To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 4501 Group is a 4-bit single-chip microcomputer designed with
CMOS technology. Its CPU is that of the 4500 series using a
simple, high-speed instruction set. The computer is equipped with
two 8-bit timers (each timer has a reload register), interrupts, and

10-bit A-D converter.

The various microcomputers in the 4501 Group include variations
of the built-in memory size as shown in the table below.

FEATURES

e Minimum instruction execution time ............cccccocvvevineens 0.68 us
(at 4.4 MHz oscillation frequency, in high-speed mode)

® SUPPIY VOItAGE ... VRSTto 5.5V

(VRST: detection voltage of voltage drop detection circuit)

e Timers
Timer L. 8-bit timer with a reload register
TIMEr 2. 8-bit timer with a reload register
O INTEITUPT oo 4 sources
o Key-on wakeup funCtion Pins ........ccccceeiieenieeiieenniee e 12
® INPUL/OULPUL POTE ...ttt 14

e A-D converter
e Watchdog timer

e Clock generating circuit (ceramic resonator/RC oscillation)
e LED drive directly enabled (port D)

e Power-on reset circuit

e \/oltage drop detection Circuit..............ccceeennee. VRST: Typ. 3.5V

(Ta = 25 °C)

APPLICATION

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

ROM (PROM) size RAM size
Product ) ) Package ROM type
(O 10 bits) (O 4 bits)
M34501M2-XXXFP 2048 words 128 words 20P2N-A Mask ROM
M34501M4-XXXFP 4096 words 256 words 20P2N-A Mask ROM
M34501E4FP (Note) 4096 words 256 words 20P2N-A One Time PROM
Note: Shipped in blank.
PIN CONFIGURATION
DD E O 20 | <—= P00
Vss IZ Z Z 19 | ~-— PO1
XIN —— IZ W w 18 | --—= P02
oo
XOUT —— | 4 17 | ~-—= P03
o O
CNVss [5 ] I'I?l E 16| <— P10
RESET =—[6 | £ X 15| <— P11
T
P21/AINL <—s [ 7 | O § 14 | ~—= P12/CNTR
P20/AIN0 ~— [ 8 | > [13]=—= P13INT
TI
D3/K <—a [ 9 | U [2]=—— D
D2/C <— |10 11 | =— D1

Outline 20P2N-A

Pin configuration (top view) (4501 Group)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

111

Minimum instruction execution time

0.68 us (at 4.4 MHz oscillation frequency, in high-speed mode)

Memory sizes|ROM M34501M2 2048 words O 10 bits
M34501M4/E4 | 4096 words O 10 bits
RAM M34501M2 128 words O 4 bits
M34501M4/E4 | 256 words [ 4 bits
Input/Output [Do-D3 | I/O Four independent I/O ports.
ports Input is examined by skip decision.
Ports D2 and D3 are equipped with a pull-up function and a key-on wakeup function. Both func-
tions can be switched by software.
Ports D2 and D3 are also used as ports C and K, respectively.
P0O0-PO03 | 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.
P1o-P13 | 1/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.
Ports P12 and P13 are also used as CNTR and INT, respectively.
P20, P21 | 1/O 2-bit 1/O port; each pin is equipped with a pull-up function and a key-on wakeup function. Both
functions can be switched by software.
Ports P20 and P21 are also used as AIN0 and AIN1, respectively.
C 1/0 1-bit I/O; Port C is also used as port D2.
K 110 1-bit I/O; Port K is also used as port D3.
CNTR Timer 1/O 1-bit I/O; CNTR pin is also used as port P12.
INT Interrupt input | 1-bit input; INT pin is also used as port P13.
AINO, AIN1| Analog input | Two independent I/O ports. AIN0—AIN1 is also used as ports P20, P21, respectively.
Timers Timer 1 8-bit programmable timer with a reload register.
Timer 2 8-bit programmable timer with a reload register and has a event counter.

A-D converter

10-bit wide, This is equipped with an 8-bit comparator function.

Analog input 2 channel (AINo pin, AIN1 pin)

Interrupt Sources 4 (one for external, two for timer, one for A-D)
Nesting 1 level

Subroutine nesting 8 levels

Device structure

CMOS silicon gate

Package 20-pin plastic molded SOP (20P2N-A)

Operating temperature range —20 °C to 85 °C

Supply voltage VRST to 5.5 V (VRST: detected voltage of voltage drop detection circuit. Refer to the voltage
drop detection circuit characteristics.)

Power . Active mode 1.7 mA (at VbD = 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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MITSUBISHI MICROCOMPUTERS

4501 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.

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

RESET Reset input/output 110 An N-channel open-drain 1/O pin for a system reset. When the watchdog timer or the
voltage drop detection circuit cause the system to be reset, the RESET pin outputs
“L” level.

XIN System clock input Input I/0 pins of the system clock generating circuit. When using a ceramic resonator, connect

it between pins XIN and XouT. A feedback resistor is built-in between them. When using
the RC oscillation, connect a resistor and a capacitor to XIN, and leave XouT pin open.

Do-D3 1/O 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. Ports D2 and D3 are
equipped with a pull-up function and a key-on wakeup function. Both functions can
be switched by software.

Ports D2 and D3 are also used as ports C and K, respectively.

P00-P03 110 110 Port PO serves as a 4-bit 1/0 port, and it can be used as inputs when the output latch
is set to “1.” The output structure is N-channel open-drain. Port PO has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.

Plo-P13 1/0 port P1 110 Port P1 serves as a 4-bit 1/0 port, and it can be used as inputs when the output latch
is set to “1.” The output structure is N-channel open-drain. Port P1 has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.
Ports P12 and P13 are also used as CNTR and INT, respectively.

P20, P21 1/O port P2 110 Port P2 serves as a 2-bit /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. Port P2 has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.
Ports P20 and P21 are also used as AIN0 and AIN1, respectively.

Port C 1/0 port C 110 1-bit I/O port. Port C can be used as inputs when the output latch is set to “1.” The
output structure is N-channel open-drain. Port C has a key-on wakeup function and
a pull-up function. Both functions can be switched by software. Port C is also used
as port D2.

Port K 1/O port K 110 1-bit 1/O port. Port K can be used as inputs when the output latch is set to “1.” The
output structure is N-channel open-drain. Port K has a key-on wakeup function and
a pull-up function. Both functions can be switched by software. Port K is also used
as port D3.

CNTR Timer input/output Ife] CNTR pin has the function to input the clock for the timer 2 event counter, and to out-
put the timer 1 or timer 2 underflow signal divided by 2. This pin is also used as port
P12.

INT Interrupt input Input INT pin accepts external interrupts. It has the key-on wakeup function which can be
switched by software. This pin is also used as port P13.

AINO—-AIN1 Analog input Input A-D converter analog input pins. AiNo and AIN1 are also used as ports P20 and P21,
respectively.

Xout System clock output Output

MULTIFUNCTION

Pin Multifunction Pin Multifunction Pin Multifunction Pin Multifunction
D2 C C D2 P20 AINO AINO P20
D3 K K D3 P21 AIN1 AIN1 P21
P12 CNTR CNTR P12
P13 INT INT P13

Notes 1: Pins except above have just single function.
2: The input/output of D2, D3, P12 and P13 can be used even when C, K, INT and CNTR (input) are selected.
3: The input of P12 can be used even when CNTR (output) is selected.
4: The input/output of P20, P21 can be used even when AiNo, AIN1 are selected.

LENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DEFINITION OF CLOCK AND CYCLE

e Operation source clock e Instruction clock

The operation source clock is the source clock to operate this The instruction clock is a signal derived by dividing the system
product. In this product, the following clocks are used. clock by 3. The one instruction clock cycle generates the one
« External ceramic resonator machine cycle.

« External RC oscillation e Machine cycle

« Clock (f(XIN)) by the external clock The machine cycle is the standard cycle required to execute the
« Clock (f(RING)) of the ring oscillator which is the internal oscil- instruction.

lator.

e System clock
The system clock is the basic clock for controlling this product.
The system clock is selected by the bits 2 and 3 of the clock con-
trol register MR.

Table Selection of system clock

Register MR System clock Operation mode
MR3 | MR2 (Note 1)
0 0 f(XIN) or f(RING) High-speed mode
0 1 f(XIN)/2 or f(RING)/2 Middle-speed mode
1 0 f(XIN)/4 or f(RING)/4 Low-speed mode
1 1 f(XIN)/8 or f(RING)/8 Default mode

Notes 1: The ring oscillator clock is f(RING), the clock by the ce-
ramic resonator, RC oscillation or external clock is f(XIN).
2: The default mode is selected after system is released

from reset and is returned from RAM back-up.

PORT FUNCTION

Port Pin Input Output structure I/O. . Contr_ol Co_ntrol Remark
Output unit | instructions | registers
Port D |Do, D1 /10 N-channel open-drain 1 |SD,RD
D2/C 4) SZD, CLD | PU2, K2 Built-in programmable pull-up
D3/K SCP, RCP functions
SNZCP Key-on wakeup functions
IAK, OKA (programmable)
Port PO |P0O0-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 |P1lo, P11 110 N-channel open-drain 4 OP1A PU1, K1 Built-in programmable pull-up
P12/CNTR, 4) IAP1 W6, 11 functions
P13/INT Key-on wakeup functions
(programmable)
Port P2 | P20/AINO 110 N-channel open-drain 2 |OP2A PU2, K2 Built-in programmable pull-up
P21/AIN1 2) 1AP2 Q1 functions
Key-on wakeup functions
(programmable)

LENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONNECTIONS OF UNUSED PINS

Pin Connection Usage condition
XIN Connect to Vss. System operates by the ring oscillator. (Note 1)
Xout Open. System operates by the external clock.
(The ceramic resonator is selected with the CMCK instruction.)
System operates by the RC oscillator.
(The RC oscillation is selected with the CRCK instruction.)
System operates by the ring oscillator. (Note 1)
Do, D1 Open. (Output latch is set to “1.”)
Open. (Output latch is set to “0.”)
Connect to Vss.
D2/C Open. (Output latch is set to “1.”) | The key-on wakeup function is not selected. (Note 4)
D3/K Open. (Output latch is set to “0.”) | The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Connect to Vss. The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
P00-P03 Open. (Output latch is set to “1.”) | The key-on wakeup function is not selected. (Note 4)
Open. (Output latch is set to “0.”) | The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Connect to Vss. The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Plo, P11 Open. (Output latch is set to “1.”) | The key-on wakeup function is not selected. (Note 4)
P12/CNTR Open. (Output latch is set to “0.”) | The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Connect to Vss. The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
P13/INT Open. (Output latch is set to “1.”) | The key-on wakeup function is not selected. The input to INT pin is disabled.
(Notes 4, 5)
Open. (Output latch is set to “0.”) | The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Connect to Vss. The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
P20/AINO Open. (Output latch is set to “1.”) | The key-on wakeup function is not selected. (Note 4)
P21/AIN1 Open. (Output latch is set to “0.”) | The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)
Connect to Vss. The pull-up function and the key-on wakeup function are not selected. (Notes 2, 3)

Notes 1: When the ceramic resonator or the RC oscillation is not selected by program, system operates by the ring oscillator (internal oscillator).
2: When the pull-up function is left valid, the supply current is increased. Do not select the pull-up function.
3: When the key-on wakeup function is left valid, the system returns from the RAM back-up state immediately after going into the RAM back-up state.
Do not select the key-on wakeup function.
4: When selecting the key-on wakeup function, select also the pull-up function.
5: Clear the bit 3 (113) of register I1 to “0” to disable to input to INT pin (after reset: 113 = “0")

(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.

LENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

GLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS

Skip decision
RegisterY|—>| Decoder |[(SZD instruction) T\]

SD instruction

RD instruction

Register Y |—>I Decoder

CLD +—O Do, D1
instruction i (Note 1)
S :
1 )—Li} Hod
| |Jq 7
4 >»>—r oA
77
Pull-up
transistor
Tre<
“L” level —
Key-on wakeup «—{ detection circuit <]

SD instruction

RD instruction ;ED

Register Y |_.I Decoder

SD instruction

RD instruction ;ED

OKA instruction —{T

Skip decision ﬂ <
inst CtLD (SZD instruction) :
Instruction Skip decision Note 1
Y D S
instruction) 1 ¢ D2/C (Note 2)
_ [ t
R Q ,'j :
SCP instruction—{g . .
RCP instructon—|R Q
Pull-up
transistor
T
—
“L" level
Key-on wakeup «— detection circuit
Skip decision <]
(SZD instruction)
<
inst CtLD IAK instruction K
instruction : (Note 1)
_ >—1_D S [ Register A | J\/] L L SDaK(Note 2)
— i
R Q N A
Ao—D 777 beca

Ol

Notes 1: ----{&---- This symbol represents a parasitic diode on the port.
2: Applied potential to ports D2/C and D3/K must be VDD or less.

Port block diagram (1)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Pull-up transistor

.4 (Note 2)

Register A|lAPO instruction —
-
o % i (Note 1)
(Note 2) t
A D v O PO0o, P01 (Note 4)
- !
. ) _ < i
OPOA instruction T Q S i
KOi 7 7
K k inout “L” level }
Ey-on wakeup inpu | detection circuit
Pull-up transistor
o< (Note 3)
Register A|lAPO instruction —
©
o % i (Note 1)
(Note 3) K
& b Y O P02, P03 (Note 4)
< yy
OPOA instruction—T1 0] ﬁ i
KOj e e
“L” level detection

Key-on wakeup <€— circuit

Notes 1: ----1&---- This symbol represents a parasitic diode on the port.
2:irepresents O or 1.

3: jrepresents 2 or 3.
4: Applied potential to port PO must be VDD or less.

Port block diagram (2)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Pull-up transistor

- O (Note 2)
: (Note 2) _‘
“L" level 4 \

: .
Key-on wakeup input detection circuit
IAP1 instruction ©
Register A J/I i
Ai <d ?(Note 1)
(Note 2) '_-—é—o Plo, P11 (Note 3)
Ai D < !
OP1A instruction —|1_Q 77 Veea

Pull-up transistor

] -
Key-on wakeup input detectio

I- -4
— I K12 <

“L” leve

n circuit 4

w2
W2

Clock input for time

o

r 2 event counter

IAP1 instruction <
Register A :
A2 % 4 (Note 1)
}————+—0 P12/CNTR (Note 3)

'_ 1

A2 D < A

H |

OP1Ainstruction —T Q ! 77
Timer 1 or timer 2 underflow| %21 _|
signal divided by 2
K13
“L" level 4 Pull-up transistor
detection circuit
Key-on wakeup input '4
_‘
External O interrupt «—|External interrupt circuit]
- IAP1 instruction ©
Register A :
(Note 1)
A3 AN ?
$—————O P13/INT (Note 3)
A3 D < i
H |

OP1A instruction —|T_ Q| s 7

Notes 1: ----1&---- This symbol represents a parasitic diode on the port.
2:irepresents O or 1.
3: Applied potential to port P1 must be VDD or less.

Port block diagram (3)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

K20 .
Pull-up transistor

Key-on wakeup input <+— L level <
Yy pinp detection circuit E
_‘

- IAP2 instruction ©
Register A J/] ! (Note 1)
Ao <l t
+—0 P20/AINo (Note 3)

Ao D ||— I
OP2A instruction —T__Q jr |

Q1 | i

Q
Analog input g m
K21 Pull-up transistor
“L” level
Key-on wakeup input < detection circuit { E <]
_‘
Register A IAP2 instruction 'e'
A1 <l A (Note 1)
v O P21/AIN1 (Note 3)

AL D I Yy

) ) — '

OP2A instruction T Q] i

777 777

Analog input g m

Notes 1: ----1&---- This symbol represents a parasitic diode on the port.
2:irepresents O or 1.
3: Applied potential to ports P2 and P3 must be VDD or less.

Port block diagram (4)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

© 112 f

(Note) t Falling ___ |One-sided edge

..... detection circuit

Pran— < p= oo | et
Iy Lol
i »' '5:'."’ Both edges _I_:-_-O
777 Sing | detection circuit p.Timer 1 count start

synchronization

’. ’:D—}Wakeup circuit input
fD—»smp
SNZIO instruction

* ----1&---- This symbol represents a parasitic diode on the port.

External interrupt circuit structure
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MITSUBISHI MICROCOMPUTERS

4501 Group

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).

Register E is undefined after system is released from reset and re-
turned from the RAM back-up. Accordingly, set the initial value.

(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).

Register D is undefined after system is released from reset and re-
turned from the RAM back-up. Accordingly, set the initial value.

<Carry>

€Y) \
(M(DP))

Addition> ALU

(A)

<Result>

Fig. 1 AMC instruction execution example

<Clear>
RC instruction

<Set>
SC instruction

EEmm

<Rotation>
RAR instruction

Fig. 2 RAR instruction execution example

Register B TAB instruction Register A

om0

TEAB instruction

RegisterE|E7|E6|E5|E4|E3|E2|E1|E0|

TABE instruction

Immediate field

value p register D

The contents of The contents of
register A

Register B TBA instruction  Register A
Fig. 3 Registers A, B and register E
TABP p instruction ROM ~
Specifying address 8| ,4| 0
- oC l oC N Low-order 4bits
A L L] Register A (4)
LPo[ps [P« [p3]p2[p1|po | |DRADRIDRO A3 [A2 A1 [Ac]
s /N / Middle-order 4 bits
} i L

Register B (4)

-

Fig. 4 TABP p instruction execution example

12
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(5) Stack registers (SKs) 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) |

Executing BM Executing RT

instruction instruction
SKo (SP)=0
SK1 (SP)=1
SK2 (sP)=2
SK3 (SP)=3
SKa (SP) =4
SKs (SP)=5
SKe (SP)=6
SK7 (spP)y=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 SUBL1:
000016 NOP NOP
000116 BM SUB1 :
000215 NOP 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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(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).

* Note

Register Z of data pointer is undefined after system is released
from reset.

Also, registers Z, X and Y are undefined in the RAM back-up. After
system is returned from the RAM back-up, set these registers.

Program counter
A

ps|p5|p4|p3|p2|p1|pol-as|as|as|a3|az|a1|ao

Y Y
PCH PCL
Specifying page Specifying address

Fig. 7 Program counter (PC) structure

Data pointer (DP)
|Zl|Zo|X3|X2|X1|Xo|Y3|Y2|Y1|Yo

%{_A
A

J

“Speciing

RAM digit

Register X (4)

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

Fig. 8 Data pointer (DP) structure

- -- Specifying RAM file

Specifying bit position
Set

D3 D2 D1 Do

L]

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- 0000 987654383210
ure 10 shows the ROM map of M34501M4. 16
S35
16
; Interrupt address page
Table 1 ROM size and pages 895816 p pag
ROM (PROM) size 16 . .
=) t = Subroutine special page
roduc (0 10 bits) ages 8%5816 p pag
M34501M2 2048 words 16 (0 to 15) 16
M34501M4 4096 words 32 (0to 31) !
M34501E4 4096 words 32 (0 to 31) E
A part of page 1 (addresses 008016 to 00FF16) is reserved for in- OFFF16 '

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 017F16) 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.

Page 0
Page 1
Page 2

Page 3

Page 31

Fig. 10 ROM map of M34501M4/M34501E4

008016

008216

008416

008616

008816

008A16

008Ci16

008E1s6

00FF16

98 76 5 43 210
External O interrupt address

Fig. 11 Page 1 (addresses 008016 to 00FF16) structure

LENESANS
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DATA MEMORY (RAM)

1 word of RAM is composed of 4 bits, but 1-bit manipulation (with

Table 2 RAM size

Product RAM size
the SB j, RB j, and SZB j instructions) is enabled for the entire M34501M2 128 words O 4 bits (512 bits)
memory area. A RAM address is specified by a data pointer. The M34501M4 256 words O 4 bits (1024 bits)
data pointer consists of registers Z, X, and Y. Set a value to the M34501E4 256 words O 4 bits (1024 bits)
data pointer certainly when executing an instruction to access
RAM.

Table 2 shows the RAM size. Figure 12 shows the RAM map.
* Note
Register Z of data pointer is undefined after system is released
from reset.
Also, registers Z, X and Y are undefined in the RAM back-up. After
system is returned from the RAM back-up, set these registers.
RAM 256 words [ 4 bits (1024 bits)
Register Z 0
RegisterX |QO | 1|23 |67 | 15
0
1
2
3
4
5
5 6
-
® 8
“ o
10
11
12
13
14
15
Z=0, X=0to 15 H—%—»i 256 words (1024 bits) M34501M4/E4
I | |
Z=0,X=0to 7 f!—»} 128 words (512 bits) M34501M2
|
|

Fig. 12 RAM map
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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 INT |Address 0
pin in page 1

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

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

4 A-D interrupt Completion of Address C
A-D conversion 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 SNZz0 V1o
Timer 1 interrupt T1F SNZT1 V12
Timer 2 interrupt T2F SNZT2 V13
A-D interrupt ADF SNZAD V22

Table 5 Interrupt enable bit function

Interrupt enable bit| Occurrence of interrupt | Skip instruction

1 Enabled Invalid

0 Disabled Valid

LENESANS
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(4) Internal state during an interrupt

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

lows (Figure 14).

* Program counter (PC)
An interrupt address is set in program counter. The address to be
executed when returning to the main routine is automatically
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
“0.”

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

(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.
Write the branch instruction to an interrupt service routine at an in-
terrupt address.

Use the RTI instruction to return from an interrupt service routine.
Interrupt enabled by executing the El instruction is performed after
executing 1 instruction (just after the next instruction is executed).
Accordingly, when the El instruction is executed just before the RTI
instruction, interrupts are enabled after returning the main routine.
(Refer to Figure 13)

Main
routine
Interrupt
service routine

Interrupt ,"""

occurs '_w‘ \/

El

e RTI
Interrupt is "u,
enabled ’~.,. :
4

- |Nterrupt enabled state
===« Interrupt disabled state

Fig. 13 Program example of interrupt processing

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

« Stack register (SK)
The address of main routine to be

executed when returning

* Interrupt enable flag (INTE)
................................................................. [ 0 (interrupt disabled)]

* Interrupt request flag (only the flag for the current interrupt
SOUICE) ..ttt sttt ettt ettt et ettt et st e e sbeenine s

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

Fig. 14 Internal state when interrupt occurs

INT pin
v O/ | Address 0
(L-Hor _OEX/FOO O/O : O in page 1
H- L input) V1o :
Timer 1 Add 4
b — o ol {0 of—foT ofAddress
T1F V12 : in page 1
Timer 2 -O/O O/O OE/O__AddreSSG
underflow T2F V13 ! in page 1
i : Address C
o 1O O O O ftees
ctivate Request fla Enable Enable
Acti at d q flag bl bl
condition  (state retained) bit flag

Fig. 15 Interrupt system diagram
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(6) Interrupt control registers

« Interrupt control register V1
Interrupt enable bits of external O, timer 1 and timer 2 are as-
signed 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

The A-D interrupt enable bit is assigned to register V2. Set the
contents of this register through register A with the TV2A instruc-
tion. 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 Interrupt disabled (SNZT2 instruction is valid
V13 Timer 2 interrupt enable bit P ( - ——— _)
1 Interrupt enabled (SNZT2 instruction is invalid) (Note 2)
) . . 0 Interrupt disabled (SNZT1 instruction is valid
V12 Timer 1 interrupt enable bit P ( - ——— _)
1 Interrupt enabled (SNZT1 instruction is invalid) (Note 2)
V11 Not used cl) This bit has no function, but read/write is enabled.
. . 0 Interrupt disabled (SNZO instruction is valid
V1o External O interrupt enable bit P ( - —— ,)
1 Interrupt enabled (SNZO instruction is invalid) (Note 2)
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002 R/W
O . .
V23 Not used 1 This bit has no function, but read/write is enabled.
. 0 Interrupt disabled (SNZAD instruction is valid
V22 A-D interrupt enable bit L ( - . .)
1 Interrupt enabled (SNZAD instruction is invalid) (Note 2)
V21 Not used 0 This bit has no function, but read/write is enabled.
1
V20 Not used 0 This bit has no function, but read/write is enabled.
1

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: These instructions are equivalent to the NOP instrucion.

(7) Interrupt sequence

Interrupts only occur when the respective INTE flag, interrupt en-
able bits (V1o, V12, V13, V22), and interrupt request flag are “1.”
The interrupt actually occurs 2 to 3 machine cycles after the cycle
in which all three conditions are satisfied. The interrupt occurs after
3 machine cycles only when the three interrupt conditions are sat-
isfied on execution of other than one-cycle instructions (Refer to
Figure 16).
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EXTERNAL INTERRUPTS

The 4501 Group has the external O interrupt. An external interrupt
request occurs when a valid waveform is input to an interrupt input
pin (edge detection).

The external interrupt can be controlled with the interrupt control
register 11.

Table 7 External interrupt activated conditions
Name Input pin Activated condition Valid waveform
selection bit
External O interrupt INT When the next waveform is input to INT pin 111
« Falling waveform (“H” - “L") 112
« Rising waveform (“L" - “H")
« Both rising and falling waveforms
M i 5 TT,_d
! Fallin ___|One-sided edge
(Note) 7Y g detection circuit “_,.Jl\oi;
P13/INT o—s 5 AN p External 0
i : f ' ' P EXFO interrupt
: T
i " I;;s-l-n-g; || Both edges _I_"-_g-"
77 detection circuit p Timer 1 count start
synchronization
}. ’:D—}Wakeup circuit input

fD—»smp
SNZIO instruction

* ----1&---- This symbol represents a parasitic diode on the port.

Fig. 17 External interrupt circuit structure

(1) External O interrupt request flag (EXFO0)
External O interrupt request flag (EXFO) is set to “1” when a valid
waveform is input to INT 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 0 interrupt activated condition
External O interrupt activated condition is satisfied when a valid
waveform is input to INT 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 Set the bit 3 of register I1 to “1” for the INT pin to be in the input
enabled state.

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 SNZO instruction.

O Set both the external O 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 INT pin, the EXFO flag is set to “1” and the
external O interrupt occurs.

LENESANS

21

RenesasTechnology Corp.



MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(2) External interrupt control registers

* Interrupt control register |11
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 |1 to register A.

Table 8 External interrupt control register

Interrupt control register 11 at reset : 00002 at RAM back-up : state retained R/W
113 INT pin input control bit (Note 2) 0 INT pfn fnput disabled
1 INT pin input enabled
0 Falling waveform (“L” level of INT pin is recognized with the SNZI0
11 Interrupt valid waveform for INT pin/ instruction)/“L” level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INT pin is recognized with the SNZI0
instruction)/“H” level
111 INT pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INT pin 0 Disabled
timer 1 control enable bit 1 Enabled

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZO0 in-
struction when the bit 0 (V10) of register V1 to “0”. In this time, set the NOP instruction after the SNZO0 instruction, for the case when a skip is
performed with the SNZO0 instruction.

LENESANS
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(3) Notes on interrupts

O Note [1] on bit 3 of register 11

When the input of the INT pin is controlled with the bit 3 of regis-
ter I1 in software, be careful about the following notes.

« Depending on the input state of the P13/INT pin, the external O in-
terrupt request flag (EXF0) may be set when the bit 3 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit 0 of register V1 to “0” (refer to Figure 180)
and then, change the bit 3 of register I11.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 180).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 180).

O Note [3] on bit 2 of register 11

When the interrupt valid waveform of the P13/INT pin is changed
with the bit 2 of register |1 in software, be careful about the fol-
lowing notes.

Depending on the input state of the P13/INT pin, the external O in-
terrupt request flag (EXF0) may be set when the bit 2 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit O of register V1 to “0” (refer to Figure 200J)
and then, change the bit 2 of register 11 is changed.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 200).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 200).

LA 4 (D 02)

TV1A ; The SNZO instruction is valid ........... O

LA 8 (1M 2)

TI1A ; Control of INT pin input is changed

NOP O

SNZz0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP O

0 : these bits are not used here.

LA 4 (M 02)

TV1A ; The SNZO instruction is valid ........... O

LA 12

TI1A ; Interrupt valid waveform is changed

NOP O

SNZ0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP O

0 : these bits are not used here.

Fig. 18 External O interrupt program example-1

O Note [2] on bit 3 of register 11

When the bit 3 of register I1 is cleared, the RAM back-up mode is
selected and the input of INT pin is disabled, be careful about the
following notes.

* When the key-on wakeup function of port P13 is not used (regis-
ter K13 = “0"), clear bits 2 and 3 of register 11 before system
enters to the RAM back-up mode. (refer to Figure 190).

LA 0 ; (00 2)

TI1A ; Input of INT disabled............cccceeene O
DI

EPOF

POF ; RAM back-up

0 : these bits are not used here.

Fig. 20 External O interrupt program example-3

Fig. 19 External O interrupt program example-2
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TIMERS

The 4501 Group has the following timers.

« Programmable timer
The programmable timer has a reload register and enables the
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).

« Fixed dividing frequency timer
The fixed dividing frequency timer has the fixed frequency divid-
ing ratio (n). An interrupt request flag is set to “1” after every n
count of a count pulse.

FFie |- - — - - - L L L L L L L L
n : Counter initial value
Count starts Reload

nl + \

2nd underflow

™\

1st underflow

N

The contents of counter

0016

v

Time

n+1 count —>|<)— n+1 count —>|

A 1\
ﬂ An interrupt occurs or

a skip instruction is executed.

wqn

Timer interrupt o
request flag 0

|
|
|
|
|
|
|
—
|
|

Fig. 21 Auto-reload function

Prescaler and timers 1 and 2 can be controlled with the timer con-
trol registers W1, W2 and W6. The 16-bit timer is a free counter
which is not controlled with the control register.

Each function is described below.

The 4501 Group timer consists of the following circuits.
» Prescaler : frequency divider
» Timer 1 : 8-bit programmable timer
» Timer 2 : 8-bit programmable timer
(Timers 1 and 2 have the interrupt function, respectively)
* 16-bit timer

Table 9 Function related timers

Circuit Structure Count source Frequency Use of output signal Control
dividing ratio register
Prescaler Frequency divider * Instruction clock 4,16 « Timer 1 and 2 count sources w1
Timer 1 8-bit programmable  Prescaler output (ORCLK) | 1 to 256 « Timer 2 count source w1
binary down counter * CNTR output w2
(link to INT input) « Timer 1 interrupt
Timer 2 8-bit programmable * Timer 1 underflow 1 to 256 * CNTR output w2
binary down counter * Prescaler output (ORCLK)  Timer 2 interrupt
* CNTR input
» System clock
16-bit timer | 16-bit fixed dividing * Instruction clock 65536 * Watchdog timer
frequency binary down (The 16th bit is counted twice)
counter

24
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System clock

Instruction clock

Internal clock

(divided by 3)

A
Division circuit| MRs, MR2
e ho | HE S
divided by 8 |
”””””””” 10
divided by 4 ﬂ:ao
Clock divided by 2 [T ©
XiN O—{generation t H
circut |  tTTTTT

1
1
|
E generating circuit
1
1
1

Timer 1 underflow signal

(Note 2)W11

112
Falling

H
1 1
1 T
X1 Ti 1
- imer
I T o BN v G
' f ® interrupt
|Re|oad register R1 (8)|
TIAB (TR1AB) TIAB
(TAB1) \_plRegister B|[Register (Ta8D) ¥
“?mer 1 underflow signal
W21,W20
607777 W23 (Note 2)
* 1 ~=="
11 N Timer 2 8) Timer 2
ml : TF ™ "interrupt

e T f
>0 ] [Reload register R2 (8)]
(T2AB)
J‘ (TAB2) Register B||Register A
W6o -

16-bit timer (WDT)
Instruction clock—

—

)
P12/CNTR O 'o} !

Wi
P12 output ;-=-=

1/2

(TAB2) ¥

S Q
WRST instruction | ,WPF% Notes 1:
(Note 3)
Reset signal — S Q 2:
WEF 3
DWDT instruction— R
+
WRST instruction
(Note 4) D QI Watchc_iog
WoF2 reset signal 4
TR :

Reset signal J

| 1/2
Timer 2 underflow signal

: When the WRST instruction is executed at

Data is set automatically from each reload
register when timer 1 or 2 underflows
(auto-reload function)

Timer 1 count start synchronous circuit is set
by the valid edge of P13/INT pin selected by
bits 1 (111) and 2 (112) of register 11.

Count source is stopped by clearing to “0.”

WDF1 flag = “1,” WDF1 flag is cleared to “0”
and the next instruction is skipped.

When the WRST instruction is executed at
WDF1 flag = “0,” skip is not executed.

When the DWDT and WRST instructions are
executed continuously, WEF flag is cleared to
“0" and reset by watchdog timer is not executed.

Fig. 22 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
t tate initializ
W13 Prescaler control bit 0 Stop (s. ate alized)
1 Operating
I . ) : 0 Instruction clock divided by 4
W12 Prescaler dividing ratio selection bit - — y
1 Instruction clock divided by 16
W11 Timer 1 control bit 0 Stop (s.tate 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
t tate retain
W23 Timer 2 control bit 0 Stop (s. ate retained)
1 Operating
W22 | Timer 1 count auto-stop circuit selection 0 | Count auto-stop circuit not selected
bit (Note 2) 1 Count auto-stop circuit selected
W21|W20 Count source
w21 0 | 0 | Timer 1 underflow signal
Pri ler output (ORCLK
Timer 2 count source selection bits 041 esca.e output (ORCLK)
W20 1| 0 | CNTR input
1| 1 | System clock
Timer control register W6 at reset : 00002 at RAM back-up : state retained R/W
W63 Not used (1) This bit has no function, but read/write is enabled.
W62 Not used (1) This bit has no function, but read/write is enabled.
Timer 1 underflow signal divided by 2 output
W61 CNTR output selection bit 0 - -g — Y P
1 Timer 2 underflow signal divided by 2 output
P12(1/O)/CNTR input (Note 3
W60 P12/CNTR function selection bit 0 ( - ) p ( )
1 P12 (input)/CNTR input/output (Note 3)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 1 count start synchroniza
3: CNTR input is valid only when CNTR input is selected as the timer

(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 selection of timer 1 count auto-stop cir-
cuit, and the count operation and count source of timer 2. Set the
contents of this register through register A with the TW2A instruc-
tion. The TAW?2 instruction can be used to transfer the contents
of register W2 to register A.

Timer control register W6

Register W6 controls the P12/CNTR pin function and the selec-
tion of CNTR output. Set the contents of this register through
register A with the TW6A instruction. The TAW6 instruction can
be used to transfer the contents of register W6 to register A..

tion circuit is selected.
2 count source.

(2) 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.”
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(3) 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. Stop counting and then ex-
ecute the T1AB instruction to set data to timer 1. Data can be
written to reload 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, INT pin input can be used as the start trigger for timer 1
count operation by setting the bit O of register W1 to “1.”

Also, in this time, the auto-stop function by timer 1 underflow can
be performed by setting the bit 2 of register W2 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 TAB1 in-
struction.

(4) 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. Stop counting and then ex-
ecute the T2AB instruction to set data to timer 2.

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.

(5) Timer interrupt request flags (T1F, T2F)
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).

Use the interrupt control register V1 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.

(6) Count start synchronization circuit (timer 1)
Timer 1 has the count start synchronous circuit which synchronizes
the input of INT pin, and can start the timer count operation.

Timer 1 count start synchronous circuit function is selected by set-
ting the bit 0 of register W1 to “1.” The control by INT pin input can
be performed by setting the bit 0 of register 11 to “1.”

The count start synchronous circuit is set by level change (“H” - “L”
or “L” - “H") of INT pin input. This valid waveform is selected by bits
1 (111) and 2 (112) of register |1 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 the bit 2 of register 11;

* |12 = “0": Falling waveform

* |12 = “1": Rising waveform

When timer 1 count start synchronous circuit is used, the count
start synchronous circuit is set, the count source is input to each
timer by inputting valid waveform to INT pin. Once set, the count
start synchronous circuit is cleared by clearing the bit 110 to “0” or
reset.

However, when the count auto-stop circuit is selected (register W22
= “1"), the count start synchronous circuit is cleared (auto-stop) at
the timer 1 underflow.

(7) Count auto-stop circuit (timer 1)

Timer 1 has the count auto-stop circuit which is used to stop timer
1 automatically by the timer 1 underflow when the count start syn-
chronous circuit is used.

The count auto-stop cicuit is valid by setting the bit 2 of register W2
to “1”. It is cleared by the timer 1 underflow and the count source to
timer 1 is stopped.

This function is valid only when the timer 1 count start synchronous
circuit is selected.
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(8) Timer input/output pin (P12/CNTR pin)
CNTR pin is used to input the timer 2 count source and output the
timer 1 and timer 2 underflow signal divided by 2.

The P12/CNTR pin function can be selected by bit 0 of register W6.
The CNTR output signal can be selected by bit 1 of register W6.
When the CNTR input is selected for timer 2 count source, timer 2
counts the falling waveform of CNTR input.

(9) 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 or 2 counting to change its count source.
Reading the count value
Stop timer 1 or 2 counting and then execute the TAB1 or TAB2
instruction to read its data.
Writing to the timer
Stop timer 1 or 2 counting and then execute the T1AB or T2AB
instruction to write its data.
Writing to reload register R1
When writing data to reload register R1 while timer 1 is operat-
ing, avoid a timing when timer 1 underflows.

CNTR input Y Y

(Note)

Timer 2 count 0316 X 0216 X

N
N

Ol1e X 0016 FFie X FE1s

Timer 2 interrupt

request flag
(T2F)

Note: This is an example when “FF16” is set to timer 2 reload register R2L.

Fig. 23 Count timing diagram at CNTR input
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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 timer
WDT(16-bit binary counter), watchdog timer enable flag (WEF),
and watchdog timer flags (WDF1, WDF2).

The timer WDT downcounts the instruction clocks as the count
source from “FFFF16” after system is released from reset.

After the count is started, when the timer WDT underflow occurs
(after the count value of timer WDT reaches “FFFF16,” the next
count pulse is input), the WDF1 flag is set to “1.”

If the WRST instruction is never executed until the timer WDT un-
derflow occurs (until timer WDT counts 65534), WDF2 flag is set to
“1,” and the RESET pin outputs “L” level to reset the microcom-
puter.

Execute the WRST instruction at each period of 65534 machine
cycle or less by software when using watchdog timer to keep the
microcomputer operating normally.

When the WEF flag is set to “1” after system is released from reset,
the watchdog timer function is valid.

When the DWDT instruction and the WRST instruction are ex-
ecuted continuously, the WEF flag is cleared to “0” and the
watchdog timer function is invalid.

However, in order to set the WEF flag to “1” again once it has
cleared to “0”, execute system reset.

The WRST instruction has the skip function. When the WRST in-
struction is executed while the WDF1 flag is “1”, the WDF1 flag is
cleared to “0” and the next instruction is skipped.

When the WRST instruction is executed while the WDF1 flag is “0”,
the next instruction is not skipped.

The skip function of the WRST instruction can be used even when
the watchdog timer function is invalid.

FFFF16

Value of 16-bit timer (WDT)

000016
WDF1 flag

WDF2 flag

|

|

65534 count |
(Note) !

<« »||U

RESET pin output

[0 Reset
released

watchdog reset signal is output.

executed.

is the instruction clock.

O After system is released from reset (= after program is started), timer WDT starts count down.

O When timer WDT underflow occurs, WDF1 flag is set to “1.”

O When the WRST instruction is executed, WDF1 flag is cleared to “0,” the next instruction is skipped.
O When timer WDT underflow occurs while WDF1 flag is “1,” WDF2 flag is set to “1” and the

O The output transistor of RESET pin is turned “ON” by the watchdog reset signal and system reset is

Note: The number of count is equal to the number of cycle because the count source of watchdog timer

.
0 WRST instruction 00 System reset
executed

(skip executed)

Fig. 24 Watchdog timer function
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When the watchdog timer is used, clear the WDF1 flag at the pe-
riod of 65534 machine cycles or less with the WRST instruction.
When the watchdog timer is not used, execute the DWDT instruc-
tion and the WRST instruction continuously (refer to Figure 25).
The watchdog timer is not stopped with only the DWDT instruction.
The contents of WDF1 flag and timer WDT are initialized at the
RAM back-up mode.

When using the watchdog timer and the RAM back-up mode, ini-
tialize the WDF1 flag with the WRST instruction just before the
microcomputer enters the RAM back-up state (refer to Figure 26)
The watchdog timer function is valid after system is returned from
the RAM back-up. When not using the watchdog timer function, ex-
ecute the DWDT instruction and the WRST instruction continuously
every system is returned from the RAM back-up, and stop the
watchdog timer function.

WRST ; WDF1 flag cleared
DWDT ; Watchdog timer function enabled/disabled
WRST ; WEF and WDF1 flags cleared

Fig. 25 Program example to start/stop watchdog timer

WRST ; WDF1 flag cleared

NOP

DI ; Interrupt disabled
EPOF ; POF instruction enabled
POF

!
Oscillation stop (RAM back-up mode)

Fig. 26 Program example to enter the RAM back-up mode
when using the watchdog timer
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A-D CONVERTER

The 4501 Group has a built-in A-D conversion circuit that performs
conversion by 10-bit successive comparison method. Table 11
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 11 A-D converter characteristics

Parameter Characteristics
Conversion format | Successive comparison method
Resolution 10 bits

Relative accuracy

Linearity error: +2LSB

Non-linearity error: +0.9LSB

Conversion speed

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

Analog input pin 2
| Register B (4) |
| Register A (4) |
1 4y T4
1AP2 4 4
(P20, P21) TAQ1
TQ1A
2 8 8
OP2A
(P20, P21) 013012 Qll TALA| TABAD TADAB
Instruction clock
176 —0O
2
Q13
I i
A-D contr@_i_o\o:_ ADF A-D
= ) @ interrupt
S PR ;
P20/AiNo O—4 %
g
Tcﬂ i Successive comparison
P2UIANLIO—<L— |  © i 07| register (AD) (10)
- Q13
2 Q13 .
E=, DAC PRI N E
£ operation
© signal
o
c
IS
<
[S]
N 8
n DAC sl 8
i b DA converter
(Note 1) VoD
4
| Comparator register (8) |
t k(Note 2) )
J

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 (Q13=1).
The value of the comparator register is retained even when the mode is switched to the A-D conversion
mode (Q13=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. 27 A-D conversion circuit structure
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Table 12 A-D control registers

A-D control register Q1 at reset : 00002 at RAM back-up : state retained R/W
) . . 0 A-D conversion mode
Q13 A-D operation mode selection bit
1 Comparator mode
0
Q12 Not used 1 This bit has no function, but read/write is enabled.
Q11 |Qlo Selected pins
M| analog input pin sefection bit 0 |0 | Ano
nalog input pin selection bits o 1 T Am
Q10 1 | 0 | Notavailable
1 | 1 | Notavailable

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 Q1 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 these instructions dur-
ing 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

Vref = ﬂDn

1024

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 the operation mode and one of ana-
log input pins.

(6) 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 the 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.

O 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 4501 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 28).
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Table 13 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 | VZD
2nd comparison | 01 | 1 | 0 | ..... | 0 | 0 | 0 | VZD N VZD
3rd comparison | 01 | 02 | 1 | ----- | o | 0 | 0 | VZD N VZD . sz
After 10th comparison A-D conversion result Voo 4+ VDD
completes | 01 | 02 | 03 | ..... | 08 | 09 | 0A | ;- Tozs

01: 1st comparison result
03: 3rd comparison result
09: 9th comparison result

[02: 2nd comparison result
[J8: 8th comparison result
JA: 10th comparison result

(7) A-D conversion timing chart
Figure 28 shows the A-D conversion timing chart.

ADST instruction

A-D conversion
completion flag (ADF)

54}— 62 machine cycles —P'

DAC operation signal

]

Fig. 28 A-D conversion timing chart

(8) How to use A-D conversion

How to use A-D conversion is explained using as example in which
the analog input from P21/AIN1 pin is A-D converted, and the high-
order 4 bits of the converted data are stored in address M(Z, X, Y)
= (0, 0, 0), the middle-order 4 bits in address M(Z, X, Y) = (0, 0, 1),
and the low-order 2 bits in address M(Z, X, Y) = (0, 0, 2) of RAM.
The A-D interrupt is not used in this example.

[ Select the AIN1 pin function and A-D conversion mode with the
register Q1 (refer to Figure 29).

O Execute the ADST instruction and start A-D conversion.

0 Examine the state of ADF flag with the SNZAD instruction to de-
termine the end of A-D conversion.

0 Transfer the low-order 2 bits of converted data to the high-order
2 bits of register A (TALA instruction).

O Transfer the contents of register Ato M (Z, X, Y) = (0, 0, 2).

O Transfer the high-order 8 bits of converted data to registers A
and B (TABAD instruction).

O Transfer the contents of register Ato M (Z, X, Y) = (0, O, 1).

O Transfer the contents of register B to register A, and then, store
into M(Z, X, Y) = (0, 0, 0).

(Bit 3) (Bit 0)
o|o|o0|1

A-D control register Q1

ANt pin selected

A-D conversion mode

Fig. 29 Setting registers
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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 Q1 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
8-bit comparator register as a register for setting comparison volt-
ages. 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 in-
struction.

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

VrefZﬂD 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)

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
Note the following when using the analog input pins also for port
P2 function:

Selection of analog input pins

Even when P20/AIN0, P21/AIN1 are set to pins for analog input,
they continue to function as port P2 input/output. Accordingly,
when any of them are used as 1/0 port and others are used as
analog input pins, make sure to set the outputs of pins that are
set for analog input to “1.” Also, the port input function of the pin
functions as an analog input is undefined.

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 A is “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 the bit 3 of register Q1

while the 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

Q1, note the following;

« Clear the bit 2 of register V2 to “0” to change the operating mode
of the A-D converter from the comparator mode to A-D conver-
sion mode with the bit 3 of register Q1.

* 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 the bit 3 of register Q1, and execute the SNZAD instruc-
tion to clear the ADF flag.

ADST instruction

Comparison result
store flag(ADF)

~-a§—— 8 machine cycles —>~

DAC operation signal

%
L

1

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

Fig. 30 Comparator operation timing chart
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(15) Definition of A-D converter accuracy Vn: Analog input voltage when the output data changes from “n” to
The A-D conversion accuracy is defined below (refer to Figure 31). “n+1" (n = 0 to 1022)
* Relative accuracy + 1L.SB at relative accuracy — VEST-VOT )
O Zero transition voltage (Vo) 1022
This means an analog input voltage when the actual A-D con- v
DD

version output data changes from “0” to “1.” « 1LSB at absolute accuracy - —————— (V)
O Full-scale transition voltage (VFST) 1024
This means an analog input voltage when the actual A-D con-
version output data changes from “1023” to "1022.”
0 Linearity error
This means a deviation from the line between Vot and VFsT of
a converted value between Vot and VFsT.
[ 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 |- ————— e 71 —————————————————————

1022 f——————————————— ———— ba
Differential non-linearity error :%a [LSB] /

Li . _c ,
inearity error a [LSB] /
M- —"—"—"—"—"—"—"—"—"—"————— //

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-V1022 }
|
|
|
|

1 |-——————-

0
Vo Vi Vn  Vn+l V1022 VbD

Zero transition voltage (Vor) Analog voltage

Fig. 31 Definition of A-D conversion accuracy
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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.

: Rlng osilllgtg;ggtirnal oscillator) Program starts
' IS counte IMes. (address 0 in page 0)

RESET :

Fig. 32 Reset release timing

Reset input

I Ring oscillator (internal oscillator)

1 machine cycle or more s counted 5359 times.

———> - >
0.85VDD - -cfrmm e y :
' Program starts
RESET . (address 0 in page 0)
0.3VDD ---d---ccmmme e

3
(Nj)te)

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

Fig. 33 RESET pin input waveform and reset operation
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(1) Power-on reset

Reset can be automatically performed at power on (power-on re-
set) by the built-in power-on reset circuit. When the built-in
power-on reset circuit is used, the time for the supply voltage to
rise from 0 V to 2.0 V must be set to 100 ps or less. If the rising

time exceeds 100 ps, connect a capacitor between the RESET pin
and Vss at the shortest distance, and input “L” level to RESET pin
until the value of supply voltage reaches the minimum operating
voltage.

'Q Pull-up transistor

(Note 1) ‘ b,—
(Note 2) * r

RESET pin ( ‘ 4[><r>lntemal reset signal

Power-on reset circuit |

(Note l)i

\Volgate drop detection circuitl

7T

Watchdog reset signal |

Internal reset signal

Reset

Notes 1: --- {4 - -- This symbol represents a parasitic diode.
2: Applied potential to RESET pin must be VDD or less.
3: Keep the value of supply voltage to the minimum value
or more of the recommended operating conditions.

state

Power-on Reset released

Fig. 34 Power-on reset circuit example

Table 14 Port state at reset

Name Function State
Do, D1 Do, D1 High-impedance (Note 1)
D2/C, D3/K D2, D3 High-impedance (Notes 1, 2)
P0o, P01, P02, P03 P00-P0O3 High-impedance (Notes 1, 2)
Plo, P11, P12/CNTR, P13/INT P10-P13 High-impedance (Notes 1, 2)
P20/AiNo, P21/AIN1 P20, P21 High-impedance (Notes 1, 2)

Notes 1: Output latch is set to “1.”
2: Pull-up transistor is turned OFF.
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(2) Internal state at reset

Figure 35 shows internal state at reset (they are the same after sys-
tem is released from reset). The contents of timers, registers, flags
and RAM except shown in Figure 35 are undefined, so set the ini-
tial value to them.

* Program COUNLET (PC) ........c.ovuveureeeeeeeeeeieeeeeeeeeeeseesesseseeneess e seneeneneas [oJoJofofofoJoloJoJoJlolololo]
Address 0 in page O is set to program counter.

e Interrupt enable flag (INTE) .....ooiiiiiiii e s @ (Interrupt disabled)
¢ POWET AOWN FIAG (P) cv.vveeeeeeeeeeeee ettt en et [0]

» External O interrupt request flag (EXFO) .......cooiuiiiiiiiiiiieiiiieit e @

o INLEITUPE CONrOl FEGISIEN V1L ....oeveviceis et (0] 0] 0]0] (Interrupt disabled)
o Interrupt control register V2 ..........cccoiiiiiiiiinii e (Interrupt disabled)
e Interrupt control regiSter 11 ........ocviiiiiiiiii e

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

» Timer 2 interrupt request flag (T2F) .....oooiiiii e E

« Watchdog timer flags (WDFL, WDF2) .........cccouiviieeieeeeeeeseseseesesesees s sese s enen [0]

» Watchdog timer enable flag (WEF) .......oooiiiiiii e

* Timer control register W1
« Timer control register W2
 Timer control register W6
* Clock control register MR
» Key-on wakeup control register KO ...........ccociiiiiiiiiieiiiee e
» Key-on wakeup control register K1 .

» Key-on wakeup control register K2 ...........ccocviiiiiiiiieiiiesee e

* Pull-up control register PUO ..........ccocviiiiiiiiieiiieiiic et

* Pull-up control register PU1 ...

* Pull-up control register PU2 ...........oociiiiiiiiieiiiceiec e

* A-D conversion completion flag (ADF) ......cocueiiiioriieiiie e @
e A-D CONIOl FEGISLEr QL ....v.vvveieieeeiseeeeee ettt s s eeneeeeaees [o]oJo]o0]
¢ CAITY FIAG (CY) cvoreeeeeeeeeeeeeeeeee e n e aen st en e een s [0]
L o111 =L N [o0JoJo]0]
@ REGISIEN B ..ottt ettt et [oJo]o]o]
S REGISIET D ..ottt (oo g |
@ REGISIEN E ..o [opo Jojodaolop [ |
@ REJISET X ... s [0]J0Jo]o0]
© REGISIEI Y oottt [0]0JO0]O]
© REGISIEN Z ..ot
 SEACK POINTET (SP) .evieeeeeeeeeeeecee oottt ee et ee et eas et e e aes s s s neaesennan]
* OsCillation ClOCK .........cooiiiiiiiiic e Ring oscillator (operating)

o CEeramic reSONALON CIFCUIL .....c.oueeiiieiiiee it et ettt Operating

© RC OSCIllAtION CIFCUIL ...ttt sbee e Stop

“0" represents undefined.

Fig. 35 Internal state at reset
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VOLTAGE DROP DETECTION CIRCUIT

The built-in voltage drop detection circuit is designed to detect a
drop in voltage and to reset the microcomputer if the supply voltage
drops below a set value.

¢

Fe======9

PP
:

OQ— Q S[|— EPOF instruction +POF2 instruction

B I (continuousu execution)

R
(Note 1r|_<(:Reset signal
VDD Return input

Voltage drop detection circuit
VRST—+ (Note 2) reset signal

Voltage drop detection circuit

Notes 1: In the RAM back-up mode by the POF2 instruction,
the voltage drop detection circuit stops.
2: When the VDD (supply voltage) is VRST (detection voltage) or less,
the voltage drop detection circuit reset signal is output.

Fig. 36 Voltage drop detection reset circuit

VDD

VRST
(detection voltage)

Voltage drop detection
circuit reset signal

The microcomputer starts

operation after the ring

oscillator (internal oscillator) is
> counted 5359 times.

RESET pin

Notes 1. After system is released from reset, the ring oscillator (internal oscillator)
is selected as the operation clock of the microcomputer.
2: Refer to the voltage drop detection circuit in the electrical characteristics
for the rating value of VRST (detection voltage).
3: The VRST (detection voltage) does not include hysteresis.

Fig. 37 Voltage drop detection circuit operation waveform
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RAM BACK-UP MODE

The 4501 Group has the RAM back-up mode.

When the POF or POF2 instruction is executed continuously after
the EPOF instruction, system enters the RAM back-up state.

The POF or POF2 instruction is equal to the NOP instruction when
the EPOF instruction is not executed before the POF or POF2 in-
struction.

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.

In the RAM back-up mode by the POF instruction, system enters
the RAM back-up mode and the voltage drop detection cicuit keeps
operating.

In the RAM back-up mode by the POF2 instruction, all internal
periperal functions stop.

Table 15 shows the function and states retained at RAM back-up.
Figure 38 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 instruction and
POF or POF2 instruction continuously, the CPU starts executing
the program from address 0 in page 0. In this case, the P flag is
wpn

(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

« voltage drop detection circuit is detected by the voltage drop

In this case, the P flag is “0.”

Table 15 Functions and states retained at RAM back-up

RAM back-up
Function
POF POF2

Program counter (PC), registers A, B, 0 0
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM ) 9
Port level O O
Selected oscillation circuit 9 O
Timer control register W1 O a
Timer control registers W2, W6 O O
Clock control register MR 0 0
Interrupt control registers V1, V2 g O
Interrupt control register 11 ®) O
Timer 1 function U 0
Timer 2 function (Note 3) | (Note 3)
A-D conversion function U 0
Voltage drop detection circuit O (Note 5) O
A-D control register Q1 O O
Pull-up control registers PUO to PU2 ®) O
Key-on wakeup control registers KO to K2 O O
External 0 interrupt request flag (EXFO) O O
Timer 1 interrupt request flag (T1F) O 0
Timer 2 interrupt request flag (T2F) (Note 3) | (Note 3)
Watchdog timer flags (WDF1) O (Note 4)| O (Note 4)
Watchdog timer enable flag (WEF) 0 0
16-bit timer (WDT) O (Note 4)| O (Note 4)
A-D conversion completion flag (ADF) O O
Interrupt enable flag (INTE) O 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 or POF2 instruction.

5: This function is operating in the RAM back-up mode. When the
voltage drop is detected, system reset occurs.

40
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(4) Return signal

An external wakeup signal is used to return from the RAM back-up
mode because the oscillation is stopped. Table 16 shows the return
condition for each return source.

(5) Control registers

.

.

Key-on wakeup control register KO

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

Key-on wakeup control register K1

Register K1 controls the port P1 key-on wakeup function. Set the
contents of this register through register A with the TK1A instruc-
tion. In addition, the TAK1 instruction can be used to transfer the
contents of register KO to register A.

Key-on wakeup control register K2

Register K2 controls the ports P2, D2/C and D3/K key-on wakeup
function. Set the contents of this register through register A with
the TK2A instruction. In addition, the TAK2 instruction can be
used to transfer the contents of register K2 to register A.

Table 16 Return source and return condition

Pull-up control register PUO

Register PUO controls the ON/OFF of the port PO pull-up transis-
tor. Set the contents of this register through register A with the
TPUOA instruction.

Pull-up control register PU1

Register PU1 controls the ON/OFF of the port P1 pull-up transis-
tor. Set the contents of this register through register A with the
TPU1A instruction.

Pull-up control register PU2

Register PU2 controls the ON/OFF of the ports P2, D2/C and D3/
K pull-up transistor. Set the contents of this register through reg-
ister A with the TPU2A instruction.

Interrupt control register 11

Register |11 controls the valid waveform of the external O inter-
rupt, the input control of INT pin and the return input level. Set
the contents of this register through register A with the TI1A in-
struction. In addition, the TAI1 instruction can be used to transfer
the contents of register |1 to register A.

Return source Return condition

Remarks

Port PO Return by an external “L” level in-
Port P1 (Note) | Put.
Port P2

Ports D2/C, D3/K

The key-on wakeup function can be selected by one port unit. Set the port
using the key-on wakeup function to “H” level before going into the RAM
back-up state.

Port P13/INT
(Note)

Return by an external “H” level or
“L” level input. The return level
can be selected with the bit 2
(112) of register I1.

When the return level is input, the
EXFO flag is not set.

External wakeup signal

Select the return level (“L” level or “H” level) with the bit 2 of register I1 ac-
cording to the external state before going into the RAM back-up state.

Note: When the bit 3 (K13) of register K1 is “0”, the key-on wakeup of the INT pin is valid (“H” or “L” level).

Itis “1”, the key-on wakeup of port P13 is valid (“L” level).
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D B E

POF instruction execution Operating POF2 instruction execution
RAM back-up RAM back-up

Operation source clock:

. ceramic resonator .
(Voltage drop detection (All functions of

circuit is operating.) Key-on wakeup Key-on wakeup microcomputer stop)

(Stabilizing time @ ) " |Ring oscillator: stop B (Stabilizing time ® )
RC oscillation circuit: stop

CMCK instruction
execution (Note 3)

POF instruction execution A
Operating POF2 instruction execution
Voltage drop (Stabilizing o i lock:
detected time @ ) Dperation source clock:
Reset »|ring oscillator clock
Ceramic resonator: < Key-on wakeup
Key-on wakeup operating (Note 2) (Stabilizing time @ )
(Stabilizing time @ ) RC oscillation circuit: stop
CRCK instruction
execution (Note 3)
N _ C N _
POF instruction execution . POF2 instruction execution
Operating

Operation source clock:
RC oscillation

Key-on wakeup Key-on wakeup

Ring oscillator: stop <
(Stabilizing time ©) ) Ceramic resonator: stop (Stabilizing time © )
Operation source clock: stop Operation source clock: stop

A4

Stabilizing time @: Microcomputer starts its operation after counting the ring oscillator clock 5359 times by hardware.
Stabilizing time (®): Microcomputer starts its operation after counting the f(XIN) 5359 times by hardware.
Stabilizing time (©): Microcomputer starts its operation after counting the f(XIN) 165 times by hardware.

Notes 1: Continuous execution of the EPOF instruction and the POF or POF2 instruction is required to go into
the RAM back-up state.
2: Through the ceramic resonator is operating, the ring oscillator clock is selected as the operation source clock.
3: The oscillator clock corresponding to each instruction is selected as the operation source clock,
and the ring oscillator is stopped.

Fig. 38 State transition

Power down flag P
) . POF or
EPOF instruction + pOF2 ——15 Ql— ( Program start )
instruction
Reset input—m= —R Yes
POF or
e Setsource «++++ EPOF instruction + POF2 No
instruction
e Clear source..---- Reset input Cold start Warm start
Fig. 39 Set source and clear source of the P flag Fig. 40 Start condition identified example using the SNZP in-

struction
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Table 17 Key-on wakeup control register

control bit

Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained R/W
Port P03 key-on wakeup 0 Key-on wakeup not used
KOs control bit 1 Key-on wakeup used
Port P02 key-on wakeup 0 Key-on wakeup not used
Koz control bit 1 Key-on wakeup used
KO Port PO1 key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used
Port POo key-on wakeup 0 Key-on wakeup not used
Koo control bit 1 Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained R/W
K13 Port P13/INT key-on wakeup 0 P13 key-on wakeup not used/INT pin key-on wakeup used
control bit 1 P13 key-on wakeup used/INT pin key-on wakeup not used
Port P12/CNTR key-on wakeup 0 Key-on wakeup not used
K2 control bit 1 Key-on wakeup used
Port P11 key-on wakeup 0 Key-on wakeup not used
K1 control bit 1 Key-on wakeup used
Port P10 key-on wakeup 0 Key-on wakeup not used
Klo control bit 1 Key-on wakeup used
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained R/W
Port D3/K key-on wakeup 0 Key-on wakeup not used
K2 control bit 1 Key-on wakeup used
Port D2/C key-on wakeup 0 Key-on wakeup not used
K22 control bit 1 Key-on wakeup used
Port P21/AIN1 key-on wakeup 0 Key-on wakeup not used
K21 control bit 1 Key-on wakeup used
. Port P20/AINo key-on wakeup 0 Key-on wakeup not used
1

Key-on wakeup used

Note: “R” represents read enabled, and “W” represents write enabled.
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Table 18 Pull-up control register and interrupt control register

Pull-up control register PUO at reset : 00002 at RAM back-up : state retained w
Port P03 pull-up transistor 0 Pull-up transistor OFF
PUOs control bit 1 Pull-up transistor ON
Port P02 pull-up transistor 0 Pull-up transistor OFF
PUO2 control bit 1 Pull-up transistor ON
Port P01 pull-up transistor 0 Pull-up transistor OFF
PUOL control bit 1 Pull-up transistor ON
Port P0Oo pull-up transistor 0 Pull-up transistor OFF
PU0o control bit 1 Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained W
Port P13/INT pull-up transistor 0 Pull-up transistor OFF
PULs control bit 1 Pull-up transistor ON
Port P12/CNTR pull-up transistor 0 Pull-up transistor OFF
PUL2 control bit 1 Pull-up transistor ON
Port P11 pull-up transistor 0 Pull-up transistor OFF
PULL control bit 1 Pull-up transistor ON
Port P10 pull-up transistor 0 Pull-up transistor OFF
PUlo control bit 1 Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at RAM back-up : state retained W
Port D3/K pull-up transistor 0 Pull-up transistor OFF
PU2s control bit 1 Pull-up transistor ON
Port D2/C pull-up transistor 0 Pull-up transistor OFF
PU22 control bit 1 Pull-up transistor ON
Port P21/AIN1 pull-up transistor 0 Pull-up transistor OFF
PU21 control bit 1 Pull-up transistor ON
Port P20o/AINo pull-up transistor 0 Pull-up transistor OFF
PU20 control bit 1 Pull-up transistor ON
Interrupt control register 11 at reset : 00002 at RAM back-up : state retained R/W
113 INT pin input control bit (Note 2) 0 INT p!n !nput disabled
1 INT pin input enabled
0 Falling waveform (“L” level of INT pin is recognized with the SNZIO
2 Interrupt valid waveform for INT pin/ instruction)/“L" level
return level selection bit (Note 2) 1 Rising waveform (“H” level of INT pin is recognized with the SNZIO
instruction)/“H” level
111 INT pin edge detection circuit control bit 0 One-sided edge detected
1 Both edges detected
1o INT pin 0 Disabled
timer 1 control enable bit 1 Enabled

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

2: When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZO0 in-
struction when the bit 0 (V10) of register V1 to “0”. In this time, set the NOP instruction after the SNZO0 instruction, for the case when a skip is
performed with the SNZO0 instruction.

LENESANS

“ RenesasTechnology Corp.



MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CLOCK CONTROL
The clock control circuit consists of the following circuits.
« Ring oscillator (internal oscillator)
Ceramic oscillator

RC oscillation circuit

Multi-plexer (clock selection circuit)
Frequency divider

Internal clock generating circuit

.

The system clock and the instruction clock are generated as the
source clock for operation by these circuits.

Figure 41 shows the structure of the clock control circuit.

The 4501 Group operates by the ring oscillator clock (f(RING))
which is the internal oscillator after system is released from reset.
Also, the ceramic resonator or the RC oscillation can be used for
the source oscillation (f(XiN)) of the 4501 Group. The CMCK in-
struction or CRCK instruction is executed to select the ceramic
resonator or RC oscillator, respectively.

Rin

(internal oscillator)
(Note 1)

g oscillator

R

-

C oscillation circuit|—s

Ceramic resonator
circuit

——H

pliz

Division circuit MRs3, MR2
,,,,,,,,,,,,,, ri7"TTm —» System clock
divided by 8 t 1
I '10 ! Internal clock
| divided by 4 | 01 i generation circuit Instruction clock
divided by 2 T 00 ! (divided by 3)
. 1 1
Multiplexer —o ! Counter
7Y
@S]
QR Wait time (Note 2)» Program
control circuit start signal
Qs CRCK instruction
RL 4
Qs Gich
R instruction
—
Qs RESET pin

Notes 1: System operates by the ring oscillator clock (f(RING)) until the CMCK or CRCK instruction

is executed after system is released from reset.

2: The wait time control circuit is used to generate the time required to stabilize the f(XIN) oscillation.
After the certain oscillation stabilizing wait time elapses, the program start signal is output.
This circuit operates when system is released from reset or returned from RAM back-up.

1 EPOF instruction +| POF2

Key-on wakeup signal

POF or

instruction

Fig. 41 Clock control circuit structure
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The ceramic resonator or RC oscillation can be used for the source
oscillation of the MCU. i _
After system is released from reset, the MCU starts operation by Ring OSC'_"ator
the clock output from the ring oscillator which is the internal oscilla- operation

tor. \
When the ceramic resonator is used, execute the CMCK instruc- W

(1) Selection of source oscillation (f(XIN))

tion. When the RC oscillation is used, execute the CRCK
instruction. The oscillation circuit by the CMCK or CRCK instruction - - — -
can be selected only at once. The oscillation circuit corresponding * Ceramic resonator valid| + RC oscillation valid

to the first executed one of these two instructions is valid. Other os- * Ring Os_c'lk_ator stop * Ring o§C|IIator stop
cillation circuit and the ring oscillator stop. * RC oscillation stop + Ceramic resonator stop

Execute the CMCK or the CRCK instruction in the initial setting rou-
tine of program (executing it in address 0 in page 0 is  Fig. 42 Switch to ceramic resonance/RC oscillation
recommended). Also, when the CMCK or the CRCK instruction is
not executed in program, the MCU operates by the ring oscillator.

4501 + Do not use the CMCK instruction
(2) Ring oscillator operation and CRCK instruction in program.
When the MCU operates by the ring oscillator as the source oscil- XN Xout
lation (f(XIN)) without using the ceramic resonator or the RC 717
oscillator, connect XIN pin to Vss and leave XouT pin open (Figure
43).

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.
Be careful that variable frequencies when designing application

Fig. 43 Handling of XiN and XouT when operating ring oscillator

products.
. 4501 * Execute the CMCK instruc-
(3) Ceramic resonator tion in program.
When the ceramic resonator is used as the source oscillation XIN XOouT
(f(XIN)), connect the ceramic resonator and the external circuit to Note: Externally connect a damping
. d h h di h h resistor Rd depending on the
pins XIN and XouT at the shortest distance. Then, execute the Rd oscillation frequency.
CMCK instruction. A feedback resistor is built in between pins XIN (A feedback resistor is built-in.)
and Xourt (Figure 44). 1 D Use the resonator manu-
CIN —— couT facturer’'s recommended value
. . because constants such as ca-
(4) RC oscillation l pacitance depend on the
When the RC oscillation is used as the source oscillation (f(XIN)), 777 resonator.
connect the XIN pin to the external circuit of resistor R and the ca-
pacitor C at the shortest distance and leave XouT pin open. Then, Fig. 44 Ceramic resonator external circuit
execute the CRCK instruction (Figure 45).
The frequency is affected by a capacitor, a resistor and a micro-
computer. So, set the constants within the range of the frequency 4501 % Execute the CRCK
limits. instruction in program
R XIN XouT prog ’
T

Fig. 45 External RC oscillation circuit
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(5) External clock
When the external signal clock is used as the source oscillation
(f(XIN)), connect the XIN pin to the clock source and leave XouT pin

open. Then, execute the CMCK instruction (Figure 46). * Execute the CMCK

Be careful that the maximum value of the oscillation frequency 4501 instruction in program.
when using the external clock differs from the value when using the

ceramic resonator (refer to the recommended operating condition). XIN Xout | VoD m
Also, note that the RAM back-up mode (POF and POF2 instruc- Vss

tions) cannot be used when using the external clock.

(6) Clock control register MR External oscillation circuit
Register MR controls system clock. Set the contents of this register
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.

Fig. 46 External clock input circuit

Table 19 Clock control register MR

Clock control register MR at reset : 11002 at RAM back-up : 11002 R/W
MR3|MR2 System clock
MR3 0 | 0 | foxin) (high-speed mode)
System clock selection bits 0 | 1 | f(XiN)/2 (middle-speed mode)
MR2 1| 0 | f(XiN)/4 (low-speed mode)
1 | 1 | f(XIN)/8 (default mode)

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

MRo Not used

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

Rl OO

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

ROM ORDERING METHOD

Please submit the information described below when ordering

Mask ROM.

(1) Mask ROM Order Confirmation FOrM ..........cccccooveeriiieniineennns 1

(2) Data to be written into mask ROM ...........ccocoveviinennnn. EPROM
(three sets containing the identical data)

(3) Mark Specification FOrm .........ccccooiriieniiiiiiiiicieceee s 1
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LIST OF PRECAUTIONS

I:I|Noise and latch-up prevention|
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.
In the One Time PROM version, CNVss pin is also used as Vprp
pin. Accordingly, when using this pin, connect this pin to Vss
through a resistor about 5 kQ (connect this resistor to CNVss/
VPP pin as close as possible).

O|Register initial values 1|
The initial value of the following registers are undefined after sys-
tem is released from reset. After system is released from reset,
set initial values.
* Register Z (2 bits)
* Register D (3 bits)
» Register E (8 bits)

O|Register initial values 2 |

The initial value of the following registers are undefined at RAM
back-up. After system is returned from RAM back-up, set initial
values.

* Register Z (2 bits)

* Register X (4 bits)

* Register Y (4 bits)

* Register D (3 bits)

* Register E (8 bits)

[ |Stack registers (SKs) and stack pointer (SP)|
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. Accord-
ingly, be careful not to over the stack when performing these
operations together.

O|Prescaler

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

E|Timer count source|
Stop timer 1 or 2 counting to change its count source.

0|Reading the count value |
Stop timer 1 or 2 counting and then execute the TAB1 or TAB2
instruction to read its data.

O|Writing to the timer

Stop timer 1 or 2 counting and then execute the T1AB or T2AB
instruction to write its data.

O|writing to reload register R1
When writing data to reload register R1 while timer 1 is operat-
ing, avoid a timing when timer 1 underflows.

©watchdog timer

* The watchdog timer function is valid after system is released
from reset. When not using the watchdog timer function, execute
the DWDT instruction and the WRST instruction continuously,
and clear the WEF flag to “0” to stop the watchdog timer function.
The watchdog timer function is valid after system is returned from
the RAM back-up. When not using the watchdog timer function,
execute the DWDT instruction and the WRST instruction continu-
ously every system is returned from the RAM back-up, and stop
the watchdog timer function.

@Multifunction

» The input/output of D2, D3, P12 and P13 can be used even when
C, K, INT and CNTR (input) are selected.

* The input of P12 can be used even when CNTR (output) is selected.

* The input/output of P20 and P21 can be used even when AiNo and
AIN1 are selected.

©@|Program counter

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

B|POF and POF?2 instructions
When the POF or POF2 instruction is executed continuously af-
ter the EPOF instruction, system enters the RAM back-up state.
Note that system cannot enter the RAM back-up state when ex-
ecuting only the POF or POF2 instruction.
Be sure to disable interrupts by executing the DI instruction be-
fore executing the EPOF instruction and the POF or POF2
instruction continuously.

“[p13/INT pin

Note [1] on bit 3 of register 11
When the input of the INT pin is controlled with the bit 3 of regis-
ter 11 in software, be careful about the following notes.

» Depending on the input state of the P13/INT pin, the external O in-
terrupt request flag (EXFO) may be set when the bit 3 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit 0 of register V1 to “0” (refer to Figure 4701)
and then, change the bit 3 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 470).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO instruction (refer to Figure 470).

LA 4 (0D 02)

TV1A ; The SNZO instruction is valid ........... O

LA 8 (1M 2)

TI1A ; Control of INT pin input is changed

NOP e ————————— O

SNZ0 ; The SNZO instruction is executed

(EXFO flag cleared)

NOP e ————————— O

: 0 : these bits are not used here.

Fig. 47 External 0 interrupt program example-1
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Note [2] on bit 3 of reqister 11

When the bit 3 of register I1 is cleared, the RAM back-up mode is
selected and the input of INT pin is disabled, be careful about the
following notes.

* When the key-on wakeup function of port P13 is not used (regis-

ter K13 = “0"), clear bits 2 and 3 of register |11 before system
enters to the RAM back-up mode. (refer to Figure 480).

LA 0 ; (oo 2)

TI1A ; Input of INT disabled........................ O
DI

EPOF

POF ; RAM back-up

O : these bits are not used here.

®|Power-on reset

Reset can be automatically performed at power on (power-on re-
set) by the built-in power-on reset circuit. When the built-in
power-on reset circuit is used, the time for the supply voltage to
rise from O V to 2.0 V must be set to 100 s or less. If the rising
time exceeds 100 ps, connect a capacitor between the RESET
pin and Vss at the shortest distance, and input “L” level to RE-
Sﬁpin until the value of supply voltage reaches the minimum
operating voltage.

©|Clock control

Execute the CMCK or the CRCK instruction in the initial setting
routine of program (executing it in addres 0 in page 0 is recom-
mended).

The oscillation circuit by the CMCK or CRCK instruction can be
selected only at once. The oscillation circuit corresponding to the
first executed one of these two instruction is valid. Other oscilla-
tion circuits and the ring oscillator stop.

Fig. 48 External O interrupt program example-2

Note [3] on bit 2 of register 11

When the interrupt valid waveform of the P13/INT pin is changed
with the bit 2 of register I1 in software, be careful about the fol-
lowing notes.

Depending on the input state of the P13/INT pin, the external O in-
terrupt request flag (EXFO) may be set when the bit 2 of register
11 is changed. In order to avoid the occurrence of an unexpected
interrupt, clear the bit O of register V1 to “0” (refer to Figure 490)
and then, change the bit 2 of register I1.

In addition, execute the SNZO0 instruction to clear the EXFO flag
after executing at least one instruction (refer to Figure 4901).
Also, set the NOP instruction for the case when a skip is per-
formed with the SNZO0 instruction (refer to Figure 490).

LA 4 (00 02)

TV1A ; The SNZO instruction is valid ........... O

LA 12

TI1A ; Interrupt valid waveform is changed

NOP O

SNZ0 ; The SNZO instruction is executed
(EXFO flag cleared)

NOP O

[ : these bits are not used here.

@ Ring oscillator

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

Also, the oscillation stabilize wait time after system is released
from reset is generated by the ring oscillator clock. When consid-
ering the oscillation stabilize wait time after system is released
from reset, be careful that the variable frequency of the ring oscil-
lator clock.

External clock|

When the external signal clock is used as the source oscillation
(f(XIN)), note that the RAM back-up mode (POF and POF2 in-
structions) cannot be used.

Fig. 49 External O interrupt program example-3
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Notes for the use of A-D conversion 1

Note the following when using the analog input pins also for port
P2 function:

Selection of analog input pins

Even when P20/AiNo and P21/AIN1 are set to pins for analog in-
put, they continue to function as port P2 input/output.
Accordingly, when any of them are used as I/O port and others
are used as analog input pins, make sure to set the outputs of
pins that are set for analog input to “1.” Also, the port input func-
tion of the pin functions as an analog input is undefined.

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 A is “0.”

©|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 the bit 3 of register
Q1 while the 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 regis-
ter Q1, note the following;

Clear the bit 2 of register V2 to “0” (refer to Figure 500) to
change the operating mode of the A-D converter from the com-
parator mode to A-D conversion mode with the bit 3 of register
QL.

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 the bit 3 of register Q1, and execute the SNZAD instruc-
tion to clear the ADF flag.

LA 8 ; (00m 2)

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

LA 0 ;(omn  2)

TQ1A ; Operation mode of A-D converter is
changed from comparator mode to A-D
conversion mode.

SNZAD

NOP

0 : these bits are not used here.

Fig. 50 External 0 interrupt program example-3

@[Notes for the use of A-D conversion 3|

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
51).

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 52. In addition, test
the application products sufficiently.

Sensor _L AIN

;

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

Fig. 51 Analog input external circuit example-1

About 1kQ

’\/\/\/_L AIN

;

Sensor

Fig. 52 Analog input external circuit example-2
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CONTROL REGISTERS

Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 R/W
o - - — -
Vis Timer 2 interrupt enable bit Interrupt disabled (SNZTZllnstructhlonhls.valld.)
1 Interrupt enabled (SNZT2 instruction is invalid) (Note 2)
o - - — -
Vo Timer 1 interrupt enable bit Interrupt disabled (SNZTlllnstructhlon.|s.va||d.)
1 Interrupt enabled (SNZT1 instruction is invalid) (Note 2)
Vi1 Not used 2 This bit has no function, but read/write is enabled.
o - - — -
V1o External 0 interrupt enable bit Interrupt disabled (SNZ0 -|nstruct-|0n-|s‘val|d‘)
1 Interrupt enabled (SNZO0 instruction is invalid) (Note 2)
Interrupt control register V2 at reset : 00002 at RAM back-up : 00002 R/W
0
V23 Not used 1 This bit has no function, but read/write is enabled.
0 Int t di | NZAD instruction i li
V22 A-D interrupt enable bit nterrupt disabled (S .lns ruc.|on'|s.va |d)
1 Interrupt enabled (SNZAD instruction is invalid) (Note 2)
V21 Not used 2 This bit has no function, but read/write is enabled.
V20 Not used 2 This bit has no function, but read/write is enabled.
Interrupt control register 11 at reset : 00002 at RAM back-up : state retained R/W
L . INT pin i t di |
113 INT pin input control bit (Note 3) 0 p?n !npu disabled
1 INT pin input enabled
0 Falling waveform (“L” level of INT pin is recognized with the SNZI0O
112 Interrupt valid waveform for INT pin/ instruction)/“L” level
return level selection bit (Note 3) 1 Rising waveform (“H” level of INT pin is recognized with the SNZI0
instruction)/“H" level
111 INT pin edge detection circuit control bit One-sided edge detected
1 Both edges detected
110 INT pin 0 Disabled
timer 1 control enable bit 1 Enabled
Clock control register MR at reset : 11002 at RAM back-up : 11002 R/W
MR3|MR2 System clock
MR3 0 | 0 | foxin) (high-speed mode)
System clock selection bits 0 | 1 | f(XiN)/2 (middle-speed mode)
MR2 1| 0 | f(XiN)/4 (low-speed mode)
1| 1 | f(XiNn)/8 (default mode)
0
MR1 | Not used 1 This bit has no function, but read/write is enabled.
0
MRo Not used 1 This bit has no function, but read/write is enabled.

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: These instructions are equivalent to the NOP instruction.
3: When the contents of 112 and 113 are changed, the external interrupt request flag EXFO may be set. Accordingly, clear EXFO flag with the SNZ0 in-
struction when the bit 0 (V10) of register V1 to “0”. In this time, set the NOP instruction after the SNZO0 instruction, for the case when a skip is
performed with the SNZO0 instruction.
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Timer control register W1 at reset : 00002 at RAM back-up : 00002 R/W
W13 Prescaler control bit 0 Stop (state initialized)
1 Operating
- . . . Instruction clock divided by 4
W12 Prescaler dividing ratio selection bit 0 - — y
1 Instruction clock divided by 16
W11 Timer 1 control bit 0 Stop (state retained)
1 Operating
Wilo 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
W23 Timer 2 control bit 0 Stop (state retained)
1 Operating
W22 | Timer 1 count auto-stop circuit selection 0 | Count auto-stop circuit not selected
bit (Note 2) 1 Count auto-stop circuit selected
W21\W20 Count source
w21 0 | 0 | Timer 1 underflow signal
) . . 0 | 1 | Prescaler output (ORCLK
Timer 2 count source selection bits - put ( )
W20 1| 0 | CNTR input
1| 1 | System clock
Timer control register W6 at reset : 00002 at RAM back-up : state retained R/W
0 - ) L
W63 Not used This bit has no function, but read/write is enabled.
1
0 - ) L
W62 Not used 1 This bit has no function, but read/write is enabled.
) . 0 Timer 1 underflow signal divided by 2 output
W61 CNTR output selection bit - - —
P 1 Timer 2 underflow signal divided by 2 output
P12(1/O)/ICNTR input (Note 3
W60 P12/CNTR function selection bit 0 ( - ) p ( )
1 P12 (input)/CNTR input/output (Note 3)
A-D control register Q1 at reset : 00002 at RAM back-up : state retained R/W
) . . 0 A-D conversion mode
Q13 A-D operation mode selection bit
1 Comparator mode
0
Q12 Not used 1 This bit has no function, but read/write is enabled.
Q11|Qlo Selected pins
o Analog input pi lection bit: 0 | 0] Amo
nalog input pin selection bits
g inputp 0 1 | AN
Q10 1 | 0 | Notavailable
1 | 1 | Notavailable

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: This function is valid only when the timer 1 count start synchronization circuit is selected.
3: CNTR input is valid only when CNTR input is selected as the timer 2 count source.
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Key-on wakeup control register KO at reset : 00002 at RAM back-up : state retained R/W
Port P03 key-on wakeup 0 Key-on wakeup not used
KOs control bit 1 Key-on wakeup used
Port PO2 key-on wakeup 0 Key-on wakeup not used
Koz control bit 1 Key-on wakeup used
Port P01 key-on wakeup 0 Key-on wakeup not used
K1 control bit 1 Key-on wakeup used
Port POo key-on wakeup 0 Key-on wakeup not used
Koo control bit 1 Key-on wakeup used
Key-on wakeup control register K1 at reset : 00002 at RAM back-up : state retained R/W
K13 Port P13/INT key-on wakeup 0 P13 key-on wakeup not used/INT pin key-on wakeup used
control bit 1 P13 key-on wakeup used/INT pin key-on wakeup not used
Port P12/CNTR key-on wakeup 0 Key-on wakeup not used
K2 control bit 1 Key-on wakeup used
Port P11 key-on wakeup 0 Key-on wakeup not used
Kl control bit 1 Key-on wakeup used
Port P10 key-on wakeup 0 Key-on wakeup not used
Klo control bit 1 Key-on wakeup used
Key-on wakeup control register K2 at reset : 00002 at RAM back-up : state retained R/W
Port D3/K key-on wakeup 0 Key-on wakeup not used
K23 control bit 1 Key-on wakeup used
Port D2/C key-on wakeup 0 Key-on wakeup not used
K22 control bit 1 Key-on wakeup used
Port P21/AIN1 key-on wakeup 0 Key-on wakeup not used
K21 control bit 1 Key-on wakeup used
K20 Port P20/AINo key-on wakeup 0 Key-on wakeup not used
control bit 1 Key-on wakeup used

Note: “R” represents read enabled, and “W” represents write enabled.
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Pull-up control register PUO at reset : 00002 at RAM back-up : state retained W
Port P03 pull-up transistor 0 Pull-up transistor OFF
PUOs control bit 1 Pull-up transistor ON
Port P02 pull-up transistor 0 Pull-up transistor OFF
PU02 control bit 1 Pull-up transistor ON
Port P01 pull-up transistor 0 Pull-up transistor OFF
PU0z control bit 1 Pull-up transistor ON
Port P0Oo pull-up transistor 0 Pull-up transistor OFF
PU0o control bit 1 Pull-up transistor ON
Pull-up control register PU1 at reset : 00002 at RAM back-up : state retained w
Port P13/INT pull-up transistor 0 Pull-up transistor OFF
PULs control bit 1 Pull-up transistor ON
Port P12/CNTR pull-up transistor 0 Pull-up transistor OFF
pUL2 control bit 1 Pull-up transistor ON
Port P11 pull-up transistor 0 Pull-up transistor OFF
PULL control bit 1 Pull-up transistor ON
Port P10 pull-up transistor 0 Pull-up transistor OFF
PUlo control bit 1 Pull-up transistor ON
Pull-up control register PU2 at reset : 00002 at RAM back-up : state retained W
Port D3/K pull-up transistor 0 Pull-up transistor OFF
PU23 control bit 1 Pull-up transistor ON
Port D2/C pull-up transistor 0 Pull-up transistor OFF
pU22 control bit 1 Pull-up transistor ON
Port P21/AIN1 pull-up transistor 0 Pull-up transistor OFF
PU21 control bit 1 Pull-up transistor ON
Port P20/AINo pull-up transistor 0 Pull-up transistor OFF
PU20 control bit 1 Pull-up transistor ON

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

The 4501 Group has the 111 instructions. Each instruction is de-

scribed as follows;

(1) Index list of instruction function

(2) Machine instructions (index by alphabet)
(3) Machine instructions (index by function)
(4) Instruction code table

SYMBOL

The symbols shown below are used in the following list of instruc-

tion function and the machine instructions.

Symbol Contents Symbol Contents
A Register A (4 bits) WDF1 Watchdog timer flag
B Register B (4 bits) WEF Watchdog timer enable flag
DR Register D (3 bits) INTE Interrupt enable flag
E Register E (8 bits) EXFO External O interrupt request flag
Q1 A-D control register Q1 (4 bits) P Power down flag
V1 Interrupt control register V1 (4 bits) ADF A-D conversion completion flag
V2 Interrupt control register V2 (4 bits)
11 Interrupt control register |1 (4 bits) D Port D (4 bits)
w1 Timer control register W1 (4 bits) PO Port PO (4 bits)
w2 Timer control register W2 (4 bits) P1 Port P1 (4 bits)
w6 Timer control register W6 (4 bits) P2 Port P2 (2 bits)
MR Clock control register MR (4 bits) C Port C (1 bit)
KO Key-on wakeup control register KO (4 bits) K Port K (1 bit)
K1 Key-on wakeup control register K1 (4 bits)
K2 Key-on wakeup control register K2 (4 bits) X Hexadecimal variable
PUO Pull-up control register PUO (4 bits) y Hexadecimal variable
PU1 Pull-up control register PU1 (4 bits) z Hexadecimal variable
PU2 Pull-up control register PU2 (4 bits) p Hexadecimal variable
X Register X (4 bits) n Hexadecimal constant
Y Register Y (4 bits) i Hexadecimal constant
z Register Z (2 bits) j Hexadecimal constant
DP Data pointer (10 bits) A3A2A1A0 Binary notation of hexadecimal variable A

(It consists of registers X, Y, and Z) (same for others)

PC Program counter (14 bits)
PCH High-order 7 bits of program counter - Direction of data movement
PCL Low-order 7 bits of program counter - Data exchange between a register and memory
SK Stack register (14 bits O 8) ? Decision of state shown before “?”
SP Stack pointer (3 bits) () Contents of registers and memories
CY Carry flag — Negate, Flag unchanged after executing instruction
R1 Timer 1 reload register M(DP) RAM address pointed by the data pointer
R2 Timer 2 reload register a Label indicating address a6 as a4 a3 a2 a1 ao
Tl Timer 1 p, a Label indicating address a6 as a4 a3 az a1 ao
T2 Timer 2 in page ps p4 p3 p2 p1 po
T1F Timer 1 interrupt request flag C Hex. C + Hex. number x (also same for others)
T2F Timer 2 interrupt request flag +

Note : Some instructions of the 4501 Group has the skip function to unexecute the next described instruction. The 4501 Group just invalidates the next instruc-
tion 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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INDEX LIST OF INSTRUCTION FUNCTION

Group- ) . Group-
ricri;p Mnemonic Function Page rig;p Mnemonic Function Page
TAB (A) < (B) 75, 88 XAMI j (A) « = (M(DP)) 87, 88
»‘E (X) « (X)EXOR(j)
TBA (B) « (A) 81, 88 < j=0to 15
5 V) «(0)+1
TAY (A) < (V) 81, 88 @
(o]
O |TMA]j (M(DP)) — (A) 83, 88
TYA (Y) < (A) 86, 88 ; (X) — (X)EXOR()
é j=0to 15
TEAB (E7—E4) ~ (B) 82, 88
ko] (E3-E0) — (A) LAn (A) < n 66, 90
[}
= n=0to 15
S |TABE (B) — (E7-E4) 76, 88
Q
5 (A) — (E3-E0) TABPp |(SP) < (SP)+1 76, 90
(@]
] (SK(SP)) ~ (PC)
‘E TDA (DR2-DR0) « (A2-A0) 82, 88 (PCH) — p (Note)
2 (PCL) — (DR2-DRo, A3-A0)
> |TAD (A2—-A0) — (DR2-DRo) 77, 88 (B) « (ROM(PC))7—4
@ (A3) < 0 (A) — (ROM(PC))3-0
(PC) < (SK(SP))
TAZ (A1, Ao) « (Z1, Z0) 81, 88 (SP) < (SP)-1
(A3, A2) - O
AM (A) < (A) + (M(DP)) 60, 90
TAX A) « X 81, 88
AMC (A) < (A) + (M(DP)) + (CY) 60, 90
TASP (A2—-A0) ~ (SP2-SPo) 79, 88 (CY) ~ Carry
(A3) -~ 0
c
S |An (A) < (A) +n 60, 90
LXY X,y |(X) - xx=0to0 15 66, 88 g n=0to15
(Y) - yy=0to15 &
] )
b T |AND (A) < (A) AND (M(DP)) 61, 90
8 |zz @ -22=0t03 66, 88 E
° =
S < |[OR (A) < (A) OR (M(DP)) 68, 90
= Ny (Y) « (V) +1 66, 88
o sc (cY) <1 71,90
DEY ) < (V)-1 63, 88
RC (CY) <0 69, 90
TAM (A) < (M(DP)) 78, 88
(X) « (X)EXOR(j) szc (cYy)=07? 74,90
= j=0to 15
() _
iz CMA A) < (A 63, 90
g |XAM]j (A) « - (M(DP)) 87, 88
g (X) « (X)EXOR(j) RAR B q 69, 90
S j=0to15
Q
e
s [XAMDj [(A) = — (M(DP)) 87, 88
& (X) — (X)EXORG)
j=0to15
) - (n)-1

Note: p is 0 to 15 for M34501M2,
pis 0 to 31 for M34501M4/EA4.
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INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grizgp- Mnemonic Function Page Grig;p- Mnemonic Function Page
SBj (Mj(DP)) — 1 71,90 DI (INTE) - 0 64, 94
j=0to3
< El (INTE) - 1 64, 94
g |[RBj (Mj(DP)) < 0 69, 90
‘é& j=0to3 SNZ0 V10 = 0: (EXF0) = 1 ? 72,94
= After skipping, (EXFO) ~ 0
SZBj (Mj(DP)) =0 ? 74,90 V10 = 1: SNZ0 = NOP
j=0to 3
- |sNzio 12=1:(INT)="“H"? 73,94
S _ |SEAM (A) = (M(DP)) ? 72,90 % 12=0: (INT)=“L" ?
2 9 @
g B g
2 g |SEAn (A)y=n? 72,90 = [TAv1 (A) < (V1) 79, 94
8 ° n=0to 15 2
2 |via (V1) < (A) 85, 94
Ba (PCL) « as-ao 61, 92 B
5 TAV2 (A) < (V2) 80, 94
T |[BLp,a (PCH) « p (Note) 61, 92
g8 (PCL) — as-ao TV2A (V2) « (A) 85, 94
S
8 |[BLAD (PCH) — p (Note) 61, 92 TAIL (A) < (11) 77,94
@ (PCL) — (DR2-DR0, A3-A0)
TIZA (1) - (A) 82, 94
BMa (SP) « (SP) +1 62, 92
(SK(SP)) — (PC) TAW1 (A) — (W1) 80, 94
(PCH) ~ 2
(PCL)  a6-a0 TWI1A (W1) « (A) 85, 94
s
B [BMLp,a [(SP) — (SP)+1 62, 92 TAW?2 (A) — (W2) 80, 94
g (SK(SP)) - (PC)
@ (PCH) < p (Note) TW2A (W2) < (A) 86, 94
§ (PCL) ~ as-ao
5 TAW6 (A) « (W) 80, 94
O IBMLAp [(SP) < (SP) +1 62,92
(SK(SP)) — (PC) TW6A (W6) — (A) 86, 94
(PCH) — p (Note) 1S
(PCL) — (DR2-DRo, A3—A0) g TAB1 (B) « (T17-T14) 75, 94
s (A) « (T13-T10)
RTI (PC) — (SK(SP)) 70, 92 E
(SP) < (SP)-1 £ [T1AB (R17-R14)  (B) 75, 94
(T17-T14) ~ (B)
RT (PC) « (SK(SP)) 70, 92 (R13-R10)  (A)
(SP) < (SP)-1 (T13-T10) < (A)
S
g RTS (PC) «— (SK(SP)) 70, 92 TAB2 (B) — (T27-T24) 76, 94
g (SP) — (SP) -1 (A) « (T23-T20)
e T2AB (R27-R24)  (B) 75, 94
(T27-T24) ~ (B)
(R23—-R20) ~ (A)
(T23-T20) ~ (A)

Note: p is 0 to 15 for M34501M2,
pis 0 to 31 for M34501M4/EA4.
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INDEX LIST OF INSTRUCTION FUNCTION (continued)

Grig;p- Mnemonic Function Page Grig;p- Mnemonic Function Page
TR1AB (R17-R14) — (B) 85, 94 IAK (A0) < (K) 65, 96
(R13-R10) — (A) (As-A1) — 0
§ SNZT1 |V12=0:(T1F)=17? 73, 94 OKA (K) < (Ao) 67, 96
g After skipping, (T1F) - 0
? V12 = 1: SNZT1 = NOP TKOA (KO) < (A) 82,96
5
F |SNzZT2 |V13=0:(T2F)=17? 74,94 TAKO (A) < (KO) 77,96
After skipping, (T2F) — 0 é
V13 = 1: SNZT2 = NOP S |TK1A (K1) < (A) 83, 96
Q.
o
IAPO (A) — (PO) 65, 96 g TAK1 (A) < (K1) 78, 96
S
OPOA (PO) — (A) 67, 96 S |TK2A (K2) < (A 83, 96
c
IAP1 (A) —~ (P1) 65, 96 TAK2 (A) < (K2) 78, 96
OP1A (P1) « (A) 67, 96 TPUOA (PUO0) ~ (A) 84, 96
IAP2 (A1, A0) — (P21, P20) 65, 96 TPUIA | (PUL) — (A) 84, 96
(A3,A2) - 0O
TPU2A | (PU2) — (A) 84, 96
OP2A (P21, P20) « (A1, Ao) 68, 96
TABAD In A-D conversion mode (Q13 = 0), 76, 98
CLD D) -1 62, 96 (B) —~ (AD9-ADs)
(A) ~ (AD5-AD2)
RD (D(Y)) - 0 70, 96 In comparator mode (Q13 = 1),
- (Y)=0to 3 (B) — (AD7-AD4)
S (A) — (AD3-ADO0)
% sD D)) < 1 71, 96
o (Y)=0to 3 TALA (A3, A2) ~ (AD1, AD0) 78, 98
= (A1, A0) — O
3 |szp (D(Y)) =072 74, 96
3 (Y)=0to3 S |[TADAB | (AD7-ADY) - (B) 77,98
£ 3 (AD3-ADO0) — (A)
ScP (C) -1 71, 96 “8’
s |TAQ1 (A) - (Q1) 79, 98
RCP (€ -0 69, 96 g
2 |TQ1A (Q1) ~ (A) 84, 98
SNZCP  [(C)=1? 73, 96 g
& |ADST (ADF) ~ 0 60, 98
Q13 = 0: A-D conversion starting
Q13 = 1: Comparator operation
starting
SNZAD |V22=0:(ADF)=17 72,98
After skipping, (ADF) — 0
V22 = 1: SNZAD = NOP
. RENESAS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INDEX LIST OF INSTRUCTION FUNCTION (continued)

Group- ] ]
ing Mnemonic Function Page
NOP (PC) « (PC)+1 67, 100
POF RAM back-up 68, 100
(Voltage drop detection circuit
valid)
POF2 RAM back-up 68, 100
EPOF POF, POF?2 instructions valid 64, 100
SNzP P)=17? 73, 100
5
% |DWDT Stop of watchdog timer func- 64, 100
© tion enabled
Q.
o
@ _
£ |wrst |(WDF1)=17? 86, 100
o After skipping, (WDF1) — O
CMCK Ceramic oscillation circuit 63, 100
selected
CRCK RC oscillation circuit selected 63, 100
TAMR (A) « (MR) 79, 100
TMRA (MR) < (A) 83, 100
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET)

A n (Add n and accumulator)

Instruction D9

Do Number of | Number of | Flag CY Skip condition
|
code [ofofofafsfoln]n[n]n],[o]6]n], =12
1 1 - Overflow =0
Operation: (A) « (A)+n Grouping: Arithmetic operation
n=0to 15 Description: Adds the value n in the immediate field to
register A, and stores a result in register A.
The contents of carry flag CY remains un-
changed.
Skips the next instruction when there is no
overflow as the result of operation.
Executes the next instruction when there is
overflow as the result of operation.
ADST (A-D conversion STart)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
(o lalo o s s e]z], [2]s [F L,
1 1 - -
Operation: (ADF) <« 0 Grouping: A-D conversion operation
Q13 = 0: A-D conversion starting Description: Clears (0) to A-D conversion completion flag
Q13 = 1: Comparator operation starting ADF, and the A-D conversion at the A-D con-
(Q13: bit 3 of A-D control register Q1) version mode (Q13 = 0) or the comparator
operation at the comparator mode (Q13 = 1)
is started.
AM (Add accumulator and Memory)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofoofofofsfofafol [o]ofal,
1 1 — -
Operation: (A) « (A) +(M(DP)) Grouping: Arithmetic operation
Description: Adds the contents of M(DP) to register A.
Stores the result in register A. The contents
of carry flag CY remains unchanged.
AMC (Add accumulator, Memory and Carry)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofoofofofafofafa] [o]ofel,
1 1 0/1 -
Operation: (A) < (A) + (M(DP)) + (CY) Grouping: Arithmetic operation
(CY) ~ Carry Description: Adds the contents of M(DP) and carry flag
CY to register A. Stores the result in register
Aand carry flag CY.
o RENESAS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

AND (logical AND between accumulator and memory)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofofofs]r]ofofol, [ofa]s],
1 1 - -
Operation: (A) < (A)AND (M(DP)) Grouping: Arithmetic operation
Description: Takes the AND operation between the con-
tents of register A and the contents of
M(DP), and stores the result in register A.
B a (Branch to address a)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code |0 |1 |1 |a6|a5|a4|a3|a2| a1| a0|2 |1 |+Ba a |16 words cycles
1 1 - -
Operation: (PCL) —~ a6toao Grouping: Branch operation
Description: Branch within a page : Branches to address
a in the identical page.
Note: Specify the branch address within the page
including this instruction.
BL p, a (Branch Long to address a in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
E words cycles
code o fo 111 [pefps]pelpifmol,[0]sp]p ], .
2 2 - -
|1 |0 |0 |a6|a5|a4|a3|a2|a1|a0|2|2 |a |a |16
Grouping: Branch operation
Operation: (PCH) — p Description: Branch out of a page : Branches to address
(PCL) — asto a0 ain page p.
Note: p is 0 to 15 for M34501M2, and p is 0 to 31
for M34501M4/EA4.
BLA p (Branch Long to address (D) + (A) in page p)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
LofoJofojofsfofofofol [ofs]o],
2 2 - -
[2 1o fo|psfofo]pa|pefpspof,[2]p]p]gr— .
Grouping: Branch operation
Operation: (PCH) « p Description: Branch out of a page : Branches to address
(PCL) — (DR2—DRo, A3-A0) (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by
registers D and A in page p.
Note: p is 0 to 15 for M34501M2 and p is O to 31

for M34501M4/EA4.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

BM a (Branch and Mark to address a in page 2)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
code |0 |1 |0 |a6|a5|a4|a3|a2|a1|ao| |1 |a |a | words cycles
2 16 1 1 B _
Operation: (SP) - (SP)+1 Grouping: Subroutine call operation
(SK(SP)) — (PC) Description: Call the subroutine in page 2 : Calls the sub-
(PCH) ~ 2 routine at address a in page 2.
(PCL) — as-a0 Note: Subroutine extending from page 2 to another
page can also be called with the BM instruc-
tion when it starts on page 2.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
BML p, a (Branch and Mark Long to address a in page p)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code C words cycles
[0 [o [2 [x [o ol wlwl mil oo, [0 5Ty (torte | oes | :
[2 [0 [o | as|as|as] as ae| as] e, [2 [a[a ] [— _ .
Grouping: Subroutine call operation
Operation: (SP) « (SP)+1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) — (PC) address a in page p.
(PCH) — p Note: p is 0 to 15 for M34501M2 and p is 0 to 31
(PCL) ~ as-a0 for M34501M4/EA4.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
BMLA p (Branch and Mark Long to address (D) + (A) in page p)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofoJofafafofofofof [o]s]o}e—= : - -
[2 oo lpefo]o]pslpelpfpof, [2]p]p ] [—— _ .
Grouping: Subroutine call operation
Operation: (SP) « (SP) +1 Description: Call the subroutine : Calls the subroutine at
(SK(SP)) ~ (PC) address (DR2 DR1 DRo A3 A2 A1 Ao)2 speci-
(PCH) < p fied by registers D and A in page p.
(PCL) — (DR2-DRo, A3—-A0) Note: p is O to 15 for M34501M2 and p is O to 31
for M34501M4/EA4.
Be careful not to over the stack because the
maximum level of subroutine nesting is 8.
CLD (CLear port D)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofofofsfofofo]a] [o]a]a}—= : - -
Operation: (D) -1 Grouping:  Input/Output operation
Description: Sets (1) to port D.
. RENESAS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

CMA (CoMplement of Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJofofo[aafaTo o], [ofaTc], o=
1 1 - -

Operation: A) < (A)

Grouping: Arithmetic operation
Description: Stores the one’s complement for register A's
contents in register A.

CMCK (Clock select: ceraMic oscillation ClocK)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofifofo[safofu]o], [2]o]a], 2= 1 %=

1 1 - _
Operation: Ceramic oscillation circuit selected

Grouping: Other operation
Description: Selects the ceramic oscillation circuit and
stops the ring oscillator.

CRCK (Clock select: Rc oscillation ClocK)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofafofofafafofa]a],[2]o]s], = 1 %=

1 1 - -
Operation: RC oscillation circuit selected

Grouping: Other operation

Description: Selects the RC oscillation circuit and stops
the ring oscillator.

DEY (DEcrement register Y)

Instruction Do Do

code  [ofofofofofafofafafr] fofr]7],

Number of | Number of | Flag CY Skip condition
words cycles

1 1 - (Y)=15

Operation: YY) ()-1

Grouping: RAM addresses

Description: 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. When the contents of register Y is
not 15, the next instruction is executed.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

DI (Disable Interrupt)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofolofoofof1fofo],[ofo]a],
1 1 — -
Operation: (INTE) - O Grouping: Interrupt control operation
Description: Clears (0) to interrupt enable flag INTE, and
disables the interrupt.
Note: Interrupt is disabled by executing the DI in-
struction after executing 1 machine cycle.
DWDT (Disable WatchDog Timer)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[2lofafofofafs]a]ofol,[2]0]c],
1 1 - -
Operation: Stop of watchdog timer function enabled Grouping: Other operation
Description: Stops the watchdog timer function by the
WRST instruction after executing the DWDT
instruction.
El (Enable Interrupt)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofolofojofofafofa],[ofo]s],
1 1 — -
Operation: (INTE) « 1 Grouping: Interrupt control operation
Description: Sets (1) to interrupt enable flag INTE, and
enables the interrupt.
Note: Interrupt is enabled by executing the El in-
struction after executing 1 machine cycle.
EPOF (Enable POF instruction)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofolafolafafofa]al, [ofs]e],
1 1 - -
Operation: POF instruction, POF2 instruction valid Grouping: Other operation
Description: Makes the immediate after POF or POF2 in-
struction valid by executing the EPOF
instruction.
o RENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

IAK (Input Accumulator from port K)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[rlofolajafofafafaal [2]e]F],—= : - -
Operation: (A0) < (K) Grouping: Input/Output operation
(A3-A1) - O Description: Transfers the contents of port K to the bit 0
(A0) of register A.
Note: After this instruction is executed, “0” is
stored to the high-order 3 bits (A3—A1) of
register A.
IAPO (Input Accumulator from port PO)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1]ofo e [t o o o o o], [z e o], [tous | o | -
Operation: (A) — (PO) Grouping: Input/Output operation
Description: Transfers the input of port PO to register A.
IAP1 (Input Accumulator from port P1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
(oo s s o oo o x], [2 o [x],, | tote | odes | .
Operation: (A) < (P1) Grouping: Input/Output operation
Description: Transfers the input of port P1 to register A.
IAP2 (Input Accumulator from port P2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[]ofofefefofofofs]o] [2]e]2 ], == : - -
Operation: (A1, Ao) ~ (P21, P20) Grouping: Input/Output operation
(A3,A2) - 0 Description: Transfers the input of port P2 to the low-or-
der 2 bits (A1, Ao) of register A.
Note: After this instruction is executed, “0” is

stored to the high-order 2 bits (A3, A2) of reg-
ister A.

LENESANS

RenesasTechnology Corp.

65



MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

INY (INcrement register Y)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [ofofofofolslo o a]u],[o]s]a], 2o 2=
1 1 - (Y)=0
Operation: YY) -(N)+1 Grouping: RAM addresses
Description: Adds 1 to the contents of register Y. As a re-
sult of addition, when the contents of register
Y is 0, the next instruction is skipped. When
the contents of register Y is not 0, the next
instruction is executed.
LA n (Load n in Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [ofofofaafaln]nln]n], [of7[n], o2 _
1 1 - Continuous
description
Operation: (A) «n Grouping: Arithmetic operation
n=0 to15 Description: Loads the value n in the immediate field to
register A.
When the LA instructions are continuously
coded and executed, only the first LA in-
struction is executed and other LA
instructions coded continuously are skipped.
LXY x, y (Load register X and Y with x and y)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1]1[w[e[nlo]w]ve[n]w], [s [x ]y | o429 .
1 1 - Continuous
description
Operation: (X) « xx=0t015 Grouping:  RAM addresses
(Y) ~yy=0to15 Description: 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.
LZ z (Load register Z with z)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [ofofof1fofo1]ofafun],[o]a 5], o= 2%
1 1 - -
Operation: (2) ~zz=0to3 Grouping: RAM addresses
Description: Loads the value z in the immediate field to
register Z.
o RENESAS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

NOP (No OPeration)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofofojojofofofofojof [ofofol, —= : - -
Operation: (PC) « (PC)+1 Grouping: Other operation
Description: No operation; Adds 1 to program counter
value, and others remain unchanged.

OKA (Output port K from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition

code words cycles

(oo o [o[a a e ]a], [2]a]F], [ tos | oee | .
Operation: (K) « (Ao) Grouping: Input/Output operation
Description: Outputs the contents of bit 0 (Ao) of register
A to port K.

OPOA (Output port PO from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[1]oTo ol o o 00 o], [2]2 o], | tets | oces | i
Operation: (PO) - (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port PO.
OP1A (Output port P1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[]ofo[o s o o o0 1], [2]2]a], |t | oek= | -
Operation: (P1) ~ (A) Grouping: Input/Output operation
Description: Outputs the contents of register A to port P1.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

OP2A (Output port P2 from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[1lofofofs]ofofofs]ol,[2]2]z2],
1 1 — -
Operation: (P21, P20) — (A1, Ao) Grouping: Input/Output operation
Description: Outputs the contents of the low-order 2 bits
(A1, A0) of register A to port P2.
OR (logical OR between accumulator and memory)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lofololofofafafofofs],[o]s]el]—= : - -
Operation: (A) < (A) OR (M(DP)) Grouping: Arithmetic operation

Description: Takes the OR operation between the con-
tents of register A and the contents of
M(DP), and stores the result in register A.

POF (Power OFf1)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofolofojofofofsfol,[ofo]z],
1 1 — -
Operation: RAM back-up Grouping: Other operation
However, voltage drop detection circuit valid Description: Puts the system in RAM back-up state by
executing the POF instruction after execut-
ing the EPOF instruction.
However, the voltage drop detection circuit
is valid.

Note: If the EPOF instruction is not executed before
executing this instruction, this instruction is
equivalent to the NOP instruction.

POF2 (Power OFf2)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofojofafofofol, [ofo]s],
1 1 - -
Operation: RAM back-up Grouping: Other operation

Description: Puts the system in RAM back-up state by
executing the POF2 instruction after ex-
ecuting the EPOF instruction. Operations of
all functions are stopped.

Note: If the EPOF instruction is not executed be-
fore executing this instruction, this
instruction is equivalent to the NOP instruc-
tion.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RAR (Rotate Accumulator Right)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
lolofolofofafafafola][ofa]n],
1 1 0/1 -
Operation: ~CY - Grouping: __ Arithmetic operation
Description: Rotates 1 bit of the contents of register A in-
cluding the contents of carry flag CY to the
right.
RB j (Reset Bit)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code A C words cycles
Lolofolafofofafafilil,[ofa]%le
1 1 - -
Operation: (Mj(DP)) - O Grouping: Bit operation
j=0to3 Description: Clears (0) the contents of bit j (bit specified
by the value j in the immediate field) of
M(DP).
RC (Reset Carry flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofoJoof1]1]o] [o]oe], == 1 %=
2 16
1 1 0 -
Operation: (CY) -0 Grouping: Arithmetic operation
Description: Clears (0) to carry flag CY.
RCP (Reset Port C)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1of1fofofos]1]ofo] [2]s[c], | == 1 %=
2 16
1 1 - -
Operation: ) ~0 Grouping: Input/Output operation
Description: Clears (0) to port C.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

RD (Reset port D specified by register Y)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofolofolsfofafofol,[o]1]a],
1 1 — -
Operation: (D(Y)) - 0 Grouping: Input/Output operation
However, Description: Clears (0) to a bit of port D specified by register
(Y)=0to 3 Y.
Note: Set 0 to 3 to register Y because port D is
four ports (Do-D3).
When values except above are set to regis-
ter Y, this instruction is equivalent to the
NOP instruction.
RT (ReTurn from subroutine)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofa]ofofolr]ofol, [ofa]s],
1 2 - -
Operation: (PC) — (SK(SP)) Grouping: _ Return operation
(SP) ~ (SP)-1 Description: Returns from subroutine to the routine called
the subroutine.
RTI (ReTurn from Interrupt)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
loJofolsfojofofafafol,[o]4]s ],
1 1 - —
Operation: (PC) ~ (SK(SP)) Grouping: Return operation
(SP) - (SP)-1 Description: 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 description of the LA/LXY in-
struction, register A and register B to the
states just before interrupt.
RTS (ReTurn from subroutine and Skip)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[oJofolsfojofofafofal [of4]s], . _
1 2 - Skip at uncondition
Operation: (PC) ~ (SK(SP)) Grouping: Return operation
(SP) « (SP)-1 Description: Returns from subroutine to the routine called
the subroutine, and skips the next instruction
at uncondition.
. RENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SB j (Set Bit)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code 1. C words cycles
Lofofofafolafafalilil[o]s |4k —= : - -
Operation: (Mj(DP)) < O Grouping: Bit operation
j=0to3 Description: Sets (1) the contents of bit j (bit specified by
the value j in the immediate field) of M(DP).
SC (Set Carry flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
(000 o o o o [x a2 ], [o[o 7], |- tee | o | i
Operation: (CY) 1 Grouping: Arithmetic operation
Description: Sets (1) to carry flag CY.
SCP (Set Port C)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
(1ot o o oz 2 o 2], [2[s o], | tote | odes | .
Operation: ©) -1 Grouping: Input/Output operation
Description: Sets (1) to port C.
SD (Set port D specified by register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[oJo[o oo 1 o a0 1], [0]1]s], |t | oek= | -
Operation: (D(Y)) < 1 Grouping: Input/Output operation
(Y)=0to3 Description: Sets (1) to a it of port D specified by register V.
Note: Set O to 3 to register Y because port D is

four ports (Do-D3).

When values except above are set to regis-
ter Y, this instruction is equivalent to the
NOP instruction.
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4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SEA n (Skip Equal, Accumulator with immediate data n)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
lolofolofa]ofofafols],[of2]s],
2 2 - (A)=n
Lolofolafalafnlnfnfn],[0f7]nl]s——- . .
Grouping: Comparison operation
Operation: A)=n? Description: Skips the next instruction when the contents
n=0to 15 of register A is equal to the value n in the im-
mediate field.
Executes the next instruction when the con-
tents of register A is not equal to the value n
in the immediate field.
SEAM (Skip Equal, Accumulator with Memory)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofolafofols]afo],[o]2]e],
1 1 - (A) = (M(DP))
Operation: (A) = (M(DP)) ? Grouping: Comparison operation
Description: Skips the next instruction when the contents
of register A is equal to the contents of
M(DP).
Executes the next instruction when the con-
tents of register A is not equal to the
contents of M(DP).
SNZO0 (Skip if Non Zero condition of external O interrupt request flag)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
lofofofofa]afafofofol,[o]3]s ], r—
1 1 - V1o =0: (EXFO) =1
Operation: V1o=0: (EXF0)=17 Grouping: Interrupt operation
After skipping, (EXFO) — 0 Description: When V1o = 0 : Skips the next instruction

V10 =1: SNZ0 = NOP
(V1o : bit 0 of the interrupt control register V1)

when external 0 interrupt request flag EXFO
is “1.” After skipping, clears (0) to the EXFO
flag. When the EXFO flag is “0,” executes the
next instruction.

When V10 = 1 : This instruction is equivalent
to the NOP instruction.

SNZAD (Skip if Non Zero condition of A-D conversion completion flag)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1]o]r o o o o ]t e], [2]s 7], | tote | o
1 1 - V22 = 0: (ADF) = 1
Operation: V22=0:(ADF)=17? Grouping: A-D conversion operation
After skipping, (ADF) — 0 Description: When V22 = 0 : Skips the next instruction
V22 = 1: SNZAD = NOP when A-D conversion completion flag ADF is
(V22 : bit 2 of the interrupt control register V2) “1.” After skipping, clears (0) to the ADF flag.
When the ADF flag is “0,” executes the next
instruction.
When V22 =1 : This instruction is equivalent
to the NOP instruction.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZCP (Skip if Non Zero condition of Port C)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
cose  [1To1 o o ol 0o]s], [2]a o], o | o
1 1 - ©=1
Operation: =17 Grouping: Input/Output operation
Description: Skips the next instruction when the contents
of port C is “1.”

Executes the next instruction when the con-
tents of port C is “0.”

SNZIO (Skip if Non Zero condition of external O Interrupt input pin)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  lofoloolafafsfofafo],[o]s]al, .
1 1 - 112=0: (INT) =“L"
112 =1: (INT) =“H"
Operation: I12=0:(INT)="L"? Grouping: Interrupt operation
[12=1:(INT)=“H"? Description: When 112 = 0 : Skips the next instruction
(122 : bit 2 of the interrupt control register |1) when the level of INT pin is “L.” Executes the
next instruction when the level of INT pin is
o
When 112 = 1 : Skips the next instruction
when the level of INT pin is “H.” Executes
the next instruction when the level of INT pin
is “L.”
SNZP (Skip if Non Zero condition of Power down flag)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJofofoJofofo]s]1], [ofo]a], |2
1 1 - P)=1
Operation: P)=17? Grouping: Other operation
Description: Skips the next instruction when the P flag is

“17.

After skipping, the P flag remains un-
changed.

Executes the next instruction when the P
flag is “0.”

SNZT1 (Skip if Non Zero condition of Timer 1 inerrupt request flag)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]of1fofofofofofofo],[2]s]o], (= L %=
2 1 1 - V12 =0: (T1F) = 1
Operation: V12=0:(T1IF)=17? Grouping: Timer operation
After skipping, (T1F) — 0 Description: When V12 = 0 : Skips the next instruction

V12 = 1: SNZT1 = NOP
(V12 = bit 2 of interrupt control register V1)

when timer 1 interrupt request flag T1F is
“1.” After skipping, clears (0) to the T1F flag.
When the T1F flag is “0,” executes the next
instruction.

When V12 = 1 : This instruction is equivalent
to the NOP instruction.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

SNZT2 (Skip if Non Zero condition of Timer 2 inerrupt request flag)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
|
coee  [1fofs]ofofofofofofu], [2]s]n], |2
1 1 - V13=0: (T2F) =1
Operation: V13=0:(T2F)=17? Grouping: Timer operation
After skipping, (T2F) — 0 Description: When V13 = 0 : Skips the next instruction
V13 = 1: SNZT2 = NOP when timer 2 interrupt request flag T2F is
(V13 = bit 3 of interrupt control register V1) “1.” After skipping, clears (0) to the T2F flag.
When the T2F flag is “0,” executes the next
instruction.
When V13 = 1 : This instruction is equivalent
to the NOP instruction.
SZB j (Skip if Zero, Bit)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
S - words cycles
code  Jolofololrfololofil]il,[o]2]il; . _
1 1 - (Mj(DP)) =0
j=0to 3
Operation: (Mj(DP))=07? Grouping: Bit operation
j=0to3 Description: Skips the next instruction when the contents
of bit j (bit specified by the value j in the im-
mediate field) of M(DP) is “0.”
Executes the next instruction when the con-
tents of bit j of M(DP) is “1.”
SZC (Skip if Zero, Carry flag)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[olofofofajofafafafal,[of2]F], -
1 1 - cey)=0
Operation: (Cy)=07? Grouping: Arithmetic operation

Description: Skips the next instruction when the contents

of carry flag CY is “0.”
After skipping, the CY flag remains un-
changed.
Executes the next instruction when the con-
tents of the CY flag is “1."
SZD (Skip if Zero, port D specified by register Y)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
[ofofofofsjofofafofol, [of2]a], -
2 2 - (D(Y))=0
(Y)=0to3
Lolofofofalofsfofs]s,[of2]8]y,
. Grouping: Input/Output operation
: =07
Operation: (D(t)) 07 Description: Skips the next instruction when a bit of port D
(¥)=0to3 specified by register Y is “0.” Executes the
next instruction when the bit is “1.”

Note: Set 0 to 3 to register Y because port D is
four ports (Do-D3). When values except
above are set to register Y, this instruction is
equivalent to the NOP instruction.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

T1AB (Transfer data to timer 1 and register R1 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
I
code  [1]ofofo[s]s]ofofofo],[2]s o], = 1 %=
2 16
1 1 - -
Operation: (T17-T14) « (B) Grouping: Timer operation
(R17-R14) — (B) Description: Transfers the contents of register B to the
(T13-T10) « (A) high-order 4 bits of timer 1 and timer 1 re-
(R13-R10) ~ (A) load register R1. Transfers the contents of
register A to the low-order 4 bits of timer 1
and timer 1 reload register R1.
T2AB (Transfer data to timer 2 and register R2 from Accumulator and register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
I
code  [1]ofofols]afofofofa], [2]a]a], 2= 1 2%
2 16 1 1 _ _
Operation: (T27-T24) ~ (B) Grouping: Timer operation
(R27-R24) — (B) Description: Transfers the contents of register B to the
(T23-T20) — (A) high-order 4 bits of timer 2 and timer 2 re-
(R23-R20)  (A) load register R2. Transfers the contents of
register A to the low-order 4 bits of timer 2
and timer 2 reload register R2.
TAB (Transfer data to Accumulator from register B)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofo[aa]a]u]o], [o]a]e], = 1 %=
2 16
1 1 - -
Operation: (A) < (B) Grouping: Other operation
Description: Transfers the contents of register B to regis-
ter A.
TAB1 (Transfer data to Accumulator and register B from timer 1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofs]s]s]ofofofo], [2]7 o], (= L %=
2 16
1 1 - -
Operation: (B) ~ (T17-T14) Grouping: Timer operation
(A) ~ (T13-Tlo) Description: Transfers the high-order 4 bits (T17-T14) of
timer 1 to register B.
Transfers the low-order 4 bits (T13-T10) of
timer 1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAB2 (Transfer data to Accumulator and register B from timer 2

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofafafaofofoua], [2]7]a], "o 2%
2 16 1 1 _ _
Operation: (B) « (T27-T24) Grouping: Timer operation
(A) « (T23-T20) Description: Transfers the high-order 4 bits (T27-T24) of

timer 2 to register B.
Transfers the low-order 4 bits (T23-T20) of
timer 2 to register A.

TABAD (Transfer data to Accumulator and register B from register AD)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofafafa]afofo]a], [2]7]o ], "o 1 2%
1 1 - -
Operation: In A-D conversion mode (Q13 = 0), Grouping: __ A-D conversion operation
(B) — (AD9—-ADs) Description: In the A-D conversion mode (Q13 = 0), trans-

(A) — (ADs—AD2)

In comparator mode (Q13 = 1),

(B) « (AD7-AD4)

(A) — (AD3—-ADo)

(Q13: bit 3 of A-D control register Q1)

fers the high-order 4 bits (AD9—-ADs) of
register AD to register B, and the middle-order
4 bits (ADs—AD?2) of register AD to register A.
In the comparator mode (Q13 = 1), transfers
the middle-order 4 bits (AD7—AD4) of register
AD to register B, and the low-order 4 bits
(AD3-ADo) of register AD to register A.

TABE (Transfer data to Accumulator and register B from register E)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code |0|0|0|0|1|0|1|0|1|0| |0|2|A| words cycles
2 16 1 1 _ _
Operation: (B) ~ (E7—E4) Grouping: Register to register transfer
(A) ~ (E3—E0) Description: Transfers the high-order 4 bits (E7—E4) of

register E to register B, and low-order 4 bits
of register E to register A.

TABP p (Transfer data to Accumulator and register B from Prog

ram memory in page p)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
8 words cycles
code o Jo |1 JoJo [pe|ps|pz|p[pol, [0]mp]P ], ’
1 3 - -
Operation: (SP) « (SP) +1 Grouping: Arithmetic operation
(SK(SP)) - (PC) Description: Transfers bits 7 to 4 to register B and bits 3 to
- 0 to register A. These bits 7 to 0 are the ROM
(PCH) ~ p pattern in ad-dress (DR2 DR1 DRo A3 A2 A1
(PCL) -~ (DR2-DRo, A3-A0) Ao)2 specified by registers Aand D in page p.
(B) — (ROM(PC))7-4 Note: p is 0 to 15 for M34501M2, and p is O to 31
(A) — (ROM(PC))3-0 for M345_01_M4/E4._ .
(PC) — (SK(SP)) When this |ns:]ruct|0n |I<S bexecuted,lbe carefu:
(SP) — (SP)—1 not to over the stack because 1 stage o
stack register is used.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAD (Transfer data to Accumulator from register D)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofo[r]o[aofofo]1], [o]s[a], == 1 %=
2 16 1 1 B _
Operation: (A2—A0) — (DR2-DRo) Grouping: Register to register transfer
(A3) - 0 Description: Transfers the contents of register D to the
low-order 3 bits (A2—Ao0) of register A.
Note: When this instruction is executed, “0” is

stored to the bit 3 (A3) of register A.

TADAB (Transfer data to register AD from Accumulator from register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[1ofofofafafafofofs] [2]s]s],
1 1 - -
— _ Grouping: A-D conversion operation
Operation: (AD7-AD2) - (B) Description: In the A-D conversion mode (Q13 = 0), this
(AD3-AD0) - (A) instruction is equivalent to the NOP instruc-
tion.
In the comparator mode (Q13 = 1), transfers
the contents of register B to the high-order 4
bits (AD7—AD4) of comparator register, and
the contents of register A to the low-order 4
bits (AD3—ADo) of comparator register.
(Q13 = bit 3 of A-D control register Q1)
TAIL (Transfer data to Accumulator from register 1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles
[lofolafolrfofofsfa] [2]5]s],
1 1 - -
Operation: (A) < (11) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control
register |11 to register A.
TAKO (Transfer data to Accumulator from register K0)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofslofsfofa]u]o],[2]s 6], =1 %=
2 16
1 1 - -
Operation: (A) ~ (KO) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup

control register KO to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAK1 (Transfer data to Accumulator from register K1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofsfoss]ofofu], [2]s o], e 2
2 16
1 1 — -
Operation: (A) « (K1) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup
control register K1 to register A.
TAK2 (Transfer data to Accumulator from register K2)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1fofofsfos]s]ofs]o], [2]s]a], 2% | 2%
2 16 1 1 — —
Operation: (A) « (K2) Grouping: Input/Output operation
Description: Transfers the contents of key-on wakeup
control register K2 to register A.
TALA (Transfer data to Accumulator from register LA)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code [1]ofofsfofos]ofofu],[2]a]o], |t %=
2 16
1 1 - -
Operation: (A3, A2) — (AD1, ADo) Grouping: A-D conversion operation
(A1,A0) - O Description: Transfers the low-order 2 bits (AD1, ADo) of
register AD to the high-order 2 bits (A3, A2)
of register A.
Note: After this instruction is executed, “0” is
stored to the low-order 2 bits (A1, Ao) of
register A.
TAM j (Transfer data to Accumulator from Memory)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cove  [afola[afofo[i [i[ifi], [2]c]i ], -0 22
2 16
1 1 - -
Operation: (A) « (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR(j) Description: After transferring the contents of M(DP) to
j=0to 15 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.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAMR (Transfer data to Accumulator from register MR)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]oJofs]o[2]o]o a]o], [2]5s]2], |- 2% cycles

1 1 - _
Operation: (A) - (MR) Grouping: Other operation

Description: Transfers the contents of clock control reg-

ister MR to register A.

TAQ1 (Transfer data to Accumulator from register Q1)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1fofofsfolofos]o o], [2]a]a], |-"2= | %=

1 1 - _
Operation: (A) - (Q1) Grouping:  A-D conversion operation

Description: Transfers the contents of A-D control regis-

ter Q1 to register A.

TASP (Transfer data to Accumulator from Stack Pointer)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJof1fofsJofofo]o], [o]s o], "o | %=
1 1 —
Operation: (A2—A0) ~ (SP2-SPo) Grouping: Register to register transfer
(A3) - 0 Description: Transfers the contents of stack pointer (SP)
to the low-order 3 bits (A2—Ao0) of register A.
Note: After this instruction is executed, “0” is
stored to the bit 3 (A3) of register A.
TAV1 (Transfer data to Accumulator from register V1)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofoJof1fofsof1fo]o], [o]s]e], "o 1 %=
1 1 —
Operation: (A) <« (V1) Grouping: Interrupt operation
Description: Transfers the contents of interrupt control

register V1 to register A.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAV?2 (Transfer data to Accumulator from register V2)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  fofofofafo[sofafofu],[o]s[s], |2

1 1 - _
Operation: (A) < (V2) Grouping: Interrupt operation

Description: Transfers the contents of interrupt control

register V2 to register A.

TAW1 (Transfer data to Accumulator from register W1)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code [1fofofso o afo]a ], [2]4a]e], -1
1 1 - —
Operation: (A) — (W1) Grouping: Timer operation

Description: Transfers the contents of timer control reg-

ister W1 to register A.

TAW?2 (Transfer data to Accumulator from register W2)

Instruction Do

Do Number of | Number of | Flag CY Skip condition
code  [1Jofofs]ofoJs[1]o]o],[2]a]c], o1 o
1 1 — —
Operation: (A) - (W2) Grouping: Timer operation
Description: Transfers the contents of timer control regis-
ter W2 to register A.
TAWSG (Transfer data to Accumulator from register W6)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1]oJof1fo]s]ofofo o], [2]s o], "ot 1 %=
1 1 - —
Operation: (A) < (W6) Grouping: Timer operation
Description: Transfers the contents of timer control regis-
ter W6 to register A.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TAX (Transfer data to Accumulator from register X)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  fofofofsfo[s]ofof1]o],[o]s[z], | "o 2%
1 1 — —
Operation: (A) « (X) Grouping: Register to register transfer
Description: Transfers the contents of register X to reg-
ister A.
TAY (Transfer data to Accumulator from register Y)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [ofofofofofs[e afa]u] [o]e[r], | o 2%
1 1 - -
Operation: (A) < (Y) Grouping: Register to register transfer
Description: Transfers the contents of register Y to regis-
ter A.
TAZ (Transfer data to Accumulator from register Z)
Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  fofololsfofalolofafs],[o]s]s]; :
1 1 — —
Operation: (A1, Ao) ~ (Z1, Z0) Grouping: Register to register transfer
(A3,A2) - 0 Description: Transfers the contents of register Z to the
low-order 2 bits (A1, Ao) of register A.
Note: After this instruction is executed, “0” is
stored to the high-order 2 bits (A3, A2) of
register A.
TBA (Transfer data to register B from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofo[s]a[1]o] [ofo[E], | "o %=
1 1 — —
Operation: (B) « (A) Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-

ter B.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TDA (Transfer data to register D from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code [ofoJofofsfo[s]ofo]s], [o]2]s ], || o=
2 16
1 1 — —
Operation: (DR2-DR0) « (A2-A0) Grouping: Register to register transfer

Description: Transfers the contents of the low-order 3

bits (A2—A0) of register A to register D.

TEAB (Transfer data to register E from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [ofofofofofs[s]ofa]o] [o]s]al], | "o %=
1 1 - —
Operation: (E7-E4) ~ (B) Grouping: Register to register transfer
3-E0) escription: Transfers the contents of register B to the
(Es—E0) - (A) Description: Transfers th f register B to th
high-order 4 bits (E3—Eo0) of register E, and
the contents of register A to the low-order 4
bits (E3—Eo0) of register E.
TI1A (Transfer data to register 11 from Accumulator)
Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofofofaofafu]ua], [2]u]r ], |t
1 1 — —
Operation: (11) < (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register I1.
TKOA (Transfer data to register KO from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
coe  [1Jofofofofs[sfofa]u] [2]2]m], | "o 2%
1 1 — —
Operation: (KO) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register Ato key-on
wakeup control register KO.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TK1A (Transfer data to register K1 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [1Jofofofo[r]ofafofo], [2]a]a], | "o %=
1 1 - -
Operation: (K1) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to key-
on wakeup control register K1.

TK2A (Transfer data to register K2 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1Jofofofofsofafofu] [2]a]s], | "o 2%

2 1 1 - -
Operation: (K2) - (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to key-
on wakeup control register K2.

TMA j (Transfer data to Memory from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
PR IV R - words cycles
code  [afolafofafaliififil,[2]e]i ], !
1 1 - -
Operation: (M(DP)) « (A) Grouping: RAM to register transfer
(X) — (X)EXOR(j) Description: After transferring the contents of register A to
j=0to 15 M(DP), 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.
TMRA (Transfer data to register MR from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code  [1ofofofofa]ofu[r]o] [2]n]e], | "o %=
1 1 - —
Operation: (MR) < (A) Grouping: Other operation
Description: Transfers the contents of register A to clock

control register MR.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TPUOA (Transfer data to register PUO from Accumulator)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code [1fofofofs]os]a]o]a], [2]2]n], e
1 1 - —
Operation: (PUO) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to pull-

up control register PUO.

TPU1A (Transfer data to register PU1 from Accumulator)

Instruction

Do Do Number of | Number of | Flag CY Skip condition
code  [1]ofofofsfos]a]a]o] [2]2]e], | "o 2%
1 1 - -
Operation: (PUL) ~ (A) Grouping: Input/Output operation

Description: Transfers the contents of register A to pull-

up control register PU1.

TPU2A (Transfer data to register PU2 from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code  [1fofofofrfoafufa]a], [2]2]F ], "o
1 1 - -
Operation: (PU2) ~ (A) Grouping: Input/Output operation
Description: Transfers the contents of register A to pull-up
control register PU2.
TQ1A (Transfer data to register Q1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
cose  [1ofofofofofofu]ofo],[2]o]a], | "o 1 %=
1 1 - -
Operation: (Q1) - (A) Grouping: A-D conversion operation
Description: Transfers the contents of register A to A-D
control register Q1.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TR1AB (Transfer data to register R1 from Accumulator and register B)

Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code  [1fofofofufa]efafu]u], [2]s]F], "o 422
1 1 - -
Operation: (R17-R14) ~ (B) Grouping: Timer operation
(R13-R1l0) ~ (A) Description: Transfers the contents of register B to the
high-order 4 bits (R17—R14) of reload regis-
ter R1, and the contents of register A to the
low-order 4 bits (R13—R10) of reload regis-
ter R1.
TV1A (Transfer data to register V1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [ofoJofofulae afu]u], [o]s]r], "o 1%
1 1 - -
Operation: (V1) < (A) Grouping: Interrupt operation

Description: Transfers the contents of register A to inter-
rupt control register V1.

TV2A (Transfer data to register V2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
words cycles
code  lololofofafafafalafol,[ofs]el; :
1 1 — —
Operation: (V2) - (A) Grouping: Interrupt operation
Description: Transfers the contents of register A to inter-
rupt control register V2.
TWI1A (Transfer data to register W1 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code [1]ofofofofofs[a]r]o], [2]o]e], "o | o
1 1 — —
Operation: (W1) ~ (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer

control register W1.
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MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

TW2A (Transfer data to register W2 from Accumulator)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[1lofolofofofafafsfa],[2]o]F],

1 1 — -
Operation: (W2) < (A) Grouping: Timer operation
Description: Transfers the contents of register A to timer
control register W2.

TWB6A (Transfer data to register W6 from Accumulator)
Instruction Do Do Number of | Number of | Flag CY Skip condition
code words cycles

[ilolofolols ololx]a], [2]a]al, [ toes | oces | i
Operation: (W6) « (A) Grouping: Timer operation

Description: Transfers the contents of register A to timer
control register W6.

TYA (Transfer data to register Y from Accumulator)

Instruction D9 Do Number of | Number of | Flag CY Skip condition
code words cycles
Lolofofololofs]s]ofol,[o]o]c],
1 1 - -
Operation: YY) « (A Grouping: Register to register transfer
Description: Transfers the contents of register A to regis-
ter.
WRST (Watchdog timer ReSeT)
Instruction Do Do Number of | Number of | Flag CY Skip condition
|
code [1]o]a]o 1 o ol0]olo], [2]ALo], [ | o
1 1 - (WDF1) =1
Operation: (WDF1)=17? Grouping: Other operation
After skipping, (WDF1) — O Description: Skips the next instruction when watchdog
timer flag WDF1 is “1.” After skipping, clears
(0) to the WDF1 flag. When the WDF1 flag
is “0,” executes the next instruction. Also,
stops the watchdog timer function when ex-
ecuting the WRST instruction immediately
after the DWDT instruction.
. RENESAS

RenesasTechnology Corp.



MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY ALPHABET) (continued)

XAM j (eXchange Accumulator and Memory data)

Instruction Do Do Number of | Number of | Flag CY Skip condition
1. . T. ) words cycles
code  [afolsfafofafiililil,[2]o]i]
2 16 1 1 ~
Operation: (A) « - (M(DP)) Grouping: RAM to register transfer
(X) « (X)EXOR()) Description: After exchanging the contents of M(DP)

j=0to 15

with the contents of register A, an exclusive
OR operation is performed between regis-
ter X and the value j in the immediate field,
and stores the result in register X.

XAMD j (eXchange Accumulator and Memory data and Decrement register Y and skip)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code . . 1. . words cycles
LGl LT, [2]e i, e o —
. Grouping: RAM to register transfer
Operation: (A) -~ (M(DP)) Description: After exchanging the contents of M(DP)

(X) « (X)EXOR(j)
j=0t015
Y) -(M-1

with the contents of register A, an exclusive
OR operation is performed between regis-
ter 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 con-
tents of register Y is 15, the next instruction
is skipped. When the contents of register Y
is not 15, the next instruction is executed.

XAMI j (eXchange Accumulator and Memory data and Increment register Y and skip)

Instruction Do Do Number of | Number of | Flag CY Skip condition
code PR IV R - words cycles
[rlofafafafoli [ifilif,[2]elify -
1 1 - (Y)=0
ion- Grouping: RAM to register transfer
Operation: (A) — ~ (M(DP)) Description: After exchanging the contents of M(DP)

(X) ~ (X)EXOR(j)
j=0to 15
M) -M+1

with the contents of register A, an exclusive
OR operation is performed between regis-
ter 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 re-
sult of addition, when the contents of register
Y is 0, the next instruction is skipped. when
the contents of register Y is not 0, the next
instruction is executed.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY TYPES)

Parameter] Instruction code S S
- N| = 0
Mnemonic 3 |8 e Function
Type of Hexadecimall € 2| E &
) . Do D8 D7 De Ds D4 D3 D2 D1 Do . =) S
instructions notation z z
TAB 0000 01 1 1 1 0 01 E| 1| 1]|(@A)-(@®)
TBA 0O 0 0 O OO 12 1 1 O 00 E 1 1 | (B) « (A)
TAY 0000 0 1 1 1 1 1 01 F | 1|1 ]|(@A)«<(
TYA 0O 0 0 O OO1 12 0 O 00C 1 1 () « (A
% |TEAB 0000 01 1 010 01A| 1| 1 |(Er-E4 @B
8 (E3—E0) ~ (A)
g |7aBe 000 01 0 1 0 1 0 [02A]|1]1]|®)-E—E
> (A) « (E3-E0)
2  |TDA 0 000 1 0 1 0 0 1 029 | 1| 1 |(DR2-DR0) « (A2—A0)
]
0 TAD 0O 0 01 012 0 O O 1 051 1 1 | (A2-A0) — (DR2-DRo)
(o]
9] (A3) -« 0
(4
TAZ 0001 01 0 0 1 1 053 | 1| 1 |(ALA0 « (Z1,Z0)
(A3,A2) - O
TAX 0 0 01 012 0 O 1 O 05 2 1 1 | (A) « X
TASP 0O 0 01 012 0 O O O 050 1 1 | (A2-A0) ~ (SP2-SP0)
(A3) -« 0
LXY X,y 1 1 X3 X2 X1 X0 y3 y2 yl1 Yo 3 xy 1 1 [(X) « xx=0to15
(Y) «yy=0to 15
(%]
$ JLzz 0 0 0 1 00 1 0 z1 z0 |04 8 1 1 (@2 «~zz=0to3
3 +z
g
c  |INY 0O 0 0 0O O1 0 O 1 1 01 3 1 1 [ (Y)=(M+1
=
£
DEY 0000 0 1 0 1 1 1 017 |1 |1 ][e<M-1
TAM j 10 1 1 0 0 j j j i 2 Cj 1| 1 [(A) < (MDP))
(X) « (X)EXOR())
j=0to 15
3 |[XAM]| 10 1 1 0 1 j j i i 2 Dj 1| 1 [(A) <« - (MDP))
@ (X) « (X)EXOR())
g j=0to 15
3 |[xamDj 10 1 1 1 1 j j i i 2 Fj 1| 1 [(A) « - (MDP))
2 (X) « (X)EXOR())
S j=0to 15
2 Y) -« (Y)-1
s (Y) - ()
E  [XAMI ] 10 1 1 1 0 j j j j 2 E j 1| 1 |(A) « -~ (MDP))
(X) <« (X)EXOR())
j=0to 15
Y) « (Y)+1
TMAj 10 1 0 1 1 j j j i 2 B j 1 | 1 |(MDP) - (A)
(X) « (X)EXOR())
j=0to 15
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry flag CY|

Datailed description

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 register B to the high-order 4 bits (E3—Eo0) of register E, and the contents of regis-
ter A to the low-order 4 bits (E3—E0) of register E.

Transfers the high-order 4 bits (E7—E4) of register E to register B, and low-order 4 bits of register E to regis-
ter A.

Transfers the contents of the low-order 3 bits (A2—A0) of register A to register D.

Transfers the contents of register D to the low-order 3 bits (A2—A0) of register A.

Transfers the contents of register Z to the low-order 2 bits (A1, Ao) of register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to the low-order 3 bits (A2—Ao) of 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 VY.
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. When the contents of register Y is not 0, the next instruction is executed.

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. When the contents of register Y is not 15, the next instruction is executed.

(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. When the contents of register Y is not 15, the next instruction is executed.

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 in-
struction is skipped. when the contents of register Y is not 0, the next instruction is executed.

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.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter] Instruction code S ks m
= )| =
Mnemonic 3 |8 e Function
Type of Hexadecimall € 2| E &
) ) Do Ds D7 De D5 D4 D3 D2 D1 Do ) > B
instructions notation z z
LAn 0 0 01 1 1 n n n n 0 7n 1 1 |(A) «n
n=0to 15
TABP p 0O 0 1 0 O p4 p3s p2 p1 po 08 p 1 3 [(SP) « (SP)+1
+p (SK(SP)) « (PC)
(PCH) ~ p (Note)
(PCL) — (DR2-DRo, A3-A0)
(B) « (ROM(PC))7—4
(A) — (ROM(PC))3-0
(PC) — (SK(SP))
(SP) « (SP) -1
AM 0 0000 0 1 0 1 0 |[00A] 1] 1 |A«(@®-+MDP)
§ |AmC 0000 0 0O 1 0 1 1 [00B | 1] 1A <C(A)-+(MDP)+CY)
® (CY) ~ Carry
[}
& |an 0 00 1 1 0 nonwoinwin |06n]1|1]A)@+n
2 n=0to 15
Q
IS
E=]
<
AND 0000 0O 1 1 0 0 0 |018 | 1] 1 |A)(A)AND(MDP))
OR 0000 0O 1 1 0 0 1 |019 | 1] 1|A)/(A)ORM®DP)
SC 0O 0 0 0 0 00 1 1 1 007 1 1 |(CY) 1
RC 0O 0 0 0 0O 0O 0O1 1 O 0 06 1 1 |(CY) -0
szc 0000 1 01 1 1 1 |[02F/|1]1/]CYy=0?
CMA 0O 0 0 0 01 1 1 0 O 01C 1 1 |(A) « (A)
RAR 00000 1110 1 [01D]1]|1 |-[cY]-[asannd+
SBj 00 0 1 0 1 1 1 j |j 05C | 1|1 |(MDP)-1
+ j=0to3
s
% |RBj 00 01 0 0 1 1 j |j 04C | 1|1 |(MDP)<oO
@ + j=0to3
&
2 |SZBj 00 00 1 0 0 0 j |j 0 2 j 1| 1 |(M(@P)=0?
j=0to 3
SEAM 00001 00 1 1 0 |0261]1]1|A=m@DP)?
& c
2 2 |SEAnN 00001 0010 1 |0251]2]2]/|A=n?
g g n=0to 15
§ = 0 0 01 1 1 n n n n 0 7n

Note :p is 0 to 15 for M34501M2, p is 0 to 31 for M34501M4/E4.

LENESANS

90
RenesasTechnology Corp.
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4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

>
(]
g
Skip condition *_; Datailed description
3
]
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 0 are the ROM pattern in ad-
dress (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, be careful not to over the stack because 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, and stores a result in register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.
Executes the next instruction when there is 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.”

Executes the next instruction when the contents of bit j of M(DP) is “1.”

(A) = (M(DP))

(A)=n

Skips the next instruction when the contents of register A is equal to the contents of M(DP).
Executes the next instruction when the contents of register A is not 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.
Executes the next instruction when the contents of register A is not equal to the value n in the immediate
field.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Parameter] Instruction code S ks
- N| = 0
Mnemonic 8% 23 Function
Type of Hexadecimall € 2| E &
| YPe! D9 Ds D7 Dé Ds Da D3 D2 D1 Do , 273
instructions notation
Ba 0O 1 1 a a5 a4 a3 a2 a1 a0 |1 8 a 1 1 |(PCL) — ae-ao0
+a
5 BLp, a 0 0 1 1 1 p4a p3 p2 pr po |0 E p 2 2 |(PCH) ~ p (Note)
2 +p (PCL) ~ as-a0
@
s 1 0 0O a6 as a4 a3 a2 al a0 | 2 a a
S
c
g BLA p 0O 0 0 O O1 0 O O O 010 2 2 EggH))‘_(pD(é\lotg)R As_AO)
L) « 2-DRo, A3—-A0
1 0 0 psa 0O O p3 p2 p1 po (2 p p
BM a 0 1 0 a6 a5 a4 a3 a2 a1 ao 1 aa 1 1 |(SP) - (SP)+1
(SK(SP)) — (PC)
(PCH) « 2
(PCL) ~ as—ao0
c
o
g BMLp,a [0 O 1 1 0O p4 p3 p2 pr po [0 C p 2 2 |(SP) - (SP)+1
] +p (SK(SP)) ~ (PC)
s (PCH) ~ p (Note)
_g 1 0 O a a5 a4 a3 a2 al ao |2 a a (PCL) ~ ae—ao
5
o
% BMLA p 0O 0 0 01 1 0 0 0O O 030 2 2 |(SP) - (SP)+1
(SK(SP)) ~ (PC)
1 0 0O psa O O p3 p2 p1 po [2 p p (PCH) ~ p (Note)
(PCL) — (DR2-DR0,A3-A0)
RTI 0O 0 0121 0 0 O 1 1 O 0 46 1 1 |(PC) « (SK(SP))
(SP) « (SP)-1
s
% RT 0O 0 0121 0 0 0O 1 0 O 0 4 4 1 2 |(PC) « (SK(SP))
s (SP) « (SP)-1
£
)
& RTS 0O 0 0121 0 0 O 1 0 1 045 1 2 |(PC) « (SK(SP))
(SP) - (SP)-1

Note :p is 0 to 15 for M34501M2, p is 0 to 31 for M34501M4/E4.
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4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry flag CY|

Datailed description

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.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter|

Type of
instructions

Instruction code

Mnemonic
D9 Ds D7 De Ds D4 D3 D2 Di Do

Hexadecimal

Number of
words
Number of
cycles

notation

Function

DI

El

SNZ0

SNZIO

TAV1

Interrupt operation

TVI1A

TAV2

TV2A

TAI1

TI1A

0O 0 1 0 O |[O0O0 4

[
[

[
[

0 0 1 0 1 |0O0S

11 0 0 0 |O38 |11

(INTE) < 0
(INTE) - 1
V1o = 0: (EXFO) =17

After skipping, (EXFO) — 0
V1o =1: SNZ0 = NOP

112=0: (INT)=“L"?

112=1: (INT) = “H" ?

(A) ~ (V1)
(V1) « (A)
(A) ~ (V2)
(V2) = (A)
(A) ~(11)
(1) - (A

TAW1

TWI1A

TAW2

TW2A

TAWG6

TW6A

TAB1

T1AB

TAB2

Timer operation

T2AB

TR1AB

SNZT1

SNZT2

(A) ~ (W1)
(W1) « (A)
(A) - (W2)
(W2) ~ (A)
(A) ~ (W6)
(W6) ~ (A)

(B) « (T17-T14)
(A) — (T13-T1o)

(T17-T1a) ~ (B)
(R17-R14) ~ (B)
(T13-T10) < (A)
(R13-R10) « (A)

(B) « (T27-T24)
(A) — (T23-T20)

(T27-T24) ~ (B)
(R27-R24) ~ (B)
(T23-T20) « (A)
(R23-R20) ~ (A)

(R17-R14) ~ (B)
(R13-R10)  (A)

V12=0: (T1IF)=17?
After skipping, (T1F) - 0
V12 = 1: SNZT1 = NOP

V13=0: (T2F)=17?
After skipping, (T2F) — 0
V13 =1: SNZT2 = NOP
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry flag CY|

Datailed description

V1o = 0: (EXFO) = 1

(INT) =“L"
However, 112 =0

(INT) = “H”
However, 112 = 1

Clears (0) to interrupt enable flag INTE, and disables the interrupt.

Sets (1) to interrupt enable flag INTE, and enables the interrupt.

When V1o = 0 : Skips the next instruction when external 0 interrupt request flag EXFO is “1.” After skipping,
clears (0) to the EXFO flag. When the EXFO flag is “0,” executes the next instruction.

When V1o = 1 : This instruction is equivalent to the NOP instruction. (V1o: bit O of interrupt control register
V1)

When 112 = 0 : Skips the next instruction when the level of INT pin is “L.” Executes the next instruction when
the level of INT pin is “H.”

When [12 = 1 : Skips the next instruction when the level of INT pin is “H.” Executes the next instruction when
the level of INT pin is “L.” (I112: bit 2 of interrupt control register 11)

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 11 to register A.

Transfers the contents of register A to interrupt control register 11.

V12=0: (T1IF) =1

V13 = 0: (T2F) =1

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 W6 to register A.
Transfers the contents of register A to timer control register W6.

Transfers the high-order 4 bits (T17-T14) of timer 1 to register B.
Transfers the low-order 4 bits (T13-T10) of timer 1 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 1 and timer 1 reload register R1. Trans-
fers the contents of register A to the low-order 4 bits of timer 1 and timer 1 reload register R1.

Transfers the high-order 4 bits (T27-T24) of timer 2 to register B.
Transfers the low-order 4 bits (T23-T20) of timer 2 to register A.

Transfers the contents of register B to the high-order 4 bits of timer 2 and timer 2 reload register R2. Trans-
fers the contents of register A to the low-order 4 bits of timer 2 and timer 2 reload register R2.

Transfers the contents of register B to the high-order 4 bits (R17-R14) of reload register R1, and the con-
tents of register A to the low-order 4 bits (R13—R10) of reload register R1.

When V12 = 0 : Skips the next instruction when timer 1 interrupt request flag T1F is “1.” After skipping,
clears (0) to the T1F flag. When the T1F flag is “0,” executes the next instruction.
When V12 = 1 : This instruction is equivalent to the NOP instruction. (V12: bit 2 of interrupt control register V1)

When V13 = 0 : Skips the next instruction when timer 1 interrupt request flag T2F is “1.” After skipping,
clears (0) to the T2F flag. When the T2F flag is “0,” executes the next instruction.
When V13 = 1 : This instruction is equivalent to the NOP instruction. (V13: bit 3 of interrupt control register V1)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter] Instruction code S ks
“ 0| = 0
Mnemonic 8% 23 Function
Type of Hexadecimall € 2| E &
) . Do D8 D7 De Ds D4 D3 D2 D1 Do . =) S
instructions notation z z
IAPO 1 0 0 1 1 0 0 O O O 260 1 1 |(A) « (PO)
OPOA 1 0 0 01 0 0 O O O 220 1 1 |(PO) « (A)
IAP1 10 0 1 1 0 0 0 0 1 261 | 1| 1|A (P
OP1A 10 0 0 1 0 0 0 0 1 221 |1 1|P1<(@A
IAP2 10 0 1 1 0 0 0 1 O 26 2 | 1| 1 |(AL,A0) — (P21, P20)
(A3,A2) - O
OP2A 1 0 0 01 0 0 O 1 O 2 22 1 1 | (P21, P20) — (A1, Ao)
CLD 0O 0 0 0O O1 0 0 0 1 011 1 1 |D) 1
RD 0O 0 0 O O1 0 1 0 O 01 4 1 1 |(D(Y)) <0
(Y)=0to 3
SD 0O 0 0 0O 0O1 0 1 0 1 015 1 1 |(D(Y)) « 1
(Y)=0to 3
SzZD 0O 0 0 0O1 0 0O 1 0 O 02 4 2 2 |(D(Y))=07?
(Y)=0to 3
0O 0 0 01 0 1 0 1 1 02 8B
& |scp 10 1 0 0 0 1 1 0 1 28D|1]|1|C<1
©
@ |RCP 1 0 1 0 0 0 1 1 0 O 2 8C 1 1 |(C)-0
o
3 |sNzcp 101 0 0 0 1 0 0 1 289 |1 1|C=1?
5
g
3 |IAK 10 0 1 1 0 1 1 1 1 26 F | 1| 1 |A0)«(K)
IS (A3-A1) - O
OKA 10 0 0 0 1 1 1 1 1 21 F | 1] 1 |(K (A0
TKOA 10 0 0 0 1 1 0 1 1 2 1B | 1| 1 |(KO) < (A)
TAKO 1 0 0 1 01 O 1 1 O 256 1 1 |(A) < (KO)
TK1A 10 0 0 0 1 0 1 0 O 214 | 1| 1 |(KL) < (A
TAK1 10 0 1 0 1 1 0 0 1 259 | 1| 1|A) (K
TK2A 10 0 0 0 1 0 1 0 1 215 | 1| 1 |(K2«<(A
TAK2 10 0 1 0 1 1 0 1 O 25 A 1] 1|A (K2
TPUOA 10 0 0 1 0 1 1 0 1 22D | 1| 1 |(PUD) < (A)
TPU1A 10 0 0 1 0 1 1 1 O 2 2E | 1| 1 |(PUL) (@A)

TPU2A 1 0 0 0 1 0 1 1 1 1 |22F/|1]|1|PU2-®

LENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry flag CY|

Datailed description

(D(¥)=07?
(Y)=0to3

©=1

Transfers the input of port PO to register A.
Outputs the contents of register A to port PO.
Transfers the input of port P1 to register A.
Outputs the contents of register A to port P1.

Transfers the input of port P2 to the low-order 2 bits (A1, Ao) of register A.

Outputs the contents of the low-order 2 bits (A1, Ao) of register A to port P2.
Sets (1) to port D.

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.” Executes the next instruction
when a bit of port D specified by register Y is “1.”

Sets (1) to port C.
Clears (0) to port C.

Skips the next instruction when the contents of port C is “1.”
Executes the next instruction when the contents of port C is “0.”

Transfers the contents of port K to the bit O (Ao) of register A.

Outputs the contents of bit 0 (Ao) of register A to port K.

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 key-on wakeup control register K1.
Transfers the contents of key-on wakeup control register K1 to register A.
Transfers the contents of register A to key-on wakeup control register K2.
Transfers the contents of key-on wakeup control register K2 to register A.
Transfers the contents of register A to pull-up control register PUO.
Transfers the contents of register A to pull-up control register PUL.

Transfers the contents of register A to pull-up control register PU2.

LENESANS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (INDEX BY TYPES) (continued)

Parameter|

Type of
instructions

Mnemonic

Instruction code

Do Ds D7 De D5 D4 D3 D2 D1 Do

Hexadecimal

Number of
words

notation

Number of
cycles

Function

A-D conversion operation

TABAD

TALA

TADAB

TAQ1
TQ1A

ADST

SNZAD

11 1 0 0 1 279

[
[

In A-D conversion mode (Q13 = 0),
(B) — (AD9—-ADs)

(A) ~ (AD5-AD2)

In comparator mode (Q13 = 1),

(B) — (AD7-AD4)

(A) —~ (AD3-ADo0)

(A3, A2) —~ (AD1, ADo)
(A1,A0) - O

(AD7-AD4) ~ (B)
(AD3—-AD0) ~ (A)

(A) - Q)
QD - (”

(ADF) - 0
Q13 = 0: A-D conversion starting
Q13 = 1: Comparator operation starting

V22=0:(ADF) =17
After skipping, (ADF) ~ 0
V22 = 1: SNZAD = NOP

Other operation

NOP

POF

POF2

EPOF

SNzZP

DWDT

WRST

CMCK

CRCK

TAMR

TMRA

(PC) - (PC)+1

RAM back-up
However, voltage drop detection circuit is valid

RAM back-up

POF or POF2 instruction valid

(P)=12

Stop of watchdog timer function enabled
(WDF1) =1,

after skipping,

(WDF1) — 0

Ceramic resonator selected

RC oscillation selected

(A) - (MR)

(MR)  (A)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry flag CY|

Datailed description

V22 = 0: (ADF) = 1

In the A-D conversion mode (Q13 = 0), transfers the high-order 4 bits (AD9—ADs) of register AD to register
B, and the middle-order 4 bits (AD5—AD2) of register AD to register A.

In the comparator mode (Q13 = 1), transfers the middle-order 4 bits (AD7—AD4) of register AD to register B,
and the low-order 4 bits (AD3—ADOo) of register AD to register A.

(Q13: bit 3 of A-D control register Q1)

Transfers the low-order 2 bits (AD1, ADo) of register AD to the high-order 2 bits (AD3, AD2) of register A.

In the A-D conversion mode (Q13 = 0), this instruction is equivalent to the NOP instruction.

In the comparator mode (Q13 = 1), transfers the contents of register B to the high-order 4 bits (AD7—AD4) of
comparator register, and the contents of register A to the low-order 4 bits (AD3—ADo0) of comparator register.
(Q13 = bit 3 of A-D control register Q1)

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

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

Clears (0) to A-D conversion completion flag ADF, and the A-D conversion at the A-D conversion mode (Q13
= 0) or the comparator operation at the comparator mode (Q13 = 1) is started.

(Q13 = bit 3 of A-D control register Q1)

When V22 = 0 : Skips the next instruction when A-D conversion completion flag ADF is “1.” After skipping,

clears (0) to the ADF flag. When the ADF flag is “0,” executes the next instruction.
When V22 = 1 : This instruction is equivalent to the NOP instruction. (V22: bit 2 of interrupt control register V2)

PF)=1

(WDF1) = 1

No operation; Adds 1 to program counter value, and others remain unchanged.

Puts the system in RAM back-up state by executing the POF instruction after executing the EPOF instruc-
tion. However, the voltage drop detection circuit is valid.

Puts the system in RAM back-up state by executing the POF2 instruction after executing the EPOF instruction.
Operations of all functions are stopped.

Makes the immediate after POF or POF2 instruction valid by executing the EPOF instruction.

Skips the next instruction when the P flag is “1”.

After skipping, the P flag remains unchanged.

Executes the next instruction when the P flag is “0.”

Stops the watchdog timer function by the WRST instruction after executing the DWDT instruction.

Skips the next instruction when watchdog timer flag WDF1 is “1.” After skipping, clears (0) to the WDF1 flag.
When the WDF1 flag is “0,” executes the next instruction. Also, stops the watchdog timer function when ex-
ecuting the WRST instruction immediately after the DWDT instruction.

Selects the ceramic oscillation circuit and stops the ring oscillator.

Selects the RC oscillation circuit and stops the ring oscillator.

Transfers the contents of clock control register MR to register A.

Transfers the contents of register A to clock control register MR.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INSTRUCTION CODE TABLE

Do- D4 000000000001100001000001100010000010:{000110/000111/0010001001001001010(001011001100j001101001110|001111 2122(1? Zﬁ??f
D3-Do m')::;('m 00 | 01 | 02 | 03 | 04 | 05 |06 | 07 | 08 | 09 | OA | 0B | oOC | OD | OE | OF [10-17|18-1F
0000| o [nop|BLA|S%B|BMLA| - [Tasp| A | LA |TABPITABPI | l1gui|BML*| BL | BL* | BM | B

0 o | o | o |16
o001| 1 | - |cLD SfB - | - |TAD ? Lf TAlBP Tfff - | - |BML|BML*| BL | BL* |BM | B
0010 2 |POF| - SéB - | - | T1AX ’2* LzA TAzsp T’l*gsf - | - |BML|BML*| BL | BL* |BM | B
0011| 3 |[SNzP| INY sgs - | - | 1Az é L; TA3BP Tf:f - | - |BML|BML*| BL | BL* |BM | B
0100 4 | DI | RD |SzD| - | RT |TAva| A | LA |TABPITABPI 1 1pmL|emL*| BL | BL* |BM | B
4 | 4 | 4 | 20
0101| 5 | EI | SD |SEAn| — |RTS |TAV2 g\ "5A TASBP T’;ff - | - |BML|BML*| BL | BL* |BM | B
o110 6 | RC | - |sEam| — [Rm | - | A | LA |TABPITABPI 1 1gmL|BML*| BL | BL* |BM | B
6 | 6 | 6 | 22
ou1| 7 | sc |peY| - | - | - | - ‘7\ "7A TA7BP TQSB*P - | - |BML|BML*| BL | BL* |BM | B
1000| 8 |POF2|AND| - [SNZz0 LOZ - g Lé“ TASBP Tgff - | - |BML|BML*| BL | BL* |BM | B
1001 9 | — | OR |TDA| - le - ’3 '-; TAQBP T/QE*P - | - |BML|BML*| BL | BL* |BM | B
1010/ A | AM |TEAB|TABE|SNZzIO "22 - 1A0 i'g T‘;gp TgeB*P - | - |BML|BML*| BL | BL* |BM | B
1011| B |AMC| - | - | - ng EPOF fl '1’1* T’ﬁp T’;E*P - | - |BML|BML*| BL | BL* |BM | B
1100| ¢ |TvAa|cMA| - | - ROB SOB 12 Ii/; T’;gp ngs*P - | - |BML|BML*| BL | BL* |BM | B
11201 D | - |RAR| - | - RlB SlB 1A3 i’; TA,IEP TQ;P - | - |BML|BML*| BL | BL* |BM | B
1110| E |TBA|TAB| - |Tv2A R’ZB SZB lﬁ '1’2 T’flp TQE*P - | - |BML|BML*| BL | BL* |BM | B
mi| F | - | TAY |SzC|TV1A RsB S3B 1A5 i’: T?gp Tgff - | - |BML|BML*| BL | BL* |BM | B

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
BL 10 Oaaa aaaa
BML 10 Oaaa aaaa
BLA 10 OpOO0 pppp
BMLA 10 OpOO0 pppp
SEA 00 0111 nnnn
SzZD 00 0010 1011

« * cannot be used in the M34501M2-XXXFP.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INSTRUCTION CODE TABLE (continued)

D9—D4 100000/100001{100010[100011{100100|100101}100110{100111{101000{101001{101010101011/101100{101101/101110{101111

110000
111111

D3-Do Hex. 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D | 2E 2F |30-3F

notation

TMA | TAM | XAM | XAMI [(XAMD| | yy
0 0 0 0 0

o001| 1 | - | - |oPialT2aB| - | - |iaP1|TAB2lSNZTY - | - T"{'A T’;M x’;M X";'V” XAIMD LXY

0010 2 | - | - |oP2A| - | - [TAMR|IAP2| - | - | - | - T"Z"A TAZM X’QM XAZM' XAZMD LXY

o011l 3 | - ltweal - | = | = [tan| - | = | = | — | _ |TMA|TAM |XAM |XAMIXAMD| | vy

3 3 3 3 3

0100 4 |TQIA[TKIA| - | - [TAQL| - | - | = | = | = | - T'Z'A TZM X’ZM X'ZM' XAZ:"'D LXY

TMA | TAM | XAM | XAMI [XAMD| | v
5 5 5 5 5

TMA | TAM | XAM | XAMI [XAMD| | v
6 6 6 6 6

omt| 7 | - |mA| - | - | - | - | - | - sNzaD - | - T"7"A TA7M X’;M XA7M' XA7MD LXY

TMA | TAM | XAM | XAMI |XAMD
- — - - - - - - - - - LXY
1000| 8 8 8 8 8 8

1001| 9 - - — [TADAB| TALA |TAK1| - [TABADSNZCP| - - TZIA T,:M XgM XAE;MI XAE;\/I Dl Lxy

TMA | TAM | XAM | XAMI |XAMD
- - - - - - - - - LXY
1010 A TAK2 CMCK 10 10 10 10 10

TMA | TAM | XAM | XAMI [XAMD
_ _ _ _ _ _ _ _ LXY
1011| B TKOA TAW1 CRCK 1 11 11 11 11

TMA | TAM | XAM [xAMI [xAMD
N R N R _ LXY
1100| C TAW2 RCP DWDT 12 |12 |12 ] 12| 12

TMA | TAM | XAM | XAMI |XAMD
- — - - - - - - - LXY
1101| D ITPUOA SCP 13 13 13 13 13

TMA | TAM | XAM | XAMI |XAMD
— - - - - - - - - LXY
1110 | E ([TW1A TPU1A 14 14 14 14 14

TMA | TAM | XAM | XAMI |XAMD
- - - - - LXY
1111 | F [TW2A| OKA [TPU2ATR1AB IAK ADST 15 15 15 15 15

0000| O - — |OPOA|T1AB| - |TAWG6|IAPO |TAB1 SNZT1l - [WRST|

0101| 5 - |TK2A| - - - - - - - — -

0110| 6 - |TMRA| - — — |TAKO| = _ _ _ _

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 Oaaa aaaa
BML 10 Oaaa aaaa
BLA 10 Op00 pppp
BMLA | 10 0p00 pppp
SEA 00 0111 nnnn
SZD 00 0010 1011
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RAINGS

Symbol Parameter Conditions Ratings Unit
VDD Supply voltage -0.3t06.5 \%
Vi Input voltage PO, P1, P2, D2/C, D3/K, RESET, XIN —0.3 to VpD+0.3 Vv
\ Input voltage Do, D1 -0.3t0 13.0 V
\ Input voltage AINO—AIN1 —0.3 to VbD+0.3 V
Vo Output voltage PO, P1, P2, D2/C, D3/K, RESET ) ) —-0.3 to VDD+0.3 \%
Vo Output voltage Do, D1 Output transistors in cut-off state 0310 13.0 v
Vo Output voltage XouT —0.3 to VDD+0.3 Vv
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature range —20to 85 °C
Tstg Storage temperature range -40to 125 °C
RENESAS
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS 1 (Ta=-20"°C to 85 °C, Vbb = 2.7 to 5.5 V, unless otherwise noted)

" Limits _
Symbol Parameter Conditions Min. Tvp. Max. Unit
VDD Supply voltage High-speed mode f(XIN) < 4.4 MHz 2.7 5.5 \%
Middle-speed mode (Note 1)
Low-speed mode
Default mode
VRAM RAM back-up voltage (at RAM back-up mode with the POF2 1.8 (Note 2) \%
instruction)
Vss Supply voltage 0 \%
VIH “H” level input voltage PO, P1, P2, D2, D3, XIN 0.8VDD VDD \Y
VIH “H” level input voltage Do, D1 0.8VDD 12 \Y
VIH “H” level input voltage RESET 0.85VDD VDD \Y
VIH “H” level input voltage C,K Vbb=4.0t05.5V| 0.5VDD VDD \Y
Vbbb =2.7t05.5V| 0.7VDD VDD \%
VIH “H” level input voltage CNTR, INT 0.85VDD VDD \Y
ViL “L” level input voltage PO, P1, P2, Do-D3, XIN 0 0.2VDD \%
ViL “L” level input voltage C, K 0 0.16VDD
ViL “L" level input voltage RESET 0 0.3Vbp | V
ViL “L” level input voltage CNTR, INT 0 0.15VDD
loL(peak) | “L” level peak output current P2, RESET VDD =5.0 V 10 mA
loL(peak) | “L” level peak output current Do, D1 VDD =5.0 V 40 mA
loL(peak) | “L” level peak output current D2/C, D3/K VbD =5.0V 24 mA
loL(peak) | “L” level peak output current PO, P1 VDD =5.0V 24 mA
loL(avg) | “L” level average output current P2, RESET (Note 3) VDD = 5.0V 5.0 mA
loL(avg) | “L” level average output current Do, D1 (Note 3) VDD =5.0V 30 mA
loL(avg) | “L” level average output current D2/C, D3/K (Note 3) VDD =5.0 V 15 mA
loL(avg) | “L” level average output current PO, P1 (Note 3) VDD =5.0 V 12 mA
ZloL(avg) | “L” level total average current P2, D, RESET 80 mA
PO, P1 80 mA

Notes 1: System is in the reset state when the value is the detection voltage of the voltage drop detection circuit or less.
2: The voltage drop detection circuit is operating in the RAM back-up with the POF instruction (system enters into the reset state when the value is
VRST or less). In the RAM back-up mode with the POF2 instruction, the voltage drop detection circuit stops.

3: The average output current (IoH, loL) is the average value during 100 ms.

Ceramic resonator and high-speed mode selected

_ VRrsT (Note)

External clock input (ceramic resonator selected)

f [MHz] f[MHz]
A A
44
3.2

_ VRsT (Note)

»
>

Recommendedoperating
condition
2.7 4.2 5.5

condition

Recommended {operating

> Vop[V]

2.7 4.2

> Vop|V]

Note: It shows the electrical characteristics range of detected voltage
for voltage drop detection circuit.
System reset occurs when the supply voltage is under

the detected voltage for voltage drop detection circuit.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS 2 (Ta=-20"°C to 85 °C, Vbb = 2.7 to 5.5 V, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Min. Typ. Max.
f(XIN) Oscillation frequency High-speed mode 4.4 |MHz
(with a ceramic resonator/ Middle-speed mode
RC oscillation) (Note) Low-speed mode
Default mode
f(XIN) Oscillation frequency High-speed mode 3.2 |MHz
(with a ceramic resonator selected, Middle-speed mode
external clock input) Low-speed mode
Default mode
A f(XiN) | Oscillation frequency VDD = 5.0 V £10 %, +17 %
(at RC oscillation, error value of Ta=25°C,-20to0 85 °C
exteranal R, C not included)
Note: use 30 pF capacitor and vary external R
f(CNTR) | Timer external input frequency High-speed mode f(XIN)/6 | Hz
Middle-speed mode f(XIN)/12
Low-speed mode f(Xin)/24
Default mode f(XIN)/48
twW(CNTR) | Timer external input period High-speed mode 3/f(XIN) S
(“H” and “L” pulse width) Middle-speed mode 6/f(XIN)
Low-speed mode 12/f(XIN)
Default mode 24/f(XIN)
TPON Valid supply voltage rising time for Vbb=0 - 20V 100 | s
power-on reset circuit

Note: The frequency is affected by a capacitor, a resistor and a microcomputer. So, set the constants within the range of the frequency limits.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Ta=-20°C to 85 °C, VDD = 2.7 to 5.5 V, unless otherwise noted)

. Limits )
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
VoL “L” level output voltage PO, P1 VDD =5.0 V loL=12 mA 2.0 \
loL=4.0 mA 0.9
VoL “L” level output voltage P2, RESET VbD =5.0V loL=5.0 mA 2.0 \%
loL=1.0 mA 0.6
VoL “L” level output voltage Do, D1 Vbb =5.0V loL =30 mA 2.0 \%
loL =10 mA 0.9
VoL “L” level output voltage D2/C, D3/K Vbb =5.0V loL=15mA 2.0 \%
loL=5.0 mA 0.9
IIH “H” level input current V1 = VDD 1.0 UA
PO, P1, P2, D2/C, D3/K, RESET
IIH “H” level input current Do, D1 Vi=12V 1.0 HA
I “L” level input current PO, P1, P2 Vi=0V PO, P1, P2 No pull-up -1.0 UA
liL “L” level input current Vi =0V, D2/C, D3/K, No pull-up -1.0 HA
Do, D1, D2/C, D3/K
IDD Supply current | at active mode VbD =5.0V High-speed mode 1.7 5.0 mA
(Notes 1, 2) f(XIN) = 4.0 MHz Middle-speed mode 13 3.9
Low-speed mode 11 3.3
Default mode 1.0 3.0
at RAM back-up mode VDD = 5.0V 50 100
(POF instruction execution)
at RAM back-up mode Ta=25°C 0.1 1.0 UA
(POF2 instruction execution) | VDD = 5.0 V 10
VDD = 3.0V 6.0
RPU Pull-up resistor value Vi=0V,Vbb=50V 30 60 150 kQ
PO, P1, P2, D2/C, D3/K, RESET
VT+ — VT- | Hysteresis INT, CNTR VoD =5.0V 0.25 \
VT+ — VT- | Hysteresis RESET VbD =5.0 V 1.2 \%
f(RING) |[Ring oscillator clock frequency (Note 3) VbD =5.0V 1.0 2.0 3.0 | MHz

Notes 1: The operation current of the voltage drop detection circuit is included.
2: When the A-D converter is used, the A-D operation current (IADD) is included.
3: When system operates by the ring oscillator, the system clock frequency is the ring oscillator clock divided by the dividing ratio selected with register

MR.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

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 Ta=25°C 2.7 (Note) 5.5 \
Ta=-20°Cto85°C 3.0 55
VIA Analog input voltage 0 VDD+2LSB| V
f(XIN) Oscillation frequency VDD = VRST to 5.5 V| High-speed mode 0.1 MHz
Middle-speed mode 0.2 MHz
Low-speed mode 0.4 MHz
Default mode 0.8 MHz
Note: System is in the reset state when the value is the detection voltage of the voltage drop detection circuit or less.
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°C,VbD=VRSTt0 55V +2.0 LSB
Ta=-25°Cto85°C,vDD=3.0Vto55V
- Differential non-linearity error Ta=25°C, VDD =VRSTt05.5V +0.9 LSB
Ta=-25°Cto85°C,vDD=3.0Vto55V
Vot Zero transition voltage VDD =5.12 V 10 20 30 mV
VEST Full-scale transition voltage VoD =5.12 V 5115 5125 5135 mV
IADD A-D operating current (Note 1) | VDD =5.0 V f(XIN) = 0.4 MHz to 4.0 MHz 0.3 0.9 mA
TcoNnv  |A-D conversion time f(XIN) = 4.0 MHz | High-speed mode 46.5 us
Middle-speed mode 93.0
Low-speed mode 186
Default mode 372
— Comparator resolution Comparator mode 8 bits
- Comparator error (Note 2) VoD =5.12V +20 mV
- Comparator comparison time f(XIN) = 4.0 MHz High-speed mode 6.0 us
Middle-speed mode 12
Low-speed mode 24
Default mode 48

Notes 1: When the A-D converter is used, the IADD is included to IDD.
2: 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
voltage Vref which is generated by the built-in DA converter can be obtained by the following formula.

Logic value of comparison voltage Vref

VDD

Vref = ————
256

On

n = Value of register AD (n = 0 to 255)
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

VOLTAGE DROP DETECTION CIRCUIT CHARACTERISTICS

(Ta =-20 °C to 85 °C, unless otherwise noted)

IRST

drop detection circuit

(POF instruction execution) (Note 2)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
) 2.7 4.2 \%
VRST Detection voltage (Note 1) Taz 25 °C 33 35 37
Operation current of voltage | RAM back-up mode VDD =5.0V 50 100 UA

Notes 1: The detected voltage (VRST) is defined as the voltage when reset occurs while the supply voltage (VDD) is falling.

2: The voltage drop detection circuit is operating in the RAM back-up with the POF instruction (It stops in the RAM back-up with the POF2 instruction).

BASIC TIMING DIAGRAM

Parameter

Machine cycle
Pin name

Mi

Mi+1

Clock

Port D output

Port D input

Port PO, P1, P2
output

Port PO, P1, P2
input

Timer output

Timer input

Interrupt input

XIN : high-speed mode
(System clock = f(Xin))

XIN : middle-speed mode
(System clock = f(XiNn)/2)

XIN : low-speed mode
(System clock = f(XiN)/4)

XIN : default mode
(System clock = f(XiN)/8)

Do, D1, D2/C, Ds/K

Do, D1, D2/C, D3/K

P0o—PO03
Plo—P13
P20, P21

P0o—PO03
Plo—P1s3
P20, P21

==

CNTR

CNTR

INT

LENESANS

RenesasTechnology Corp.
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4501 Group has the
One Time PROM versions whose PROMs can only be written to
and not be erased.

The built-in PROM version has functions similar to those of the
mask ROM versions, but it has PROM mode that enables writing to
built-in PROM.

Table 20 shows the product of built-in PROM version. Figure 52
shows the pin configurations of built-in PROM versions.

The One Time PROM version has pin-compatibility with the mask
ROM version.

Table 20 Product of built-in PROM version

PROM si i
Product © s.,lze RAM S_lze Package ROM type
(O 10 bits) (O 4 bits)
M34501E4FP 4096 words 256 words 20P2N-A One Time PROM ([shipped in blank]

(1) PROM mode

The 4501 Group has a PROM mode in addition to a normal opera-
tion mode. It has a function to serially input/output the command
codes, addresses, and data required for operation (e.g., read and
program) on the built-in PROM using only a few pins. This mode
can be selected by setting pins SDA (serial data input/output),
ScLk (serial clock input), PGM to “H” after connecting wires as
shown in Figure 54 and powering on the VDD pin, and then apply-
ing 12 V to the VPP pin.

In the PROM mode, three types of software commands (read, pro-
gram, and program verify) can be used. Clock-synchronous serial
1/O is used, beginning from the LSB (LSB first).

Use the special-perpose serial programmer when performing serial
read/program.

As for the serial programmer for the Mitsubishi single-chip micro-
computer (serial programmer and control software), refer to the
“Mitsubishi Microcomputer Development Support Tools” Hompage
(http://www.tool-spt.mesc.co.jp/index_e.htm).

(2) Notes on handling

OA high-voltage is used for writing. Take care that overvoltage is
not applied. Take care especially at turning on the power.

OFor the One Time PROM version shipped in blank, Mitsubishi
Electric corp. does not perform PROM writing test and screening
in the assembly process and following processes. In order to im-
prove reliability after writing, performing writing and test
according to the flow shown in Figure 53 before using is recom-
mended (Products shipped in blank: PROM contents is not
written in factory when shipped).

Writing with PROM programmer

4

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

4

Verify test with PROM programmer

Note: Since the screening temperature is higher
than storage temperature, never expose the
microcomputer to 150 °C exceeding 100
hours.

Fig. 53 Flow of writing and test of the product shipped in blank
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

Qo>——voo [1] () 20] Poo
(VsS>—¢——Vss [2] 19] POL
¢—— XN | 3] = 18| P02
xout [4] Cﬁ [17] Pos
(VPP>—F—CNvss [5 | g 16] P10
L RESET [6 ] I_'T.‘I 15] P11
o> P2uAN [T _I-EI 14] P12/CNTR
DP20/A|N0 (8] U [13] P1a/NT
DK [ 9] 12] Do
D2/ [10] 11] D1
Outline 20P2N-A

Fig. 54 Pin configuration of built-in PROM version
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PACKAGE OUTLINE

20P2N-A Plastic 20pin 300mil SOP
EIAJ Package Code JEDEC Code Weight(g) Lead Material e b2

SOP20-P-300-1.27 - 0.26 Cu Alloy j—r— —:He
@ @
AHHddAAHA S

i
I
H

Q Recommended Mount Pad
H H H H H H H H H H Symbol DimensioninMiIIimeters
R E Min Nom Max
©) A - - 2.1
A A1 0 0.1 0.2
D A2 — 1.8 —
G b 0.35 0.4 0.5
c 0.18 0.2 0.25
D 12.5 12.6 12.7
M E 5.2 5.3 5.4
7 ] - 1.27 -
b HE 75 7.8 8.1
L 0.4 0.6 0.8
L1 - 1.25 -
- 0.585 -
ﬁ Z1 - — 0.735
d X - - 0.25
(H:LD y - - 0.1
/) 0° - 8°
b2 - 0.76 -
Z1 Detail G Detail F - 7.62 —
12 1.27 — —
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MITSUBISHI MICROCOMPUTERS

4501 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RenesasTechnology Corp.

Nippon Bldg.,6-2,0temachi 2-chome,Chiyoda-ku,Tokyo,100-0004 Japan

—— 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 (jii) 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, programs, algorithms, or circuit application examples

contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents 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 recor that contact Electric Corporation or an authorized Mitsubishi Semiconductor product

distributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision

on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained 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.

© 2001 MITSUBISHI ELECTRIC CORP. E N ESAS
Printed in Japan (ROD) 1] |
New publication, effective June. 2001.

Specifications subject to change without notice. RenesaSTeCh nOIOgy Corp.




REVISION DESCRIPTION LIST

4501 GROUP DATA SHEET

Rev. Revision Description Rev.
No. date
1.0 | First Edition 000711
1.1 | Page 5: Input/Output ports; Description of AINO—AIN3 added. 000726
Page 25: Fig.18 to Fig. 20; Description of “00” revised.
Page 33: (2) Successive comparison register AD;
this instruction (error) - these instructions (correct)
Page 42: Table 16; Return condition of port P13/INT revised
bit 1 (error) - bit 2 (correct), EXF1 (error) - EXFO (correct)
Pages 49 to 51: Fig. 46 to Fig. 49; Description of “[0” revised.
Page 73: SEAM; Instruction code 0000010110 (error) — 0000100110 (correct)
Page 80: Description AD3, AD2 (error) - A3, A2 (correct)
Page 88: WRST;
Operation: (WDF) 17 (error) - (WDF1) = 1? (correct)
Description:
Skips the next instruction when watchdog timer flag WDFL1 is “1.” After skipping, clears
(0) to the WDF1 flag. When the WDF1 flag is “0,” executes the next instruction.......
Page 91: Description of DEY; “Subtracts 1 from the contents of register Y.” added.
Page 93: Description of SEAM and description of SEA n are exchanged.
Page 100: WRST;
(WDF1) ~ 0, (WDF1) =1,
after skipping, - after skipping,
(WDF1) ~ 1 (WDF1) - 0
(error) (correct)
Page 101: WRST;
Skip condition: (WDF) = 1 (error) — (WDF1) = 1 (correct)
Description:
Skips the next instruction when watchdog timer flag WDF1 is “1.” After skipping, clears
(0) to the WDF1 flag. When the WDF1 flag is “0,” executes the next instruction.......
Page 110: (1) PROM mode; 12.5 V (error) — 12 V (correct)
Fig. 52; title revised
1.2 | Pages 3, 4, 22 : Character fonts errors revised 000905
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REVISION DESCRIPTION LIST

4501 GROUP DATA SHEET

Rev. Revision Description Rev.
No. date
2.0 | The 4501/4502 Group data sheet is separated. 010620

Page 9: Port block diagram (3); Block diagram of P12/CNTR pin revised.
Page 25: Fig. 22 Timers structure; Block diagram of P12/CNTR pin revised.

Page 28: (9) Precautions - (8) Precautions
(8) Timer input/output pin (P12/CNTR pin) added.
Fig. 23 added.
Page 29: WATCHDOG TIMER revised all.
Page 30: Fig. 24 - Fig. 25, Fig. 25 - Fig. 26
Fig. 26 NOP instruction added
Page 39: Fig. 37 Note 3 added.
Page 61: BL p, a, BLA p instructions revised.
Page 62: BML p, a, BMLA p instructions revised.
Page 76: TABP p instruction revised.
Page 90: TABP p instruction revised.
Page 92: BL p, a, BLA p, BML p, a, BMLA p instructions revised.
Page 100: BL, BML, BLA, BMLA instructions; The second word revised.
Page 101: BL, BML, BLA, BMLA instructions; The second word revised.
Page 102: ABSOLUTE MAXIMUM RATINGS; VDD -0.3t0 6.0 - —-0.3t0 6.5
Page 103: RECOMMENDED OPERATING CONDITIONS 1;
VRST - 2.7
Note 1 revised.
Operating condition map added.
Page 104: RECOMMENDED OPERATING CONDITIONS 2; VRST - 2.7
Page 105: ELECTRICAL CHARACTERISTICS; VRST - 2.7
Page 106: A-D CONVERTER RECOMMENDED OPERATING CONDITIONS;
VDD (Ta = 25 °C) Min. VRST - 2.7, Note added
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