MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 7477/7478 group is the singie-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
170 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 tunctions equiva-
lent to the mask ROM version are also available.

7477/7478 group products are shown noted beiow.

The 7477 and the 7478 differ in the number of 170 ports,
package outline, and clock generating circuit only.

Product

| M37477M2-XXXSP/FP
M37477M4-XXXSP/FP
M37477M8-XXXSP/FP

 M37477E8SP/FP
M37477E8-XXXSP/FP
M37478M2-XXXSP/FP
M37478M4-XXXSP/FP
M37478M8-XXXSP/FP
M37478E8SP/FP

| M37478E8-XXXSP/FP

Version

Mask ROM version

One Time PROM version

Mask ROM version

One Time PROM version |
(Built-in PROM type microcomputers) |

—PROM version

M37478E8SS (Built-in PROM type microcomputer)
FEATURES
. Number of basic instructions .................................. 71
® Memory size
ROM -+ --4096 bytes (M37477M2,M37478M2)

RAM - eemeeseenennes 128 bytes (M37477M2,M37478M2)
® The minimum instruction execution time
---------------------- 0.5us (at 8MHz oscillation frequency)
® Power source voltage
----------------- 2.7 to 5.5V (at 4MHz oscillation frequency)
4.5 to 5.5V {at 8MHz oscillation frequency)
® Power dissipation in normal mode
-------------------- 35mW (at 8MHz oscillation frequency)
® Subroutine nesting
64 levels max. (M37477M2, M37478M2)

@ Interrupt oo 13types, 11vectors

@ 8-bit timerg v 4
® Programmable 1/0 ports

(Ports PO, P1, P4) -+oemee oo 18 (M37477)

20 (M37478)

® input ports (Ports P2, P3)-+ - oo 8 (M37477)

(Ports P2, P3, P5) 16 (M37478)

® 8-bit serial 1/Q v 1 (UART or clock-synchronized)

® 8-bit A-D converter --«ooevereeen 4 channels (M37477)

)

8 channels (M37478

PIN CONFIGURATION (TOP VIEW)

P1;/Sroy + [1] + PO,
P1s/Scik + [2] + PO
P1s/TxD < 3} + PQs
P14/RxD = [4] 2]+ P,
PiyT, (B 2TZTZZ > PO,
T 99499 - PO,
bbb
Pl,[7] NNNSN + PO,
NSNS
P~ mzzzZ PO,
P2,/IN; — [3] gziz P4,
922/”“2"@ XX XX - P4,
PN~ HERX «~ P3,/CNTR,
P2/INg—~[1Z] VDD «— P3,/CNTR,

Vaer — [13] + P3,/INT,
Xue — [14] — P3,/INT,
Xour + [1] +— RESET
Vss  [1§ Voo
Outline 32P4B
P1;/Spoy ~ [0 32+ PO
Ple/Sax + ] 3+ POs
P15/TxD « [3] [30] +~ PO
P1,/RyD « [4] 23] ++ PO,
Pt ~[E zzzz [EBero
PlvTo[E] LEY9S [Eero.
oG] J{33% 25] ++ PO,
pio-E m2zz BE-ro
P2/INg—[5] PPHPN [« Py,
PN~ 0] FXXX [ e
P2,/IN, — [I1] -|><1 ->|<1 51 >1<| 2] — P3,/CNTR,
P2/INg—+[Z] TVOUD [&]— P3,/ONTR,
Vaer — [3] [20] — P3,/INT,
X — [14] [19] « P3y/INT,
Xour + [ 18] — RESET
Ves [} 7 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)
Y -
P5,— |l 42| +— PS5 E"E—o
7 ZEEE
P1+/Saoy ++ [ 1] - PO §5zz
' S S S P TRO AT R0
Plo/Sou = ] il -~ po 2FEEEfdifeddedy
P1./T,D -~ ] - v PULILILEl 444
P1./R:D « [E] 58] + PO 818 BlERIREE
P1a/T, ++ [€] 7]+ PO NC [ — RESET
P1,/ T+ [7] [3] + PO P05 + [#] O NC
Pr,~[f 2228 [H-ro o Z reran
- 0/ ACIN
Py <[] FNNIY [51] — PO, PS; — [5] M37478M2-XXXFP NG
P2,/IN, — [0} PP [33] <+ P4, NG % M37478M4-XXXFP Veo
P2e/INg — [1] T m 5 E E [32] +> P4 ng Ii M37478M8-XXXFP Xf/s
[ R P93 — 5z &8
P2s/INs =[] 3 X X3¢ [l P4 P11/ Bpn an M37478E8-XXXFP NC
P2/IN,— [ XXX X [l P4 Ple/Scik +> — Xour
P2/IN;—~[1  ©v 07T B+ P3/CNTR, P15/TxD (5 - Xin
P2,/IN, =[] 78] «+ P3./CNTR, NC (] NC
P2/IN, [ - 73 N, R
P25/INo — [] %] — P3./INT, DO ererEesonss w0
Veer — [ 7] + RESET ZxQRERZEEEIZZ22 22
- £es L PP IDIT D
X,N—*E E"’PS/XCOM in'u' E&‘EE&'EEQ
Xour — 9] 23] — P5./ X
Vss E 22 Ve
- B .
Outline 42P4 . Outline 56P6N-A
42S1B-A(Window)
Note. The differences between 42P4B package type of 7478 group and 56P6N-A package type of 7478 group are package outline, power
dissipation ability (absolute maximum ratings), and the provision of an AVgs pin by the S6P6N-A package type.
NC ! No connection
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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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

FUNCTIONS OF 7477/7478 GROUP

A-D converter

Subroutine nesting

Interrupt

Clock generating circuit

Power source voltage

Power dissipation

Input/Qutput characters

Output current

Operating temperature range

Input/Output Eltage

ParameAter
Number of basic instructions
Instruction execution time . -
Clock frequency
’ M37477M2 o
M37478M2
) | Mazazrme
Memory size M37478M4
| M3zarTMeEs
M37478M8/E8
PO, P1 o
o -
Input/Cutput port paps -
e
Serial /O o -
Timer_sﬁ o

Functions

Al

0.5¢5 {The minimum instructions, at 8MHz oscillation frequency)

8MHz (max.)

Trom 4096 bytes

| rAM h 128 bytes o

ROM 8192 bytes )

7HAM 192 bytes T ]
| (PirOM 16384 bytes )

| RAM 384 bytes

Two B g-bitx2 )
Tieput 18X (4-bitX1 for the M37477) 7
T input 4-5itX2 (Port P5 is not included in the M37477) 1
Two 4-0itXX1 (2-bitX1 for the Ma7477) T
N 8bitX1 ’

B 8-bit timerx4

8-bitX 1 (3 channels)
(8-bitX 1 {4 channels) for the M37477)

84 (max )

96 (max )

192 (max.)

§ external interrupts, 7 internal interrupts, 1 software interrupt

Built-in circuit with internal feedback resistor (a ceramic or a quartz-crystal osciliator )

2.7105.5V (at 4MHz oscillation Irequency), 4.5 to 5,5V (at 8MHz oscillation frequency)

35mW (at BMHz oscillation frequency)

5V

—5 to 10mA (PO, P1, P4 | GMOS tri-states)

; —20 to}S“C

Device structure

| Ma7477M2/Ma/MB/EB-XXXSP

| M37477M2/M4/MB/EB-XXXFP

CMOS siVIicon gate

32-pin shrink plastic molded DIP

32-pin plastic molded SOP

Package

M37478E8SS

M37478M2/M4/MB/E8-X XXSP

M37478M2/M4/MB/E8-XXXFP

42-pin shrink piastic molded DIP

56-pin piastic molded QFP

42-pin ceramic DIP

ELECTRIC



MITSUBISHI MICROCOMPUTERS
7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

[
Pin Name P ey Funclions
! Output

Veo Power source Apply voltage of 2.7 te 5.5V to Vcc, and OV to Vss.

Vss

AVgs Analog power source Ground level input pin for A-D converter.

Same voltage as Vss is applied. This pin is tor M37478M2/M4/M8/EB-XXXFP only.
; — - - - N -

RESET ' Reset input Input " To enter the reset state, the reset input pin must be kept at “L” for 2us or more (under normal Vce

conditions).

Ain Clock input Input These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
: external ceramic or a quartz crysial oscillator is connected between the Xjv and Xout pins. If an external
| - clock is used, the clock source should be connected the Xy pin and the Xour pin should be left open.

Xour Clock output Output Fe-edback resistor is connected between Xy and Xour.

t —f U — . - S

Vrer Reference voltage Input i Reference voltage input pin for A-D converter.

input !
[ ;r,ﬁ — — — U

P0g—P0O; | 1/0 port PO [{e} ! Purt PO is an 8-bit /O port. The cutput 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
i u: function is provided.
|

e e — S — . S

P1,—P1; | 170 port P1 170 ! Pert P1 s an 8-bit 1/O port. The output structure is CMOS output.

Wnen this port is selected for input, pull-up transistor can be connected in units af 4-bit. P1,, P13 are in
common with timer output pins To, Ty. P14, P15, P1g, P1; are in common with serial 1/0 pins RxD, TxD, Scix.
St uv. respectively

| ——— e . ]

P2o—P2; ' Input port P2 Input Pcrt P2 is an B-bit input port.

(Note 1) This port is in common with analog input pins INg—IN7.

N e O ]

P3p— P33 | Input port P3 Input Port P3 is a 4-bit input port. P3p, P3; are in common with external interrupt input pins INT,, INT; and P3;,

i Pls are in common with timer input pins CNTRg, CNTR;.
o _1, . _ . o

40— P43 | 1/0 port P4 1o Part P4 is a 4-bit I/O port. The output structure is CMOS output. When this port is selected for input,

(Note 2) ’ pull-up transistor can be connected in units of 4-bit.

P5,— P55 | input port PS Input ‘] Port P5 is a 4-bit input port and pull-up transistor can be connected in units of 4-bit. P5o, PS5y are in com-

{Note 3) mon with input/output pins of clock for ¢lock function Xcive Xcour. When P5q, PS¢ are used as Xcin, Xcour.
‘f coanect a ceramic or a quartz crystal oscillator between Xgin and Xcour.
" I an external clock input is used, connect the clock input to the Xciv pin and open the Xcour pin. Feedback
i resistor 1S connected between Xcin and Xcour pins.

Note 1 : Only P2;—P2; (INg—IN3) 4-bit for the 7477 group.

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

3—52
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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 OOFBie.
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.

r[ l l I l l l I CPU mode register
T T T I I (Address 00FB;s)
| \ These bits must always be set to “0".
|
‘ 0 :In page () area
L.

Stack page selection bit (Note 1)
1 lIn page " area

e e PBq, P5,/Xcin, Xcour Selection bit (Note 2)
0 ' PSq, PS5,

1 2 Xemn Xeour

—— —————————— Xgour drive capacity selection bit (Note 2)
0 Llow

‘ L 1 : High

——— —— Clock (X;n-Xoyu~) stop bit (Note 2)
0 : Oscillates
1 ! Stops

i e —-———— [nternal system clock selection bit {Note 2)
0 : Xn-Xour seletted (normal mode)
1 2 Xen-Xcour selected {low-speed mode)

Note 1 ! Inthe M37477M2/M4, M37478M2/M4, set this bit to “0”.
2 ! lnthe 7477 grcup, set this bit to “0”.

Fig. 1 Structure of CPU mode register

MITSUBISHI
ELECTRIC 38



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-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 1/0 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

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

* Special Page

addresses used at reset or when an interrupt is generated.

Special page addressing mode is useful because it en-

ables access to this area with fewer instruction cycles.

RAM(128 bytes) | 000
RAM(192 bytes) e
for
4
s | e
M37477M8B/E8 007F ¢
M37478M4
M37478M8/EB Not used Zero page
L 00BF.¢
SFR area
OOFF.¢ )
RAM(192 bytes) 01006
for
M37477MB/EB
M37478M8/E8 O01BF ¢
Not used
C000,¢
EG00,6
F000,¢
ROM
(16K bytes) ROM
for (8K bytes) ROM FF00,s
M37477M8/ES for (4K bytes)
M37478M8/E8 M37477M4 for
M37478M4 M37477M2
FFES i
M37478M2 16 Special page
Interrupt vector area;
FFFF1e
Fig. 2 Memory map
354 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00C0,¢ | Port PO ) ODED:¢ | Transmit/receive buffer register ]
00C14¢  Port PO direcitioTré@eri o 0DE1 5 | Serial 170 status register
00C2[Potpr O0E2, | Serial I/0 contral register
00C3;5 | Port P1 direction ' 00E3s [ UART control register
00C44g [ Port . B 7: 00E4,¢ gauﬁdirat‘e generator B B - i
0C8e| | 00ES1; _
00C6,¢ | Port P3 i 00EB 4 o ]
e o0 00E76f
00C8¢ | Port P4 o ] 00EB,6
00C9: | Port P4 direction register | 00ESwe| B
00CA| Port P5 (Note 1) B 00EAc|
oocBel T 00EB| ]
eoCcCpf¢ ] 00ECs| o o -
0CDe ] 00ED:|
Q0CE s L ] O0EE.s
00CF,| 7 ] 00eF,s|
00D0s 7FTpurlrl—Tpic;1G;|ﬁrégiste-r N 7 00F0, | Timer 1 N
00D1,6 | P1=P5 pull-up control register (Ncte 2) | 00F 1,5 | Timer 2 )
0002, | - 00F2,5 [ Timer 3
D3] 00F3, | Timer 4 -
00D46 gEVdérpolariny éélectiﬂ register | 00F4,¢ o D ]
00D546 - o 1 00FS |
00D6q [ Input latch register - 00F6 - T
00o7| o i 00F7, | Timer FF register
000D8,¢ ; i - 7;7; o ) ”: Q0F8,¢ Tlmﬂ1émode register N
00D9,¢ ﬂ:@reﬁgistﬁrﬂ» o ) Q0F9;5 | Timer 34 mode register 4
00DAsg| A-D conversion register ] 00FA;¢ | Timer mode register 2 ]
o8¢ o 00FB,g él?g[node register N
0DCe| o ] O0FC¢ | Interrupt request reéiste”
D) . 00FD,¢ | Interrupt request register 2 ]
00DEe| o ] O00FE;q I;mrﬂp{;:omrol register 1 ]
00DF 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 events consisting
of five external, seven internal, and one software events.
Interrupts are vectored interrupts with priorities shown in
Table 1. Reset is also 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.

All interrupts except the BRK instruction interrupt have an
interrupt request bit and an interrupt enable bit. The inter-
rupt request bits are in interrupt reques! 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.

If 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 INT,. The interrupt input pin can be specified for either
CNTR, 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 flag 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.

Event - i Priority J Vector addresses Remarks
RESET - T FFFF.s, FFFE,q | Non-maskable
INTg interrupt B - 2 e FFFD4s, FFFCys | External interrupt (pc;farity p;)gire:mmiaae') o
INT, interrupt or key on wake up interrupgr e 3 7 J o FFFB g, FFFA»,GW _ Ex!emal interrupi (TN}. Viisj)?)iéfijgip;og'riaan{agI;j
CNTR, interrupt or CNTR, interrupt ‘ 4 l"’*’ FFF9:s, FFF8y6 External interruptr(B%(iﬁyigrqglgjnm?ge) o
Timer 1 interrupt 5 FFF7,6, FFF6:¢
Timer 2 interrupt e ~ FFF5,,, FFF4,, T T T
Timer 3 interrupt R ~ FFF3,, FFF2, oo
Timer 4 interrupt T 8 - FEE,;." lEFiFO16 o - S o o -
Serial I/0 receive interrupt - iji .97 W??‘Eh: F?EE}}; o T T T
| Serial 10 transmitinterrupt |10 FFEDy, FFEC,, | o
A-D conversion completion interrupt m‘ﬁ 1 (:7 WFFEB,;; FI?EA,.;" B o T o
BRK instruction interrupt 12 FFES g, FFEB.;;W o I Iion—masl:able software interrupt T
3—56 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS
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7 0
l r l l L I 1 I—I Edge polarity selection register (EG)

(Address 00D4.¢)

INT, edge selection bit

INT, edge selection bit

L. CNTR, edge selection bit
CNTR, edge selection bit
0 : Falling 2dge
1 [ Rising edge

0 I CNTRg
1 I CNTR,

0 : P3,/INT,

CNTR,/CNTR, interrupt selection bit

INT, source selection bit (at power-down state)

1 I PO,—PQ, “L" level (for key on wake up)

7 0
FTI [l l l l ]lnterruptrequest register 1

(Address 00FC )

Timer 1 intern:pt request bit
Timer 2 interrupt request bit
Timer 3 interrupt request bit

——————— Timer 4 interrupt request bit

7 0
rTl I l l l l llmerruptcontml register 1

— Serial 1/0 receive interrupt request bit

(Address 00FE,s)
LTimer 1 interrupt enable bit
Timer 2 interrupt enable bit
L Timer 3 interrupt enable bit
————Timer 4 interrupt enable bit
— Serial 1/0 receive interrupt enable bit

Serial 170 transmit interrupt enable bit

7 0
I I | I I I | I I Interrupt request register 2
L (Address 00FD;¢)
- INTp interrupt request bit

——— INT, interrupt request bit

0  No interrupt request
1 ! interrupt requested

Serial 1/0 transmit interrupt request bit

A-D conversion completion interrupt request bit

0
LT T T 1 L[ T ] mterupt controi register 2
(Address 00FF,q)

INT, interrupt enable bit

————INT, interrupt enable bit

0 . Interrupt disabled
1 * Interrupt enabled

L,“ A-D conversion completion interrupt enable bit

—-———— CNTR, or CNTR; interrupt request bit

———— CNTR, or CNTR, interrupt enable bit

Fig. 4 Structure of registers related to interrupt

Interrupt request bit ———
Interrupt enable bit —

Interrupt disable flag 1— ‘]

BRK instruction —-

Interrupt request
reset ———

Fig. 5

Interrupt control

o B
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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,¢) is set
to “0”.
The count source can be selected from the f(Xy) divided
by 16, f(Xcw) divided by 16, f(Xg), or event input from
P3,/CNTR, pin. Do not select f(Xg,y) as the count source
in the 7477 group. When bit 1 and bit 2 in the timer 12
mode register are “0”", f(X,y) divided by 16 or f(Xgn) di-
vided by 16 is selected. Selection between f(X,y) and
(X is done by bit 7 in the CPU mode register (address
00FB,g) . When bit 1 in the timer 12 mode register is “0”
and bit 2 is “1”, f{(Xcgn) is selected. And, when bit 1 in the
timer 12 mode register is “1”, an evert input from the
CNTR, pin is selected. Event inputs are selected depend-
ing on bit 2 in the edge polarity selection register (address
00D44¢). When this bit is “0”, the inverted value of CNTR,
input is selected; when the bit is “1", CNTR, 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 T,.
Please set the initial output value in the following proce-
dure.
(@ Set “1” to bit 0 of the timer 12 mode reyister.

(Timer 1 count stop.)
@ Set “1” to bit 0 of the timer mode registar 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 #{Xci), and timer 1 overflow. Do not select f( Xepy)
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 64, divide by 128, or divide by 56 frequency of
f(Xin) or f(Xcw) 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 #{(Xgn) 1s made accaord-
ing to bit 7 in the CPU mode register. When bit 5 in the
timer 12 mode register is “1”, timer 1 ove-flow 1s 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 T(X,) divided
by 16, f(Xcn) divided by 16, f(Xcw), timer 1 or timer 2
overflow, or an event input from P33;/CNTR,; 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 {{X¢n) 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, puise 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 (Xcn) divided by 16,
f(Xci), 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 select
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 “1”, CNTRy 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 P15 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 foliowing proce-
dure.
(D Set "1” to bit 3 of the timer 34 mode register.

(Timer 4 count stop.)
(2 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 latch 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

o Ty
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down counted at the falling edge of the count source from
Mg to (nngg=1) to (nnye-2) to...01s to 0045 to FFs. At the
falling edge of the count source immediately after timer
value has reached FF;s value (nn,g-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 T, or T,
pin. When the timer overflows, the polarity of the Ty 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 CNTRg or CNTR; input waveform by using the pulse
width measuring mode of timer 4. The puise 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 CNTRy 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 P1; pin is set for timer output Ty 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 “i.", 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 laich the P3y/INT,, P3,/INT,,
P3,/CNTRp, and P33/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 P3y/INT, pin level is latched; when
the bit is “1”, the P3y/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 ¢ 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 “*”, the P3;/CNTR; pin level is latched as it is.

ol Ty
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T12M;

P3,/CNTRg 0‘744»1 >

T12M,

T12M, l

.

Data bus

l Timer 1 latch (8)

'

Timer 1 (8)

Timer 1

F——=

P3:/CNTFR, O-

P3,/INT, O

P3o/INT,,

EGo

£G, L interrupt request
Port latch o
TM2, —
P1:/Ty *( *\A"*‘)‘ 1/2
T12M, = <l
4 Timer 2 latch (8) I
T12Mg T12M, J’
T12M; .
) 1 Timer 2
00 Timer 2 (8) | > interrupt request
N T12M;g L
.
o
. T34M, N
1716} 0 o L o dT3eM: Y
Timer 3 latch (8) I
- 0 o4 T3aM, 7
P3;/CNTR, O—@ “'—O\)—*% Timer 3 (8) | > -:'I!I':;?:u::)t request
EG.’K '
%.
Lo~ T34Mm,
T34M; !
% y |
l Timer 4 latch (8)
Timer 4 (8) Timer 4
interrupt request
Port [atch
P14/T, p
T34M;,
P3,/CNTF, -

{ >*)— Select gate © At reset, shaded side is connected.)

Note : The 7477 group does not have Xein input.

Fig. 6

Block diagram of timer 1 through 4
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7 4] 7 0
Timer mode register 2 {TM2) Timer 34 mode register { T34M)
{Address DOFA,s) l 1 l l l { . ] [ ] (Address 0DF9,,)
Timer 1 overfiow FF set enable bit Timer 3 count stop bit
0 © Set disable 0 Count start
1 ! Set enable 1. Count stop
| Timer 4 averilow FF set enable bit : Timer 3 count source selection bits (Note 3)
0 ! Set disable 00 : f(Xn) divided by 16 or
1 : Set enable (Xcy) divided by 16
Timer 3, timer 4 count overflow signai 01 %)
selection bit 10 : Timer 1 overflow or timer 2 overilow
Q0 Timer 1 overflow 11 © P33/CNTR, external clock
1 . Timer 2 aoverfiow ————— Timer 4 count stop bit
Timer 3, timer 4 function sefection bit 0 ! Count start
0 Normal mode 1% Count stop
I : PWM mode Timer 4 count source selection bits { Note 3)
00 : Timer 3 overtiow
01 2 1(Xyy) divided by 16 or
; 0 f(Xcu) divided by 16
10 Timer 1 averfiow or timer 2 overflow
LI L LT [ [ ]vimer 12 mode register (T12m) 11 2 P32/CNTR, external clock
! {Address 00F8.;) — Timer 4 pulse width measuring mode
i selection bit
{ Timer 1 count stop bit 0 ! Timer mode
0 Count start l : 1 ! Pulse width measuring mode
1. Count stop P13/T, port output selection bit
Timer 1 count source selection bit G . P1; port output
0 : internal clock (Note 1) 1 Timer 4 overflow divided by 2
1 1 P3,/CNTR, external clock or PWM output

Timer 1 internal ¢clock source
! selection bit (Note 2)
| 0 (X divided by 16 or
11 Xcn) divided by 16
1 Xew)
P1,/T, port output selection bit
0 P1, port output
1: Timer 1 overfiow divided by 2
Timer 2 count stop bit
0 : Count start
1 I Count stop
Timer 2 count source selection bit
7 ! tnternal clock
1 : Timer 1 overflow
e e Timer 2 internal clock source
selection bits {Note 3}
00 © ((Xn) divided by 16 or
1{Xcw) divided by 18
01 L €(X,y) divided by 64 or
f(Xe n) divided by 64
10 ¢ f(X\w) divided by 128 or
(X ) divided by 128
11 (X} divided by 256 or
(X! divided by 256

Note 1 :§(X,) divided by 16 in the 7477 group.
2 : The 7477 group does nat use this bit (bit 2). Set this bit 1o “0*.
3 ! Do not select f(Xcn) as the count source in the 7477 group.

Fig. 7 Structure of timer mode registers

R



MITSUBISHI MICROCOMPUTERS

7477/7478 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SERIAL /0

Serial 1/0 can be used as either clock synchronous or
asynchronous (UART) serial 1/0. A dedicated timer (baud
rate generator) is also provided for baud rate generation.

Clock Synchronous Serial /0 Mode

Clock synchronous serial I/0 mode can be selected by set-
ting the mode selection bit of the serial 170 control register
to “17,

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

Plg | P14

address Q0EQ,q

IE\?E—T' Receive buffer full flag (RBF)

RxD O

Scux O—)é-_

—L Receive interrupt request (RI)
RE Shift clock

[“—1

CSS

174 D
/4

Frequency dividing synchronous
ratio 1/(n+1)

Baud rate generator

address G0E4,¢

Serial /0O

clock selection bit—
1 /4

—-= Transmit shift completion flag (TSC)
Transmit interrupt request (TI)

—-= Transmit buffer empty flag ( TBE)

P1;

address 00EO,¢

T N———

Fig. 8 Clock synchronous serial 1/0 block diagram

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

Serial output TxD

Serial input RD

Receive enable signal Spoy

Write signal to

receive/transmit buffer }

v
TBE=0 rgp.,
TSC=0

Note 1

from the TxD pin

|
|
I
¥
RBF=1
TSC=1
Overrun error (OE) detection

The transmit interrupt (T1) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the transmit shift
operation has ended (TSC=1), by setting the transmit interrupt source selection bit {TIC) of the serial 1/O control register.
2 1 If data is written to the transmit buffer when TSC=0, the transmit clock is generated continuously and serial data is output continuously

3 : The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1”

Fig. 9 Operation of clock synchronous serial /0 function
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Asynchronous Serial VO (UART) Mode

Clock asynchronous serial 1/0 mode (UART) can be
selected by clearing the serial I/0 mode selection bit of
the serial 170 control register to “0".

Eight serial data transfer formats can be selected, and the
transfer formats used by a transmitter and receiver must be
identical. The transmit and receive shift registers each

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

e

P, address
RxD O— RE 9080:,
x OF = Receive uter registes Receive buifer full flag (RBF)
ST detacti Receive interrupt request {RI)
Receive shift registar

~bit
-bit PE FE

— =
Scix Oﬁ——— = ““$—
Frequency dividing ratio 1/(n+1)

(Xin)

UART control register

JSP datection|
address 00E3,g

1/1¢

Serial 1/0 synchranous clock selection bit

Transmit shift completion flag (TSC)

00 Transmit interrupt request (TI)

Character
lengt

P1g P15 saiecb:;l

-~
’ address 00EQ,¢

Dot bus

—= Transmit buffer empty flag (TBE)
address 00E1,s

Fig. 10

UART serial 170 block diagram

Note 1:
2:

3:

Transmit or receive clock | | % I l | I ." ] H
-d
Transmit butfer write signal I I | ﬂ
| -

¥
TBE=0 TBE=0
TSC=0
TBEST TBE=1 Tsc=1*
)
Serial output TxD ———- s

Receive buffer read signal

Serial input RxD

1 start bit S
«————— ———=7 or § data bits

1 or O parity bit

1 or 2 stop bit(s)

*Generated at 2nd bit in 2-stop-bit mode

RBF=1

>< > SP
Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).

The transmit interrupt (T1) can be selected 10 occur when either the TBE or TSC flag becomes "1, depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial 1/0 control register.
The receive interrupt (RI) is set when the RBF flag becomes “1”.

Fig. 11

Operation of UART serial 1/0 function
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Serial 1/0 Control Register SIOCON
The serial 1/0 control register consists of eight control bits
for the serial 170 function.

UART Control Register UARTCON

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

Serial I/Q Status Register SIOSTS

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

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

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

If there is an error, it is detected at the same time that data
is transferred from the receive shift register to the receive
buffer, and the receive buffer full flag is set. Writing to the
serial 1/0 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 I/0 control
register) also clears all the status flags, including the error
flags.

All bits of the serial 1/0 status register are initialized to “0”
at reset, but if the transmit enable bit (bit 4) of the serial
170 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 ouffer 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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[—’—l——m—[—'—]% Serial I/0 status registet
l—(SIOSTS address 00E1 ;)

Transmit buffer empty flag (TBE)
0 : Buffer full
1 : Buffer empty
Receive buffer full ftag - RBF)
0 : Buffer empty
1 : Buffer fult

Transmit shitt completion flag (TSC)

0 : Transmit shift in progress
1 . Transmit shift completed

Overrun error flag (OE)

0 : No error

1 Overrun etror
Parity error flag (PE)

0 : Noerror

1 Parity error
Framing error flag (FE)

0 ! Noerror

1 Framing error
Summing error flag {SE)

0 ! OEUPEUFE=0

1 ! OEUPEUFE=1

Not used (returns “1” wnen read)

UART control register
(UARTCON: address 00E3,s)

7 0

L

Character length selection bit (CHAS)
0 ! 8 bits
1 17 bits
Parity enable bit (PARE !
0 ! Parity checking disabled
1 ! Parity checking enabled

Parity selection bit (PARS)

0 : Even parity
1 ! Odd Parity
Stop bit length selection bit (STPS)
0 I 1 stop bit
1 ! 2 stop bits

Not used {returns “1" when read)

7 0

| . |

Serial 1/0 control register
(SIOCON: address 00E2;¢)

BRG count source selection bit (CSS)
0 : f(X) divided by 4
1 f(Xy) divided by 16

—— Serial I/0 synchronous clock selection bit
(scs)
0 : BRG output divided by 4 when ciock
synchronous serial 1/0 is selected,
BRG output divided by 16
when UART is selected
1 : External clock input
when clock synchronous serial
/0 is selected,
external clock input divided by 16
when UART is selected.
T Spov output enable bit{ Spoy)
0 : P1; pin operates as ordinary 170 pin
1 © P1; pin operates as Sgpy output pin
—————-— Transmit interrupt source selection bit (TIC)
0 ! Interrupt when transmit buffer has emptied
I I Interrupt when transmit shift
operation is completed
—— Transmit enable bit (TE)
0  Transmit disabled
1 Transmit enabled
—— Receive enable bit (RE)
0 ! Receive disabled
1 : Receive enabled
—— Serial I/0 mode selection bit (SIOM)
0 ! Clock asynchronous (UART) serial 1/0
1 ! Clock synchronous serial 1/0
—————————-——— Serial I/0 enable bit (SIOE)
0 ! Serial I/0 disabled
(pins P1, to P1,
operate as ordinary 1/0 pins)
. Serial 1/0 enabled
(pins P1, to P1,
operate as serial I/0O pins)

1

Fig. 12 Structure of serial 170 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. Conversion is automatically carried out once
started by the program.

There are eight analog input pins which are shared with
P2, 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 selected input pins.

The A-D conversion register (address 00DA,s) 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 (12,545 when f(X\y) =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.

Note 1 ! AVgs for M37478M2/M4/M8/ES-XXXFP

S ’ : S UDaabus 0 g
A-D control register
(Address 00D9,¢)
on/lNoO—l
A-D control circuit > A-D conversion completion
P2,/1N, O»—Z —-— interrupt request
PN, O—4 | |—
g omparato] A-[(J conversion register
P2y/IN; O—4 |=| 2 . Address 00DA,¢)
s
P2/INg D—4 |={ & L
T ] e Switch tree
F =4
P2s/INs O—4 |-=] ©
Ladder resistor
P2/ INg —4] -4
P27/|N7C}-—4‘J7—>
O
Vss (Note 1) Veer

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

Fig. 13 A-D converter clrcuit
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001 :
010 :
Ott:
100 :
101 :
10
n:

7 0
l I l l | I I I |A—Dcontrol register

INg
IN,
IN2
INg

(Address 00D9,¢)

Analog input selection bits
000 :

Note

L-—-———— A-D conversion end Bit
0 © Under conversion
1 1 End conversion

This bit must be set to “0".

Note © Do not select IN,4 to IN; in the 7477 group.

Fig. 14 Structure of A-D control register

A
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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 “1”, 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; 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,

D‘P’f[b»}

Port P3; data read circuit

EG;
EG, CNTR interrupt request signal

Direction register

Pull-up
control register

Direction register

Putl-up
centrol register

Direction register

Note . The 7477 group does not have Xc)y input.

P3,/CNTR, I__D)_)? EG
D"—‘b Port P3; data read circuit
Xein @_
(P5e) &
P3o/ INT, X “.”i“ 20
. CM;
I _—b—g 1 Port P3, data read circuit
P3,/INT, »i)_EG » em’;l?ﬁl‘;?mg INT, interrupt request signal
0 circuit
m — Port P3, data read circuit
L—D)—»})—- Noise EGs
EG, [®Minating INT, interrupt request signal
CPU hait
Fa% Pull-up state signal
L: control register
PO,

Port PO data read circuit

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

IFig. 15 Block diagram of interrupt input and key on wake up circuit
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RESET CIRCUIT Address

: ing to th e
The 7477/?478 group is reset according to the sequence (1} Port PO direction register (C1ya) [ 00 ‘
shown in Figure 18. It starts the program from the address A
formed by using the content of address FFFF,s as the high | (2} Port P1 direction register (C316)- 0016_"; 7]
order address and the content of the address FFFEs as the | (31 pont P4 dirsction register (G946} D:[I]EE, [DE[

low order address, when the RESET pin is held at “L” level
’ . (4] PO pull- trol regist (DOyg)- 00
for no less than 2us while the power voltage is in the re- pull-up control register 1 S

commended operating condition and then returned to “H” | (5! P1—PS5 puil-up controi register (Note 1) {D11¢)-+ DEUEI [0 0‘

level. (6] Edge selection register  (EG) (D4;q)++ (L‘L(L]illo [O—E)}

The internal initializations following reset are shown in Fi- . i T
gure 17. (7} A-D contrel register (D946) 1:&) [OJ;O ‘
Example of reset circuit is Figure 16. Immediately after re- {(8) Serial I/0 status register (Etyg) EE)] o|ejejo [OIO
set, timer 3 and timer 4 are connected, and counts the (o1 serial 1/O control register (E2,5)- 00 }
(X)) divided by 16. At this time, FF,q is set to timer 3, and T
. - 0. UART conirol regist E316) olo|o|o}
07:c is set to timer 4. The reset is cleared when timer 4 UART conlrol register (E3i6) DJI,I[ I J
overflows. (1) Timer 12 mode register (T12M) (FB.g) -+ { 0046

(12 Timer 34 mode register (T34M) (F9¢)<+ 0046

(13 Timer mode register 2 (TM2) (FAy)- |0]0 LOJLG 1

L Lok L
(1 CPU mode register (CM) (FByg)- MO 3} (ﬂ 0! OF;
(15 Interrupt request register 1 (FCyg) LMoio ‘0io0 ‘
( . Tﬁ;ﬁﬁ =
7478 group {180 Interrupt request register 2 (FD4g)-- [ 0: OE‘
(T interrupt control register 1 (FEy ) |00 ‘ TO—I;O ‘ 010 ‘
N {18 Interrupt control register 2 (FFyg)--- ! | ololo
RESET Vee - g il il
(1% Program counter (PCy)e Come";s;:diris {

Contents of address ]

s
(PC,)-- L _ FFFEyg

20 Processor status register (PS)-- ‘ :[ r !

. Note 1 [ This address is allocated P1—P4 pull-up control register for

the 7477 group. Bit 6 is not used.

I 2 1 Since the contents of both registers ather than those listed
above (including timers and the transmit/receive buffer
register) are undefined at reset, it is necessary to set ini-

Fig. 16 Example of reset circuit tial values.

AN
»l

Fig. 17 Internal state of microcomputer at reset

RESET ]

Internal

RESET

SYNC I [

Address ) EB,GD.CO,. XD XD CD T
___ Reset address

oata O COEE DX fom te vectorable

e ——

Note 1: Freauency relation of X,y and @is f(Xy) =
32768 counts of f(X) 2 The mark “? " means that the address is changeable
depending upon the previous state.

Fig. 18 Timing diagram at reset
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1’0 PORTS (4) PortP3

(1) Port PO Port P3 is a 4-bit input port.
Port PO is an 8-bit 1/0 port with CMOS outputs. As (5) Port P4
shown in Figure 2, PO can be accessed as memory Port P4 is a 4-bit 1/0O port and has basically the same
through zero page address 00C0.¢. Port PO's direction functions as port P0. In the 7477 group, this port is P4,
register allows each bit to be programmed individually and P44, a 2-bit 170 port. When this port is selected for
as input or output. The direction register (zero page input, pull-up transistor can be connected in units of 4-
address 00C1,¢) can be programmed as input with “0”, bit.
or as output with “1”. When in the output mode, the (6) Port PS
data to be output is latched to the port latch and output. Port P5 is a 4-bit input port and pull-up transistor can
When data is read from the output port, the output pin be connected in units of 4-bit. P5, and P5, are shared
level is not read, only the latched data of the port latch with clock generating circuit input/output pins.
is read. Therefore, a previously output value can be The 7477 group does not have this port.
read correctly even though the output voltage level has (7). INT, pin (P3y/INTq pin)
been shifted up or down. Port pins set as input are in This is an interrupt input pin, and is shared with port
the high impedance state so the signal level can be P3y. When “H" to “L” or “L” ta “H" transition input is ap-
read. When data is written into the input port, the data plied to this pin, the INT, interrupt request bit (bit 0 of
is latched only to the output latch and the pin still re- address 00FD,g) is set to “1”.
mains in the high impedance state. Following the ex- (8) INT, pin (P3;/INT, pin)
ecution of STP or WIT instruction, key matrix with port This is an interrupt input pin, and is shared with port
PO can be used to generate the interrupt to bring the P3,. When “H" to “L” or “L” to “H” transition input is ap-
microcomputer back in its normal state. When this port plied to this pin, the INT, interrupt request bit {bit 1 of
is selected for input, puli-up transistor can be con- address 00FD4;) is set to “1”.
nected in units of 1-bit. (9) Counter input CNTRy pin (P3,/CNTR; pin)

(2) Port P1 This is a timer input pin, and is shared with port P3,.
Port P1 has the same function as port PO. P1,— P1; When this pin is selected to CNTR, or CNTR; interrupt
serve dual functions, and the desired function can be input pin and “H” to “L” or “L” to “H” transition input is
selected by the program. When this port is selected for applied to this pin, the CNTR, or CNTR, interrupt re-
input, pull-up transistor can be connected in units of 4- quest bit (bit 2 of address 00FD,¢) is set to “1”.
bit. 0 Counter input CNTR; pin (P3;/CNTR;, pin)

(3) Port P2 This is a timer input pin, and is shared with port P3;.
Port P2 is an 8-bit input port. In the 7477 group, this When this pin is selected to CNTR, or CNTR; interrupt
port is P2,— P25, a 4-bit input port. This port can also input pin and “H” to “L” or “L" to “H” transition input is
be used as the analog voltage input pins. applied to this pin, the CNTRy or CNTR, interrupt re-

quest bit (bit 2 of address 00FD,¢) is set to “1".
3—70 MITSUBISHI
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Port PO

Data bus —¢

o

;_.I Direction register l

_3 —-
Pull-ug
conlrol register -

—F

»<| Port IatllJl T

Port P1,—P1,

Data bus

Data bus ——-—4>~I Port latch I—]r

Data bus —+4 Port latch J

Data bus —1 Pon latch

Data bus —<r~| Port latch EJ

s

control register

<} T34M;

._l Direction register E

».IDirecllon register l

&

,.IDirec!!on register 'Ll

T, ————Pp—

hq,__.__

>.I Direction register I

Port P1p

-

Tr1—T5 are puli-up transistors

Fig. 19 Block diagram of ports PO, P1,— P15
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Port P1,--P1,

SIE

sn)M%D—
Sapy— ——— ﬁ

A __::)’—| T 6

~
>—-IDirection bregiste;ll 41__D>—Ij
Data bus —«»—| Port latch II _j 3+ (PortP1;

2

oy
T 5T Bl T

OLK oulput..—_D— CLK input _@,_
"D

Data bus

SIOE—

IDirection registeri V e —_AI—-DD_‘j
R W > F—{—Opame,

S'OE:D
RE T — j
—_— ——D—L e
— T

Data bus—4 Port latch J 3——@ Port P1,
R

Pull-up control
Data bus

T6—T,9 are pull-up transistors

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

Port P2

Muiti-

plexer .

A-D conversion circuit

3

Port P3
O I Ib ,‘_l >70ata bus
Port P3

INTg, INT,
CNTR,, CNTR,

*  Control in units of 4-bit (Control in units of 2-bit for the 7477 group)
Port P4 -

N ©

Data bus —‘—l Pull-up control ragister'll 110
— r
— i

b—{ Direction register I

Data bus _,_l Port latch I J 3—"—0
D 1 Port P4

&
4

T¢ 0 is pull-up transistor

Fig. 21 Block diagram of ports P2—pP4
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Port P5

|
P

7
1

T-up |
trol register
i 1
N

Data bus
% Port P5;
Tr12
Data bus <} . O
@ Port P5,
oMo 'ﬂﬁg
T8
Data bus ‘4G'¥
B t 0

M _;:Ds—g .
i ih

Databus — ——— —— - Clrrﬁ;

Tr11—T14 are pull-up transistors

Fig. 22 Block diagram of port P5 (The 7477 group does not have this port)
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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 X,y 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 oscillator. When
using an external clock signal, input from the X,y(Xgn) pin
and leave the Xout(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 oscitlator (both
Xn clock and Xgin clock) stops with the internal clock ¢
heid at “H” level. In this case timer 3 and timer 4 are forc-
ibly connected and FF,g is automatically set in timer 3 and
07,6 in timer 4.

Aithough 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 internal clock ¢
is not supplied until timer 4 overflows. This is because
when a ceramic or similar other oscillator 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 ciock # 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 Xciny 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.

M37477M2-XXXSP/FP

Xin Xout

-y

L Cn Cour

Rd

Fig. 23 Example of ceramic resonator circuit (M37477)

M37478M2-XXXSP/FP

Xin Xour Xeiw Xcour

Fig. 24 Example of ceramic resonator circuit (M37478)

M37477M2-XXXSP/FP

Xin Xout
Open

External oscillation circuit Vec I ' I
VSS

Fig. 26 External clock input circuit (M37477)

M37478M2-XXXSP/FP

xIN XOUT XCIN XCOUY
1 Open T Open
External oscillation  External oscillation circuit
circuit or externai pulse

ol 11101 17 1 et I |
Vas Vss

Fig. 26 External clock input circuit (M37478)
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XCIN XCOUT
Xin Xour 1/2 T34M,
1/2 ai) 1/8 Timer 3 F— Timer 4 F—
CM; T34M,
T34M,
CMg
CM, |
Internal clock ¢

i s ! B Q Q s @Resel

R|— STP WIT R R— STP instruction
instruction instruction

side is connected

(-)b- Select gate : At reset, shaded J

interrupt disable flag |

Interrupt request
Note  The 7477 group does not have Xgy input.

Fig. 27 Block diagram of clock generating circuit

7 0

’ I I I l I [ l I CPU mode register

‘ (Address 00FB,¢)

These bits must always be set to “0”.

t [

Stack page selection bit (Note 1)
0 Iin page 0 area
1 !In page 1 area

—— ———————— P5y, P5,/Xcin, Xcour Selection bit (Note 2)
0 : P5,, P5,
I . XCIN' XCOUT

: Xcour drive capacity selection bit (Note 2)
| 0 :Low
I 1 I High

- —— - -—— Clock (Xin-Xour) stop bit (Note 2)
0 ! Oscillates
1 ! Stops

Internal system clock selection bit {(Note 2)
0 Xw-Xour selected (normal mode)
1 I Xein-Xcour selected (low-speed mode)

Note 1 :1in the M37477M2/M4, M37478M2/M4, set this bit to "0",
2 !Inthe 7477 group, set this bit to “0”.

Fig. 28 Structure of GPU mode register
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#(Xn) oscillation
1(Xcin) stop
¢ stop

Timer operation

(Xw) oscillation
1{Xcin) oscillation
¢ stop

Timer operation

f(Xn) oscillation
f(Xci) oscillation
¢ stop

Timer operation

f{Xin) stop

f(Xen) oscillation
¢ stop

Timer operation

and 4.

WIT instruction

f(X) oscillation

STP instruction 1(Xin) stop

.

f(Xci) stop

f(Xew) stop
—-_——
Interrupt (Note 1)

P35, P5, input
¢=f(X\n)/2

e o
Interrupt

¢ stop

(Note 2)

WIT instruction o
1{X) oscillation STP instruction

—_—

1(Xw) stop

H{Xcin) oscillation

¢=1X)/2

#(Xcw) stop

-
Interrupt (Note 1)

—
Interrupt

¢ stop

CMz=1
STP instruction

WIT instruction

(X} oscillation

1(X\n) stop
f(Xcin) oscillation

#=t(Xcin)/2

f(Xcn) stop

-
——— Interrupt (Note 1)

Interrupt

¢ stop

CMg=1

WIT instruction

f{Xin) stop

STP instruction

f(Xn) stop
(Xew) oscillation

p=t(Xcn)/2

f(Xcin) stop
B T

j—— Interrupt (Note 1)

interrupt

@ stop

Note 1 1 Latency time is automatically generated upon release from the STP instruction due ta the connections of timer 3

21 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. 20 Transition of states for the system clock.
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Normal operation

Operation on the clock function only

Return from clock function

<An example of flow for system>

Power on reset
Clock X oscillation
Internal system CI?CK start (X —1/2— @)

Program start from RESET vector

Normal program <« Operating at f{X,y)

Clock for clock fuTction Xc oscitlation start (CM,=1, CMg=1)

Latency time for oscillation to stabilize (by software) } «Operating at f(X,y)

X¢ clock power d<l>wn (CMs 1 1--0)

Internal clock ¢ source switching X—Xc (CM;: 0—1)
Clock X halt{Xc in operation) (CMg==1)

Internal clock halt{ WIT instruction)

Timer 4 (clock conint)overﬂow

Internal clock operation start (WIT instruction released)

Clock processing routine | Operating at f(Xgn)

tnternal clock halt:(WIT instruction)

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

Program start from interrupt vector

Clock X oscnllatiori start (CMg=0"

Latency time for oscillation to stabilize (by software) +—Qperating at f(Xcn)

}
Internal clock ¢ source switching . Xc-+X)(CM;: 1—0)

Normal program J —Operating at f(X,y)

3—78
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RAM backup function

Return from RAM backup function

STP instruction preparation ( pushing registers) }

Timer 3, timer 4 int‘errup! 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 sttart 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

Clock X and clock for clock function X¢ halt (STP instruction)

RAM backup statusJ

Interrupts from INTp, INT,, CNTRo/CNTR;,, timer 1, timer 2, seriai 1/0, key on wake up
Clock X and (:Iockl 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

Normal program
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BUILT-IN PROM TYPE MICROCOMPUTERS
PIN DESCRIPTION

— y
" i Input. F .
: unctions
Pin Mode Name Output
Vee Single-chip Power source Apply voltage of 2.7 to 5.5V to Vcc and OV to Vss.
Vss /EPROM
B ) . o T ) i . . . T
AVsgs Single-chip Analog power souice i Ground level input pin for A-D converter. Same voltage as Vs is applied. This pin is
/EPROM for M37478M2/M4/M8/E8-XXXFP only.
RESET Single-chip Reset input ; Input To enter the reset state, the reset input pin must be kept at a “L” for 215 or more
i {under normat V¢ conditions).
EPROM Reset input Connect to Vss.
Xin Single-chip Clock input Input These are 1/O pins of internal clock generating circuit for main clock. To control
/EPROM i generating frequency, an external ceramic or a quartz crystal oscillator is connected
- e '*41 between the Xy and Xour pins. If an external clock is used, the clock source should
Xour Clock output Output be connected the X pin and the Xpyr pin should be left open. Feedback resistor is
connected between Xy and Xour.
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.
PO,—PO; Single-chip 1/0 port PO | 170 Port PO is an 8-bit 170 pont. 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.
EPROM Data input/output Dp— D7 170 Port PO works as an 8-bit data bus (De—D,).
P1,—P1; Single-chip 170 port P1 110 Port P1 is an 8-bit I/0 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. P1,, P15 are
| in common with timer output pins To, Ty. P14, P15, P1g, P17 are in common with serial
170 pins RxD, TxD, Scik, Srov, respectively.
EPROM Address input Ay—Ag Input ! P1y—P1; works as the 7-bit address input (A;—A). P1, must be opened.
P2,—P2; Single-chip Input port P2 Port P2 is an 8-bit input port. This port is in common with analog input pins INg—IN;.
(Note 1) EPROM Address input Ag—Ag [ input P2,—P2; works as the lower 4-bit address input (Ag—As).
I P24,~—~P2; must be opened.
[ R I RS - - I ]
P3,—P3; Single-chip Input port P3 Input Port P3 is a 4-bit input port. P3y, P3; are in common with external interrupt input pins
INTy, INTy and P3,, P33 are in common with timer input pins CNTRy, CNTR,.
EPROM Address input Ay, Az | Input P3, P3; works as the 2-bit address input {Aqy, Arz).
Select mode i P3; works as OE input. Connect to P3; to Vpe when programming or verifying.
Vpe input
- ——— ]
P45—P4; Single-chip 170 port P4 ! 170 Port P4 is a 4-bit i/0 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.
(Note 2) T T T e e —— —
EPROM Address input Ays, A Input P4,, P4, works as the higher 2-bit address input (A, Ay).
P4;, P43 must be opened.
F_PSO-—PSG Single-chip Input port P5 Input | Port P5 is a 4-bit input port and pull-up transistor can be connected in units of 4-bit.
P50, P5; are in common with input/output pins of clock for clock function X, Xcout.
(Note 3) | . When P5y, P5, are used as Xcin, Xcour, Connect a ceramic or a quarlz crystal oscil-
! lator between Xcin and Xcour. If an external clock input is used, connect the clock
i ) ! . . f
! [ input to the Xciv pin and open the Xgour pin. Feedback resistor is connected be-
; | tween X¢y and Xgour pins.
! [ I - o - e
EPROM Open.

Note 1 : Only P2,—P2; (IN;—INg) 4-bit for the 7477 group.
21 Only P4, and P4, 2-bit for the 7477 group.
3. This port is not included in the 7477 group
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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 | ] j{37477£8, Msi‘iéfi Ms..l.f,?fe,i,
is low {(“L"), the chip automatically enters the EPROM Vee o Vee Vee
mode. Table 2 lists the correspondence between pins and Vee _P3 Vep |
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 | Ot P11 P17 P2o—P2, Ao—Ara

— P2, P3, P4y, P4, Vper are used for the PROM | .. e P30 P31, Plg, P4y SN
(equivalent to the M5L27256) . When in this mode, the | Data VO: | Port PO - Do—Dy
built-in PROM can be written to or read from using these %E \LF;:: — % -]

pins in the same way as with the M5L27256. The oscillator
should be connected to the X,y and Xgyr pins, or external
clock should be connected to the Xy pin.

Ps; — [0 7] P5,
B> — P13/8py 2]
‘—‘ Ple/Scir +*
(As >— P1/TxD +[T]
P1a/RxD =+
(Ae >— P1a/T, = [§]

As >— P1,To 1] 3]« PO, —————(D; )
a>——p-E % % - PO, —®
P ¥ - Py
PN —~[0 o & «s pa,
P2e/INg — o3 e,
P25/IN5 - x 8 s Pa— ()
P2,/IN,— § [30] ++ P4, —(Arz)
(A3 > — P2,/INg — [13] %’ 5] + P33/CNTR, —(Vep)
e S P2,/IN, — %] - P3,/GNTR, —(CE)
(A, > — P2,/IN, — [} «— P3,/INT,
(Ao D>— P2y/INg — = P3g/INTg ——CArn)
(CE D) ——— Vper — [1F} ~ RESET — Vs
O——— X~ [19] *+ Phiy/Xcour
O———— Xour + = Pbo/Xein
@'ﬂf Vsg Vioe — = *@

() . Same functions as M5L27256

Fig.30 Pin connection in EPROM mode
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E‘Q o=
n‘:‘f((
\ EE T
T o & o e zzZzbEE
aff=fayaYal << DOZZ
VS IERITTPOS TR0
zEERERdfsizERRT =
IEEEREREETEEER!
ElEEEEEREEEEF R R N »
o> NC 2] RESET >
Cop>———P05/Dy [ () @ Ne 3
D> P0g/Dg <+ [+~ P51/Xcour
PO;/D7 +~ [ (28] +— PSp/Xcin
o P52 - [H] E Ne
> NC B Voo — g
M37478E8-XXXFP g Ve Voo
—— Vss [Z  Vss
B = S @]  Avss ”
CD—P17/Sapy/Arp +- B @ nNC R
CagD—— P1e/Scik/Ag + [8] - Xouyr —o©
CapdD— P15/ TxD/Ag =+~ [5] O [+ XN —o0
NC [ NC
T = =EENSEEERED
IEEEERREREREREN
Qe PPICL PO IO - WO
2ILITEELELLLESS
Qe I35
oo r ddSJIzzzzZz b
T > & mn.n.n.?_,t«<<o>¢
}EE(L NENENEN]
b aanan
9y L1
/
ié\ < (&‘aé
VvVl ViviviS

D ! Same functions as M5L27256

Fig. 31

Pin connection in EPROM mode

G-
T
G

Cro—
Go—

At

G-

P17/Spoy+ [0 ~ &} - PO,
p16/SCLK"’E E"’ POG
P1s/TxD+ [E] [30) ++ PO, —(0s)
P1,/RxD « [1] 2] —+ PO, ———(Do
= P1y/T; 5] S 28]+ PO, - “@
P1,/T, + 5] E 7] ++ PO, ————(B2)
— P1, «[7] H 26) ++ PO, ~;‘.
ool B Eeeo,——Cp)
P24/IN; — [3] o} 2] — P4, ———(A)
P2,/IN, — i % 73+ P4, ———Aig)
— - P2,/IN, — [} T [22] +— P3,/CNTR,—(Ver)
— - P2y/IN, — [1Z] 3 21] + P3,/CNTR;—(GE)
— Vaer — 3] 20] — P3,/INT, A
— X — 1] [19] +— P34/INT, A
— Xour + [8] [1§] « RESET Vs

— Vss 18 17 Vee 4(@

(D : Same functions as M5L27256

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

Reading o

To read the PROM, set the CE and OE pins to “L” level. In-
put the address of the data (Ag— Aq4) to be read and the
data will be output to the 170 pins Dy — D;. The data 1/0O
pins will be floating when either the CE or OE pin is in the
“H" state.

Writing

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 Vep pin. The address to be written to is selected with
pins Ag— A4, 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
0000, to 3FFF,g with FFye.

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
length. The minimum radiation power necessary for erasing
is 156W + 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. If
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)

~L -

Verify test with PROM programmer

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

Table 3. /0 signal in each mode

e Pin £ E

Mode — CE OE L Vip ’ Vee i Data 1/0
Reagowt L Ve W Vee Veo | Oupm |

Output disable o VE. o . Vee Floatir;g - ]
| Pogramming | v Veo " pat
7ﬁqgramming veLi o ) V'*L, o I,, Voo Ou{;;i -
Program disable Vin i Voo —77F-|;;E;é R
Note 1 . V, and V,, indicate a “L" and “H" input voltage, respectively.

3—-83
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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 crders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM data ........................................ EPROM 3 Sets
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M37477M2/M4/M8B/E8-XXXSP/FP
ABSOLUTE MAXIMUM RATINGS

Symbol I Parameter Condi(igns Ratings Unit
Vee Power source voltage e _—03tw7 \
v tnput voltage Xy —0.3 to Vge+0. 3 v

e All voltages are based on Vss. 1 —

v Input voltage POy~ P07, P1g—P1;, P2;—P2;, o . 0.3 16 Vee+0. 3 v

) P3q—P3s. Po, P4; Vegr, EEEET* ) utput transistors are cut off -3 1o Vet Ul
Vo Output voitage PGy—P07, P1o—P1, P4, P41, Xour | _ —0.3 1o Vge+0.3 \Y
Pg Power dissipation o | Ta=25T 1000 (Note) mw
Topr Operating temperature L - —20 to 85 C
Tstg Storage lemperature —40 to 150 c
Note: 500mW for M37477M2/M4/M8/E8-XXXFP.
RECOMMENDED OPERATING CONDITIONS
(Voe=2.7 10 5. 5V, Vge=0V, Ta=-20 to 85°C unless otherwise noted)
Limits
Symbol Parameter - Unit
B o Min, Typ. Max.
Vee Power source voltage (Xn)=22Vec—20MHz | 2.7 [ 45 | v
f(Xin) =8MHz 4.5 5 5.5
Vss Power source voltage o 0 1 v
"H" Input voltage PO—P07, P19—P1;, P3y—P3;,
vV phadni 0.8V, Vv A

H RESET, X cc oTee
Vin “H" input voltage P2y—P2; P4y, P4y |0. 7Vec Veo v_ |
VL “L” Input voitage PQp—P07, P1p—P1;, P30~P3377 - 0 0. 12:/927 7)/“ o

Vi "L” Input voltage P2,—P2;, Pdg, P4, 0 0.25Voce| V
Vi “L" Input voltage RESET o 0- 0.12Vee|  V
Vio “L" Input voltage Xy o 0 0. 16Vee \4
lon(sum) | “H” sum output current PGo—P07, P4, P4y =30 | mA |
lon¢sumy | "H" sum output current P1o—P1; o --30 mA

| loL(sum) | “L” sum output current POy—P0;, P4g, P4; 60 mA
low(sunm | “L" sum output current P1,—P1; ) €0 mA
, “H" peak output current PO,—P0,, Plg -0 A
ontpeak) | P4q, P4, : m

— —— _— - —
| “L" peak output current POu—P0;, P1,—P1;, 20 A

oL(peak) Pdg, Pay m
| “H" average output current PQo—P0;, P1¢—P1y, —5 A
ontavg) P4q, P4, (Nole 1) m

I ik S S N
\ “L" average output current POp—P0;, P1g—F1;, 10 A

oLtavg) Pdo, P4, (Note 1) m
fienTr) Timer input frequency CNTRg (P3z), CNTRy (P33) | ' X\ ) =4MHz 1

(Note 2) fix Ve ] MHz
o g,,ﬂ XM 8MHz 2

Usa as clock synchro- | f- Xy ) =4MHz 250 KH

= — z
f(Sciky | Serial /O clock input frequency | nous serial /0 mode | f )(LN):BMHZ 500
Scix (Plg) (Note 2) I X.N7)7=4MH2 1

Use as UART mode [~ ——, - ————— MHz
. o fXw)=8MHz | | 2

F(Xn) Clock input  oscillation frequency | Vic 2.710 4.5v 2.2v5 ;;2.0 MHz
(Note 2) Vio=4.5105.5V | 8

Note 1 The average output current lou (avg) and lo. iavg) are the average value during a '00ms.
2. Oscillation frequency is at 50% duty cycle.
385
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MITSUBISHI MICROCOMPUTERS

7477/7478 Group

8-BIT CMOS MICROCOMPUTER

M37477M2/M4/M8/E8-XXXSP/FP
ELECTRICAL CHARACTERISTICS (vcc=2.7105.5V, Vgs=0V, Ta=—201085%C, unless otherwise noted)

! Limits
Symbol Parameter Test Conditions e Unit
| . e [ Min_ | Typ. | Max | "7 |
“H" output voltage POg— P07, P1p—P1; 3]
Von - . v
e o P4y, P4, o _ 2 R R
v “L” output voltage POy—P0;, P1,—P1;, 2 v
oL Pdg, P4, 1
Vr4+—Vi.. | Hysteresis PU;—P0;, P3;—P33
Vry—Vi— | Hysteresis RESET
Vr4—Vr.- | Hysteresis P15/Scix use as Sgik input
I o e — VoW T
' “L" input current POg—PQ;, P1g—P1;, P3;—P3; not use pull-up transistor
i P4q, P4, V=0V,
. _ e — _use pull-up transistor
| “L" input current P3 V=0V R +—
w P M R 7 =3 A
Vee=5V —
he “L" input current P2g—P2 V=0V, not use as analog input L cc=%V _ | 5 uA
\ T P Vee=3Y
JE— V=0V Vee=5V
he “L” input current RESET, Xiy b I o=2
- B wisatstopmode) | Veg=3V
; “H” input current POy—PO0;. P1y-—P17, F3p—P3,, C V=V,
B N . % T . notuse pull-up transistor
L “H" input current P35 Vi=Vee
I . “H” input current P2c—P2;
I “M" input current RESET, X, ) R
¥i* ] 7/7‘)77 o L o | (X is at stop mode) - 3
I At normal mode, | 1(xy)=8MHz ; 7 14
A-D conversion [ T Vec=5V T "?b*} mA
is not executed| f(Xy)=4MHz — . 1
Vee=3V 1.8 3.6
e i e B SURN S
At normal mode,  f{Xin)=8MHz v sv 7.5 15
lee Power source current A-D conversion is | f(xu)=aMHz cc= L 2 ™ 8 mA
executed T T o
— _ o 4
At wait mode. 1 Xin)=8MHz 4
(X ) =4MHz 12’
“Atstop mode, )
Vaam RAM retention vohage - o -
A-D CONVERTER CHARACTEF"STICS (Vge=2.7 10 5.5V, Vg5=0V. T,=—20 to 85C, unless otherwise noted)
. Limits
Symbol Parameter Test Conditions —
. - o Min. Typ.
. - Resolution
- Absolute accuracy j !
S - j.
tconv Conversion time S O
Vyrer Reference input voltage - 0.5Vce
Riapper | Ladder resistance value 2 1 s
Via Analog input voltage | 0
3—86 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M37478M2/M4/M8/E8-XXXSP/FP, M37478E8SS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter ) Conditions Ratings Unit
Vee Power source voltage S : ] —0.3t0 7 v
Vv, Input voltage Xy T -=0.3 to V0.3 v |

Input voltage PO,—PO;, P1o—P15, PZO—VPZT, - T All voltages are based on Vgs. -
v, P3¢— P35, Pdo— P43, P5o~F53, Output transistors are cut off. —0.3 to Vgc10.3 v
Vrer, RESET S |

Vo Output voltage POy— P07, P1o—P1;, P4 B —0.3 to Veet0.3 v
P4 Power dissipation T Ta=25C 1000(Note 1) mw
Topr Operating temperaturé T ; ; ; :f N —20 to 85 c
Tstg Storage temperature —40 to 150 ‘C

Note 1 500mW for M37478M2/M4/M8/E8-XXXFP.
RECOMMENDED OPERATING CONDITIONS
(Voe=2.7 10 5.5V, Vgs=AVss=0V, Ta=—20 to 85°C unless otherwise noted)
‘ Limits ]
Symbol Parameter - Unit
Min. Typ. Max.
f(Xn)=2 Ve ~20MHz| 2.7 T as
Vee Power source voltage E1K|N)_;8M§; 4.5 5 55 v
Vss Power source voltage o T i 0 —i
AVgs Analog Power source voltage S - 0 - v
Vi H" input voltage :—2%?;:10 P17, P3g—P3; 0. 8Vec v
Vi “H" Input voltage P2y— P27, P4o—Pdy, P5;— 153 (Note 1) 0. 7Vod v
Vi “L” Input voltage POg—P0;, Plo—P1. P3g— P35 0 v
Viu “L” Input voltage P20—*F;27>F;4;7:F:4; ;gg:rlﬁ;( Nq({ar l”) 0 \
Vo “L" Input voltage RESET 0 v
Vi “L" Input voltage Xn o 0 V¥
lon(sum) | “H" sum output current PDD—PO{T’;O;’AQ - mA
lon(sum) | “H" sum outht.c;rent Pt,—P1; o 7 mA
loLtsum) | “L” sum output current Poo—Poyi@n;;;t;: o \ ) mA
T;L(suml L sum output current P1,—P1; - Tj B o 3 77;>7 e _,nlL
|0H(peak) “H" peak output current POy—P0;, P1o—P1,, ; P10 mA
Pdy— P4,
|0Llpeakl “L” peak output current POO—P0; ‘P1;:Pi17 a o 7720 mA
P4g—P4g
V|70H(avg) “H" average output ;:urrenl POy — PO, ;;— P177,7 ;: 7mA7
P4o—P43 (Note 2)
|on_(avg) “L" average output current PDg;;f); ;1(,:917 ! 710 mA T
P4g—P4; (Note 2) !

Timer input f‘rera:erncy CNTRg (Paig)‘ RIS I
fcentr) | ONTR, (P3;) (Note 3) 5| MHz
- T use e clook syne | 250 o
f(Scik) Serial /0 clock input frequency | nous serial I/Q mode K 7&)07 kHz

Scik (P1g) (Note 2) ‘ X =aMHz Ty ]
| Use as UART mode - -~ - -——1 MHz
B 1 Xin) = 8MHz 2
(Xen) Clock input oscillation frequency (Nolev(i):\ =27 t;tt.jvi R 77£v; ~§> MHz
] Vee=4.5105.5V 8
f(Xom) [ Clock input osciliation frequency 10r;:|5;:k7lin;:lit7n (Note 3, 4) \ 32 50;7'7(7-‘;
Note 1 © Itis except to use P5, as Xgn.
2 1 The average output current loy avgs and lo. ravg: are the average value during a 100ms
3 [ Osciliation frequency is at 50% duty cycle.
4 . When used in the low-speed mode, the clock oscillation frequency for clock fur:ction should be
H(Xen) <F(Xin) /3.
oo M
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SINGLE-CHIP B8-BIT CMOS MICROCOMPUTER

M37478M2/M4/M8/EB-XXXSP/FP, M37478E8SS
ELECTRICAL CHARACTER]STICS (Voe=2.7105.5V, Vgs=AVgs= 0V, Ta=—20to 85T, uniess otherwise noted)

Test Gondit Limits Unit
t itions i
Symbol Parameter est Condil Min. Tvp. Max.__ |
“H” output voltage PO;—P07, P1;—P1;, Voo=5V, lon=—5mA o 3 v
Von —Pa; Vec=3V, low=—1. 5mA e 2 e
“L” output vollage POg— P07, P1,—P1, Vee=5V, Im—10mA R 2 v
VoL —Pay ! -
0.5
Vr+—Vy— | Hysteresis PO;—P0;, P3;—P3; e 0.3 v
— T T 0.5
Vr4—Vr- | Hysteresis RESET 0.3 - v
. T ) Vee=5v 1 0.5 v
Vr+—Vr- | Hysteresis P1s/Scix use as Sck input , Ve | o3 -
=ov. Voe=5V : I A
. = | POM
. “L” input current POg— P07, P1o—P1;, P3;—P3;, not use pull-up transistor Vee=3V ~3 “
- Pdg— P43, P5;—P5; V=0V, Vec=8¥ | —0.25 —0.5| —1.0
=
use pull-up transistor Vee=3V —0.08| —0.18 | —0.35}
4 B Veomoy =5 A
lie L" input current P3; = Vee=3V__| — 3 ff,i
o Vee=5V —5
| T8 “L." input current P2p-—P2; V=0V, not use as analog input - - “A
Vec=3V —3
- R =0V Veo=5V —:57\‘ A
e L" input current RESET, Xin (X is at stop mode) “
“H” input current POp—P07. P1o—P1;, P3o—P3;, ' Vi=Vee,
I 40— P4y, P5;—PS; not use puli-up transistor
- = —
L “H” input current P33 Vi=Vce
- e = —— S I S E———
] Voe=5V i
hin “H" input current P2o—P2; V=V, not use as analog input ‘Viﬁ’_‘”—" 3 uA
— —_ N — S A
o — Vi=Vec, Vee=5v | 5 A
hn | “H” input current RESET, Xy (Xm is at stop mode) Voo=3V 3 /2
- At normal modehrl\xm —8MHZ 7 14
V=5V
A-D conversion is | 3.5 7 mA
| 11 Xp)=4MHZ: z
not executed. ' Vec=3V 1.8 3.6
At normal made, »T:k.NHIAEZ 7.5 15 O
T T Vee=hY e e
| A-D conversion 4 8 mA
1 (Xin) =4MHz|—— + ~
_is executed. Vee=3v | 2 4
) -speed ! VooV | 30 80
lce | Power source current Q N dnve c;ggg&) 2z : L kA
! 8 conversion is not execuled Vee=3V i 15 40!
)(m)-BMHz 2 4
I At wait mode. - V=5V T 1
! 1 2 mA
\ o) =AMz —
R _ Vo=V 4 esy
wait mode —25C I Vgo=5V 3 12
| me) b "X X « E e, |vee A
cout drive Gapacit drive capacn is low ‘ Vee=3V 2 8 ]
At stop mode, f (Xm) =0, | Ta=25C 0.1 1
1 (Xon)=0, Vge=5V | Ta=85C T 1 10| HA
Veam RAM retention voltage T B | Stop all oscillation 2] ’]‘ v ]
KX
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A-D CONVERTER CHARACTERISTICS (Vcc=2.7105.5V, Vgs=AVs=0V, Ta=—20 to 857, unless otherwise noted)

] Limits T
Symbol Parameter Test Conditions - - Unit
I B ] . Min. Typ. Max. ! B

— Resolution I o ) ’8__1#3@

| - Absolute accuracy o ! +*+3 LSB

_— 25

tcany Conversion time B - —‘—— 125 7
Vvrer Reference input voltage o Vee 7\77_¥
iRLADDER Ladder resistance value _ s 10| ko |
Via Analog input voltage o —r Vaee 7Vk7




