1, timer 2, timer 3, timer 4, serial 170, key on wake up

Internal clock ope{ation start (WIT instruction released)

]
B Program start from interrupt vector
=
= Clock X oscitlation start (CMg=0)
2 I
%’ [ Latency time for oscillation to stabilize (by program) +Operating at f(Xgn)
£ Internal clock 4 source switching {Xg—X)(CM; : 1 —0)
& ——
L Normal program —QOperating at f{X;y)
3—78 MITSUBISHI
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RAM backup function

Return from RAM backup function

STP instruction preparation ( pushing registers)

Timer 3, timer 4 int‘errupt disable

X/16 or Xc/16 selected for timer 3 count source; timer 3 overflow selected for timer 4 count source
Timer 3, timer 4 start counting

Values set to timer 3, timer 4 that do not cause timer 4 to overflow until STP instruction is executed
Interrupt for return from STP enabled

Timer 4 interrupt request bit cleared

Ctock X and clock for clock function X halt (STP instruction)

L RAM backup status

Interrupts from INTo, INT;, CNTRo/CNTR;, timer 1, timer 2, serial 1/0, key on wake up
Clock X and clock for clock function X oscillation start

Timer 4 overflow {X/16 or Xc/16—+timer 3 —timer 4)

Internal system cl?ck start

Program start from interrupt vector

E&ormal program

ELECTRIC
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BUILT-IN PROM TYPE MICROCOMPUTERS

PIN DESCRIPTION

. input/ | .
Pin
Mode Name Output j Functions

Vee, Single-chip Power source Apply voltage of 2.7 ta 5.5V to Ve and OV to Vg,

Vss /EPROM

AVgs Single-chip Analog power source Ground ievel input pin for A-D converter. Same voltage as Vss is applied.

(Note 1) /EPROM

RESET Single-chip i Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for 2is or more

I ! (under normal Vec conditions).
_— ‘ —
EPROM Reset input - Connect 1o Vss.
Xin Single-chip Clock input Input \ These are 1/0 pins of internal clock generating circuit for main clock. To control
/EPROM generating frequency, an external ceramic or a quartz crystal oscillator is connected
—- bet the Xy and Xour pins. If an external clock is used, the clock source should

Xour Clock output Output be connected the Xy pin and the Xour pin should be left open. Feedback resistor is

connected between Xy and Xoyr.

VRer Single-chip Reference voltage Input Reference voltage input pin for the A-D converter.

input
EPROM Select mode Input Vaer works as CE input.

POo— PO, Single-chip 1/O port PQ 70 Port PO is an 8-bit {/0 port. The output structure is CMOS output. When this port is
i selectad for input, pull-up transistor can be connected in units of 1-bit and a key on
| wake up function is provided.

EPROM Data input/output Dy— D7 o] Port PO works as an 8-bit data bus (Dy—D;).
P1,—P1; Single-chip ! 1/0 port P1 170 Port P1 is an 8-bit {/O port. The output structure is CMOS output. When this port is
| setected for input, pull-up transistor can be connected in units of 4-bit. P1,, P1; are
in common with timer out_pﬂpins To. T. Py, P1g, Plg, P17 are in common with serial
170 pins RxD, TxD, Scik, Srov, respectively.
EPROM Address input Ay~A; input P1,—P1; works as the 7-bit address input {A;—A.p). P19 must be opened.
— .
P2o—P2; Singie-chip input port P2 input Port P2 is an 8-bit input port. This port is in common with analog input pins INg—IN7.
(Note 2) EPROM Address input Ag—A;z | Input P2, P2; works as the lower 4-bit address input {Ay—Ag).
| P24—P2; must be opened.
Il SE—
P3p—P3; Single-chip Input port P3 Input " Port P3 is a 4-bit input port. P3g, P3, are in common with extemal interrupt input pins
INTg, INT, and P3,, P3; are in common with timer input pins CNTRg, CNTR;.
EPROM Address input Ay, Aps Input | P3y, P3, works as the 2-bit address input (Ayy, Aqp).
Select mode P3, works as OE input. Connect to P33 to Vpp when programming or verifying.
Vpp input

P4o—P4, Singte-chip 1O port P4 {lie] Port P4 is a 4-bit 1/0 port. The output structure is CMOS output. When this port is

selected for input, puli-up transistor can be connected in units of 4-bit.

(Note 3) :

EPROM Address input Az, A | input Pdy, P4, works as the higher 2-bit address input { Az, Arq).
: P4;, P4, must be opened.
1
P5o—P5; N Single-chip Input port PS : Input Port P5 is a 4-bit input port and pull-up transistor can be connected in units of 4-bit.
1 \ P5q, P5, are in common with input/output pins of clock for clock function Xein, Xcour.
(Note 4) i When P5g, P54 are used as Xciy, Xcout. Connect a ceramic or a quartz crystal oscil-
j lator between Xg and Xeout- H an external clock input is used, connect the clock
i input to the Xgw pin and open the Xcour pin. Feedback resistor is connected be-
: tween Xc and Xcour pins.
- i ;
EPROM | Open.
L

Note 1 : AVss for M37478M4/M8/E8-XXXFP.

2. Only P2y—P2; (IN,—IN3) 4-bit for the 7477 group.

3. Only P4y and P4, 2-bit for the 7477 group.
4 . This port is not inciuded in the 7477 group.

R
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EPROM MODE Table 2. Pin function in EPROM mode
The M37477E8, M37478E8 feature an EPROM mode in
addition to its normal modes. When the RESET signal level M374TTES, M37478E8 MoL27238
is low (“L”), the chip automatically enters the EPROM Vee Ve Veo i
mode. Table 2 lists the correspondence between pins and | Vee P3s Vee
Figure 30 to 32 give the pin connection in the EPROM Vss Vss Vss
mode. When in the EPROM mode, ports PO, P1,—P1;, P2, Address input | T OTS P1aT P17 P2 P2, Ao—Ara
— P2;, P3, P4y, P4;, Veer are used for the PROM P30, P3y, Pdo, P4y .
(equivalent to the M5L27256). When in this mode, the Data I/0 Port PO Do— Dy
built-in PROM can be written to or read from using these g—EE- \::.F;E: o —
pins in the same way as with the M5L27256. The oscillator
should be connected to the X, and Xpyr pins, or external
clock should be connected to the X,y pin.
P5; — [1] ~ PS5,
GaoD>— P11/Snoy ++ ] 1] «> Po, ——— 7 )
Pla/Scux +* 4] «+ PO,
P15/TxD +[2] « PO,
P1,/RxD « [E] 5]« PO,
(Ae )—— P1y/T, ~[E] s pp, ————(Dy)
P1a/To + 7] 3]+ PO, ————@
do>——p~E £ £ [Eer
pro-E ¥ 3 + P (o
P2;/N,—0 & o P4y
PN —[] B B P4,
P24/INs — x 9 « P4,
P2/IN, - % 5+~ pag———— >
(Bg D— P23/IN; — @ + P3y/CNTR, ——Vep
P2,/IN, — + P3,/CNTR, —(OE
P2,/1N, — [ « P3,/INT, —(&i)
Qo > P2o/INg— — P3,/INT,
(CE )——— Vs — [If] %] RESET Ves
O . had IE 23} P5,/Xcour
O Xout +— P5y/Xom
@"*“"' Vss Vee ————Vee
O { Same functions as M5L27256
Fig.30 Pin connection in EPROM mode
S
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n I
!
ERR ££3%
g&dsg & 85zz
9RrreRddisgeegs
IR EEEEREEENEREER
[sl[=1{a]{=]{=1[=][=] [&]
NC
Dg>—— P0s/Ds +~ [&] O
> POs/Dg + []
PO7/D7 <+ (4]
PS5 — [ag]
NC
e Veu M37478E8-XXXFP
P5, — [

P2,/INg/Ag —

CCE>——Vper/CE —

C

C

CAO——P1y/A, + [5]
TA—

il
G P2,/IN,

=

Car>— P1,4/RyD/A; ++ [2]
Cag>—— P13/Ty/Ag + 3]

> : Same functions as M5L27256

Vss

[] +~ RESET
7 Ne R

]+~ P51/Xcour

NC

Fig. 31

Pin connection in EPROM mode

(M)~ P1;/Spoy+>

P1,/To + ]
GO Py

P24/IN; — [¢]

Ay P2,/IN; — [
P2,/IN, — [
P20/INg — [T
@— Veer — [13]

d4/dSXXX-8ILLYLEN

O . Same functions as M5L27256

+ P3,/GNTR,—(Vee)
~ P3,/CNTR—(QE)
[70] + P3,/INT, — A1)

Xin — 114] +— P3p/INT, At

Fig.32 Pin connection in EPROM mode
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PROM READING AND WRITING

Reading L

To read the PROM, set the CE and OE pins to “L” level. in-
put the address of the data (A,— A,,) to be read and the
data will be output to the 1/0 pins Dy — D;. The data /O
pins will be floating when either the CE or OE pin is in the
“H"” state.

Writing L

To write to the PROM, set the OE pin to “H"” level. The
CPU will enter the program mode when Vpp is applied to
the Vpp pin. The address to be written to is selected with
pins Ag— Ay4, and the data to be written is input to pins Dy

—D;. Set the CE pin to “L" level to begin writing.

Notes on Writing

When using a PROM programmer, the address range
should be between 4000, and 7FFF,s. When data is writ-
ten between addresses 0000, and 7FFF,g, fill addresses
000046 to 3FFF,g with FF .

Erasing

Data can only erased on the M37478E8SS ceramic pack-
age, which includes a window. To erase data on this chip,
use an ultraviolet light source with a 2537 Angstrom wave
iength. The minimum radiation power necessary for erasing
is 15W » s/cm?.

NOTES ON HANDLING

(1) Sunlight and fluorescent light contain wave lengths
capable of erasing data. For ceramic package types,
cover the transparent window with a seal {provided)
when this chip is in use. However, this seal must not
contact the lead pins.

{2) Before erasing, the glass should be cleaned and stains
such as finger prints should be removed thoroughly.
these stains are not removed, complete erasure of the
data could be prevented.

{(3) Since a high voltage (12.5V) is used to write data, care
should be taken when turning on the PROM program-
mer's power.

{4) For the programmable microcomputer {shipped in One
Time PROM version) , Mitsubishi does not perform
‘PROM write test and screening in the assembly pro-
cess and following processes. To improve reliability af-
ter write, performing write and test according to the
flow below before use is recommended.

Writing with PROM programmer

~L -

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

~

Verify test with PROM programmer

[ S 3

Function check in target device

Caution : Since the screening temperature is higher than
storage temperature, never expose to 150C ex-
ceeding 100 hours.

Table 3. 1/0 signal in each mode
Mode _\\\Pin CE OE Vee Vee Data I/0
Read-out Vi Vi, Vee Vee Output
Qutput disable Vi Vin Vee Vee Floating
Programming Vie Vin Vep Vee input
Programming verify Vin Vi Vpp Vee Output
Program disable Vip Vin Vpp Vee Floating

Note 1 . V, and V,, indicate a “L” and “H" input voltage, respectively.
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MITSUBISHI MICROCOMPUTERS
7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PROGRAMMING NOTES

(1) The frequency ratio of the timer is 1/(n+1).

(2) The contents of the interrupt request bits are not mod-
ified immediately after they have been written. After
writing to an interrupt request register, execute at least
one instruction before executing a BBC or BBS instruc-
tion.

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

(4) An NOP instruction must be used after the execution of
a PLP instruction.

(5) Do not execute the STP instruction during A-D conver-
sion.

(8) In the 7477 group, set bit 0, bit 1, and bit 3—bit 7 to “0”
of the CPU mode register.

(7) Multiply/Divide instructions
The index X mode (T) and the decimal mode (D) flag
do not affect the MUL and DIV instruction.

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

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM data oo EPROM 3 sets




MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M37477MA4/M8/E8-XXXSP/FP
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Power source voltage —0.3t0 7 v
v Input voltage X All voltages are based on Vss. --0,310 Veet0. 3 LV
Vv Input voltage POy—POr, Plo—Pir, P2—P2, Output transist t off —0.3to Vgc10.3 v

| P3y—P3s, Pdg, Pd; Vrer, RESET utput transistors are cut of cc

Vo Output voltage POg— P07, Plg—P17, Po, PAy, Xour T B —0.3 to Vee+0. 3 v
Pg Power dissipation Ta=25C 1000 (Note) mw
Topr Operating temperature ~ —20 to 85 c
Tstg | Storage temperature ] —40 to 150 T

Note: 500mW for M37477M4/M8/E8-XXXFP.
RECOMMENDED OPERATING CONDITIONS
(Vee=2.7 10 5. 5V, Vgg=0V, Ta=-—20 to 85C unless otherwise noted)
Symbol Parameter % - Limits Unit
| Min Typ. Max,
Vec Power source voltage }L'( X)=22Veo—20MHz ; 2.7 4.5 \
| H(Xin)=8MHz 4.5 5 5.5
Vss Power source voitage 0 v
Vi H" Input voltage ;l%;?::o P17, P3—P3a, 0. 8Voo Voo | v
Vin “H" Input voltage P2y— P2, P4g, P4; 0. 7Vee Vee | V
Vi “L” input voitage PO,— P07, P1g—P1;, P3—P3; 0 0.2Vee| V
Vi “L” input voltage P2y—P2;, Pdg, P4, 0 0. 25V v
Vi “L" input voltage RESET 0 0.12Vee| V

Viu “L” Input voltage Xy Q fO. 16Vec \4
lontsum)| “B" sum output current POg—P07, P4y, P4, —30 mA
lomisum) | “H” sum output current P1,—P1; —30 mA
loutsumy | 1" sum autput current PO—P0;, P4g, P4y i 60 mA
loLcsum) | “L" sum output current P1o—P1y 60 mA
lontpeak) H" peak output current FP’BZV ::7' P1g—P17. —10 mA
|0L(peak) 1" peak output current ::)Z pF;(‘h, P1e—P1y, 20 ‘ mA
lom(ay “H” average output current POy—P07, P1g—P1q, -5 i mA

P Pdo, P4, (Note 1)
“L” average output current POg—P0;, P1y—P1y,

lorcavg) 9o o p4z, Pa,7 (N:te 1)7 10 ma

fiontr Timer input frequency CNTRg (P33}, CNTRy (P33) | {Xin) =4MHz 1
(Note 2) {Xn) =8MHz 7| Mnz

N

Use as clock synchwo- | £( Xy ) =4MHz 250 KMz

f(Sciw) | Seral /O clock inpit frequency | nous serial VO mode | (X ) =BMHz 500

8ok [P1g) (Note 2} ! f(X|N)=4MH; 1
‘ Use as UART mode — 1 T MH2z

I (X)) =8MHz: 1 2

) Clock  input  oscillation  frequency | Voc=2.Tt04.5¢} l22Vee—20 MHz

| (Naote 2) | Voc=4.5105.5V | [ ]
Note 1 The average output current low (avg) @nd lov (avg) are the average value during a 100ms.
2 Oscillation frequency is at 50% duty cycle.
Amswnsu g5
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M37477M4/M8/E8-XXXSP/FP
ELECTRICAL CHARACTERISTICS (voc=2.7105.5V, Ves=0V, Ta=—20t085C, unless otherwise noted)
Limits
bol P: t Test Conditi i
Sym arameter est Conditions Min. Tvp. Max. Unit
v “H" output voitage POy—P0;, P1,—P17, Vee=DbV, lop=—5mA 3 v
oH Pdo, P4, Vee=3V, lon=—1.5mA 2 !
v “L" output voitage PO—P0;, P15—P1, Vee=5V, lo,=10mA H > v
oL Pdo, P, Voe=3V, lor=3mA !
Vee=5V 0.5
Vr+—Vr— | Hyst is POp—P0;, P3o—P3;
+—Vr ysterasis POo—P0;, P3y—P3y Voe=3V 0.3 v
R Veo=5V 0.5
V= i SET
Vy+—Vr. Hysteresis RE: Voo=3V 0.3 v
. . Veo=5V 0.5
Vr4—Vr— | Hysteresis P15/S, use as S t \
T+ T ysieresis Pls/Scuk cLk INpul Voo=3V 0.3
V=0V, Vge=5V —~5 A
| “L” input current PGy—PQ0y, Pig— P15, P3—P3,, not use pull-up transistor Veeg=3V -3 “
* Py, P4y V=0V, V=5V | —0.25| —0.5| —1.0 A
use pull-up transistor Veo=3V —0.08 | —~0.18 | —0.35 m
Vee=5V —5
o L P Vi=0v
b input current P33 | Veom3V =3 uA
Vee=5V —
he “L" input current P2e—P2; V=0V, not use as analog input ee=5 5 #A
Vee=3V —3
o V=0V Voe=5V —5
"L t RESET, X,
i L" input curren iN (X is at stop mode) Veo=3V 3 “A
| “H" input current POy—P0;, P1o—P1;, P3p— P32, Vi=Vee, Vee=bV 5 A
™ Paq, P4y not use pull-up transistor Voo=3V 3| “
e - Vee=5V 5
L H” input current P34 Vi=Vee Voo=3V 3 “A
V=5V 5
'™ “H" input current P2g—P2; V,=V¢c, not use as analog input oc P77,
V=3V 3
J—— Vi=Vee, Vee=5V 5
“H” t RESET, X . A
i H" input current RESET, X (X is at stop mode) V=3V 3 “
At normal mode, | f(X)=8MHz 7 14
A-D conversion Voe=5V 35 7| mA
is not executed] {Xn)=4MHz :
V=3V 1.8 3.8
At normal mode, | 1(Xin)=8MHz N 7.5 15
lec Power source current A-D CONVersion is | f{xp) =4MHz cc 1 5 mA
executed Veo=3V 2 4
At wait mode. H{Xin)=8MHz — 2 4
=Mz | ! 2| mA
" Vee=3V 0.5 )
At stop mode, Ta=25C 0.1 1 A
f(Xin) =0, Veo=5V Ta=85C 1 w| “
Vaam RAM retention vollage Stop all oscitiation 2!
A-D CONVERTER CHARACTERISTICS (Vcc=27105.5V, Vss=0V, Ta=—20 t0 85C, unless otherwise noted)
P Test Conditi Limits Unit
ons ni
Symbol 'arameter est Condil i, Ty, Max.
— Resolution 8 bits
- Absolute accuracy +3 LSB
c ) Vee=2.7 10 5.5V, f (Xin)=4MHz 25 R
ion ti #
tconv onversion time Veo=4.5 10 5.5V, { (X)) =8MHz 12.5
VVRer Reference input voitage 0.5Vge Voo A"
Reapper | Ladder resistance value 2 5 10 kQ
Via Analog input voltage 0 ‘ VREr I v
3—86 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M37478M4/M8/E8-XXXSP/FP, M37478E8SS
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Veo Power source voltage —0.3to 7 \%
v, Input valtage Xy —0.3 to Vge+0.3 v

Input voltage POg—P0;, P15—P1,, P2o—P2;, All voitages are based on Vgs.
V P3p— P33, Pdg—P4,, P5y—P5,, Output transistors are cut off. —0.3 to V0.3 v
Vaer, RESET
Vo Qutput voltage POo—PO0;, P1o—P1;, P4g— P4, Xour —0.3 10 Vee+0.3 \

Pd Power dissipation Ta=25C 1000(Note 1) mw
Topr Operating temperature —20 to 85 c
Tstg Storage temperature 40 to 150 C

Note 1 : 500mW for M37478M4/MB/ES-XXXFP.

RECOMMENDED OPERATING CONDITIONS

(Vee=2.7 16 5.5V, Vgg=AVgs=0V, Ta=-+20 to 85C unless otherwise noted)

Symbol Parameter - Limits ; Unit
Min. Typ. Max.
F{Xn)=2.2Vcc—20MHz| 2.7 4.5 |
Vee Power source voltage Xy = 8MHz a5 5 5.5 \Y
Vss Power source voltage 0 v
AVgs Analog Power source voltage 0 v
Vi H” input voltage ;[Q_OSE;T);:w P17, P3p—P33, o. 8Vcc Voo v
Vin “H” Input valtage P2-~P2;, P4y—P43, P5y—~P5; (Note 1) | 0. 7V Vee Y
Vie “L” Input voitage PQq—P0;, P1g—P1;, P3,—P3; 0 0. 2Vee \"
Vi “L” Input voltage P2,—P2,, P4;—P43, P5,—P5; (Note 1) 0 0. 25Vice \
Vi “L” Input voitage RESET 0 0. 12Vee \'
Vie “L” Input voitage X 0 0. 16V v
lontsum) | “H” sum output current POg~—P0;, P4g—P4, —30 mA
lortsum) | “H” sum output current P1,—P1; —30 | mA
loLtsum) | “L" sum output current POg—P0;, P4y—P4s 60 | mA
loLisum) | “L” sum output current P1g~—P17 60 mA
'on(peak) H” peak output current :25—22, Pig—P1y, —10 mA
lout peak) L” peak output current zg:_zz;, P1g—P1, 20 mA
lomtay “H" average output current POy—P0;, P1y—P1y, —5 mA
9 Pdg—Pds (Note 2) |
“L" average output current PO;—P0;, P1,—P15, :
locavg) 90 P4:—P4; (Ni)ta 2)7 10 mA
Timer input frequency CNTR, (P3;), f(Xin)=4MHz | 1
fienr? | GNTR, (P35) (Note 3) TR =8MHz 7| MHz
Use as clock synchro- | £{X,n) =4MHz 250 WHz
f(ScLky | Serial VO clock input frequency | nous serial O mode | (X, )=8MHz 500
Sou (Ple) (Note 2 Use as UART mode H{X) =4MHz ! MHz
f(Xin)=8MHz 2
£ Xone) Main ciock input oscillation frequency Vec=2.7104.5v 122Vcc—2.0 MHz
(Note 3) Vee=4.5105.5V 8
1 (Xew) Sub-clock input oscillation frequency for clock function (Nate 3, 4) 32 50 kHz

Note 1 . Itis exceptto use P5q as X
2 . The average output current low (avg) and lo. cavg) are the average value during a 100ms.
3 1 Oscillation frequency is at 50% duty cycle.
4 . When used in the low-speed mode, the clock osciilation frequency for clock function shouid be
(X)) <H{Xin)/3.
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M37478M4/M8/E8-XXXSP/FP, M37478E8SS
ELECTRICAL CHARACTERISTICS (Vcc=27105.5V, Vss=AVgs=0V, Ta=~201085%C, unless otherwise noted)

Limits
Symbol Parameter Test Conditions - Unit
Min. Typ. Max.
v “H" output voltage POy—P0;, P1o—P1y, Vee=5V, lon=—5mA 3 v
on Pdg—Pdy Voc=3V, fou=—1.5mA 2
v “L.” output vaitage PO~ P0;, P1—P15, Vee=5V, lop=10mA 2 v
ot Pag—Pdy Voe=3V, lo,=3mA ! 1
Vy4—Vr— | Hysterasis POo— PGy, P3g—P3 Vee=5V ‘ 0.5 v
—Vro steresis POo— POy, P3;—
T+ Vr Y’ 3 Vee=3V 0.3
Vr4—Vr— | Hysteresis BESET Vog=5V 0.5 v
—Vr_ steresis
T+ V1 ¥S Vee=3V 0.3
Vyp—Vy | Hysteresis P1g/Sc se as Soix input Voo=V 0.5 v
—Vr steresis use as in
T+ T ysterest LK cLx INp! Veo=3V 0.3
V=0V, Voo=5V —5 A
\ “L" input current POg—PQ;, P1o—P1;, P3;—P3,, not use puil-up transistor V=3V —3 } #
- Pag—Pdq, P5;— P53 V=0V, Veo=5¥ | —0.25] —0.5| —1.0 A
m,
use pull-up transistor Vee=3V —0.08| —0.18! —0.35
Vee=5V —5
“L" t nt P3; V,=0v A
he input curre 9 f Voo=3V = u
. Vee=5V —5
T “L” input current P2,—P2; V=0V, not use as analog input uA
Veo=3V —3
s RESEF x V=0V Vog=5V -5 A
hy L" input current RESET, Xy (X is at stop mode) Vec=3v 3 “
| “H” input current POy—P0;, P1g— P17, P3;—~P3;, Vi=Vee, Vee==5V 5 A
H Pdg— P43, P5g— P53 not use puli-up transistor Vee=3V 3]
Vec=5bV | 5
g tP V=V, } A
Iin H” input current P3; "=Vee Vec=3V : 3 o
Vee=5V 5
iy “H” input current P2,—P2; Vi=V¢c, not use as analog input uA
Vec=3V 3
] _ Vi=Vee, Vec=5V S
hn H” input current RESET, Xy (X Is at stop mode) r—— 1 3 A
At normal mode, | £ (Xu)=8MHz 71 4
" Vcc=5V t
A-D conversion is ) =M 3.5 7 mA
not executed. IR Vec=3V 1.8 : 3.6
At normal mode, | 1 (Xy)=8MHz| 7.5 ¢ 15
V=5V i
A-D conversion - 4 8 mA
is executed. N Vee=3V 2 4
-speed m _@ =25C Vee=5V 30 80!
lce Power source current Qx":” drive cﬂ'pXCfN 32”'2 [ A
B conversion is not sxecuted Vee=3V 15 40 E
At walt mod F{Xin)=8MHz Voomsy 2 4]
mode. =
e o=t — ! 2] mA
= z
" Voo=3V 0.5 1
| wait  mode =25C, | Vec=5V 3 12
; gxm) 0 X N) PkHz, — “A
| Xogur drive capam{y is low Vee=3V 2 8
At stop mode, | (Xiw) = 0, | Ta=25C 0.1 1 A
f (Xein)=0, Vcc=56V Ta=85¢C 1 6] “
Vaam RAM retention voltage Stop all oscillation 2 \
3—88 )‘msmsu
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A-D CONVERTER CHARACTERISTICS (Vcc=2.7105.5V, Vse=AVge=0V, Ta=—20 to 85T, unless otherwise noted)

. ] Limits )
Symbot Parameter Test Conditions I . o, T Mox Unit
- Resolution 8 bits
— Absolute accuracy +3 LSB
ooy Conversion time Vee=2.7 10 5.5V, f (X)) =4MHz 25 us
Vec=4.5 10 5.5V, f(X;y)=8MHz 12.5
Vyarer Reference input voltage 0.5Vee Veo \4
Riacoer | Ladder resistance value 2 5 ] 10 Kk
Via Analog input voltage 0 T Vaer v
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