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DESCRIPTION o Timers
The 4512 Group is a 4-bit single-chip microcomputer designed with TIMET Lo 8-bit timer with a reload register
CMOS technology. Its CPU is that of the 4500 series using a Timer 2 .... 8-bit timer with a reload register

simple, high-speed instruction set. The computer is equipped with
serial I/0, four 8-bit timers (each timer has a reload register), and
10-bit A-D converter.

The various microcomputers in the 4512 Group include variations
of the built-in memory size as shown in the table below.

FEATURES

e Minimum instruction execution time
(at 4.0 MHz oscillation frequency, in high-speed mode, VoD = 4.0 V
to 5.5V)

e Supply voltage .....4.0 V to 5.5 V (at 4.2 MHz oscillation frequency)

TIMEr 3. 8-bit timer with a reload register
TIMEr 4 ..oooeiiiiieiee e 8-bit timer with a reload register
O INEEITUPL ..o 8 sources
® Serial 1O .o 8 bit-wide
e A-D converter ....... .. 10-bit successive comparison method
16 bits

e \Watchdog timer
e Clock generating circuit (ceramic resonator)
e LED drive directly enabled (port D)

APPLICATION

Electrical household appliance, consumer electronic products, of-
fice automation equipment, etc.

ROM (PROM) size RAM size
Product ) ) Package ROM type
(O 10 hits) (O 4 bits)
M34512M2-XXXFP 2048 words 128 words 32P6B-A Mask ROM
M34512M4-XXXFP 4096 words 256 words 32P6B-A Mask ROM
PIN CONFIGURATION (TOP VIEW)
88853 &3¢
ps [ 1| O [24] Po2
D [ 2] (23] Pou
Ds [ 3| [22] Poo
Ds [Z Z] ANz
o o] M34512Mx-XXXFP — ,
P20/Sck [z E] AN
P21/Sout [I E] AiNo
2o/ [ s | [17] w12
E|E|EIE|E[EIEIE
b 8 3 2 8 8 L2
4z R >5 2z
w =2
g ©
N.F: No Function
. However, connect toVss as an
OUtIlne 32P6B'A unused p|n
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PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

117

Minimum instruction execution time

0.75 us (at 4.0 MHz oscillation frequency, in high-speed mode)

Memory sizes | ROM M34512M2

2048 words [ 10 bits

M34512M4

4096 words [0 10 bits

RAM M34512M2 |128 words 0 4 bits
M34512M4 | 256 words [ 4 bits
Input/Output Do-D7 1/0 Eight independent I/O ports. Input is examined by skip decision.
ports P00-PO3 | I/O 4-bit I/O port; each pin is equipped with a pull-up function and a key-on wakeup function. Both

functions can be switched by software.

P1lo-P13| I/O

4-bit /O port; each pin is equipped with a pull-up function and a key-on wakeup function. Both
functions can be switched by software.

P20-P22 | Input

3-bit input port; ports P20, P21 and P22 are also used as Sck, Sout and SIN, respectively.

INTO Input 1-bit input; INTO pin is equipped with a key-on wakeup function.
INT1 Input 1-bit input; INT1 pin is equipped with a key-on wakeup function.
Timers Timer 1 8-bit programmable timer with a reload register.
Timer 2 8-bit programmable timer with a reload register.
Timer 3 8-bit programmable timer with a reload register.
Timer 4 8-bit programmable timer with a reload register.
A-D converter 10-bit wide, This is equipped with an 8-bit comparator function.
Serial I/0 8-bit 0 1
Interrupt Sources 8 (two for external, four for timer, one for A-D, and one for serial I/O)
Nesting 1 level
Subroutine nesting 8 levels

Device structure

CMOS silicon gate

Package 32-pin plastic molded LQFP(32P6B-A)

Operating temperature range —-20°Cto 85 °C

Supply voltage 40Vto55V

Power Active mode 3.0 mA (at Vbb = 5.0 V, 4.0 MHz oscillation frequency, in high-speed mode, output transistors
dissipation in the cut-off state)

(typical value) | RAM back-up mode

0.1 pA (at room temperature, VDD = 5 V, output transistors in the cut-off state)
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4512 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Function

VDD Power supply — Connected to a plus power supply.

Vss Ground — Connected to a 0 V power supply.

N.F No Function — This pin has no function, and connect to Vss as an unused pin.

CNVss CNVss — Connect CNVss to Vss and apply “L” (OV) to CNVss certainly.

RESET Reset input 110 An N-channel open-drain /O pin for a system reset. When the watchdog timer
causes the system to be reset, the RESET pin outputs “L” level.

XIN System clock input Input 1/0 pins of the system clock generating circuit. XIN and XouT can be connected to

Xout System clock output Output ceramic resonator. A feedback resistor is built-in between them.

Do-D7 1/0O port D 110 Each pin of port D has an independent 1-bit wide I/O function. Each pin has an out-
put latch. For input use, set the latch of the specified bit to “1.” Input is examined by
skip decision. The output structure is N-channel open-drain.

P00-P03 1/O port PO 110 Each of ports PO and P1 serves as a 4-bit I/O port, and it can be used as inputs
when the output latch is set to “1.” The output structure is N-channel open-drain.

Plo-P13 1/0 port P1 Every pin of the ports has a key-on wakeup function and a pull-up function. Both
functions can be switched by software.

P20-P22 Input port P2 Input 3-bit input port. Ports P20, P21 and P22 are also used as Sck, SouT and SIN, respec-
tively.

AINO—AIN3 Analog input Input Analog input pins for A-D converter.

INTO, INT1 | Interrupt input Input INTO, INT1 pins accept external interrupts. They also accept the input signal to re-
turn the system from the RAM back-up state.

SIN Serial data input Input SIN pin is used to input serial data signals by software.

SIN pin is also used as port P22.
Sout Serial data output Output SouT pin is used to output serial data signals by software.
SouT pin is also used as port P21.
Sck Serial I/0O clock 110 Sck pin is used to input and output synchronous clock signals for serial data transfer

input/output

by software. Sck pin is also used as port P20.
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MULTIFUNCTION CONNECTIONS OF UNUSED PINS
Pin Multifunction Pin Multifunction Pin Connection
P20 Sck Sck P20 XouT Open (when using an external clock).
P21 Sout Sout P21 N.F Connect to Vss.
P22 SIN SIN P22 Do-D7 Connect to Vss, or set the output latch
Notes 1: Pins except above have just single function. to “0” and open.
2: The input of P20—P22 can be used even when Sck, SouT, SIN are P20/Sck Connect to Vss.
selected. P21/SouT
P22/SIN
DEFINITION OF CLOCK AND CYCLE O Conmectio Ves.
INT1
* System clock AINO-AIN3 Connect to Vss
The system clock is the basic clock for controlling this product. .
. . P00—-P03 Open or connect to Vss (Note)
The system clock is selected by the bit 3 of the clock control reg-
ister MR Plo-P13 Open or connect to Vss (Note)

Table Selection of system clock

Register MR System clock
MR3
0 f(XIN)
1 f(XiNn)/2

Note: f(XIN)/2 is selected after system is released from reset.

e Instruction clock
The instruction clock is a signal derived by dividing the system
clock by 3. The one instruction clock cycle generates the one
machine cycle.

e Machine cycle
The machine cycle is the standard cycle required to execute the
instruction.

PORT FUNCTION

Note: When the P00—-P03 and P10—P13 are connected to Vss, turn off their

pull-up transistors (register PU0I="0") and also invalidate the key-on
wakeup functions (register K0i="0") by software. When these pins are
connected to Vss while the key-on wakeup functions are left valid, the
system fails to return from RAM back-up state. When these pins are
open, turn on their pull-up transistors (register PU0I="1") by software,
or set the output latch to “0.”
Be sure to select the key-on wakeup functions and the pull-up func-
tions with every two pins. If only one of the two pins for the key-on
wakeup function is used, turn on their pull-up transistors by software
and also disconnect the other pin. (i=0, 1, 2, or 3.)

(Note when the output latch is set to “0” and pins are open)

o After system is released from reset, port is in a high-impedance state un-
til it is set the output latch to “0” by software. Accordingly, the voltage
level of pins is undefined and the excess of the supply current may occur
while the port is in a high-impedance state.

e To set the output latch periodically by software is recommended because
value of output latch may change by noise or a program run away
(caused by noise).

(Note when connecting to Vss and VDD)
e Connect the unused pins to Vss and VDD using the thickest wire at the
shortest distance against noise.

Port Pin Input Output structure /o | Control Control Remark
Output unit | instructions | registers
Port D Do-D7 110 N-channel open-drain 1 SD, RD
(8) SZD
CLD
Port PO P00-P03 110 N-channel open-drain 4 OPOA PUO, KO Built-in programmable pull-up
(4) IAPO functions
Key-on wakeup functions
(programmable)
Port P1 Plo-P13 I/0 N-channel open-drain 4 OP1A PUO, KO Built-in programmable pull-up
(4) IAP1 functions
Key-on wakeup functions
(programmable)
Port P2 P20/Sck Input 3 IAP2 J1
P21/SouTt 3)
P22/SIN
MITSUBISHI .
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS

Key-on wakeup input 4

IAPO instruction

IAP2 instruction

Register A

Pull-up transistor

<
gI*

Register A <J

231
Ai D ;L

OPOA instruction—j

=
Ol

K01
Key-on wakeup input 4

IAPOQ instruction

+—O P0O,PO1

: Synchronous clock mq
777 . Jt‘ b——-—101 !
output for serial transfer [l

O P20/Sck

Pull-up transistor

<
P

O P21/Sout

Register Al AN

Ai D ;L

OPOA instruction—{T__Q

K02
Key-on wakeup inpu 4

IAP1 instruction

+—0 P02,P03 Serial data output—————o1 | 7T T

x

77
Serial data input
IAP2 instruction

Register A %

Register Al ~
<

Ai D j7

OP1A instruction— T

ol

KO3
Key-on wakeup input 4

IAP1 instruction

*—O P22/SIN
A
_ r
Pull-up transistor
<
i -
! Key-on wakeup input ;
1 +—0 P1o,P11 ] i
* External interrupt circuitl ’@ ' O INTO, INT1
i x
a

Pull-up transistor

Register A <

L3
Ai D ;L

OP1A instruction—T Q

o x
g 5 Analog input ~=— ; i—‘—o: AINO-AIN3
nx T x
+—0 P12,P13 i
x a
i

Register Y|—>|_Decoder Skip decision
(SZD instruction)

SD instruction—

RD instruction

. —---&---- This symbol represents a parasitic diode on the port.
« Applied potential to ports P20—P22 must be Vbp.

« Applied potential to ports Do—D7 must be 12 V.

«irepresents 0, 1, 2, or 3.
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112 f

; Falling —| One-sided edge 111
detection circuit W === ]

0
: %O: External 0
' —p EXFO —p
f ;' | interrupt
‘ol
Both edges b '

detection circuit

—P Wakeup

TD—bsmp
SNZI0

122 f

_| One-sided edge 121
detection circuit Al e

0
i &0—> ExF1 |—p-External 1
ﬂ Lot interrupt
| 1 :
| |Both edges Lo '

i Rising detection circuit

—P Wakeup

fD—»smp
SNZI1

« 1 This symbol represents a parasitic diode on the port.

External interrupt circuit structure
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

FUNCTION BLOCK OPERATIONS
CPU

(1) Arithmetic logic unit (ALU)

The arithmetic logic unit ALU performs 4-bit arithmetic such as 4-
bit data addition, comparison, AND operation, OR operation, and
bit manipulation.

(2) Register A and carry flag

Register A is a 4-bit register used for arithmetic, transfer, ex-
change, and I/O operation.

Carry flag CY is a 1-bit flag that is set to “1” when there is a carry
with the AMC instruction (Figure 1).

It is unchanged with both A n instruction and AM instruction. The
value of Ao is stored in carry flag CY with the RAR instruction (Fig-
ure 2).

Carry flag CY can be set to “1” with the SC instruction and cleared
to “0” with the RC instruction.

(3) Registers B and E

Register B is a 4-bit register used for temporary storage of 4-bit
data, and for 8-bit data transfer together with register A.

Register E is an 8-bit register. It can be used for 8-bit data transfer
with register B used as the high-order 4 bits and register A as the
low-order 4 bits (Figure 3).

(4) Register D

Register D is a 3-bit register.

It is used to store a 7-bit ROM address together with register A and
is used as a pointer within the specified page when the TABP p,
BLA p, or BMLA p instruction is executed (Figure 4).

<Carry>

(®3%) \
> AL

Addition

(A)

<Result>

Fig. 1 AMC instruction execution example

<Clear>
RC instruction

<Set>
SC instruction

<Rotation>

‘ RAR instruction

Fig. 2 RAR instruction execution example

Register B TAB instruction  Register A
|Bs B2 [B1 |Bo [——>{As | A2] A1 |Ad |

\\ TEAB |nstruct|on //

ReglsterE|E7|Ee|E5|E4|E3|E2|E1|E0

/ / TABE mstructlon \\

|B3|82|Bl|Bo A3|A2|A1|Ao|
Register B TBA instruction

Register A

Fig. 3 Registers A, B and register E

TABP p instruction

Specifying address

ROM \ _—~

A

-
PCH PCL

~ Low-order 4bits

[Po[ps || ps]p] pt] po| PRADRIDRY As| A2| Au] Ao

| Regmera )]

b X 7S ¥ - - Middle-order 4 bits
L] Register B (4)
Immediate field The contents of The contents of s
value p register D register A
Fig. 4 TABP p instruction execution example
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(5) Stack registers (SK s) and stack pointer (SP)

Stack registers (SKs) are used to temporarily store the contents of

program counter (PC) just before branching until returning to the

original routine when;

« branching to an interrupt service routine (referred to as an inter-
rupt service routine),

« performing a subroutine call, or

« executing the table reference instruction (TABP p).

Stack registers (SKs) are eight identical registers, so that subrou-

tines can be nested up to 8 levels. However, one of stack registers

is used respectively when using an interrupt service routine and

when executing a table reference instruction. Accordingly, be care-

ful not to over the stack when performing these operations

together. The contents of registers SKs are destroyed when 8 lev-

els are exceeded.

The register SK nesting level is pointed automatically by 3-bit

stack pointer (SP). The contents of the stack pointer (SP) can be

transferred to register A with the TASP instruction.

Figure 5 shows the stack registers (SKs) structure.

Figure 6 shows the example of operation at subroutine call.

(6) Interrupt stack register (SDP)

Interrupt stack register (SDP) is a 1-stage register. When an inter-
rupt occurs, this register (SDP) is used to temporarily store the
contents of data pointer, carry flag, skip flag, register A, and regis-
ter B just before an interrupt until returning to the original routine.
Unlike the stack registers (SKs), this register (SDP) is not used
when executing the subroutine call instruction and the table refer-
ence instruction.

(7) Skip flag

Skip flag controls skip decision for the conditional skip instructions
and continuous described skip instructions. When an interrupt oc-
curs, the contents of skip flag is stored automatically in the interrupt
stack register (SDP) and the skip condition is retained.

Program counter (PC) |
A

Executing BM Executing RT

instruction instruction
SKo (SP)=0
SK1 (SP)=1
SK2 (SP)=2
SK3 (SP)=3
SK4 (SP)=4
SKs (SP)=5
SKe (SP)=6
SK7 (SP)=7

Stack pointer (SP) points “7” at reset or
returning from RAM back-up mode. It points “0”
by executing the first BM instruction, and the
contents of program counter is stored in SKo.
When the BM instruction is executed after eight
stack registers are used ((SP) = 7), (SP) =0
and the contents of SKo is destroyed.

Fig. 5 Stack registers (SKs) structure

(SP) < 0
(SKo) ~ 000116
(PC) — SUB1
Main program Subroutine
Address SUBL:
000016 NOP NOP
000116 BM SUB1 :
000216 NOP T RT

(PC) — (SKo)
(SP) — 7

Note : Returning to the BM instruction execution
address with the RT instruction, and the BM
instruction becomes the NOP instruction.

Fig. 6 Example of operation at subroutine call
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(8) Program counter (PC)

Program counter (PC) is used to specify a ROM address (page and
address). It determines a sequence in which instructions stored in
ROM are read. It is a binary counter that increments the number of
instruction bytes each time an instruction is executed. However,
the value changes to a specified address when branch instructions,
subroutine call instructions, return instructions, or the table refer-
ence instruction (TABP p) is executed.

Program counter consists of PCH (most significant bit to bit 7)
which specifies to a ROM page and PCL (bits 6 to 0) which speci-
fies an address within a page. After it reaches the last address
(address 127) of a page, it specifies address 0 of the next page
(Figure 7).

Make sure that the PCH does not specify after the last page of the
built-in ROM.

(9) Data pointer (DP)

Data pointer (DP) is used to specify a RAM address and consists
of registers Z, X, and Y. Register Z specifies a RAM file group, reg-
ister X specifies a file, and register Y specifies a RAM digit (Figure
8).

Register Y is also used to specify the port D bit position.

When using port D, set the port D bit position to register Y certainly
and execute the SD, RD, or SZD instruction (Figure 9).

Program counter
A

p6|ps|p4|p3|p2|p1|pof—as|as|as|a3jaz|a1|ao

AN J U J
Y Y

PCH PCL
Specifying page Specifying address

Fig. 7 Program counter (PC) structure

Data pointer (DP)

|Zl| ZolXa‘X2|X1|X0|Y3|Y2|Y1|Y0|

— A
A

~Specifying

RAM digit

--- Specifying RAM file
Register Z (2) |----- Specifying RAM file group

Fig. 8 Data pointer (DP) structure

Specifying bit position

Set
v

D7 De Ds D4 Do

HINIEREN

Register Y (4) Port D output latch

Fig. 9 SD instruction execution example
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PROGRAM MEMOY (ROM)

The program memory is a mask ROM. 1 word of ROM is composed
of 10 bits. ROM is separated every 128 words by the unit of page
(addresses 0 to 127). Table 1 shows the ROM size and pages. Fig-
ure 10 shows the ROM map of M34512M4.

Table 1 ROM size and pages

ROM size
Product (0 10 bits) Pages
M34512M2 2048 words 16 (0 to 15)
M34512M4 4096 words 32 (0 to 31)

A part of page 1 (addresses 008016 to O0FF16) is reserved for in-
terrupt addresses (Figure 11). When an interrupt occurs, the
address (interrupt address) corresponding to each interrupt is set
in the program counter, and the instruction at the interrupt address
is executed. When using an interrupt service routine, write the in-
struction generating the branch to that routine at an interrupt
address.

Page 2 (addresses 010016 to 017F1s) is the special page for sub-
routine calls. Subroutines written in this page can be called from
any page with the 1-word instruction (BM). Subroutines extending
from page 2 to another page can also be called with the BM in-
struction when it starts on page 2.

ROM pattern (bits 7 to 0) of all addresses can be used as data ar-
eas with the TABP p instruction.

000016

007F16
008016

OOFF16
010016

017F16
018016

OFFF16

98 76 543210

Interrupt address page

Subroutine special page

Page 0
Page 1
Page 2

Page 3

Page 31

Fig. 10 ROM map of M34512M4

008016

008216

008416

008616

008816

008A16

008C16

008E1s6

00FF16

98 76 5 43 210

External O interrupt address

Fig. 11 Page 1 (addresses 0080 16 to 00FF16) structure
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DATA MEMORY (RAM) Table 2 RAM size
1 word of RAM is composed of 4 bits, but 1-bit manipulation (with Product RAM size
the SB j, RB j, and SZB j instructions) is enabled for the entire M34512M2 128 words O 4 bits (512 bits)
memory area. A RAM address is specified by a data pointer. The M34512M4 256 words [ 4 bits (1024 bits)

data pointer consists of registers Z, X, and Y. Set a value to the
data pointer certainly when executing an instruction to access
RAM.

Table 2 shows the RAM size. Figure 12 shows the RAM map.

RAM 256 words [ 4 bits (1024 bits)

Register Z 0

Register X| O | 1| 2 [ 3 |eee| 6| 7 | ooeee |15
0

Register Y

© |0 (N |o |0~ [WN |-

=
o

[EEN
[EEN

[EnY
N

[EnY
w

[y
N

[EnY
a1

| | |
| | :
| | |
M34512M4  Z=0, X=0 to 15¢ | »| 256 words

M34512M2 Z=0, X=0to 7 «—————» 128 words

Fig. 12 RAM map
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INTERRUPT FUNCTION

The interrupt type is a vectored interrupt branching to an individual
address (interrupt address) according to each interrupt source. An
interrupt occurs when the following 3 conditions are satisfied.

* An interrupt activated condition is satisfied (request flag = “1”)

« Interrupt enable bit is enabled (“1”)

« Interrupt enable flag is enabled (INTE = “1")

Table 3 shows interrupt sources. (Refer to each interrupt request
flag for details of activated conditions.)

(1) Interrupt enable flag (INTE)

The interrupt enable flag (INTE) controls whether the every inter-
rupt enable/disable. Interrupts are enabled when INTE flag is set to
“1” with the El instruction and disabled when INTE flag is cleared to
“0” with the DI instruction. When any interrupt occurs, the INTE flag
is automatically cleared to “0,” so that other interrupts are disabled
until the El instruction is executed.

(2) Interrupt enable bit

Use an interrupt enable bit of interrupt control registers V1 and V2
to select the corresponding interrupt or skip instruction.

Table 4 shows the interrupt request flag, interrupt enable bit and
skip instruction.

Table 5 shows the interrupt enable bit function.

(3) Interrupt request flag

When the activated condition for each interrupt is satisfied, the cor-
responding interrupt request flag is set to “1.” Each interrupt
request flag is cleared to “0” when either;

* an interrupt occurs, or

« the next instruction is skipped with a skip instruction.

Each interrupt request flag is set when the activated condition is
satisfied even if the interrupt is disabled by the INTE flag or its in-
terrupt enable bit. Once set, the interrupt request flag retains set
until a clear condition is satisfied.

Accordingly, an interrupt occurs when the interrupt disable state is
released while the interrupt request flag is set.

If more than one interrupt request flag is set when the interrupt dis-
able state is released, the interrupt priority level is as follows
shown in Table 3.

Table 3 Interrupt sources

Priority | nterrupt name Activated condition | Interrupt
level address
1 External O interrupt | Level change of Address 0
INTO pin in page 1

2 External 1 interrupt | Level change of Address 2
INT1 pin in page 1

3 Timer 1 interrupt Timer 1 underflow Address 4
in page 1

4 Timer 2 interrupt Timer 2 underflow Address 6
in page 1

5 Timer 3 interrupt Timer 3 underflow Address 8
in page 1

6 Timer 4 interrupt Timer 4 underflow Address A
in page 1

7 A-D interrupt Completion of Address C
A-D conversion in page 1

8 Serial I/O interrupt | Completion of Address E
serial 1/O transfer in page 1

Table 4 Interrupt request flag, interrupt enable bit and skip in-

struction
Interrupt name | Request flag | Skip instruction | Enable bit
External O interrupt EXFO SNZ0 V1o
External 1 interrupt EXF1 SNZ1 Vi1
Timer 1 interrupt T1F SNZT1 V12
Timer 2 interrupt T2F SNZT2 V13
Timer 3 interrupt T3F SNZT3 V20
Timer 4 interrupt T4F SNZT4 V21
A-D interrupt ADF SNZAD V22
Serial I/O interrupt SIOF SNZSI V23

Table 5 Interrupt enable bit function

Interrupt enable bit

Occurrence of interrupt

Skip instruction

1

Enabled

Invalid

0

Disabled

Valid

MITSUBISHI
ELECTRIC

13



MITSUBISHI MICROCOMPUTERS

R 4512 Group
89““,0 o
a0 %P ol
TS S (\‘00 \.\“\\\5 ks
e T e
note pa‘a
“\e

S ene® SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(4) Internal state during an interrupt

The internal state of the microcomputer during an interrupt is as fol-

lows (Figure 14).

* Program counter (PC) . Stack register (SK)
An interrupt address is set in program counter. The address to be The address of main routine to be
executed when returning to the main routine is automatically |~ T executed when returning
stored in the stack register (SK).

« Interrupt enable flag (INTE)

INTE flag is cleared to “0” so that interrupts are disabled.

« Interrupt request flag
Only the request flag for the current interrupt source is cleared to
“."

» Data pointer, carry flag, skip flag, registers A and B
The contents of these registers and flags are stored automatically
in the interrupt stack register (SDP).

* Program counter (PC)
.............................................................. | Each interrupt address|

* Interrupt enable flag (INTE)
................................................................. [ 0 (iInterrupt disabled)|

* Interrupt request flag (only the flag for the current interrupt
SOUICE) .t b @

« Data pointer, carry flag, registers A and B, skip flag
....... I Stored in the interrupt stack register (SDP) automatically|

(5) Interrupt processing
When an interrupt occurs, a program at an interrupt address is ex-
ecuted after branching a data store sequence to stack register.

Fig. 14 Internal state when interrupt occurs

Write the branch instruction to an interrupt service routine at an in- INTO pin

terrupt address. (CFH oer _-o/ O o/ o O// o__:]dsggseslo
Use the RTI instruction to return from an interrupt service routine. H- L input) EXFO V1o ;

Interrupt enabled by executing the El instruction is performed after INT1 pin :

executing 1 instruction (just after the next instruction is executed). ({4 Or_L —-o/o o/o Q/E/O——ﬁdggzseslz
Accordingly, when the El instruction is executed just before the RTI H - L input) EXF1 Vil :

instruction, interrupts are enabled after returning the main routine. :

(Refer to Figure 13) Timer 1 o ol 1lo0 O/E/O__Ad(?"e‘ss‘1

underflow | TIF Vi2 ' in page 1
Main ; Add 6
. Timer 2 __O/O O/O O//o__ ress
routine underflow ToF Vi3 : in page 1
Interrupt A :
. ) Timer 3 __O/O 1 _Address 8
service routine underflow T O&O O/O' in page 1
*- '
Interrupt ‘w"; :
occurs ot Timer 4 ; Address A
T naeton 107 OTO7 OT—0T O
\() . T4F Va1 ;
p '

. Completion of __O/O O/O O/O- Address C

El A-D conversion “ADE V22 : in page 1
e RTI :
. . :
Interruglt 'g .'~... . Completion of__o/o O/O O/O__Address E
enaple - serial I/0 transfer SIOF V23 INTE in page 1
-
Activated Request flag Enable Enable
condition  (state retained) bit flag

Fig. 15 Interrupt system diagram

- |Interrupt enabled state

====: Interrupt disabled state

Fig. 13 Program example of interrupt processing

14 MITSUBISHI
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(6) Interrupt control registers

« Interrupt control register V1
Interrupt enable bits of external 0, external 1, timer 1 and timer 2
are assigned to register V1. Set the contents of this register
through register A with the TV1A instruction. The TAV1 instruction
can be used to transfer the contents of register V1 to register A.

Table 6 Interrupt control registers

Interrupt control register V2

Interrupt enable bits of timer 3, timer 4, A-D and serial /O are as-
signed to register V2. Set the contents of this register through
register A with the TV2A instruction. The TAV2 instruction can be
used to transfer the contents of register V2 to register A.

Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 R/W
) . . 0 Int t disabl NZT2 instruction i li
Vis Timer 2 interrupt enable bit nterrupt disabled (S .lns ruc.lon.ls.va |d)
1 Interrupt enabled (SNZT2 instruction is invalid)
) . . 0 Int t disabl NZT1 instruction i li
Viz Timer 1 interrupt enable bit nterrupt disabled (S .lns ruc.lon.ls.va |d)
1 Interrupt enabled (SNZT1 instruction is invalid)
. . 0 Int t disabl NZ1 instruction i li
V11 External 1 interrupt enable bit nterrupt disabled (S .|ns ruc.lon.ls.va Id_)
1 Interrupt enabled (SNZ1 instruction is invalid)
. . 0 Int t di | NZO instruction i li
V1o External 0 interrupt enable bit nterrupt disabled (S O.lns ruc.lon.ls.va Id_)
1 Interrupt enabled (SNZO instruction is invalid)
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002 R/W
. . . 0 Int t disabled (SNZSI instruction i lid
V23 Serial I/O interrupt enable bit nterrupt disabled ( .|ns rucilonils‘val ,)
1 Interrupt enabled (SNZSI instruction is invalid)
V22 A-D interrupt enable bit 0 Interrupt disabled (SNZAD‘instruct‘ion-is.valid‘)
1 Interrupt enabled (SNZAD instruction is invalid)
) . . 0 Int t disabled (SNZT4 instruction i lid
V21 Timer 4 interrupt enable bit nterrupt disabled ( -|ns ruc.lon.ls‘val _)
1 Interrupt enabled (SNZT4 instruction is invalid)
) . . 0 Int t disabled (SNZT3 instruction i lid
V20 Timer 3 interrupt enable bit nterrupt disabled ( -|ns ruc.lon.ls‘val _)
1 Interrupt enabled (SNZT3 instruction is invalid)

Note: “R” represents read enabled, and “W” represents write enabled.

MITSUBISHI
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(7) Interrupt sequence curs after 3 machine cycles only when the three interrupt condi-
Interrupts only occur when the respective INTE flag, interrupt en- tions are satisfied on execution of other than one-cycle instructions

able bits (V10-V13 and V20-V23), and interrupt request flag are (Refer to Figure 16).
“1.” The interrupt actually occurs 2 to 3 machine cycles after the
cycle in which all three conditions are satisfied. The interrupt oc-

@® When an interrupt request flag is set after its interrupt is enabled (Note 1)

o miaaespeeamosey | [ [LTITUTU LT TUUULUUUUTUUUUUUTUUL . Iiigu v

o winspeeamose) [ [T LTI UL LT LU T LT

1 machine cycle
T1‘T2’T3 T1’T2’T3 Tl‘Tz‘Ts T1’T2‘T3 T1‘T2’T3

System clock

1
1
Interrupt enable i El instruction
1
1

clock for 4 periods or more
is necessary.

External
interrupt

flag (INTE) execution cyclel< ‘ - —p Interrulet disabled state

Interrupt enabled state oTTT !
I 1
I 1
I 1

INTO, INTL , «ueap RetaININg level of system

i
i
i

EXFO, EXF1

Interrupt activated
condition is satisfied.

Timer 1,

Tmer2 | TiF,T2F, T3F, ‘j—‘

Timer 4. T4F, ADF,SIOF .

A-D, and 4

Serial I/O Flag cleared The program starts from
interrupts the interrupt address.

D 2 to 3 machine cycles o
(Notes 2, 3)

Notes 1: The 4512 Group operates in the middle-speed mode after system is released from reset.
2: The address is stacked to the last cycle.
3: This interval of cycles depends on the executed instruction at the time when each interrupt activated condition is satisfied.

Fig. 16 Interrupt sequence

16 MITSUBISHI
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EXTERNAL INTERRUPTS

The 4512 Group has two external interrupts (external O and exter-
nal 1). An external interrupt request occurs when a valid waveform
is input to an interrupt input pin (edge detection).

The external interrupts can be controlled with the interrupt control

registers 11 and 12.

Table 7 External interrupt activated conditions

Name Input pin

Activated condition

Valid waveform
selection bit

External O interrupt INTO

When the next waveform is input to INTO pin
* Falling waveform (“H” - “L”")

* Rising waveform (“L" - “H")

* Both rising and falling waveforms

111
112

External 1 interrupt INT1

When the next waveform is input to INT1 pin
* Falling waveform (“H” - “L")

* Rising waveform (“L” - “H")

« Both rising and falling waveforms

121
122

112
Falling

'
'
'
L e ot

Rising

3-—-—»-—?—-»-—-¢

122
: Falling

fF

_ 1 One-sided edge
detection circuit

EXFO

fv

, | Both edges
detection circuit

—P Wakeup

TD_>SkiD
SNZIO

-

_| One-sided edge

detection circuit reoo
ﬂ EXF1

Both edges
detection circuit

>—|

—P Wakeup

fD—VSkip
SNZI1

c i This symbol represents a parasitic diode on the port.

External O
interrupt

External 1
interrupt

Fig. 17 External interrupt circuit structure
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(1) External O interrupt request flag (EXFO)
External 0 interrupt request flag (EXFO) is set to “1” when a valid
waveform is input to INTO pin.

The valid waveforms causing the interrupt must be retained at their
level for 4 clock cycles or more of the system clock (Refer to Figure
16).

The state of EXFO flag can be examined with the skip instruction
(SNZ0). Use the interrupt control register V1 to select the interrupt
or the skip instruction. The EXFO flag is cleared to “0” when an in-
terrupt occurs or when the next instruction is skipped with the skip
instruction.

« External O interrupt activated condition
External O interrupt activated condition is satisfied when a valid
waveform is input to INTO pin.
The valid waveform can be selected from rising waveform, falling
waveform or both rising and falling waveforms. An example of
how to use the external O interrupt is as follows.

O Select the valid waveform with the bits 1 and 2 of register I1.

O Clear the EXFO flag to “0” with the SNZO instruction.

O Set the NOP instruction for the case when a skip is performed
with the SNZO0 instruction.

[0 Set both the external 0 interrupt enable bit (V10) and the INTE
flag to “1.”

The external 0 interrupt is now enabled. Now when a valid wave-
form is input to the INTO pin, the EXFO flag is set to “1” and the
external O interrupt occurs.

(2) External 1 interrupt request flag (EXF1)
External 1 interrupt request flag (EXF1) is set to “1” when a valid
waveform is input to INT1 pin.

The valid waveforms causing the interrupt must be retained at their
level for 4 clock cycles or more of the system clock (Refer to Figure
16).

The state of EXF1 flag can be examined with the skip instruction
(SNZ1). Use the interrupt control register V1 to select the interrupt
or the skip instruction. The EXF1 flag is cleared to “0” when an in-
terrupt occurs or when the next instruction is skipped with the skip
instruction.

« External 1 interrupt activated condition
External 1 interrupt activated condition is satisfied when a valid
waveform is input to INT1 pin.
The valid waveform can be selected from rising waveform, falling
waveform or both rising and falling waveforms. An example of
how to use the external 1 interrupt is as follows.

0 Select the valid waveform with the bits 1 and 2 of register 12.

O Clear the EXF1 flag to “0” with the SNZ1 instruction.

O Set the NOP instruction for the case when a skip is performed
with the SNZ1 instruction.

[0 Set both the external 1 interrupt enable bit (V11) and the INTE
flag to “1.”

The external 1 interrupt is now enabled. Now when a valid wave-
form is input to the INT1 pin, the EXF1 flag is set to “1” and the
external 1 interrupt occurs.

18 MITSUBISHI
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(3) External interrupt control registers

« Interrupt control register 1
Register 11 controls the valid waveform for the external O inter-
rupt. Set the contents of this register through register A with the
TI1A instruction. The TAI1 instruction can be used to transfer the
contents of register I1 to register A.

Table 8 External interrupt control registers

« Interrupt control register 12
Register 12 controls the valid waveform for the external 1 inter-
rupt. Set the contents of this register through register A with the
TI2A instruction. The TAI2 instruction can be used to transfer the
contents of register 12 to register A.

Interrupt control register 11 at reset : 00002 at RAM back-up : state retained R/W
0 - . .
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INTO pin is recognized with the SNZIO
™ Interrupt valid waveform for INTO pin/ instruction)/“L" level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INTO pin is recognized with the SNZIO
instruction)/“H” level
. ) - . 0 ne-si tect
111 INTO pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
1o INTO pin 0 Disabled
timer 1 control enable bit 1 Enabled
Interrupt control register 12 reset : 00002 at RAM back-up : state retained R/W
0 L ' L
123 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INT1 pin is recognized with the SNZI1
122 Interrupt valid waveform for INT1 pin/ instruction)/“L” level
return level selection bit (Note 3) 1 Rising waveform (“H” level of INT1 pin is recognized with the SNZI1
instruction)/“H” level
) ) - . 0 One-sided edge detected
121 INT1 pin edge detection circuit control bit
1 Both edges detected
120 INT1 pin 0 Disabled
timer 3 control enable bit 1 Enabled

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: When the contents of 112 is changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZO instruction.
3: When the contents of 122 is changed, the external interrupt request flag EXF1 may be set. Accordingly, clear EXF1 flag with the SNZ1 instruction.

MITSUBISHI
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TIMERS « Fixed dividing frequency timer
The 4512 Group has the following timers. The fixed dividing frequency timer has the fixed frequency divid-
* Programmable timer ing ratio (n). An interrupt request flag is set to “1” after every n

The programmable timer has a reload register and enables the count of a count pulse.

frequency dividing ratio to be set. It is decremented from a set-
ting value n. When it underflows (count to n + 1), a timer interrupt
request flag is set to “1,” new data is loaded from the reload reg-
ister, and count continues (auto-reload function).

FFl6| — — - - - —m - - e e e e e e e e e e e e e e e e e ==
n : Counter initial value
Count starts Reload Reload
n 4 * __________________________
g i 1st underflow 2nd underflow
8 | N N
S I
“6 '
@ I
c 1
g | A A
c
o 1
@ I
(O]
ey 1
. I
0016 | >
i ! ! Time
<——— n+1count Bt e E— n+1 count —*™
Timer interrupt 1 | I

request flag
I_ An interrupt occurs or J

a skip instruction is executed.

Fig. 18 Auto-reload function

20 MITSUBISHI
ELECTRIC



o0

acalO

A vo

&'\(\3\ 5‘389\)“\60‘
e 0O ? s a©
R\ G \

No\'\ce' a(a“\e‘

o o

r‘(\a“\ge'

MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

The 4512 Group timer consists of the following circuits.

Prescaler : frequency divider

Timer 1 : 8-bit programmable timer
Timer 2 : 8-bit programmable timer
Timer 3 : 8-bit programmable timer
Timer 4 : 8-bit programmable timer

(Timers 1 to 4 have the interrupt function, respectively)

16-bit timer

Table 9 Function related timers

Prescaler and timers 1 to 4 can be controlled with the timer control
registers W1 to W4. The 16-bit timer is a free counter which is not
controlled with the control register.
Each function is described below.

Circuit Structure Count source Frequency Use of output signal Control
dividing ratio register
Prescaler Frequency divider « Instruction clock 4,16 » Timer 1, 2, 3 and 4 count sources w1
Timer 1 8-bit programmable * Prescaler output (ORCLK) | 1 to 256  Timer 2 count source w1
binary down counter » Timer 1 interrupt
(link to INTO input)
Timer 2 8-bit programmable * Timer 1 underflow 1 to 256 « Timer 3 count source W2
binary down counter « Prescaler output (ORCLK) * Timer 2 interrupt
* 16-bit timer underflow
Timer 3 8-bit programmable « Timer 2 underflow 1 to 256 « Timer 4 count source W3
binary down counter * Prescaler output (ORCLK) « Timer 3 interrupt
(link to INTZ input)
Timer 4 8-bit programmable » Timer 3 underflow 1to 256 « Timer 4 interrupt w4
binary down counter * Prescaler output (ORCLK)
16-bit timer | 16-bit fixed dividing « Instruction clock 65536 * Watchdog timer
frequency (The 15th bit is counted twice)
« Timer 2 count source
(16-bit timer underflow)
MITSUBISHI 21
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- Prescaler™ = "7~
Instruction clock W1 =_ I
Divistion circuit MR3 |
.. r -
(divided by 2) —L:_D\}_L Internal clock
E | generating circuit |
xin O— — 01 | (divided by 3)
112 ORCLK
llfal i ne-sided edge
0—+0 etection circuit Wio
INTO : o1 1
Ricina detection airewit| 2%= | || 2 01
W11 (Note 3)
r===
1 0 1 H
i V—‘ L>| Timer1(8) __|——1—>| e [—>Timer1
O Y R — interrupt
|Reload register R1 (8)|
T1AB% (rr1np)t i
(TABI) Register B|[Register Al—’
v P
W21 W20 Timer 1 underflow signal
Q0T Ww2s(Note 3)
1
! Do . i
QN . Timer 2 (8) |7—> Timer 2
1 .
H 10(!)\10! available '- M Interrupt
1 1
'_]}rl______: |Reload register R2 (8)|
(T2AB)
TAB2) : ; Y
( Register B” Reqister
A <
W31L,W3a
i 7 W3s(Note 3)
. Lo
Lo Timer3(®) 1> T3F —>Timer3
i 1080( availe?ble oo A 4 interru pt
: 1121)0[ availalble
A\ 4
(TAB3) Register B||Register A|<—)
il W41,W4o Timer 3 underflow signal
.rgo 7 W4s(Note 3)
1 r~-=="
1 i Qg ! .
o\ i e Timerae) T4F [—> Timer 4
| ; r'y 7'y ;
:1()!(\1)0! avalla:ble -oad ‘ Il’lterrupt
1 11Not available X
SR |Reload register R4 (8)|
(T4AAB)
(TAB4) Register B||Register
* Data is set automatically from each reload ) 16-bit timer (WDT)
register when timer 1, 2, 3, or 4 underflows Instruction clock—{, . 1516
(auto-reload function)
Notes 1: Timer 1 count start synchronous circuit is set System reset
by the valid edge of P30/INTO pin selected by WRST instructior s
bits 1 (111) and 2 (112) of register I1. Reset si nall RWEF Q W?‘Fl W?::Z
2: Timer 3 count start synchronous circuit is set 9
by the valid edge of P31/INT1 pin selected by
bits 1 (121) and 2 (122) of register 12.
3: Count source is stopped by clearing to “0.”
Fig. 19 Timers structure
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Table 10 Timer control registers

Timer control register W1 at reset : 00002 at RAM back-up : 00002 R/W
. 0 Stop (state initialized
W13 Prescaler control bit P . )
1 Operating
. ] ) . 0 Instruction clock divided by 4
W12 Prescaler dividing ratio selection bit - — y
1 Instruction clock divided by 16
t tat tai
W11 Timer 1 control bit 0 Stop (S_ ate retained)
1 Operating
W1o Timer 1 count start synchronous circuit 0 Count start synchronous circuit not selected
control bit 1 Count start synchronous circuit selected
Timer control register W2 at reset : 00002 at RAM back-up : state retained R/W
0 St tat tained
W23 Timer 2 control bit op (S_ ate retained)
1 Operating
0 L . L
W22 Not used 1 This bit has no function, but read/write is enabled.
W21\W20 Count source
W21 0 | O | Timer 1 underflow signal
Timer 2 count source selection bits 0 | 1 | Prescaler output
W20 1 | 0 | Notavailable
1| 1 | 16 bittimer (WDT) underflow signal
Timer control register W3 at reset : 00002 at RAM back-up : state retained R/W
t tate retain
W33 Timer 3 control bit 0 Stop (S_ ate retained)
1 Operating
W32 Timer 3 count start synchronous circuit 0 Count start synchronous circuit not selected
control bit 1 Count start synchronous circuit selected
W31|W30 Count source
w3t 0 | 0 | Timer 2 underflow signal
Timer 3 count source selection bits 0 | 1 | Prescaler output
W30 1 | 0 | Notavailable
1 | 1 | Notavailable
Timer control register W4 at reset : 00002 at RAM back-up : state retained R/W
0 Stop (state retained
W43 Timer 4 control bit p( - )
1 Operating
0 L . L
W42 Not used 1 This bit has no function, but read/write is enabled.
W41\W4o Count source
Wa1 0 | 0 | Timer 3 underflow signal
Timer 4 count source selection bits 0 | 1 | Prescaler output
W40 1 | 0 | Notavailable
1 | 1 | Notavailable
Note: “R” represents read enabled, and “W” represents write enabled.
MITSUBISHI 23
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(1) Timer control registers

* Timer control register W1

Register W1 controls the count operation of timer 1, the selection
of count start synchronous circuit, and the frequency dividing ra-
tio and count operation of prescaler. Set the contents of this
register through register A with the TW1A instruction. The TAW1
instruction can be used to transfer the contents of register W1 to
register A.

Timer control register W2

Register W2 controls the count operation and count source of
timer 2. Set the contents of this register through register A with
the TW2A instruction. The TAW?2 instruction can be used to trans-
fer the contents of register W2 to register A.

Timer control register W3

Register W3 controls the count operation and count source of
timer 3 and the selection of count start synchronous circuit. Set
the contents of this register through register A with the TW3A in-
struction. The TAW3 instruction can be used to transfer the
contents of register W3 to register A.

Timer control register W4

Register W4 controls the count operation and count source of
timer 4. Set the contents of this register through register A with
the TW4A instruction. The TAWA4 instruction can be used to trans-
fer the contents of register W4 to register A.

(2) Precautions

Note the following for the use of timers.

Prescaler

Stop the prescaler operation to change its frequency dividing ra-
tio.

Count source

Stop timer 1, 2, 3, or 4 counting to change its count source.
Reading the count value

Stop timer 1, 2, 3, or 4 counting and then execute the TAB1,
TAB2, TAB3, or TAB4 instruction to read its data.

Writing to reload registers R1 and R3

When writing data to reload registers R1 or R3 while timer 1 or
timer 3 is operating, avoid a timing when timer 1 or timer 3
underflows.

(3) Prescaler

Prescaler is a frequency divider. Its frequency dividing ratio can be
selected. The count source of prescaler is the instruction clock.
Use the bit 2 of register W1 to select the prescaler dividing ratio
and the bit 3 to start and stop its operation. Prescaler is initialized,
and the output signal (ORCLK) stops when the bit 3 of register W1
is cleared to “0.”

(4) Timer 1 (interrupt function)

Timer 1 is an 8-bit binary down counter with the timer 1 reload reg-
ister (R1). Data can be set simultaneously in timer 1 and the reload
register (R1) with the T1AB instruction. Data can be written to re-
load register (R1) with the TR1AB instruction.

When writing data to reload register R1 with the TR1AB instruction,
the downcount after the underflow is started from the setting value
of reload register R1.

Timer 1 starts counting after the following process;

O set data in timer 1, and

O set the bit 1 of register W1 to “1.”

However, INTO pin input can be used as the start trigger for timer 1
count operation by setting the bit 0 of register W1 to “1.”

When a value set is n, timer 1 divides the count source signal by n
+1(n=0to 255).

Once count is started, when timer 1 underflows (the next count
pulse is input after the contents of timer 1 becomes “0”), the timer
1 interrupt request flag (T1F) is set to “1,” new data is loaded from
reload register R1, and count continues (auto-reload function).
Data can be read from timer 1 with the TAB1 instruction. When
reading the data, stop the counter and then execute the TABL1 in-
struction.

(5) Timer 2 (interrupt function)

Timer 2 is an 8-bit binary down counter with the timer 2 reload reg-
ister (R2). Data can be set simultaneously in timer 2 and the reload
register (R2) with the T2AB instruction.

Timer 2 starts counting after the following process;

O set data in timer 2,

O select the count source with the bits 0 and 1 of register W2, and
O set the bit 3 of register W2 to “1.”

When a value set is n, timer 2 divides the count source signal by n
+1(n=0to 255).

Once count is started, when timer 2 underflows (the next count
pulse is input after the contents of timer 2 becomes “0”), the timer
2 interrupt request flag (T2F) is set to “1,” new data is loaded from
reload register R2, and count continues (auto-reload function).
Data can be read from timer 2 with the TAB2 instruction. When
reading the data, stop the counter and then execute the TAB2 in-
struction.

24 MITSUBISHI
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(6) Timer 3 (interrupt function)

Timer 3 is an 8-bit binary down counter with the timer 3 reload reg-
ister (R3). Data can be set simultaneously in timer 3 and the reload
register (R3) with the T3AB instruction. Data can be written to re-
load register (R3) with the TR3AB instruction.

When writing data to reload register R3 with the TR3AB instruc-
tion, the downcount after the underflow is started from the setting
value of reload register R3.

Timer 3 starts counting after the following process;

0 set data in timer 3,

O select the count source with the bits 0 and 1 of register W3, and
[ set the bit 3 of register W3 to “1.”

However, INT1 pin input can be used as the start trigger for timer
3 count operation by setting the bit 2 of register W3 to “1.”

When a value set is n, timer 3 divides the count source signal by n
+1(n=0to 255).

Once count is started, when timer 3 underflows (the next count
pulse is input after the contents of timer 3 becomes “0”), the timer
3 interrupt request flag (T3F) is set to “1,” new data is loaded from
reload register R3, and count continues (auto-reload function).
Data can be read from timer 3 with the TAB3 instruction. When
reading the data, stop the counter and then execute the TAB3 in-
struction.

(7) Timer 4 (interrupt function)

Timer 4 is an 8-bit binary down counter with the timer 4 reload reg-
ister (R4). Data can be set simultaneously in timer 4 and the reload
register (R4) with the T4AB instruction.

Timer 4 starts counting after the following process;

0 set data in timer 4,

O select the count source with the bits 0 and 1 of register W4, and
O set the bit 3 of register W4 to “1.”

When a value set is n, timer 4 divides the count source signal by n
+1(n=0to 255).

Once count is started, when timer 4 underflows (the next count
pulse is input after the contents of timer 4 becomes “0”), the timer
4 interrupt request flag (T4F) is set to “1,” new data is loaded from
reload register R4, and count continues (auto-reload function).
Data can be read from timer 4 with the TAB4 instruction. When
reading the data, stop the counter and then execute the TAB4 in-
struction.

(8) Timer interrupt request flags (T1F, T2F,
T3F, and T4F)

Each timer interrupt request flag is set to “1” when each timer

underflows. The state of these flags can be examined with the skip

instructions (SNZT1, SNZT2, SNZT3, and SNZT4).

Use the interrupt control registers V1, V2 to select an interrupt or a

skip instruction.

An interrupt request flag is cleared to “0” when an interrupt occurs

or when the next instruction is skipped with a skip instruction.

(9) Count start synchronization circuit (timer

1, timer 3)
Each of timer 1 and timer 3 has the count start synchronous circuit
which synchronizes P30/INTO pin and P31/INT1 pin, respectively,
and can start the timer count operation.
Timer 1 count start synchronous circuit function is selected by set-
ting the bit O of register W1 to “1.” The control by P30/INTO pin
input can be performed by setting the bit O of register I1 to “1.”
The count start synchronous circuit is set by level change (“H” - “L”
or “L"~“H") of P30/INTO pin input. This valid waveform is selected
by bits 1 (I111) and 2 (112) of register 11 as follows;
« |11 = “0": Synchronized with one-sided edge (falling or rising)
« |11 = *1": Synchronized with both edges (both falling and rising)
When register 111="0" (synchronized with the one-sided edge), the ris-
ing or falling waveform can be selected by bit 2 of register 11;
|12 = “0": Falling waveform
* |12 = *“1": Rising waveform
Timer 3 count start synchronous circuit function is selected by set-
ting the bit 2 of register W3 to “1.” The control by P31/INT1 pin
input can be performed by setting the bit O of register 12 to “1.”
The count start synchronous circuit is set by level change (“H” - “L”
or “L"~“H") of P31/INT1 pin input. This valid waveform is selected
by bits 1 (121) and 2 (122) of register 12 as follows;
« |21 = “0": Synchronized with one-sided edge (falling or rising)
« |21 = *1": Synchronized with both edges (both falling and rising)
When register 121="0" (synchronized with the one-sided edge), the ris-
ing or falling waveform can be selected by bit 2 of register 12;
* 122 =“0": Falling waveform
* |22 = 1" Rising waveform
When timer 1 and timer 3 count start synchronous circuits are
used, the count start synchronous circuits are set, the count source
is input to each timer by inputting valid waveform to P30/INTO pin
and P31/INT1 pin. Once set, the count start synchronous circuit is
cleared by clearing the bit 110 or 120 to “0” or reset.
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WATCHDOG TIMER

Watchdog timer provides a method to reset the system when a pro-
gram run-away occurs. Watchdog timer consists of a 16-bit timer
(WDT), watchdog timer enable flag (WEF), and watchdog timer
flags (WDF1, WDF2).

The timer WDT downcounts the instruction clocks as the count
source after system is released from reset. The underflow signal is
generated when the count value reaches “000016.” This underflow
signal can be used as the timer 2 count source.

When the WRST instruction is executed after system is released
from reset, the WEF flag is set to “1”. At this time, the watchdog
timer starts operating.

When the count value of timer WDT reaches “BFFF16” or “3FFF16,”
the WDF1 flag is set to “1.” If the WRST instruction is never ex-
ecuted while timer WDT counts 32767, WDF2 flag is set to “1,” and
the RESET pin outputs “L” level to reset the microcomputer. Ex-
ecute the WRST instruction at each period of 32766 machine cycle
or less by software when using watchdog timer to keep the micro-
computer operating normally.

To prevent the WDT stopping in the event of misoperation, WEF
flag is designed not to initialize once the WRST instruction has
been executed. Note also that, if the WRST instruction is never ex-
ecuted, the watchdog timer does not start.

The value of timer (WDT)
0000 16

WEF flag

WDF1 flag

WDF2 flag

RESET pin output

WRST WRST
instruction instruction ~ System reset
executed executed
Fig. 20 Watchdog timer function
The contents of WEF, WDF1 and WDF2 flags and timer WDT are
initialized at the RAM back-up mode.
If WDF2 flag is set to “1” at the same time that the microcomputer 5
enters the RAM back-up state, system reset may be performed. .
When using the watchdog timer and the RAM back-up mode, ini- WRST ; WDF1 flag reset
tialize the WDF1 flag with the WRST instruction just before the . .
) g J ) EPOF : POF instruction enabled
microcomputer enters the RAM back-up state (refer to Figure 21)
POF
Oscillation (RAM back-up state)
stop

Fig. 21 Program example to enter the RAM back-up mode
when using the watchdog timer
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SERIAL I/O Table 11 Serial /O pins

The 4512 Group has a built-in clock synchronous serial I/0 which
can serially transmit or receive 8-bit data.

Serial /0 consists of;

« serial I/O register Sl

« serial I/O mode register J1

« serial /0 transmission/reception completion flag (SIOF)

« serial I/0 counter

Registers A and B are used to perform data transfer with internal
CPU, and the serial I/0O pins are used for external data transfer.
The pin functions of the serial I/0 pins can be set with the register
J1.

Pin Pin function when selecting serial 1/0
P20/Sck Clock I/0 (Sck)
P21/Sout Serial data output (Sour)
P22/SIN Serial data input (SIN)

Note: Input ports P20—-P22 can be used regardless of register J1.

Division circuit

Internal clock

”(divided by 2) _LI‘:;;O;L
Xin O— ;

(divided by 3)

generation circuit

» Instruction clock

Serial I/0O mode register J1
[J313 ] 512 312 | 910 |

|

SIOF|— Serial I/O interrupt

Synchronous_ﬁ_> Serial 10 3
P20/Sck O—SCK [ D circuit erial 1/0 counter (3)
P21/SoutO——S0UT < —

A4
P21 O—SM »|MSB  Serial I/O register SI (8)  LSB|——
7y 7y
TSIAB TABSI
A4 A4

[012] 310] |

Register B (4) |

Register A (4) |

Note: The output structure of Sck and SouTt pins is N-channel open-drain.

Fig. 22 Serial I/0O structure

Table 12 Serial I/O mode register

Serial I/0 mode register J1 at reset : 00002 at RAM back-up : state retained R/W
0 . ) .
J13 Not used 1 This bit has no function, but read/write is enabled.
112 Serial I/0O internal clock dividing ratio 0 Instruction clock signal divided by 8
selection bit 1 Instruction clock signal divided by 4
0 Input ports P20, P21, P22 selected
J11 Serial I/0 port selection bit npg pors Seee -e
1 Serial I/0 ports Sck, SouT, SIN/input ports P20, P21, P22 selected
) N 0 External clock
J1o Serial I1/0 synchronous clock selection bit - - —
1 Internal clock (instruction clock divided by 4 or 8)

Note: “R” represents read enabled, and “W” represents write enabled.
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When transmitting (D7-Do : transfer data)

When receiving

SIN pin

-

Serial 1/0 register (SI) SouT pin

SOUT pin

—
-

SIN pin Serial /O register (SI)

D7|Ds|D5|D4|D3[D2| D1 DO

~O—( 00 O O 0 o 0] 0

[D7]D6|D5[D4]D3 D2 D1]Do]

4

| O/ p7][D6|D5]D4] D3| D2[ D1

4

| L] Uo7 ps]ps | pal D3| p2]

¥
U oo oo g o

Transfer data to be set

Transfer started

Transfer completed

Lo oo oo

4

oo O] L O O O O] O

¥
DlDODDDDDD

A4

[D7]D6 D5 D4| D3] D2 D1 [Do]

Fig. 23 Serial I/0 register state when transferring

(1) Serial I/O register Sl

Serial I/O register Sl is the 8-bit data transfer serial/parallel conver-
sion register. Data can be set to register S| through registers A and
B with the TSIAB instruction. The contents of register A is transmit-
ted to the low-order 4 bits of register Sl, and the contents of
register B is transmitted to the high-order 4 bits of register SI.
During transmission, each bit data is transmitted LSB first from the
lowermost bit (bit 0) of register SlI, and during reception, each bit
data is received LSB first to register Sl starting from the topmost bit
(bit 7).

When register Sl is used as a work register without using serial I/0,
pull up the Sck pin or set the pin function to an input port P20.

(2) Serial 1/0O transmission/reception
completion flag (SIOF)

Serial /0O transmission/reception completion flag (SIOF) is set to

“1" when serial data transmission or reception completes. The

state of SIOF flag can be examined with the skip instruction

(SNZSI). Use the interrupt control register V2 to select the inter-

rupt or the skip instruction.

The SIOF flag is cleared to “0” when the interrupt occurs or when

the next instruction is skipped with the skip instruction.

(3) Serial 1/O start instruction (SST)
When the SST instruction is executed, the SIOF flag is cleared to
“0” and then serial I/O transmission/reception is started.

(4) Serial /0 mode register J1

Register J1 controls the synchronous clock, P20/Sck, P21/SouTt
and P22/SIN pin function. Set the contents of this register through
register A with the TJ1A instruction. The TAJ1 instruction can be
used to transfer the contents of register J1 to register A.

28 MITSUBISHI
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(5) How to use serial I/O
Figure 24 shows the serial I/0O connection example. Serial I/O inter-
rupt is not used in this example. In the actual wiring, pull up the

wiring between each pin with a resistor. Figure 25 shows the data
transfer timing and Table 13 shows the data transfer sequence.

Master (clock control)

Slave (external clock)

SRDY signal
Ds |-t g Ds
Sck P Sck
Sout = SIN
SIN [ Sout
(Bit 3) (Bit 0) (Bit 3) (Bit 0)
| O | | 1 | 1 | Serial I/O mode register J1 | a | a | 1 | 0 |Serial 1/0 mode register J1
Internal clock selected as External clock selected as
a synchronous clock a synchronous clock
Serial 1/0 port Serial 1/0 port
SCK,SOUT,SIN SCK,SOUT,SIN
Instruction clock divided by L .
8 or 4 selected as a transfer This bit 'S_rlOE valid
clock when J10="0
(Bit 3) (Bit 0) Bit 3) (Bit 0)
| 0 | 0 | 0 0 | Interrupt control register V2 0 | d0 | d0 O | Interrupt control register V2
Serial I/O interrupt enable bit Serial I/O interrupt enable bit
(SNZSI instruction is valid) (SNZSI instruction is valid)
0 : Set an arbitrary value.
Fig. 24 Serial 1/0 connection example
MITSUBISHI 29
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E Sout M7’ XMOXM1X$2XM3XM4XM5XM6XM7 E
SIN S7 ® so X s /X s2 X ss X s X ss X se X

SST instruction |_| /‘

I
Sout Sy USOX81X82XS3XS4XSSXSGX S7
v

Sck A A | | |
Slave
I- ______________________________________________________________________________ hl
E SST instruction |_|
E SRDY signal \ )
! ]
: T

Mo-M7 : the contents of master serial 1/O register
So0-S7 : the contents of slave serial I/O register
Rising of Sck : serial input

Falling of Sck : serial output

Fig. 25 Timing of serial 1/0 data transfer

30 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

4512 Group

o\

A Ao
o
9\)‘(5\60‘\

o)\ 5P
e “0\\‘3\‘:\\&: a©
No“oa‘iﬁ;wgﬂc
Y
60“\:9@. SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

e

Table 13 Processing sequence of data transfer from master to slave
Master (transmission) Slave (reception)
[Initial setting] [Initial setting]

« Setting the serial /0 mode register J1 and inter- | ¢ Setting serial I/O mode register J1, and interrupt control register V2 shown in
rupt control register V2 shown in Figure 24. Figure 24.

TJ1A and TV2A instructions TJ1A and TV2A instructions
B S_ettﬁg Ee_porrec_eigdme_regpgn_engle_ * Setti n?trzpo_rt Enﬁﬁﬂwe_regpﬁn?n a_blezgn_al(_SRE():ncTo@u?ing_
signal (SRDY) to the input mode. “H” level (reception impossible).
(Port Ds is used in this example) (Port Ds is used in this example)
[ “sbinstructon |~~~ sDinstruction |
* [Transmission enable state] *[Reception enable state]
|« Storing transmission data to serial I/O register SI. | « The SIOF flag is cleared to “0.”
TSIAB instruction S S_ST_lnsTrua)n_ _________

RD instruction

[Transmission] [Reception]
*Check port D5 is “L” level.

| -Check transmission completes. | = Checkreception completes.
SNZSI instruction SNZSI instruction
*Wait (timing when continuously transferring) « “H” level is output from port Ds.

SD instruction

[Data processing]

1-byte data is serially transferred on this process. Subsequently, data
can be transferred continuously by repeating the process from *.

When an external clock is selected as a synchronous clock, the
clock is not controlled internally. Control the clock externally be-
cause serial transfer is performed as long as clock is externally
input. (Unlike an internal clock, an external clock is not stopped
when serial transfer is completed.) However, the SIOF flag is set to
“1” when the clock is counted 8 times after executing the SST in-
struction. Be sure to set the initial level of the external clock to “H.”
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A-D CONVERTER

The 4512 Group has a built-in A-D conversion circuit that performs
conversion by 10-bit successive comparison method. Table 14
shows the characteristics of this A-D converter. This A-D converter
can also be used as an 8-bit comparator to compare analog volt-
ages input from the analog input pin with preset values.

Table 14 A-D converter characteristics

Parameter Characteristics
Conversion format | Successive comparison method
Resolution 10 bits

Relative accuracy

Linearity error: +2L.SB

Non-linearity error: +0.9LSB

Conversion speed

46.5 us (High-speed mode at 4.0 MHz
oscillation frequency)

Analog input pin 4
| Register B (4) |
A
| Register A (4) ‘
A A A 4 4
4y a
TAQ2 TAQ1
TQ2A TQ1A
\i Y 8 8
|Q23|Q22 Q21|Q20| |Q13‘Q12 Q11|Q10| TALA TABAD TADAB
J Instruction clock
O
3
Q23 __
i - _'ﬁ‘Ko__ ADF » A-D
. A-D control circuit ; : >/
S T P interrupt
=
Aino O— 3 ———lq Y
o 10+
e —v%_ Successive comparison
An O—— o i_.0_1 |register (AD) (10)
Q 23 Q23
2 Q . .
AIN2 ES DAC o gl Jid
1S operation N
< ;
Anz O g signal
g
Q
~ 8
X DA converter ﬁ 8l 8
(Note 1) Voo )
Vss 4
Comparator register (8)
t k (Note 2) )
/)
Notes 1: This switch is turned ON only when A-D converter is operating and generates the comparison voltage.
2: Writing/reading data to the comparator register is possible only in the comparator mode (Q23=1).
The value of the comparator register is retained even when the mode is switched to the A-D conversion
mode (Q23=0) because it is separated from the successive comparison register (AD). Also, the resolution in
the comparator mode is 8 bits because the comparator register consists of 8 bits.

Fig. 26 A-D conversion circuit structure
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Table 15 A-D control registers

A-D control register Q1 at reset : 00002 at RAM back-up : state retained R/W
Q13 Not used 2 This bit has no function, but read/write is enabled.
Q12Q11/Q10 Selected pins
Q12 0[0]| 0| AINO
0|0|1] AN
0|1]|0]| AIN2
Ql1 Analog input pin selection bits 0|11 Ans
1|0|0 | Notavailable
10| 1| Notavailable
Qlo 1|1]|0 | Notavailable
1/1]1] Notavailable
A-D control register Q2 at reset : 00002 at RAM back-up : state retained R/W

Q23 A-D operation mode selection bit

A-D conversion mode

Comparator mode

Q22 Not used

This bit has no function, but read/write is enabled.

Q21 Not used

This bit has no function, but read/write is enabled.

Q20 Not used

P|ORP|O|RP|[O|F|O

This bit has no function, but read/write is enabled.

Note: “R” represents read enabled, and “W” represents write enabled.

(1) Operating at A-D conversion mode
The A-D conversion mode is set by setting the bit 3 of register Q2 to “0.”

(2) Successive comparison register AD

Register AD stores the A-D conversion result of an analog input in
10-bit digital data format. The contents of the high-order 8 bits of
this register can be stored in register B and register A with the
TABAD instruction. The contents of the low-order 2 bits of this reg-
ister can be stored into the high-order 2 bits of register A with the
TALA instruction. However, do not execute this instruction during A-
D conversion.

When the contents of register AD is n, the logic value of the com-
parison voltage Vref generated from the built-in DA converter can
be obtained with the reference voltage VDD by the following for-
mula:

Logic value of comparison voltage Vref

VbD

1024 -0

Vref =

n: The value of register AD (n = 0 to 1023)

(3) A-D conversion completion flag (ADF)

A-D conversion completion flag (ADF) is set to “1” when A-D con-
version completes. The state of ADF flag can be examined with the
skip instruction (SNZAD). Use the interrupt control register V2 to
select the interrupt or the skip instruction.

The ADF flag is cleared to “0” when the interrupt occurs or when
the next instruction is skipped with the skip instruction.

(4) A-D conversion start instruction (ADST)
A-D conversion starts when the ADST instruction is executed. The
conversion result is automatically stored in the register AD.

(5) A-D control register Q1

Register Q1 is used to select one of analog input pins.

(6) A-D control register Q2

Register Q2 controls the A-D conversion mode. The A-D conver-
sion mode is selected when the bit 3 of register Q2 is “0,” and the
comparator mode is selected when the bit 3 of register Q2 is “1.”
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(7) Operation description
A-D conversion is started with the A-D conversion start instruction
(ADST). The internal operation during A-D conversion is as follows:

0 When A-D conversion starts, the register AD is cleared to
“00016.”

O Next, the topmost bit of the register AD is set to “1,” and the
comparison voltage Vref is compared with the analog input volt-
age VIN.

0 When the comparison result is Vref < VIN, the topmost bit of the
register AD remains set to “1.” When the comparison result is
Vref > VIN, it is cleared to “0.”

The 4512 Group repeats this operation to the lowermost bit of the
register AD to convert an analog value to a digital value. A-D con-
version stops after 62 machine cycles (46.5 us when f(XIN) = 4.0
MHz in high-speed mode) from the start, and the conversion result
is stored in the register AD. An A-D interrupt activated condition is
satisfied and the ADF flag is set to “1” as soon as A-D conversion
completes (Figure 27).

Table 16 Change of successive comparison register AD during A-D conversion

At starting conversion Change of successive comparison register AD Comparison voltage (Vref) value
1st comparison | 1 | 0 | 0 | """ | 0 | 0 | 0 | V;D
2nd comparison | 01 | 1 | 0 | """ | 0 | 0 | 0 | V;D + VZD
icon 1l m o2 |1 | - VDD VDD VDD
3rd comparison | 01 | 02 | 1 | | 0 | 0 | 0 | > * 2 t g
After 10th comparison A-D conversion result voo o, . VDD
completes | 01 | 02 | 03 | """ | 08 | 09 | UA | 2 T 1024

01: 1st comparison result
[J3: 3rd comparison result
[J9: 9th comparison result

[0J2: 2nd comparison result
[J8: 8th comparison result
JA: 10th comparison result

(8) A-D conversion timing chart
Figure 27 shows the A-D conversion timing chart.

ADST instruction

A-D conversion
completion flag (ADF)

62 machine cycles ———————

DAC operation signal

]

Fig. 27 A-D conversion timing chart
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(9) Operation at comparator mode

The A-D converter is set to comparator mode by setting bit 3 of the
register Q2 to “1.”

Below, the operation at comparator mode is described.

(10) Comparator register

In comparator mode, the built-in DA comparator is connected to the
comparator register as a register for setting comparison voltages.
The contents of register B is stored in the high-order 4 bits of the
comparator register and the contents of register A is stored in the
low-order 4 bits of the comparator register with the TADAB instruc-
tion.

When changing from A-D conversion mode to comparator mode,
the result of A-D conversion (register AD) is undefined.

However, because the comparator register is separated from regis-
ter AD, the value is retained even when changing from comparator
mode to A-D conversion mode. Note that the comparator register
can be written and read at only comparator mode.

If the value in the comparator register is n, the logic value of com-
parison voltage Vref generated by the built-in DA converter can be
determined from the following formula:

Logic value of comparison voltage Vref

Vref=ﬂD n

256

n: The value of register AD (n = 0 to 255)

(11) Comparison result store flag (ADF)

In comparator mode, the ADF flag, which shows completion of A-D
conversion, stores the results of comparing the analog input volt-
age with the comparison voltage. When the analog input voltage is
lower than the comparison voltage, the ADF flag is set to “1.” The
state of ADF flag can be examined with the skip instruction
(SNZAD). Use the interrupt control register V2 to select the inter-
rupt or the skip instruction.

The ADF flag is cleared to “0” when the interrupt occurs or when
the next instruction is skipped with the skip instruction.

(12) Comparator operation start instruction
(ADST instruction) (Figure 28)

In comparator mode, executing ADST starts the comparator oper-

ating.

The comparator stops 8 machine cycles after it has started (6 us at

f(XIN) = 4.0 MHz in high-speed mode). When the analog input volt-

age is lower than the comparison voltage, the ADF flag is set to “1.”

(13) Notes for the use of A-D conversion 1

* TALA instruction
When the TALA instruction is executed, the low-order 2 bits of
register AD is transferred to the high-order 2 bits of register A, si-
multaneously, the low-order 2 bits of register Ais “0.”

(14) Notes for the use of A-D conversion 2

Do not change the operating mode (both A-D conversion mode and

comparator mode) of A-D converter with bit 3 of register Q2 while

A-D converter is operating.

When the operating mode of A-D converter is changed from the

comparator mode to A-D conversion mode with the bit 3 of register

Q2, note the following;

¢ Clear bit 2 of register V2 to “0” to change the operating mode of
the A-D converter from the comparator mode to A-D conversion
mode with the bit 3 of register Q2.

* The A-D conversion completion flag (ADF) may be set when the
operating mode of the A-D converter is changed from the com-
parator mode to the A-D conversion mode. Accordingly, set a
value to register Q2, and execute the SNZAD instruction to clear
the ADF flag.

ADST instruction

Comparison result

store flag(ADF)

DAC operation signal

Comparator operation completed.
(The value of ADF is determined)

Fig. 28 Comparator operation timing chart
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(15) Definition of A-D converter accuracy
The A-D conversion accuracy is defined below (refer to Figure 29).

« Relative accuracy

O Zero transition voltage (VoT)
This means an analog input voltage when the actual A-D con-
version output data changes from “0” to “1.”

O Full-scale transition voltage (VFST)
This means an analog input voltage when the actual A-D con-
version output data changes from “1023” to "1022.”

O Linearity error
This means a deviation from the line between Vot and VFsT of
a converted value between Vot and VFsT.

0 Differential non-linearity error
This means a deviation from the input potential difference re-
quired to change a converter value between Vot and VFST by 1
LSB at the relative accuracy.

« Absolute accuracy
This means a deviation from the ideal characteristics between 0
to VDD of actual A-D conversion characteristics.

Output data -
Full-scale transition voltage (VFsT)

1023 [~ —— -~ —/4 —————————————————————

1022 f—— === m
Differential non-linearity error =b%aa [LSB] :

. . [of .
Linearity error =—— [LSB]
a PN /

Actual A-D conversion
characteristics ~_

a: 1LSB by relative accuracy

b: Vn+1-Vn /
c: Difference between ideal Vn ,
and actual Vn /

Ideal line of A-D conversion
between Vo-Vi022 |

[
L - !
I
|

1
Vo Vi Vn  Vn+1 V1022 VDD
Zero transition voltage (Vot) Analog voltage

0

Fig. 29 Definition of A-D conversion accuracy

Vn: Analog input voltage when the output data changes from “n” to “n+1” (n = 0 to 1022)

VFST-VOT

* 1LSB at relative accuracy - ———— (V)
1022
VDD
* 1L SB at absolute accuracy - —— (V)
1024
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RESET FUNCTION

System reset is performed by applying “L” level to RESET pin for
1 machine cycle or more when the following condition is satisfied;
the value of supply voltage is the minimum value or more of the
recommended operating conditions.

Then when “H” level is applied to RESET pin, software starts from
address 0 in page O.

. f(XIN) is counted 16892 to

—p Software starts
: 16895 times.

RESET (Note) :
(address 0 in page 0)
Note: It depends on the internal state of the microcomputer
when reset is performed.

Fig. 30 Reset release timing

Reset input

I f(XIN) is counted 16892 to

1 machine cycle or more 16895 times.

1 g '

»
Il L] >

y

0.85VDD - - - f--cooo s
i Software starts
RESET : (address 0 in page 0)
0.3VDD---H------ccmmmeao oL
(Note)

Note: Keep the value of supply voltage to the minimum value
or more of the recommended operating conditions.

Fig. 31 RESET pin input waveform and reset operation
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(1) Power-on reset

Reset can be performed automatically at power on (power-on re-
set) by connecting resistors, a diode, and a capacitor to RESET
pin. Connect RESET pin and the external circuit at the shortest dis-

tance.
VDD y_VDD
o
= RESET pin voltage
—\N—O— Internal reset signal !
RESET pin| / Reset state
- A .
(Note), (" |=—Watchdog timer output
i r WEF Internal reset signal
A x_
Reset released
_ o Power-on
Note: --- {4 --- This symbol represents a parasitic diode.
Applied potential to RESET pin must be VDD or less.
Fig. 32 Power-on reset circuit example
(2) Internal state at reset
Table 17 shows port state at reset, and Figure 33 shows internal
state at reset (they are the same after system is released from re-
set). The contents of timers, registers, flags and RAM except
shown in Figure 33 are undefined, so set the initial value to them.
Table 17 Port state at reset
Name Function State
Do-D7 Do-D7 High impedance (Note 1)
POo-P03 P00-P03 High impedance (Notes 1, 2)
P1lo-P13 P1lo-P13
P20/Sck, P21/SouT, P22/SIN P20-P22 High impedance

Notes 1: Output latch is set to “1.”
2: Pull-up transistor is turned OFF.
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* Program COUNEN (PC) ......vvvveiveeeeeeeeeeseeeseeseeee e [o]oJoJoJoJoJoJloJoJoJoJololo]
Address 0 in page 0 is set to program counter.
e Interrupt enable flag (INTE) .......ooiiiii e @ (Interrupt disabled)
« Power down flag (P) .....coveevveereeeeeeann, ..[ 0]
« External O interrupt request flag (EXFO) ....ocuiiiiiiiiiieiiie e @
« External 1 interrupt reqUest flag (EXFL) ......c.ovevoveiuoeeeeeeeeeeeeeeeeeeeee e eeee e eeeeenee e, [0]

JoJo]o]o] (interrupt disabled)

« Interrupt control register V1....

e INterrupt CONLrol FEGISTET V2 .. ..couiiiiieiiie et (Interrupt disabled)

o INtErruPt CONrol FEGISIEN 11 .....ou.veceeeeeceeeeeeeee e [olofolo]

o INEITUPE CONIO! TEGISTET 12 ......vveeee e [olofofo]

e Timer 1 interrupt request flag (TLF) .....oooiiiiiiei e @

e Timer 2 interrupt request flag (T2F) .....ooo it @

e Timer 3 interrupt request flag (T3F) ....oiiiiiiiie e @

e Timer 4 interrupt request flag (TAF) .....ooo i @

« Watchdog timer flags (WDFZL, WDF2) ........ooiiiiiiiiiiieiiee ittt @

* Watchdog timer enable flag (WEF) ........ooiiiiiii e @

o TIMEr CONLIOl FEGISTEr WL .......vveeeieececeeeeeeceeeeeeee e [0 0] 0]0] (Prescaler and timer 1 stopped)

o TIMEr CONrOl FEGISIEr W2 .......ovuirierierieciseiciseeiee e (Timer 2 stopped)

« TIMEr CONTOl TRGISIEN W3 .......ovevvoeeiiiesieeeie s (Timer 3 stopped)

© TIMer CONLIOl FEGISIET W4 ..ottt [0 0] 0]0] (Timer4 stopped)

o Clock CONtrol FEGIStEr MR ........ccvviveeieeeeeeeeee et [1]o]o]o0]

« Serial I/0O transmission/reception completion flag (SIOF) ......cccoviiiiiiiiiieiiiceeee e )
o Serial 1/O MOdE FEGIStEr JL ......cuuivecerieceriicis et I(%(t;(gzarl]gtlc;zll(eii%(;ted and serial
o Serial 1/0 regiSter Sl ......oooviviveeieeeeieeeeeeeeeeeeeeeeeee e [olololololol ol o

* A-D conversion completion flag (ADF) ......ccuiiiiiiiiiiiii e @

* A-D control register Q1
« A-D control register Q2
« Successive comparison register AD ................cc.o....... Iolololololololol ol ol
* Comparator register............cccevvennen.
» Key-on wakeup control register KO
e Pull-up control register PUOD ..........cooiiiiiieiiie e
« Carry flag (CY)....
© REGISIEI A .o

@ REGISIEN B ...ttt

© REGISIEN D .

@ REGISIEN E ...t

@ REGISTEN X .o

© REGISIEI Y s

@ REGISIEI Z .ottt
@ SEACK POINTET (SP) .

“0" represents undefined.

Fig. 33 Internal state at reset
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4512 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RAM BACK-UP MODE

The 4512 Group has the RAM back-up mode.

When the EPOF and POF instructions are executed continuously,
system enters the RAM back-up state. The POF instruction is
equal to the NOP instruction when the EPOF instruction is not ex-
ecuted before the POF instruction.

As oscillation stops retaining RAM, the function of reset circuit and
states at RAM back-up mode, current dissipation can be reduced
without losing the contents of RAM. Table 18 shows the function
and states retained at RAM back-up. Figure 34 shows the state
transition.

(1) Identification of the start condition

Warm start (return from the RAM back-up state) or cold start (re-
turn from the normal reset state) can be identified by examining the
state of the power down flag (P) with the SNZP instruction.

(2) Warm start condition

When the external wakeup signal is input after the system enters
the RAM back-up state by executing the EPOF and POF instruc-
tions continuously, the CPU starts executing the program from
address 0 in page 0. In this case, the P flag is “1.”

(3) Cold start condition

The CPU starts executing the program from address 0 in page 0
when;

« reset pulse is input to RESET pin, or

« reset by watchdog timer is performed, or

In this case, the P flag is “0.”

Table 18 Functions and states retained at RAM back-up
RAM back-up

Function
Program counter (PC), registers A, B,
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM
Port level
Timer control register W1
Timer control registers W2 to W4
Clock control register MR
Interrupt control registers V1, V2
Interrupt control registers 11, 12
Timer 1 function O

o|o|jojo|o|o|0o

Timer 2 function (Note 3)
Timer 3 function (Note 3)
Timer 4 function (Note 3)
A-D conversion function ]
A-D control registers Q1, Q2 (@)
Serial I/0 function O
Serial I/0 mode register J1 (0]
Pull-up control register PUO O
Key-on wakeup control register KO (0]
External O interrupt request flag (EXFO) O
External 1 interrupt request flag (EXF1) O

Timer 1 interrupt request flag (T1F) O

Timer 2 interrupt request flag (T2F) (Note 3)
Timer 3 interrupt request flag (T3F) (Note 3)
Timer 4 interrupt request flag (T4F) (Note 3)
Watchdog timer flags (WDF1, WDF2) O (Note 4)
Watchdog timer enable flag (WEF) O (Note 4)
16-bit timer (WDT) O (Note 4)
A-D conversion completion flag (ADF) O
Serial 1/0 transmission/reception completion flag

(SIOF) u
Interrupt enable flag (INTE) O

Notes 1:“O” represents that the function can be retained, and “0" repre-

sents that the function is initialized.
Registers and flags other than the above are undefined at RAM
back-up, and set an initial value after returning.

2: The stack pointer (SP) points the level of the stack register and is
initialized to “7” at RAM back-up.

3: The state of the timer is undefined.

4: Initialize the watchdog timer with the WRST instruction, and then
execute the POF instruction.

40 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

4512 Group

.,(\oa{\o“
e 2 ;‘;e:\;‘d\ec\\o
e S ‘F\’C\.\“\\\s
No\'\c ")a‘a‘“
‘i‘\’\“;iqe SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(4) Return signal

An external wakeup signal is used to return from the RAM back-up
mode because the oscillation is stopped. Table 19 shows the return
condition for each return source.

Table 19 Return source and return condition

(5) Ports PO and P1 control registers

« Key-on wakeup control register KO

Register KO controls the ports PO and P1 key-on wakeup func-
tion. Set the contents of this register through register A with the
TKOA instruction. In addition, the TAKO instruction can be used to
transfer the contents of register KO to register A.

Pull-up control register PUO

Register PUO controls the ON/OFF of the ports PO and P1 pull-
up transistor. Set the contents of this register through register A
with the TPUOA instruction. In addition, the TAPUO instruction
can be used to transfer the contents of register PUO to register A.

Return source Return condition Remarks
Ports PO, P1 Return by an external falling | Set the port using the key-on wakeup function selected with register KO to
o edge input (“H” - “L"). “H” level before going into the RAM back-up state because the port PO
2 shares the falling edge detection circuit with port P1.
X
g < |INTO pin Return by an external “H” level or | Select the return level (“L” level or “H” level) with the bit 2 of register 11 ac-
= 5 “L” level input. cording to the external state before going into the RAM back-up state.
=N The EXFO flag is not set.
‘;“: INT1 pin Return by an external “H” level or | Select the return level (“L” level or “H” level) with the bit 2 of register 12 ac-
w “L” level input. cording to the external state before going into the RAM back-up state.
The EXF1 flag is not set.
A POF instruction B
o is executed
(Stabilizing time @) g f(XIN) stop
Reset » f(XiN) oscillation _
Return input (RAM back-up
(Stabilizing time @)| ~ ™°de)
Stabilizing time @) : Time required to stabilize the f(XiN) oscillation is automatically generated by hardware.

Fig. 34 State transition

Power down flag P
POF instruction —» —{S Q—

Reset input—® —R

e Setsource ***"c POF instruction is executed
e Clear source*=**-* Reset input

( Software start )

No

Cold start Warm start

Fig. 35 Set source and clear source of the P flag

Fig. 36 Start condition identified example using the SNZP in-
struction
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Table 20 Key-on wakeup control register, pull-up control register, and interrupt control register

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained R/W
KO3 Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K02 Pins P10 and P11 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
KOL Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
K00 Pins P0o and P01 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Pull-up control register PUO reset : 00002 at RAM back-up : state retained R/W
Pins P12 and P13 pull-up transistor 0 Pull-up transistor OFF
PUOs control bit 1 Pull-up transistor ON
Pins P10 and P11 pull-up transistor 0 Pull-up transistor OFF
PU02 control bit 1 Pull-up transistor ON
Pins P02 and P03 pull-up transistor 0 Pull-up transistor OFF
PUO1 . -
control bit 1 Pull-up transistor ON
Pins P0o and P01 pull-up transistor 0 Pull-up transistor OFF
PUOO . -
control bit 1 Pull-up transistor ON
Interrupt control register 1 t reset : 00002 at RAM back-up : state retained R/W
0 I , L
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INTO pin is recognized with the SNZI0
1 Interrupt valid waveform for INTO pin/ instruction)/“L” level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INTO pin is recognized with the SNZI0
instruction)/“H” level
111 INTO pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INTO pin 0 Disabled
timer 1 control enable bit 1 Enabled
Interrupt control register 12 reset : 00002 at RAM back-up : state retained R/W
123 Not used 2 This bit has no function, but read/write is enabled.
Falling waveform (“L” level of INT1 pin is recognized with the SNZI1
122 Interrupt valid waveform for INT1 pin/ 0 instruction)/“L” level
return level selection bit (Note 3) 1 Rising waveform (“H” level of INT1 pin is recognized with the SNZI1
instruction)/“H” level
121 INT1 pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
120 INT1 pin 0 Disabled
timer 3 control enable bit 1 Enabled

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: When the contents of I12 is changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZO instruction.
3: When the contents of 122 is changed, the external interrupt request flag EXF1 may be set. Accordingly, clear EXF1 flag with the SNZ1 instruction.

42
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CLOCK CONTROL « Control circuit to switch the middle-speed mode and high-speed

The clock control circuit consists of the following circuits.
* System clock generating circuit
« Control circuit to stop the clock oscillation

mode
« Control circuit to return from the RAM back-up state

» System clock

Internal clock

Division circuit| ===-=- .

(divided by 2) [ Qlo :

Xino—Oscillation Lo
Xout 0—circuit RS J

A

POF instruction—R

= E—__“_““E_ Ports P0Oo, PO1
1 Multi-  — Ports P02, P03
! plexer —— Ports Plo, P11
R — Ports P12, P13
112
“L" level
r====-== hl
Y i
. i +——OINTO
o
“H” level
122
“L" level
r=====-= hl
Y i
i i +——OINTL
o a—
“H" level

Note: The wait time control circuit is used to generate the time required to stabilize the f(XIN) oscillation.

generation circuit Instruction clock
(divided by 3) t@l
A

A\

Wait time (Note) Software
control circuit start signal

O RESET
Key-on wake up control register

K00,K01,K02,K03

Fig. 37 Clock control circuit structure

(1) Clock control register

Register MR controls system clock. Set the contents of this regis-
ter through register A with the TMRA instruction. In addition, the
TAMR instruction can be used to transfer the contents of register
MR to register A.

Table 23 Clock control register MR

Clock control register MR at reset : 10002 at RAM back-up : 10002 R/W

0 f(XIN) (high- d mod

MR3 System clock selection bit (i) (hig - speed mode)
1 f(XIN)/2 (middle-speed mode)
0

MR2 Not used 1 This bit has no function, but read/write is enabled.
0 L ) L

MR1 Not used 1 This bit has no function, but read/write is enabled.
0 L ) L

MRo Not used 1 This bit has no function, but read/write is enabled.

Note : “R” represents read enabled, and “W” represents write enabled.
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Clock signal f(XIN) is obtained by externally connecting a ceramic 2512
resonator. Note: Externally connect a
Connect this external circuit to pins XiN and XouT at the shortest damping resistor Rd de-
) ) ) o ) XIN XouTt pending on the oscillation
distance. A feedback resistor is built in between pins XiN and XouT. frequency.
When an external clock signal is input, connect the clock source to (A feedback resistor is
XIN and leave XouT open. When using an external clock, the maxi- Rd built-in.)
mum value of external clock oscillating frequency is shown in Table ‘—| |:| ;Jasce;utg,;efg::::;;nnad“;é
22, CIN —— Cout value because constants
such as capacitance de-
Table 22 Maximum value of external clock oscillation frequency s pend on the resonator.
Supply voltage Oscillation frequency (duty ratio)
VDD=4.0Vto55V 3.0 MHz (40 % to 60 %) Fig. 38 Ceramic resonator external circuit
ROM ORDERING METHOD =
Please submit the information described below when ordering
Mask ROM. XIN Xout | Voo
(1) Mask ROM Order Confirmation FOrm .........ccccccouvveiiieeininennns 1
(2) Data to be written into mask ROM Vss
(three sets containing the identical data)
(3) Mark Specification FOrmM .........c.ccocieiiiiiiiiiiiiciceeecee s 1 External oscillation circuit
Fig. 39 External clock input circuit
44 MITSUBISHI
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Differences from 4513 Group

The 4512 Group has pin-compatibility with the 4513 Group, but its
function and recommended operating condition are different from
the 4513 Group. The differences are as follows:

Parameter 4513 Group 4512 Group
Hardware Basic instructions 123 117 (Note 2)
Voltage drop detection circuit (0] O
Voltage comparator O O
Timer /0 (CNTRO, CNTR1) 0 O
Ports P30, P31 (0] O
Timer control register W6 (0] O
Voltage comparator control register W6 O O
Recommended operating condition | Supply voltage 25Vto55V 40Vto55V
20Vto55V
40Vto55V
25Vto55V
20Vto55V
Others Large size memory version supported (0] O
(M34513M6/M8/E8)
DIP package supported (0] O
(M34513M2/M4/E4)
One Time PROM version supported (0] O
(M34513E4/ES8) (M34513E4 can be used)

Notes 1: “O” represents that the function is supported, “00” represents that the function is not supported.
2: For the 4512 Group, TQ3A, TAQ3, TW6A, TAW6, OP3A and IAP3 instructions cannot be used.

PIN CONFIGURATIONS 4513 Group | Pin number | 4512 Group
sz85d 838 D3 1 D3
EIEEIEIEIGIEIE . : o

Ds 3 Ds
ps[ L] Q (24 PO2 D6/CNTRO 4 Deé
Da[ 2] 22l Pos D7/CNTR1 5 D7
P20/Sck 6 P20/Sck
D PO
"Ll \M34513Mx-xxXEP (22 P P21/SouT 7 P21/SouT
D6/CNTRo[ 4 | [21] Ans/CMP1+
D7ICNTR1[ 5 | [20] AnzicMPL- P22/SiN 8 P22/SiN
o M34513ExFP ol RESET 9 RESET
P20/Sck AIN1/CMPO+ CNVss 10 CNVss
P21/sout[ 7| [18] Amo/CMPO-
Xout 11 Xout
p22/sin[g] [17] P3uINTL XIN 12 XIN
EIEIRIEIEIEIE Vss 13 Vss
EEIEIEE|FIELE .
a2 3X288z VDCE 15 N.F
4513 Group lee § X >3 P30/INTO 16 INTO
& P31/INT1 17 INT1
s 588835838 AINO/CMPO- 18 AINO
AIN1/CMPO+ 19 AIN1
MHMMMHMW AIN2/CMP1- 20 AIN2
AIN3/CMP1+ 21 AIN3
> L (O = P00 22 P00
o [2] z] Pou POL 23 POL
os E % P00 P02 24 P02
De 4 21 ANz P03 25 P03
o [5] M34512Mx-XXXFP — . P10 56 510
P2osck 6 | 10| An P11 27 P11
P21/Sout IZ 18 | Ao P12 28 P12
P2/sn [ s | (7] W11 P13 29 P13
Do 30 Do
E|E|EIEIEIE|E]E! b1 31 D1
m g 3x 8L E D2 32 D2
4512 Group g O
MITSUBISHI 45
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4512 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

LIST OF PRECAUTIONS

I:I|Noise and latch-up preventi0n|
Connect a capacitor on the following condition to prevent noise
and latch-up;

« connect a bypass capacitor (approx. 0.1 uF) between pins VDD
and Vss at the shortest distance,

« equalize its wiring in width and length, and

« use relatively thick wire.

O|Prescaler

Stop the prescaler operation to change its frequency dividing ra-
tio.

I:I|Timer count source|
Stop timer 1, 2, 3, or 4 counting to change its count source.

O|Reading the count value|
Stop timer 1, 2, 3, or 4 counting and then execute the TABI,
TAB2, TAB3, or TAB4 instruction to read its data.

O|Writing to reload registers R1 and R3
When writing data to reload registers R1 or R3 while timer 1 or
timer 3 is operating, avoid a timing when timer 1 or timer 3
underflows.

o[TO pir
When the interrupt valid waveform of the INTO pin is changed
with the bit 2 of register |1 in software, be careful about the fol-
lowing notes.

« Clear the bit O of register V1 to “0” before the interrupt valid wave-
form of INTO pin is changed with the bit 2 of register I1 (refer to
Figure 4000).

« Depending on the input state of the INTO pin, the external O inter-
rupt request flag (EXF0O) may be set when the interrupt valid
waveform is changed. Accordingly, clear bit 2 of register |11, and
execute the SNZ0 instruction to clear the EXFO flag after execut-
ing at least one instruction (refer to Figure 400])

LA 4

; (00002)
TV1A ; The SNZO instruction is valid ........... O
LA 4 ;
TI1A ; Interrupt valid waveform is changed
NOP O
SNZ0 ; The SNZO instruction is executed

NOP

0 : this bit is not related to the setting of INTO pin.

Fig. 40 External 0 interrupt program example

OjNTL pin]

When the interrupt valid waveform of INT1 pin is changed with
the bit 2 of register 12 in software, be careful about the following
notes.

« Clear the bit 1 of register V1 to “0” before the interrupt valid wave-
form of INT1 pin is changed with the bit 2 of register |12 (refer to
Figure 4100).

« Depending on the input state of the INT1 pin, the external 1 inter-
rupt request flag (EXF1) may be set when the interrupt valid
waveform is changed. Accordingly, clear bit 2 of register 12 and
execute the SNZ1 instruction to clear the EXF1 flag after execut-
ing at least one instruction (refer to Figure 410J).

LA 8

; (00o02)
TV1A ; The SNZ1 instruction is valid ........... O
LA 8
TI2A ; Change of the interrupt valid waveform
NOP e |
SNZ1 ; The SNZ1 instruction is executed

NOP

O : this bit is not related to the setting of INT1.

Fig. 41 External 1 interrupt program example

O Multifunction

The input of P20—P22 can be used even when Sck, SouT, SIN are
selected.

46 MITSUBISHI
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0|A-D converter-1

When the operating mode of the A-D converter is changed from
the comparator mode to the A-D conversion mode with the bit 3
of register Q2 in a program, be careful about the following notes.
Clear the bit 2 of register V2 to “0” to change the operating mode
of the A-D converter from the comparator mode to the A-D con-
version mode with the bit 3 of register Q2 (refer to Figure 420J).

« The A-D conversion completion flag (ADF) may be set when the

operating mode of the A-D converter is changed from the com-
parator mode to the A-D conversion mode. Accordingly, set a
value to register Q2, and execute the SNZAD instruction to clear
the ADF flag.

Do not change the operating mode (both A-D conversion mode
and comparator mode) of A-D converter with the bit 3 of register
Q2 during operating the A-D converter.

LA 8 ; (00002)

TV2A ; The SNZAD instruction is valid ........ O

LA 0 ; (00002)

TQ2A ; Change of the operating mode of the A-D
converter from the comparator mode to the
A-D conversion mode

SNZAD

NOP

O: this bit is not related to the change of the

operating mode of the A-D conversion.

Fig. 42 A-D converter operating mode program example

[AD converer2

Each analog input pin is equipped with a capacitor which is used
to compare the analog voltage. Accordingly, when the analog
voltage is input from the circuit with high-impedance and, charge/
discharge noise is generated and the sufficient A-D accuracy
may not be obtained. Therefore, reduce the impedance or, con-
nect a capacitor (0.01 pF to 1 pF) to analog input pins (Figure
43).

When the overvoltage applied to the A-D conversion circuit may
occur, connect an external circuit in order to keep the voltage
within the rated range as shown the Figure 44. In addition, test
the application products sufficiently.

Sensor AIN

L

;

Apply the voltage withiin the specifications
to an analog input pin.

Fig. 43 Analog input external circuit example-1

About 1kQ

W T

;

Sensor AIN

Fig. 44 Analog input external circuit example-2

@POF instruction

Execute the POF instruction immediately after executing the
EPOF instruction to enter the RAM back-up.

Note that system cannot enter the RAM back-up state when ex-
ecuting only the POF instruction.

Be sure to disable interrupts by executing the DI instruction be-
fore executing the EPOF instruction.

@TALA instruction

When the TALA instruction is executed, the low-order 2 bits of
register AD is transferred to the high-order 2 bits of register A, si-
multaneously, the low-order 2 bits of register Ais “0.”

ofprogram courter

Make sure that the PCH does not specify after the last page of
the built-in ROM.

This pin has no function, and connect to Vss as an unused pin.

MITSUBISHI a7
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MITSUBISHI MICROCOMPUTERS

4512 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS

Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 R/W
) . . 0 Int tdi | NZT2 instruction i li
Vis Timer 2 interrupt enable bit nterrupt disabled (S .ms ruc.|on.|s.va |d)
1 Interrupt enabled (SNZT2 instruction is invalid)
) . . 0 Int tdi | NZT1 instruction i li
Viz Timer 1 interrupt enable bit nterrupt disabled (S .ms ruc.|on.|s.va |d)
1 Interrupt enabled (SNZT1 instruction is invalid)
. . 0 Int tdi | NZ1 instruction i li
Vi1 External 1 interrupt enable bit nterrupt disabled (S I|ns ruc.lon.ls.va Id_)
1 Interrupt enabled (SNZ1 instruction is invalid)
. . 0 Int t di | NZO instruction i li
V1o External 0 interrupt enable bit nterrupt disabled (S O.lns ruc.lon.ls.va Id_)
1 Interrupt enabled (SNZO0 instruction is invalid)
Interrupt control register V2 reset : 00002 at RAM back-up : 00002 R/W
. . . 0 Int t disabled (SNZSI instruction i lid
V23 Serial I/O interrupt enable bit nterrupt disabled ( I|ns I‘UC.IOI’] ,IS_VaI _)
1 Interrupt enabled (SNZSI instruction is invalid)
V22 A-D interrupt enable bit 0 Interrupt disabled (SNZAD -instruct.ion.is‘valid-)
1 Interrupt enabled (SNZAD instruction is invalid)
) . . 0 Int t disabled (SNZT4 instruction i lid
V21 Timer 4 interrupt enable bit nterrupt disabled ( ,ms rucllonhls-val _)
1 Interrupt enabled (SNZT4 instruction is invalid)
) . . 0 Int t disabled (SNZT3 instruction i lid
V2o Timer 3 interrupt enable bit nterrupt disabled ( ,ms rucllonhls-val _)
1 Interrupt enabled (SNZT3 instruction is invalid)
Interrupt control register 11 reset : 00002 at RAM back-up : state retained R/W
0 - . .
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INTO pin is recognized with the SNZI0O
112 Interrupt valid waveform for INTO pin/ instruction)/“L” level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INTO pin is recognized with the SNZIO
instruction)/“H” level
. . - . 0 ne-si tect
111 INTO pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
1o INTO pin 0 Disabled
timer 1 control enable bit 1 Enabled
Interrupt control register 12 reset : 00002 at RAM back-up : state retained R/W
0 L ' L
123 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INT1 pin is recognized with the SNZI1
122 Interrupt valid waveform for INT1 pin/ instruction)/“L” level
return level selection bit (Note 3) 1 Rising waveform (“H” level of INT1 pin is recognized with the SNZI1
instruction)/“H” level
) . L ) 0 One-sided edge detected
121 INT1 pin edge detection circuit control bit
1 Both edges detected
120 INT1 pin 0 Disabled
timer 3 control enable bit 1 Enabled

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: When the contents of 112 is changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZO instruction.
3: When the contents of 122 is changed, the external interrupt request flag EXF1 may be set. Accordingly, clear EXF1 flag with the SNZ1 instruction.
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CONTROL REGISTERS (continued)

Timer control register W1 at reset : 00002 at RAM back-up : 00002 R/W
. Stop (state initialized
W13 Prescaler control bit 0 p( - )
1 Operating
- . ) . 0 Instruction clock divided by 4
W12 Prescaler dividing ratio selection bit - —
1 Instruction clock divided by 16
. . Stop (state retained
W11 Timer 1 control bit 0 P - )
1 Operating
W1o Timer 1 count start synchronous circuit 0 Count start synchronous circuit not selected
control bit 1 Count start synchronous circuit selected
Timer control register W2 at reset : 00002 at RAM back-up : state retained R/W
. . 0 Stop (state retained
W23 Timer 2 control bit p( - )
1 Operating
0
W22 Not used 1 This bit has no function, but read/write is enabled.
W21\W20 Count source
wa1 0 | 0 | Timer 1 underflow signal
Timer 2 count source selection bits 0 | 1 | Prescaler output
W20 1 | 0 | Notavailable
1| 1 | 16 bittimer (WDT) underflow signal
Timer control register W3 at reset : 00002 at RAM back-up : state retained R/W
) . 0 Stop (state retained)
W33 Timer 3 control bit -
1 Operating
W32 Timer 3 count start synchronous circuit 0 Count start synchronous circuit not selected
control bit 1 Count start synchronous circuit selected
W31/W30 Count source
W31 0 | O | Timer 2 underflow signal
Timer 3 count source selection bits 0 | 1 | Prescaler output
W30 1 | 0 | Notavailable
1 | 1 | Notavailable
Timer control register W4 at reset : 00002 at RAM back-up : state retained R/W
) . 0 Stop (state retained)
W43 Timer 4 control bit -
1 Operating
0
W42 Not used 1 This bit has no function, but read/write is enabled.
W41\W4o Count source
W41 0 | 0 | Timer 3 underflow signal
Timer 4 count source selection bits 0 | 1 | Prescaler output
W4o 1 | 0 | Notavailable
1 | 1 | Notavailable
Note: “R” represents read enabled, and “W” represents write enabled.
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CONTROL REGISTERS (continued)

Serial I/0 mode register J1 at reset : 00002 at RAM back-up : state retained R/W
0 o ) .
J13 Not used 1 This bit has no function, but read/write is enabled.
T2 Serial I/0O internal clock dividing ratio 0 Instruction clock signal divided by 8
selection bit 1 Instruction clock signal divided by 4
0 Input ports P20, P21, P22 selected
J11 Serial 1/0 port selection bit p' P -
1 Serial I/0 ports Sck, SouT, SiN/input ports P20, P21, P22 selected
) o 0 External clock
Jlo Serial 1/0 synchronous clock selection bit - - —
1 Internal clock (instruction clock divided by 4 or 8)
A-D control register Q1 at reset : 00002 at RAM back-up : state retained R/W
0 L . L
Q13 Not used 1 This bit has no function, but read/write is enabled.
Q12Q11Q1o Selected pins
Q12 o[0|0| Ao
0[0f1]| ANt
0[1]0]| AIN2
Ql1 Analog input pin selection bits 0|1]|1]| A3
1|00 | Notavailable
1|0|1 | Notavailable
Qlo 1|1]|0 | Notavailable
1|1|1 | Notavailable
A-D control register Q2 at reset : 00002 at RAM back-up : state retained R/W
. . . 0 A-D conversion mode
Q23 A-D operation mode selection bit
1 Comparator mode
0
Q22 Not used 1 This bit has no function, but read/write is enabled.
0 L . L
Q21 Not used 1 This bit has no function, but read/write is enabled.
0 - i -
Q20 Not used 1 This bit has no function, but read/write is enabled.
Note: “R” represents read enabled, and “W” represents write enabled.
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CONTROL REGISTERS (continued)

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained R/W
Ko Pins P12 and P13 key-on wakeup 0 Key-on wakeup not used
3 .
control bit 1 Key-on wakeup used
Ko Pins P10 and P11 key-on wakeup 0 Key-on wakeup not used
2 .
control bit 1 Key-on wakeup used
. Pins P02 and P03 key-on wakeup 0 Key-on wakeup not used
1 .
control bit 1 Key-on wakeup used
KOO Pins POo and P01 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained R/W
Pins P12 and P13 pull-up transistor 0 Pull-up transistor OFF
PUO3 . -
control bit 1 Pull-up transistor ON
Pins P10 and P11 pull-up transistor 0 Pull-up transistor OFF
PUO2 . -
control bit 1 Pull-up transistor ON
PUO Pins P02 and P03 pull-up transistor 0 Pull-up transistor OFF
1 . -
control bit 1 Pull-up transistor ON
PUO Pins P0o and PO1 pull-up transistor 0 Pull-up transistor OFF
0 . -
control bit 1 Pull-up transistor ON
Clock control register MR reset : 10002 at RAM back-up : 10002 R/W
. . 0 f(XIN) (high-speed mode
MR3 System clock selection bit (i) (hig - P )
1 f(XIN)/2 (middle-speed mode)
0
MR2 Not used 1 This bit has no function, but read/write is enabled.
0 L . L
MR1 Not used 1 This bit has no function, but read/write is enabled.
0 L . L
MRo Not used 1 This bit has no function, but read/write is enabled.
Note : “R” represents read enabled, and “W” represents write enabled.
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SYMBOL
The symbols shown below are used in the following instruction function table and instruction list.

Symbol Contents Symbol Contents
A Register A (4 bits) T1F Timer 1 interrupt request flag
B Register B (4 bits) T2F Timer 2 interrupt request flag
DR Register D (3 bits) T3F Timer 3 interrupt request flag
E Register E (8 bits) T4F Timer 4 interrupt request flag
Q1 A-D control register Q1 (4 bits) WDF1, WDF2 | Watchdog timer flag
Q2 A-D control register Q2 (4 bits) WEF Watchdog timer enable flag
AD Successive comparison register AD (10 bits) INTE Interrupt enable flag
J1 Serial I/0O mode register J1 (4 bits) EXFO External O interrupt request flag
Sl Serial /O register Sl (8 bits) EXF1 External 1 interrupt request flag
Vi Interrupt control register V1 (4 bits) P Power down flag
V2 Interrupt control register V2 (4 bits) ADF A-D conversion completion flag
11 Interrupt control register 11 (4 bits) SIOF Serial 1/0 transmission/reception completion flag
12 Interrupt control register 12 (4 bits)
w1 Timer control register W1 (4 bits) D Port D (8 bits)
w2 Timer control register W2 (4 bits) PO Port PO (4 bits)
w3 Timer control register W3 (4 bits) P1 Port P1 (4 bits)
w4 Timer control register W4 (4 bits) P2 Port P2 (3 bits)
MR Clock control register MR (4 bits)
KO Key-on wakeup control register KO (4 bits) X Hexadecimal variable
PUO Pull-up control register PUO (4 bits) y Hexadecimal variable
X Register X (4 bits) z Hexadecimal variable
Y Register Y (4 bits) p Hexadecimal variable
z Register Z (2 bits) n Hexadecimal constant
DP Data pointer (10 bits) i Hexadecimal constant

(It consists of registers X, Y, and Z) j Hexadecimal constant

PC Program counter (14 bits) A3A2A1A0 Binary notation of hexadecimal variable A
PCH High-order 7 bits of program counter (same for others)
PCL Low-order 7 bits of program counter
SK Stack register (14 bits 0 8) - Direction of data movement
SP Stack pointer (3 bits) - Data exchange between a register and memory
CY Carry flag ? Decision of state shown before “?”
R1 Timer 1 reload register () Contents of registers and memories
R2 Timer 2 reload register — Negate, Flag unchanged after executing instruction
R3 Timer 3 reload register M(DP) RAM address pointed by the data pointer
R4 Timer 4 reload register a Label indicating address a6 as a4 a3 a2 a1 ao
T1 Timer 1 p,a Label indicating address a6 as a4 a3 a2 a1 ao
T2 Timer 2 in page ps p4 p3 p2 p1 po
T3 Timer 3 Hex. C + Hex. number x (also same for others)
T4 Timer 4 +

Note : The 4512 Group just invalidates the next instruction when a skip is performed. The contents of program counter is not increased by 2. Accordingly, the
number of cycles does not change even if skip is not performed. However, the cycle count becomes “1” if the TABP p, RT, or RTS instruction is

skipped.
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LIST OF INSTRUCTION FUNCTION

ELECTRIC

Gr_oup- Mnemonic Function Gr_oup- Mnemonic Function Gr_oup- Mnemonic Function
ing ing ing
TAB (A) - (B) XAMI j (A) « - (M(DP)) SBj (Mj(DP)) < 1
»?, (X) « (X)EXOR()) j=0to3
TBA (B) - (A 5 j=0to15 s
g (Y) « (") +1 B |RBj (Mj(DP)) ~ O
TAY (A) < (Y) 2 § j=0to3
2 |TMA| (M(DP)) « (A) =
TYA ) < (A g (X) « (X)EXOR(j) SZB j (Mj(DP)) =0 ?
é j=0to 15 j=0to3
TEAB (E7—E4) — (B)
& (E3—E0) — (A) LAnN (A) < n S _ [SEAM (A) = (M(DP)) ?
2 n=0to 15 28
© TS ©
5 |TABE (B) — (E7-E4) S g [SEAn (A)=n?
3 (A) — (E3-E0) TABPp |(SP) — (SP)+1 §° n=0to15
& (SK(SP)) - (PC)
2 |TDA (DR2-DR0) ~ (A2—A0) (PCH) « p Ba (PCL) ~ a6—ao
g (PCL) — (DR2-DRo, c
= |TAD (A2—A0) — (DR2-DRo) A3—A0) % BLp,a |(PCH) — p
& (A3) — 0 (B) — (ROM(PC))7—4 g (PCL) « as-ao
(A) — (ROM(PC))3-0 °
TAZ (A1, A0) — (Z1, Z0) (PC) «— (SK(SP)) £ |BLAp (PCH) < p
(A3, A2) — 0 (SP) — (SP) -1 @ (PCL) — (DR2-DRo,
A3-A0)
TAX (A) - (X) AM (A) ~ (A) + (M(DP))
BM a (SP) — (SP) + 1
TASP (A2-A0) — (SP2-SPo) AMC (A) < (A) + (M(DP)) + (SK(SP)) — (PC)
(A3) — 0 (cv) (PCH) « 2
(CY)  Carry (PCL) « as-ao0
LXY X,y |(X) « x,x=0t015 S c
(Y) — y,y=0to 15 3 |An (A) < (A) +n 2 |BMLp,a [(SP) - (SP)+1
3 g n=0to 15 g (SK(SP)) - (PC)
o |Lzz (2) - 2,2=0t03 Q ° (PCH) — p
e £ |AND (A) — (A)AND (M(DP)) | £ (PCL) - as-ao
s Ny ) « (V) +1 g E
@ OR (A) < (A) OR (M(DP)) @ |[BMLAp [(SP) — (SP)+1
DEY ) - (V)-1 (SK(SP)) — (PC)
sc (cY) « 1 (PCH) — p
TAM j (A) — (M(DP)) (PCL) — (DR2-DRo,
(X) « (X)EXOR() RC (CY) < 0 A3-A0)
= j=0to 15
3 szc CY)=02 RTI (PC) — (SK(SP))
£ |[XAM]j (A) ~ ~ (M(DP)) (SP)  (SP)-1
g (X) ~ (XEXOR() CMA A - (A 5
f-; j=0to15 g [rT (PC) — (SK(SP))
o RAR ~ley]- -—l g2 (SP) - (SP) -1
S [XAMD| [(A) ~ - (M(DP)) als £
& (X) — (X)EXOR() g |rTs (PC) — (SK(SP))
j=0to15 (SP) — (SP) -1
(Y) - (")-1
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LIST OF INSTRUCTION FUNCTION (continued)

Grigup- Mnemonic Function Gr_oup- Mnemonic Function Gr_oup- Mnemonic Function
g ing ing
DI (INTE) - 0 TAW4 (A) « (W4) SNZT1 (TIF) =17
After skipping
El (INTE) - 1 TW4A (W4) < (A) (TIF) < 0
SNZ0 (EXFO)=17? TAB1 (B) — (T17-T14) SNZT2 (T2F) =17
After skipping (A) « (T13-T1o0) s After skipping
(EXFO) — 0 3 (T2F) < 0
T1AB (R17-R14) — (B) “é
SNZ1 (EXF1) =17 (T17-T14) < (B) 5 [SNzT3 (T3F) =17
After skipping (R13-R10) ~ (A) E After skipping
(EXF1) « 0 (T13-T10) — (A) (T3F) < 0
SNZIO 12 =1: (INTO) = “H" ? TAB2 (B) « (T27-T24) SNZT4 (T4F) =17
112=0: (INTO) =“L" ? (A) « (T23-T20) After skipping
15 (T4F) < 0
S IsNzin 122 =1:(INT1) = “H" ? T2AB (R27-R24) — (B)
53 122=0: (INT1) = “L" ? (T27-T24) < (B) IAPO (A) < (PO)
g (R23-R20) « (A)
92 TAV1 (A) — (V1) (T23-T20) < (A) OPOA (PO) — (A)
TV1A (V1) < (A) TAB3 (B) — (T37-T3a4) IAP1 (A) < (P1)
(A) ~ (T33-T30)
TAV2 (A) < (V2) 5 OP1A (P1) « (A)
T |T3AB (R37-R34) — (B)
TV2A (V2) <« (A) ag)l (T37-T34) ~ (B) IAP2 (A2—A0) ~ (P22-P20)
g (R33-R30) « (A) (A3) — 0
TAIL (A) < (1) = (T33-T30) < (A)
CLD (D) « 1
TIIA (1) < (A) TAB4 (B) — (T47-T44)
(A) < (T43-T40) S |RD (D(Y)) < 0
TAI2 A) - (12) § (Y)=0to7
T4AB (R47-R44) — (B) 2
TI2A (12) < (A) (T47-T44) — (B) 3 |[sb (D(Y)) < 1
(R43-R40) — (A) g (Y)=0to7
TAW1 (A) — (W1) (T43-T40) — (A) 3
£ |szp (D(Y)) =02
TWI1A (W1) < (A) TR1AB (R17-R14) ~ (B) (Y)=0to 7
(R13-R10) ~ (A)
TAW2 (A) - (W2) TKOA (KO) « (A)
5 TR3AB (R37-R34) — (B)
g TW2A (W2) « (A) (R33-R30) ~ (A) TAKO (A) < (KO)
&
g TAW3 (A) < (W3) TPUOA  |(PUO) — (A)
=
TW3A (W3) < (A) TAPUO (A) ~ (PUO)
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LIST OF INSTRUCTION FUNCTION (continued)

ELECTRIC

Grigup- Mnemonic Function GYOUP- Mnemonic Function
g Ing
TABSI  [(A) — (SI3-Slo) NOP (PC) - (PC) +1
(B) ~ (Sl7-Sla)
POF RAM back-up
TSIAB [ (SI3-Slo)  (A)
5 (Sl7-Sl4) ~ (B) EPOF POF instruction valid
g 5
@ B
g | 1A (A) < (1) g [sSNzP P)y=17?
5 o
§ TJ1A (1) < (A) £ |wWRsT (WDF1) 0, (WEF) — 1
o o
3 SST (SIOF) - 0 TAMR (A) « (MR)
(};) Serial I/O starting
TMRA (MR) — (A)
SNZSI  [(SIOF)=17?
After skipping
(SIOF) - 0
TABAD |[(A) — (AD5—-AD2)
(B) — (AD9-ADs)
However, in the com-
parator mode,
(A) —~ (AD3—-ADo0)
(B) — (AD7—-AD4)
TALA (A) — (AD1, ADo, 0, 0)
S | TADAB |(AD3-AD0) - (A)
8 (AD7-AD4) — (B)
2
(]
S | TAQL  [(A) - Q)
w
()
2 | TQ1A (Q1) < (A)
8
e
< | ADST (ADF) < 0
A-D conversion starting
SNZAD |[(ADF)=17?
After skipping
(ADF) - 0
TAQ2  [(A) - (Q2)
TQ2A (Q2) « (A)
MITSUBISHI -
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INSTRUCTION CODE TABLE
Ds-D4 [000000000004000010000011000100/000101000110{0001110010001001001001010/001011001100(001101/001110]001111

010000{011000
010111/011111

Hex

D3-Do| " | 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | 0A | 0B | 0C | 0D | OE | OF [10-17)18-1F
0000| o |NoP |BLA | SZP BmiAl ~ |TASP A |TPEPITeEl - | - | BML ML) BL [BL | BM | B
ooo1| 1 | - [co|SP] — | - 7D A |TRBPITABRL — |~ L jgvue| BL [BL | BM | B
oo10| 2 |PoF| - %28 _ | - |7ax LA | TABPITABPI _ | _ ML [pMi BL [BL™* [ BM | B
2 2 | 2 |18
oo1r| 3 |snze| v | SZB 1 | - | Taz WATRBPITASEL < | - | emufpvi BL B Bm | B
0100 4 | DI | RD |SZD| - | RT |TAVL WA|TRBRITASEL - | - ML vl BL [BL | BM | B
0101| 5 | EI | SD [SEAn| - |RTS|TAV2 LA |TABPITABRI |~ lemL jemi BL (B | BM | B
om0 6 [RC | - [sEAM| — |RTI| - LA | TABPITABR) _ | _ |gML|svMLe BL |BL**|BM | B

6 6 | 22%+*

LA | TABP|TABP
7 7| 23%*

o111 | 7 SC |DEY | - - - - - - | BML BML* BL |BL***| BM B

> REr|Erlor|lo>|N>|lo>|la>|A>|lw> (N>R >|O>

1000 8 | - |AND| - [sNzo LOZ - LBA TABBP ;’Zi‘: ~ | Z lamilemo BL lei=|8m | B

1001) o | - | oR |TDA|snz1| T | - TS e = | - | BML[eMU BL [BL= | BM | B

1010| A | AM |TEAB|TABE|sNzi0| ¥ | - iﬁ T’;gp ;’gi': - | - |BmL|BML™{ BL [BL**|BM | B

ou| 8 |amc| - | - |snzin| ¥ |ePoF TS o] = | - |BML[eMU= BL [BL= | BM | B
RB | SB LA |TABP|TABP

— _ — — kK *kk
1100| C TYA |CMA 0 0 12 12 | ogres BML |BML BL |BL BM B

RB | SB LA | TABP|TABP o] *xk
1101| D - | RAR - 1 1 13 13 | ogees BML [BML BL [BL BM B

RB | SB LA | TABP|TABP o] *xk
1110| E | TBA | TAB - |TV2A 2 2 14 14 | 300 | ~ - | BML |BML BL [BL BM B

RB | SB LA | TABP|TABP o *kk
1111 | F - TAY | SZC |TV1A 3 3 15 15 15 |3pee| T - | BML [BML BL [BL BM B

=
N

o>

s>

>

The above table shows the relationship between machine language codes and machine language instructions. D3—Do show the low-order
4 bits of the machine language code, and D9—D4 show the high-order 6 bits of the machine language code. The hexadecimal representa-
tion of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of each instruction is
shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are described below.

The second word « *** cannot be used in the M34512M2-XXXFP.
BL 10 paaa aaaa

BML 10 paaa aaaa
BLA 10 pp00 pppp
BMLA 10 pp00 pppp
SEA 00 0111 nnnn
SZD 00 0010 1011
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INSTRUCTION CODE TABLE (continued)

110000
Ds—-D4 [100000/1000011100010100011100100[100101/100110[100111/101000/101001}101010{101011/101100/101101[101110|101111
111111
Ds-Dd o | 20 | 21 | 22 | 23 | 24 | 25 |26 | 27 | 28 | 290 | 2a | 2B | 2C | 2D | 2E | 2F [BO-3F
0000| 0 | - |TwaalopoalTiaB| — | — |1APO|TAB1|SNZTI — |WRST T'\(’)'A T/?)M X’gM X'%M' XA(')V'D LXY
0001| 1 | - |Twaalopia|T2aB| - | — |iaP1|TAB2lSNZTY - | - T'\l"A T/;M X/iM XAlM' XAi"'D LXY
o010 2 |TnA| - | — |T3AB|TAJL|[TAMR|1AP2 |TAB3ISNZTE - | - T'\Z"A T’;M X’;M XAZM' XAZMD LXY
o011| 3 | = | = | — |tamB| = |7TAan| - |TABalsnzTd - | — |TMA | TAM [ XAM | XAMEIXAMD) | xy
3 | 3|3 | 3|3
0100| 4 |TQ1A| - - - |TAQ1| TAI2 _ _ _ _ _ | TMA | TAM | XAM | XAMI [XAMD| | v
4 | a | 2| a| a
0101| 5 |TQ2A| - - - |TAQ2| - - - _ _ _ | TMA | TAM | XAM | XAMI [XAMD| | yv
5 |5 |5 |5 |5
ool 6 | - lwral — | = | = Teacol = | = | — [ — | _ [mma]7am [xam [xamixamo| |,
6 |6 | 6 | 6 |6
omt| 7 | - |ma| = | = | = fapuol - | - lsnzap - | — |TMA|TAM | XAM | XAMIXAMD) | yy
7 77117 |7
1000 8 | - |Teal — frsiaBl - | - | - [taBsilsnzs| - | - |TMA|TAM [ XAM | XAMEIXAMD) | xy
8 |8 | 8 | 8 | 8
1001] 9 | - | = | - feoaBTALA| - | - faBaD - | - | - |TMA|TAM | XAM [XAMIXAMD] | yy
9 |9 |9 | 9| o9
TMA | TAM | XAM [ xAMI [xaMD
[ R IR I A N AR A N R LXY
1010 A 10 |10 |10 | 10| 10
TMA | TAM | XAM |xAMI [xAMD
_ _ [ S R I R LXY
1011 B TKOA TR3AB TAW1 VA I KOl el
TMA | TAM | XAM [ xAMI [xaMD
N R I [ S R I R LXY
100} € TAW2 122 12 |12 |12 | 12
TMA | TAM | XAM [xAMI [xaMD
I _ [ S R I R LXY
1101| D TPUOA TAW3 13 | 13 | 13 | 13 | 13
TMA | TAM | XAM [xAMI [xAMD
I N N S N _ LXY
110 | E [TWI1A TAW4 SST 14 | 14 | 14 | 14 | 14
TMA | TAM | XAM [ xAMI [xaMD
_ | Z N I R R B _ LXY
11| F [Tw2A TR1AB ADST | e e e

The above table shows the relationship between machine language codes and machine language instructions. D3—Do show the low-
order 4 bits of the machine language code, and D9—-D4 show the high-order 6 bits of the machine language code. The hexadecimal
representation of the code is also provided. There are one-word instructions and two-word instructions, but only the first word of

each instruction is shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are described below.

The second word
BL 10 paaa aaaa
BML 10 paaa aaaa
BLA 10 pp00 pppp
BMLA | 10 pp00 pppp
SEA 00 0111 nnnn
SZD 00 0010 1011
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{0 20 ooy
nis® i“,\:am\\s 2@
Noc:\;ee'va‘a“\e
i“anqe' SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER
MACHINE INSTRUCTIONS
Parameter Instruction code Ke) " S "
(0] ] .
Mnemonic " E- -g .‘é El Function
Type of exadecimal| £ = 3
, A Do D8 D7 De Ds D4 D3 D2 Di Do . g 2
instruction notation
TAB 0000 0 1 1 1 1 0 01 E | 1| 1/|(@A)<(@®
TBA 00 00 0 0 1 1 1 0 00E | 1| 1/(@B)<(@A
TAY 0000 0 1 1 1 1 1 01 F | 1| 1 [@A)<(w
TYA 0O 0 0 O OO1 1 0 O 00C 1 1 () <« (A
% |TEAB 0000 0 1 1 010 01 A | 1| 1 |(Er—Ea) < (B)
8 (E3—E0) ~ (A)
g |raBe 000 01 0 1 0 1 0 |[02A]|1]1]|@®-E—E
k=) (A) ~ (E3-Eo0)
(]
2  |TDA 0000 1 01 0 0 1 029 | 1| 1 |(DR2-DR0) « (A2-A0)
]
2 |TAD 00 01 01 0 0 0 1 051 | 1| 1 |(A2-A0) — (DR2-DRo)
& (A3) -« 0
TAZ 0 001 01 0 0 1 1 053 | 1| 1 |(A1LA0) — (Z1,Z0)
(A3, A2) - O
TAX 0001 01 0 010 052 1| 1[@A)X
TASP 0O 0 01 012 0 O O O 050 1 1 | (A2-A0) — (SP2-SPo)
(A3) -« 0

LXY X,y 1 1 X3 X2 X1 X0 y3 y2 y1 Yo 3 xy 1 1 [(X) «x,x=0to15
(Y) «y,y=0to 15

n
S |Lzz 0 0 01 00 1 0 z1 z0 |0 48 1 1 [((Z2) «~z2z=0t03
g 2
2
3 [INY 0 000 0 1 0 0 1 1 013 | 1| 1/[)c+1
=
R
DEY 000 0 0 1 0 1 1 1 (017 |1]1]|Mm-1
TAM j 10 1 1 0 0 j j j | 2 Cj 1| 1 [@) < M@DP)
(X) — (X)EXOR()
j=0to 15
3 |[xaMmj 10 1 1 0 1 j j j i 2 Dj 1| 1 (@A) < - (MDP))
2 (X) « (X)EXOR()
g j=0to 15
2 |XAMD| 10 1 1 1 1 j j i i 2 Fj 1| 1 |A) < - (MDP))
2 (X) — (X)EXOR())
S j=0to 15
= Y) - (Y)-1
5 (Y) = (V)
@ [XAMI] 10 1 1 1 0 j j i i 2 Ej 1| 1 |A) < - (MDP))
(X) = (X)EXOR(j)
j=0to 15
YY) «(V)+1
TMA 10 1 0 1 1 j j j i 2 Bj 1| 1 [(MDP) « (A)
(X) — (X)EXOR()
j=0to 15
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o4
Skip condition "_; Datailed description
S

Transfers the contents of register B to register A.
Transfers the contents of register A to register B.
Transfers the contents of register Y to register A.
Transfers the contents of register A to register Y.

Transfers the contents of registers A and B to register E.

Transfers the contents of register E to registers A and B.

Transfers the contents of register A to register D.

Transfers the contents of register D to register A.

Transfers the contents of register Z to register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to register A.

Continuous
description

(Y)=0

(Y) =15

Loads the value x in the immediate field to register X, and the value y in the immediate field to register Y.
When the LXY instructions are continuously coded and executed, only the first LXY instruction is executed
and other LXY instructions coded continuously are skipped.

Loads the value z in the immediate field to register Z.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next in-
struction is skipped.

Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped.

(Y)=15

(Y)=0

After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between reg-|
ister X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X.
Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y is 15,
the next instruction is skipped.

After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is per-
formed between register X and the value j in the immediate field, and stores the result in register X. Adds 1
to the contents of register Y. As a result of addition, when the contents of register Y is 0, the next instruction
is skipped.

After transferring the contents of register A to M(DP), an exclusive OR operation is performed between reg-
ister X and the value j in the immediate field, and stores the result in register X.

AMITSUBISHI 5
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MACHINE INSTRUCTIONS (continued)

Parameter Instruction code 5 |8 "
_ —

Mnemonic g-g 8% Function
Type of Hexadecimal| € 2| €E &
) ) Do Ds D7 De Ds D4 D3 D2 Di Do . > =
instruction notation z z

LAn 0 0 01 1.1 n n n n 07 n 1 1 |(A) «n

n=0to 15

TABP p 0 O 1 O p5 ps4 p3 p2 pL po | 0 8 p 1 3 |(SP) « (SP) +1

+p (SK(SP)) ~ (PC)

(PCH) —~p

(PCL) ~ (DR2-DRo, A3—A0)
(B) ~ (ROM(PC))7—4

(A) - (ROM(PC))3-0

(PC) ~ (SK(SP))

(SP) « (SP) — 1 (Note)

AM 0000 00 1 0 1 0 [00AT|[1]1 |A)-<(@A)-+MODP)
c
S |amc 00000 0 1 0 1 1 [00B/| 1] 1 |A)-«(A)-+(MDP)+CY)
@ (CY) « Carry
&
o |An 0 00 1 1 0 nnonwoin [06n 1] 1]A«(@+n
© n=0to 15
€
=]
< |aND 0 00 0 0 1 1 0 0 0 |018 /| 1] 1 |(A < (A)ANDM®DP)
OR 0000 0 1 1 0 0 1 |019 /| 1] 1 |A <(A)OR(MDP)
SC 0O 0o o 0o 0o 0o 01 1 1 007 1 1 |(CY) 1
RC 0O 0 0o 0O 0O 0O O1 1 O 0 0 6 1 1 |(CY) -0
SzC 0O 0o o 0o 1 o 1 1 1 1 0 2 F 1 1 |(CY)=07?
CMA 0000 0 1 1 1 00 [01cC/|1]|1]|A-®A

RAR 00000 1110 1 [01D|1|1 [cY]-[asnnand-

SBj 000 1 0 1 1 1 j | 05C | 1] 1 |[(M(DP)-1

c +j j=0to3

S

S |RBj 000 1 0 0 1 1 j | 04C | 1] 1 |(M(DP)-O

g + j=0to3

o

@ |SZB| 0000 1 00 0 j j [02j |11 |[(M(DP)=0?

j=0to3

SEAM 000 0 1 0 0 1 1 0 [026 | 1] 1 |(A=(MDP)?

c SEAN 000 0 1 00 1 0 1 [025/|2]2|A=n?

35 n=0to 15

T & 0 0 01 1 1 n n n n 0 7n

S o

E o

o O

(@)

Note :p is 0 to 15 for M34512M2, p is 0 to 31 for M34512M4.
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Skip condition 2 Datailed description
3
O
Continuous — |Loads the value n in the immediate field to register A.
description When the LA instructions are continuously coded and executed, only the first LA instruction is executed and
other LA instructions coded continuously are skipped.
- — |Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to O are the ROM pattern in ad-
dress (DR2 DR1 DRo A3 A2 A1 A0)2 specified by registers A and D in page p.
When this instruction is executed, 1 stage of stack register is used.
- — |Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY re-
mains unchanged.
- 0/1 |Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag CY.
Overflow = 0 — |Adds the value n in the immediate field to register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.
- — |Takes the AND operation between the contents of register A and the contents of M(DP), and stores the re-
sult in register A.
- — |Takes the OR operation between the contents of register A and the contents of M(DP), and stores the result
in register A.
- 1 |Sets (1) to carry flag CY.
- 0 [Clears (0) to carry flag CY.
(CY)=0 — |Skips the next instruction when the contents of carry flag CY is “0.”
- — |Stores the one’s complement for register A’'s contents in register A.
- 0/1 |Rotates 1 bit of the contents of register A including the contents of carry flag CY to the right.
- — |Sets (1) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).
- — |Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).
(Mj(DP)) =0 — |Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field) of
j=0to3 M(DP) is “0.”

(A) = (M(DP))

(A)=n

Skips the next instruction when the contents of register A is equal to the contents of M(DP).

Skips the next instruction when the contents of register A is equal to the value n in the immediate field.
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MACHINE INSTRUCTIONS (continued)

Parameter Instruction code ‘5 S
—- N =0
Mnemonic R Function
Type of Hexadecimal| E 2| E &
, A Do D8 D7 De Ds D4 D3 D2 Di Do . = =]
instruction notation z z
Ba 0 1 1 a a5 a4 a3 a2 a1 ao |1 8 a 1 1 |(PCL) — ae-ao0
+a
S BLp, a 0 0 1 1 1 pa p3 p2 pr po |0 E p 2 2 |(PCH) - p
= +p (PCL) «~ as-ao0
by (Note)
s 1 0 ps5 a6 a5 a4 a3 a2 a1 a0 |2 p a
< +a
o
g
& BLAp 0O 0 0 O O1 0 0O O O 010 2 2 [(PCH) « p
(PCL) — (DR2-DRo, A3—A0)
1 0 ps pa O O p3 p2 p1 po [2 p p (Note)
BM a 0 1 0 a a5 a4 a3 a2 a1 a0 |1 a a 1 1 |(SP) - (SP)+1
(SK(SP)) « (PC)
(PCH) < 2
(PCL) « as—ao
S
b= BML p, a 0 0 1 1 0 ps4 p3 p2 pr po [0 Cp 2 2 |(SP) « (SP)+1
g_ +p (SK(SP)) — (PC)
o (PCH) - p
2 1 0 ps ae a5 a4 a3 a2 a1 ao |2 p a (PCL) ~ ae-ao
g +a (Note)
o
5 BMLA p 0O 0 0 O1 12 0 0 0 O 0 30 2 2 |(SP) « (SP)+1
@ (SK(SP)) - (PC)
1 0 ps pa O O p3 p2 p1 po [2 p p (PCH) - p
(PCL) ~ (DR2-DR0,A3-A0)
(Note)
RTI 0O 0 01 0 0O O1 1 O 0 46 1 1 |(PC) « (SK(SP))
c (SP) - (SP)-1
8
©
“8’. RT 0O 0 01 0 0O O1 0 O 0 4 4 1 2 |(PC) ~ (SK(SP))
c (SP) - (SP) -1
>
E RTS 0 0 01 0 0O 0O 1 0 1 0 45 1 2 |(PC) « (SK(SP))
(SP) - (SP)-1
DI 0O 0 0 O OO O 1 0 O 0 0 4 1 1 |(INTE) < O
5 El 0O 0 0 0O O OO 1 0 1 005 1 1 |(INTE) <« 1
Il
g SNZ0 0O 0 0o 02 1 1 0 0 O 0 3 8 1 1 [(EXFO)=17?
° After skipping
g— (EXFO) < 0
‘GE) SNZ1 0O 0 0 02 1 1 0 0 1 0 39 1 1 [(EXF1)=17?
- After skipping
(EXF1) - 0

Note :p is 0 to 15 for M34512M2, p is 0 to 31 for M34512M4.
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]

Skip condition "_; Datailed description
3
O

Branch within a page : Branches to address a in the identical page.

Branch out of a page : Branches to address a in page p.

Branch out of a page : Branches to address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D and A in
page p.

Call the subroutine in page 2 : Calls the subroutine at address a in page 2.

Call the subroutine : Calls the subroutine at address a in page p.

Call the subroutine : Calls the subroutine at address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers D
and A in page p.

Skip at uncondition

Returns from interrupt service routine to main routine.
Returns each value of data pointer (X, Y, Z), carry flag, skip status, NOP mode status by the continuous de-
scription of the LA/LXY instruction, register A and register B to the states just before interrupt.

Returns from subroutine to the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction at uncondition.

(EXFO) = 1

(EXF1) =1

Clears (0) to the interrupt enable flag INTE, and disables the interrupt.
Sets (1) to the interrupt enable flag INTE, and enables the interrupt.
Skips the next instruction when the contents of EXFO flag is “1.”

After skipping, clears (0) to the EXFO flag.

Skips the next instruction when the contents of EXF1 flag is “1.”
After skipping, clears (0) to the EXF1 flag.
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MACHINE INSTRUCTIONS (continued)
Parameter Instruction code Ke) S
“ N = 0
Mnemonic R Function
Type of Hexadecimal| E 2| E &
, A Do D8 D7 De Ds D4 D3 D2 Di Do . g 2
instruction: notation
SNZIO 0o 0 0o 012 1 1 0 1 O 03 A 1 1 |112=1:(INTO)="“H"?
112 =0: (INTO) = “L" ?
SNZI1 0O 0 0 02 1 1 0 1 1 0 3 B 1 1 |122=1:(INT1)="H"?
22=0: (INT1) =“L" ?
S
IS
’ug_ TAV1 0O 0 01 01 0 1 0 O 05 4 1 1 [(A) < (V1)
o
5 [TVIA 0 000 1 1 1 1 1 1 03 F | 1| 1 |[(V1) (A
% TAV2 0O 0 01 01 0 1 0 1 055 1 1 [(A) < (V2)
TV2A 0 000 1 1 1 1 1 0 03 E | 1| 1 |(V2<(A
TAIL 10 0 1 0 1 0 0 1 1 253 | 1] 1|A)<(@)
TI1A 10 0 0 0 1 0 1 1 1 217 | 1|1 |(11)<(@®
TAI2 10 0 1 0 1 0 1 0 O 254 | 1| 1 |A) (@2
TI2A 10 0 0 0 1 1 0 0 O 218 | 1] 1 12<@A
TAW1 10 0 1 0 0 1 0 1 1 2 4B | 1] 1AW
TW1A 10 0 0 0 0 1 1 1 O 2 0E | 1| 1 [(W1) < (A
TAW2 10 0 1 0 0 1 1 0 O 24 C | 1] 1AW
TW2A 10 0 0 0 0 1 1 1 1 2 0F | 1| 1 [(W2) < (A
TAW3 10 0 1 0 0 1 1 0 1 24D | 1] 1 |A)-W3
TW3A 1 0 0 0 0O1 0 O O O 210 1 1 [(W3) « (A)
o |TAwa 10 0 1 0 0 1 1 1 O 24 E | 1] 1 |A)-W
2
T |TW4A 10 0 0 0 1 0 0 0 1 211 | 1| 1 [(Wh) < (A
[
o
© |TAB1L 10 0 1 1 1 0 0 0 O 270 | 1| 1 |B)(T17-Tla)
GEJ (A) ~ (T13-T1o)
£
T1AB 10 0 0 1 1 0 0 0 O 230 | 1| 1 |(RI7-R14) — (B)
(T17-T14) ~ (B)
(R13-R10) « (A)
(T13-T10)  (A)
TAB2 10 0 1 1 1 0 0 0 1 271 | 1| 1 |B)« (T27-T24)
(A) ~ (T23-T20)
T2AB 1 0 0 0 1 1 0 O O 1 2 31 1 1 |[(R27-R24) ~ (B)
(T27-T24) ~ (B)
(R23-R20) ~ (A)
(T23-T20)  (A)
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Skip condition "_; Datailed description
3
O
(INTO) = “H” — |When bit 2 (112) of register 11 is “1” : Skips the next instruction when the level of INTO pin is “H.”
However, 112 =1
(INTO) = “L” — |When bit 2 (112) of register 11 is “0” : Skips the next instruction when the level of INTO pin is “L.”
However, 112 =0
(INT1) =“H" — |When bit 2 (122) of register 12 is “1” : Skips the next instruction when the level of INT1 pin is “H.”
However, 122 = 1
(INT1) = “L” — |When bit 2 (122) of register 12 is “0” : Skips the next instruction when the level of INT1 pin is “L.”

However, 122 =0
- — |Transfers the contents of interrupt control register V1 to register A.
- — |Transfers the contents of register A to interrupt control register V1.
- — |Transfers the contents of interrupt control register V2 to register A.
- — |Transfers the contents of register A to interrupt control register V2.
- — |Transfers the contents of interrupt control register I1 to register A.
- — |Transfers the contents of register A to interrupt control register I1.
- — |Transfers the contents of interrupt control register |2 to register A.

- — |Transfers the contents of register A to interrupt control register 12.

- — |Transfers the contents of timer control register W1 to register A.
- — |Transfers the contents of register A to timer control register W1.
- — |Transfers the contents of timer control register W2 to register A.
- — |Transfers the contents of register A to timer control register W2.
- — |Transfers the contents of timer control register W3 to register A.
- — |Transfers the contents of register A to timer control register W3.
- — |Transfers the contents of timer control register W4 to register A.
- — |Transfers the contents of register A to timer control register W4.

- — |Transfers the contents of timer 1 to registers A and B.

- — |Transfers the contents of registers A and B to timer 1 and timer 1 reload register.

- — |Transfers the contents of timer 2 to registers A and B.

- — |Transfers the contents of registers A and B to timer 2 and timer 2 reload register.
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MACHINE INSTRUCTIONS (continued)
parameter Instruction code Ke) S
—- N =0
Mnemonic R Function
Type of Hexadecimal| E 2| E &
, A Do D8 D7 De Ds D4 D3 D2 Di Do . g =]
instruction notation z
TAB3 10 0 1 1 1 0 0 1 0 |27 2 | 1] 1 |B)(T37-T34)
(A) ~ (T33-T30)
T3AB 1 0 0 0 1 1 0 O 1 O 2 32 1 1 |(R37-R34) « (B)
(T37-T34) ~ (B)
(R33-R30) « (A)
(T33-T30) — (A)
TAB4 10 0 1 1 1 0 0 1 1 [273 | 1| 1 ((B) (T4r-T4a)
(A) ~ (T43-T4o)
T4AB 10 0 01 1 0 0 1 1 [233 | 1| 1 |(R4r—R4a)  (B)
(T47-T44) —~ (B)
(R43-R40) ~ (A)
(T43-T40) ~ (A)
c
2 TR1AB 1 0 0 0 1 1 1 1 1 1 2 3 F 1 1 |(R17-R14) — (B)
g (R13-R10) « (A)
Qo
° TR3AB 1 0 0 0 1 1 1 O 1 1 2 3B 1 1 |(R37-R34) ~ (B)
£ (R33-R30) - (A)
£
SNZT1 1 0 1 0 O O O O 0 O 2 80 1 1 |(T1IF)=17?
After skipping
(T1F) - O
SNZT2 1 0 1 0 O O O O 0 1 2 81 1 1 |(T2F)=17?
After skipping
(T2F) - 0
SNZT3 1 0 1 0 O O O O 1 O 2 8 2 1 1 |(T3F)=17?
After skipping
(T3F) - O
SNZT4 1 0 1 0 O O O O 1 1 2 8 3 1 1 |((T4F)=17?
After skipping
(T4F) - 0
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Skip condition Datailed description

Carry flag CY|

Transfers the contents of timer 3 to registers A and B.

- — |Transfers the contents of registers A and B to timer 3 and timer 3 reload register.

- — |Transfers the contents of timer 4 to registers A and B.

- — |Transfers the contents of registers A and B to timer 4 and timer 4 reload register.

- — |Transfers the contents of registers A and B to timer 1 reload register.

- — |Transfers the contents of registers A and B to timer 3 reload register.

(TiIF) =1 — |Skips the next instruction when the contents of T1F flag is “1.”
After skipping, clears (0) to T1F flag.

(T2F) =1 — |Skips the next instruction when the contents of T2F flag is “1.”
After skipping, clears (0) to T2F flag.

(T3F) =1 — |Skips the next instruction when the contents of T3F flag is “1.”
After skipping, clears (0) to T3F flag.

(T4F) =1 — |Skips the next instruction when the contents of T4F flag is “1.”
After skipping, clears (0) to T4F flag.
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MACHINE INSTRUCTIONS (continued)
Parameter Instruction code Ke) " S "
Mnemonic 3 |8 e Function
Type of Hexadecimal| E 2| E &
, A Do D8 D7 De Ds D4 D3 D2 Di Do . g 2
instruction: notation
IAPO 10 0 1.1 0 0 0 0 O 260 | 1| 1 |A (PO
OPOA 1 0 0 01 o0 0O O O O 220 1 1 [(PO) < (A)
IAP1 10 0 1 1 0 0 0 0 1 261 |1 | 1A (P
OP1A 10 0 01 0 0 0 0 1 221 |1 1 |P)-@A
IAP2 10 0 1 1 0 0 0 1 0 262 | 1| 1 [(A>=A0) « (P22—P20)
(A3) - 0
5 CLD 0O 0 0 0 0O 1 0 0 0 1 011 1 1 |(D) -1
I
o RD 0O 0 0 0O 0O1 0 1 0 O 01 4 1 1 |(D(Y)) <0
5 (Y)=0to7
5
%‘ SD 0O 0 0 0o 0O1 0 1 0 1 015 1 1 (DY) - 1
o (Y)=0to 7
>
g' SZD 0O 0 0 01 0 0 1 0 O 02 4 2 2 |(D(Y))=07?
(Y)=0to 7
0O 0 0 01 0 1 0 1 1 0 2B
TKOA 10 0 0 0 1 1 0 1 1 2 1B | 1| 1 |KO«(@®A)
TAKO 1 0 0 1 0 1 O 1 1 O 256 1 1 |(A) «~ (KO)
TPUOA 10 0 0 1 0 1 1 0 1 22D | 1| 1 |(PUD) (A
TAPUO 10 0 1 0 1 0 1 1 1 257 | 1| 1A~ PU)
TABSI 10 0 1 1 1 1 0 0 O 278 | 1| 1 |(A) < (SIs-Slo)
(B) ~ (SI7-Sla)
15 TSIAB 1 0 0 0 1 121 0 O O 2 38 1 1 |(SI3-Slo) « (A)
T (Sl7-Sl4) ~ (B)
[}
‘_3 TAJL 10 0 1 0 0 0 0 1 0 242 | 1| 1A (@1
o
g TJ1A 1 0 0 0 0O OO 0 1 O 2 0 2 1 1 ((J1) « (A
o
g SST 1 0 1 0 O 1 1 1 1 O 2 9 E 1 1 |(SIOF) « 0
= Serial 1/0 starting
@
2 SNZSI 1 0 1 0 0O O 1 0 O O 2 88 1 1 [(SIOF)=17?
After skipping
(SIOF) - 0
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Skip condition "_; Datailed description
3
O

(DY) =0
(Y)=0to7

Transfers the input of port PO to register A.

Transfers the input of port P1 to register A.

Transfers the input of port P2 to register A.

Sets (1) to port D.

Outputs the contents of register A to port PO.

Outputs the contents of register A to port P1.

Clears (0) to a bit of port D specified by register Y.

Sets (1) to a bit of port D specified by register Y.

Skips the next instruction when a bit of port D specified by register Y is “0.”

Transfers the contents of register A to key-on wakeup control register KO.
Transfers the contents of key-on wakeup control register KO to register A.
Transfers the contents of register A to pull-up control register PUO.

Transfers the contents of pull-up control register PUO to register A.

(SIOF) =1

Transfers the contents of register A to serial

Clears (0) to SIOF flag and starts serial 1/0.

After skipping, clears (0) to SIOF flag.

Transfers the contents of serial I/O register Sl to registers A and B.

Transfers the contents of registers A and B to serial 1/O register SI.

Transfers the contents of serial I/O mode register J1 to register A.

1/0 mode register J1.

Skips the next instruction when the contents of SIOF flag is “1.”
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MACHINE INSTRUCTIONS (continued)
Parameter Instruction code G G "
- —_
Mnemonic R Function
Type of Hexadecimal| E 2| E &
, A Do D8 D7 De Ds D4 D3 D2 Di Do . g 2
instruction notation
TABAD 10 0 1 1 1 1 0 0 1 279 | 1] 1 |(A) < (AD5-AD2)
(B) — (AD9—-ADs)
However, in the comparator mode,
(A) ~ (AD3—-ADo)
(B) — (AD7-AD4)
TALA 10 0 1 0 0 1 0 0 1 249 | 1| 1 |(A < (AD1, ADo, 0, 0)
c
il
T |TADAB 10 0 0 1 1 1 0 0 1 239 | 1| 1 |(AD3-AD0) — (A)
08)' (AD7-AD4) — (B)
s |TAQ1 10 0 1.0 0 0 1 0 O 244 | 1] 1 |(A) < (@Q1
K7
2 |TQ1A 10 0 0 00O O 1 0 O 204 | 1] 1 |(Q1<(@®A
[
o
SADST 1 0 1 0 O 1 1 1 1 1 29 F | 1| 1 |[(ADF) -0
< A-D conversion starting

SNZAD 10 1 0 0 0 0 1 1 1 287 1 1 |(ADF)=17?
After skipping

(ADF) - 0

TAQ2 10 01 0 O O 1 0 1 2 45 1 1 |(A) - (Q2)
TQ2A 10 0 0 0O 0 1 0 1 2 05 1 1 {(Q2) « (A)
NOP 0O 0 0O 0OOO OO 0O 000 1 1 |(PC) « (PC)+1
POF 0 0 0O 0OOO O 0O 1 O 00 2 1 1 |RAM back-up

5 EPOF 0o 0 0 1 01 1 0 1 1 0 5B 1 1 |POF instruction valid

§ SNZP 0 0 0O 0O0O O O 0 1 1 00 3 1 1 |((P)=17

? WRST 1 0 1 0 1 0 O O O O 2 AO 1 1 [(WDF1) -0

2 (WEF) - 1

(e}
TAMR 10 0 1 0 1 0 0 1 O 252 | 1| 1A <(MR
TMRA 10 0 001 0 1 1 0 216 | 1|1 |MR) (@A)
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Skip condition Datailed description

Carry flag CY|

Transfers the high-order 8 bits of the contents of register AD to registers A and B.

— — |Transfers the low-order 2 bits of the contents of register AD to the high-order 2 bits of the contents of regis-
ter A. Simultaneously, the low-order 2 bits of the contents of the register Ais “0.”

- — |Transfers the contents of registers A and B to the comparator register at the comparator mode.

- — |Transfers the contents of the A-D control register Q1 to register A.
- — |Transfers the contents of register A to the A-D control register Q1.

- — |Clears the ADF flag, and the A-D conversion at the A-D conversion mode or the comparator operation at the
comparator mode is started.

(ADF) =1 — |Skips the next instruction when the contents of ADF flag is “1".
After skipping, clears (0) the contents of ADF flag.
- — |Transfers the contents of the A-D control register Q2 to register A.

- — |Transfers the contents of register A to the A-D control register Q2.

- — |No operation
- — |Puts the system in RAM back-up state by executing the POF instruction after executing the EPOF instruction.
- — |Makes the immediate POF instruction valid by executing the EPOF instruction.

P)=1 — |Skips the next instruction when P flag is “1”. After skipping, P flag remains unchanged.

- — |Operates the watchdog timer and initializes the watchdog timer flag WDF1.

- — |Transfers the contents of the clock control register MR to register A.

- — |Transfers the contents of register A to the clock control register MR.
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ABSOLUTE MAXIMUM RAINGS

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage -0.3t07.0 \%
Input voltage PO, P1, P2, INTO, INT1, RESET,
Vi XIN ~0.3 to VDD+0.3 v
Vi Input voltage Do-D7 —-0.3t0 13 \%
Vi Input voltage AINO—AIN3 —0.3 to VDD+0.3 \
Vo Output voltage PO, P1, RESET ) ) —-0.3to VDD+0.3 \%
Vo Output voltage Do-D7 Output transistors in cut-off state 03013 v
Vo Output voltage Xout —0.3 to VbD+0.3 \
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature range —20 to 85 °C
Tstg Storage temperature range —40 to 125 °C
RECOMMENDED OPERATING CONDITIONS (Ta=-20°Cto 85 °C, Vbb = 4.0 V to 5.5 V, unless otherwise noted)
. Limits .
Symbol Parameter Conditions Min. Tvp. Max. Unit
VDD Supply voltage f(XIN) < 4.2 MHz 4.0 5.5
VRAM RAM back-up voltage (at RAM back-up mode) 1.8
Vss Supply voltage 0
VIH “H” level input voltage PO, P1, P2, XIN 0.8VDD VDD
VIH “H” level input voltage Do-D7 0.8VDD 12
VIH “H” level input voltage RESET 0.85VDD VDD v
VIH “H” level input voltage SIN, Sck, INTO, INT1 0.85VDD VDD
VIL “L” level input voltage PO, P1, P2, Do-D7, XIN 0 0.2VbD
ViL “L” level input voltage RESET 0 0.3VDD
VIL “L” level input voltage SIN, Sck, INTO, INT1 0 0.15VDD
loL(peak) | “L” level peak output current RESET VDD =5.0V 10
loL(peak) | “L” level peak output current Dé, D7 VDb =5.0V 40
loL(peak) | “L” level peak output current Do—D5 VDD =5.0V 24
loL(peak) | “L” level peak output current PO, P1, Sck, SouT VbD =5.0V 24
loL(avg) | “L” level average output current RESET (Note) VoD =5.0V 5 mA
loL(avg) | “L” level average output current De, D7 (Note) VoD =5.0V 30
loL(avg) | “L” level average output current Do—Ds (Note) VDb =5.0V 15
loL(avg) | “L” level average output current PO, P1, Sck, Sout (Note) | VDD =5.0 V 12
“L” level total average current D, RESET, Sck, SouT 80
>loL(avg)
“L” level total average current PO, P1 80
foan) Oscillation frequency (at ceramic resonance) VbD=4.0Vto55V 4.2 MH2
Oscillation frequency (at external clock input) Vbb=4.0Vto55V 3.0
tw(Sck) | Serial I/O external clock cycle (pulse width of “H” and “L*) | VDD =4.0Vto 5.5V 750 ns

Note: The average output current (loL) is the average value during 100 ms.
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ELECTRICAL CHARACTERISTICS (Ta=-20°Cto0 85 °C, Vbb = 4.0 V to 5.5 V, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VoL “L” level output voltage PO, P1 VoD =5V loL =12 mA 2 \%
VoL “L” level output voltage RESET VoD =5V loL=5mA 2 V
loL =30 mA 2
VoL “L” level output voltage Ds, D7 VoD =5V V
loL =10 mA 0.9
VoL “L” level output voltage Do-D5 VoD =5V loL =15 mA 2 \%
IIH “H” level input current PO, P1, P2, RESET | VI = VDD 1 HA
IIH “H” level input current Do—-D7 Vi=12V 1 UA
lie “L” level input current PO, P1, P2, RESET | VI =0 V No pull-up of ports PO and P1 -1 HA
liL “L” level input current Do-D7 Vi=0V -1 UA
VDD =5V f(XIN) = 4.0 MHz 1.8 5.5
) Middle-speed mode f(XIN) = 400 kHz 0.5 1.5
at active mode mA
VbD =5V f(XIN) = 4.0 MHz 3.0 9.0
IDD Supply current ]
High-speed mode f(XIN) = 400 kHz 0.6 1.8
Ta=25°C 0.1 1
at RAM back-up mode HA
VDD =5V 10
RpPU Pull-up resistor value Vbb =5V | Vi=0V 20 50 125 kQ
VT+—VT-| Hysteresis INTO, INT1, SIN, Sck VDD =5V 0.3 \%
VT+ — VT-| Hysteresis RESET VDD =5V 15 Y,
BASIC TIMING DIAGRAM
Machine cycle Mi Mi+1
Parameter in name
Clock XIN '
(System clock = f(Xin)) I I I
X JJ I I I O I
(System clock = f(Xin)/2) _]_I
Port D output Do-D7
Port D input Do-D7
POo0—P03
Port PO, P1output | 70 515
Port PO, P1, P2 520—523
: 0—P13
input P20-P22
Interrupt input INTO,INT1
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A-D CONVERTER RECOMMENDED OPERATING CONDITIONS

(Comparator mode included, Ta = —-20 °C to 85 °C, unless otherwise noted)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.
VDD Supply voltage 4.0 55 Y,
VIA Analog input voltage 0 VDD \Y
Middle- . MHz
f(XIN) Oscillation frequency _Idd e-speed mode 0.8
High-speed mode 0.4 MHz
A-D CONVERTER CHARACTERISTICS (Ta=-20°C to 85 °C, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 10 bits
- Linearity error Ta=-25°Cto85°C,VDD=4.0Vto 55V +2 LSB
- Differential non-linearity error | Ta=-25°Ct085°C,VbD=4.0Vto55V +0.9 LSB
Vot Zero transition voltage Vbbp =5.12V 0 5 20 mV
VFST Full-scale transition voltage VbD=5.12V 5105 5115 5125 mV
IADD A-D operating current VbD =5.0V |f(X|N) = 0.4 MHz to 4.0 MHz 0.7 2.0 mA
o f(XIN) = 4.0 MHz, Middle-speed mode 93.0
TcoNv | A-D conversion time - Hs
f(XIN) = 4.0 MHz, High-speed mode 46.5
- Comparator resolution Comparator mode 8 bits
- Comparator error (Note) VbD=5.12 V +20 mVv
. ) f(XIN) = 4.0 MHz, Middle-speed mode 12
- Comparator comparison time - us
f(XIN) = 4.0 MHz, High-speed mode 6

Note: As for the error from the logic value in the comparator mode, when the contents of the comparator register is n, the logic value of the comparison volt-
age Vref which is generated by the built-in DA converter can be obtained by the following formula.

Logic value of comparison voltage Vref

VDD
Vief=———0On
256

n = Value of register AD (n = 0 to 255)
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GZZ-SH52-47B <81A0>
Mask ROM number,
4500 SERIES MASK ROM ORDER CONFIRMATION FORM Sate:
SINGLE-CHIP MICROCOMPUTER M34512M2-XXXFP S a:e. S i
MITSUBISHI ELECTRIC o senatre | aigratre
o
‘O
Please fill in all items marked L. E
Company :
name szigronsmle Supervisor
O|Customer TEL ( ) | g2
c =
g g
Date n o
. D : .8
issued ate 2o

0 1. Confirmation
Specify the type of EPROMs submitted.
Three sets of EPROMSs are required for each pattern (check in the approximate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce
masks based on this data. We shall assume the responsibility for errors only if the mask ROM data
on the products we produce differ from this data. Thus, the customer must be especially careful in
verifying the data contained in the EPROMs submitted.

Checksum code for entire EPROM area (hexadecimal notation)

EPROM Type: D27C256 |:|27c512
- -
LI . | U .

Set “FF16” in the shaded area.
Set “1112” in the area |:| of low-order and high-order 5-bit data.

0 2. Mark Specification
Mark specification must be submitted using the correct form for the type of package being ordered.
Fill out the approximate Mark Specification Form (32P6B-A for M34512M2-XXXFP) and attach to
the Mask ROM Order Confirmation Form.

0 3. Comments
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Mask ROM number
4500 SERIES MASK ROM ORDER CONFIRMATION FORM 5 -
SINGLE-CHIP MICROCOMPUTER M34512M4-XXXFP Seit,ir'] ——aTSuoervisor
| Vi
MITSUBISHI ELECTRIC = lsonatre - |egnature.
o
‘©
Please fill in all items marked [. é
Company :
name s szjsrons'b'e Supervisor
[}
O [Customer TEL ( ) 8 5
5g
Date . 0o
issued Date: 2o

0 1. Confirmation

Specify the type of EPROMSs submitted.
Three sets of EPROMSs are required for each pattern (check in the approximate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce
masks based on this data. We shall assume the responsibility for errors only if the mask ROM data
on the products we produce differ from this data. Thus, the customer must be especially careful in

verifying the data contained in the EPROMs submitted.

Checksum code for entire EPROM area

(hexadecimal notation)

EPROM Type:

\‘§

.S

-

=

D27C256 D270512
T .. Q.

Set “FF16” in the shaded area.
Set “1112” in the area |:| of low-order and high-order 5-bit data.

O 2. Mark Specification

Mark specification must be submitted using the correct form for the type of package being ordered.
Fill out the approximate Mark Specification Form (32P6B-A for M34512M4-XXXFP) and attach to

the Mask ROM Order Confirmation Form.

0 3. Comments
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32P6B (32-PIN LQFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog nhame

Please choose one of the marking types below (A, B), and enter the Mitsubishi catalog name and the special mark (if needed).

A. Standard Mitsubishi Mark

SHHHHHHHH®

@

] 1]

] (1]

% ‘ % Mitsubishi IC catalog name

‘ A Mitsubishi IC catalog name
D:I: ‘ Mits\;ﬁ:ishi_{ot nélrgbg; j]j
-digit or 5-digit]

S ! o Note: If the Mitsubishi logo is not required, check the box on the right.
T N Mitsubishi logo is not required

@ ®

Customer’s Parts Number

& E % % % % % % % © Note The fonts and size of characters are standard Mitsubishi
J type.

LI % “ / Mitsubishi IC catalog name

% — Notel : The mark field should be written right aligned.

—= ‘ ‘ ‘ ‘ ‘ ‘ 0 2 : The fonts and size of characters are standard Mitsubishi
type.

% ‘ % (The Mitsubishi logo is not marked.)

e . 3: Customer’s Parts Number can be up to 7 characters :
Only 0 ~ 9, A~ Z, —(hyphen),. (periods),; (commas) are

(I [

® ® usable.

C. Customer’s Parts Number

H H H H H H H H @ / Customer’s Parts Number -

@ /Note : The fonts and size of characters are standard Mitsubishi type.
HIN [ 1]  Shaded area: Mitsubishi lot number (4-digit or 5-digit) and Mask ROM
1 1] L number (3-digit) are always marked, for products classi-
(1 1 fication.

[ ‘ ‘ = HE ; Notel : The mark field should be written right aligned.

mE 1 / 2 : The fonts and size of characters are standard Mitsubishi type.

il 1 3 : Customer’s Parts Number can be up to 11 characters : Only 0
~9,A~Z, —(hyphen),, (periods),; (commas) are usable.

L] 1]

L] 1]

@ ®
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PACKAGE OUTLINE
32P6B-A Plastic 32pin 707mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
LQFP32-P-77-0.80 — Alloy 42 Mo
@# T
HD Do o
. o Tt 15
o I Lo
®@ ® L: U
HHHHHHHH . 1
O Q H Recommended Mount Pad
i i)
i i)
— — w % Dimension in Millimeters
[ [ Symbol -
- - Min Nom Max
im 1 A — - 17
A1 0 0.1 0.2
- @) L 2> — 14 —
HEHHHEHH b 0.3 0.35 | 0.45
B c 0.105 0.125 0.175
@ A D 6.9 7.0 7.1
L1 E 6.9 7.0 7.1
e] - 0.8 -
HD 8.8 9.0 9.2
HE 8.8 9.0 9.2
g L 0.3 0.5 0.7
L1 — 1.0 -
\ :"% y - - 01
o \ 0 0° - 10°
< L b2 - 0.5 -
12 1.0 - —
Detail F MD — 7.4 —
ME — 7.4 —
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—— Keep safety first in your circuit designs!

« Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage. Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of
substitutive, auxiliary circuits, (i) use of non-flammable material or (iii) prevention against any malfunction or mishap.

— Notes regarding these materials

« These materials are intended as a reference to assist our customers in the selection of the Mitsubishi semiconductor product best suited to the customer’s application; they do not convey any license under any
intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-party’s rights, originating in the use of any product data, diagrams, charts or circuit application examples
contained in these materials.

All information contained in these materials, including product data, diagrams and charts, represent information on products at the time of publication of these materials, and are subject to change by Mitsubishi
Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for the latest product information before purchasing a product listed herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained herein for any specific purposes, such as apparatus or systems for
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be imported into a country other than the
approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.
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