MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 4510 Group is a 4-bit single-chip microcomputer de-
signed with CMOS technology. Its CPU is that of the 4500
series using a simple, high-speed instruction set. The com-
puter is equipped with serial /O, four 8-bit timers (each
timer has a reload register), A-D converter, and zero cross
detection circuit.

The various microcornputers in the 4510 Group include
variations of the built-in memory type and package as shown
in the table below.

FEATURES

® Minimum instruction execution ime........ccveeenn. 0.5 us
(at 6.0 MHz systern clock frequency)

® Supply voltage
4.5 Vto 5.5 V (at 6.0 MHz system clock frequency)
4.0 V to 5.5 V (at 4.0 MHz system clock frequency)
2.5 Vta 5.5 V (at 2.0 MHz system clock frequency)
2.0 Vto 6.5 V (at 1.5 MHz system clock frequency:

only for Mask ROM versions)

® Timers )
Timer 1. 8-bit timer with a reload register
Timer 2........cccccueeeeee., B-bit timer with a reload register
Timer 3. 8-bit timer with a reload register
Timer 4... . B-bit timer with a reload register
@ [NTOITUPL it e 8 sources
® Serial VO e iiseaeeeen.. B bit-wide
& A-D converter

.................. 8-bit successive comparison method X 4ch
Zero cross detection CircUit.......coccvcceniviencicnntcnnns 1
Real time output circuit.....
Watchdog timer...................
Voltage drop detection circuit .
Clock generating GiFCUIt ......c.cirieveemiiceenrnineeraereorereecanns 1
LED drive directly enabled {port D)

APPLICATION
VCR, microwave oven, rice cooker, audio, telephone, office
equipment

ROM (PROM) size RAM size Package

Product (X 10 bits) (X 4 bits) 9 ROM type
M34510M2A-XXXSP/FP 2048 words 128 words Mask ROM
M34510M4A-XXXSP/FP 4096 words 256 words SP: 32P4B FP: 36P2R-A
M34510E8-XXXSP/FP * One Tims PROM
M34510E8SS o 8192 words 384 words 32518 EPROM
*: Shipped after writing {shipped in blank: M34510E8SP/FP)
*x: For program development
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MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
M34510MxA-XXXSP
Y
D) =[] 32] Do
D[22 ] 31] P12
Da“E 30]+» P12
DYRTP <[4 ] Z [25] > P11
Ds/RTP wa-{ 5 (%] 28]+ P1o
DwINTO/ZEROX <[ (4; [27] <+ PO:
D7/CNTR | 7 — 26] 4w P02
DwSck w8 2 [25] e PO:
Ds/Sout »[9] [ 24] s POo
x
P2u/Sin —»[10 ] > [ 23]« P3vAN
P21/INT1 —»-[11 >'< 20] - ::z?ﬁzm
RESET =+ [12] 5 [ 21]=> P3vAN
CNVss 13 (>/)< [ Z0]e+ P3vAmne
Xout 14 [15] AVss
Xin —’E U 18] e— VRer
Vss [i€] 7] Voo
Outline 32P48
PIN CONFIGURATION (TOP VIEW)
M34510MxA-XXXFP
D1 w[7 ] 36] Do
o] O i
Dsw[3] 34]>p1;
D/RTP a1 ] = 33] P14
NG [E] [32] NC
W
D/RTP w6 N [31] == P16
De/INTO/ZEROX <[ 7 o 30] < P03
D7/CNTR ==[3 | o [20]) - P02
DuSck <[ < 28] -+ P01
De/Sour <-+[10 >)<> 27] > P0o
P20/SiN = EI ( 261 % P3/AiN
p2uINT1 —»[12] >>§ [ 25] = P3v/AN
NC E pod E*"‘ P3vAN
RESET <=[14] T [ 23]+ P3o/Amo
CNvss  [15] Y, % r:s
Xout [i5] s
XiN et [1—_7: Q 20] 4 Vrer
Vas [.L.—B_ E Voo
NC : No connected
{not connected to internat circuit)
Outline 36P2R-A
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4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

122

Minimum instruction execution time

0.5 us (at 6.0 MHz system clock frequency) (Refer to the electrical characteristics because
the minimum instruction execution time depends on the supply voltage.}

Memory sizes | ROM M34510M2A | 2048 words X 10 bits
M34510M4A [ 4096 words X 10 bits
M34510E8 {8192 words X 10 bits
RAM M34510M2A ] 128 words X 4 bits
M34510M4A | 256 words X 4 bits
M34510E8 |384 words X 4 bits
Input/Qutput |Do-Ds [1/O Ten independent I/O ports; ports Ds and Ds are also used as RTP. Ports De-Ds are also
ports used as INTO, CNTR, Sck, and Sour, respectively.
P0o0-PO3| /1O 4-bit VO 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] /O 4-bit /O port; each pin is squipped with a pull-up function and a key-on wakeup function.
Both functions can be switched by software.
P20-P21|Input 2-bit input port; ports P20 and P21 are also used as SN and INT1, respectively.
P30-P33| /O 4-bit 11O port; these pins are also used as four analog input pins.
CNTR 11O Timer /O; CNTR pin is also used as port D7.
INTO Input Interrupt input; INTO pin is also used as port De and zero cross input pin. INTO pin is
equipped with a key-on wakeup function.
INT1 Input Interrupt input, INT1 pin is also used as port P21.
RTP Output Real time output; RTP pins are also used as ports D4 and Ds.
ZEROX |!nput Zero cross input, ZEROX pin is also used as port De.
Timers Timer 1 8-bit programmable timer with a reload register
Timer 2 8-bit programmable timer with a reload register is alsc used as an event counter.
Timer 3 8-bit programmable timer with a reload register
Timer 4 8-bit programmable timer with a reload register is also used as an event counter.
A-D converter 8 bits X 1; comparator can be used by software.
Serial /O 8-bit wide
Interrupt Sources 8 (two for external, four for timer, one for A-D, and one for serial 1/0)
Nesting 1 level

Subroutine nesting

8 levels

Device structure

CMOS silicon gate

Package

M34510MxA-XXXSP

32-pin plastic molded SDIP (32P4B)

M34510MxA-XXXFP

36-pin plastic molded SSOP (36P2R-A)

Operating temperature range

-20 °C to 85 °C (~20 °C to 70 °C for the built-in EPROM version, M34510E8SS)

Supply voltage

2.0 V to 5.5 V (Refer to the electrical characteristics because the supply voltage depends
on the system clock frequency.)

Power
dissipation
(typical value)

Active mode

4 mA

(at 6.0 MHz system clock frequency, VDD = 5 V, output transistors in the cut-off state)

2 mA
{at 1.5 MHz system clock frequency, VoD = 5 V, output transistors in the cut-off state)

HAM back-up mode

0.1 uA (at room temperature, Voo = 5 V, output transistors in the cut-off state)

ELECTRIC

~
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4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PiN DESCRIPTION

Pin Name Input/Output Function

Vob 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" {0V) to CNVss certainly.

AVss Ground for anaiog — Connected to a 0 V power supply for A-D converter.

power supply Connect AVss to Vss,

VREF Reference voltage input — Reference voltage input pin for the A-D converter,

AiNo—-AIN3 | Analog input Input Analog input pins for A-D converter. AINo—AIN3 are also used as poris P30o-P33,

RESET Reset /O e} An N-channe! open-drain 1O pin for a system reset. When the watchdog timer
causes the system to be reset, the RESET pin outputs “L” level.

XIN System clock input input 17O pins of the system clock generating circuit. Xin and XouT can be connected

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

Do-Dg 1O port D 1o Each pin of port D has an independent 1-bit wide 1/O function. Each pin has
an output latch. For input use, set the latch of the specified bit to “1." The
output structure is N-channe! open-drain.

Ports D4 and Ds are also used as RTP. Ports De-Ds are also used as INTO/
ZEROX, CNTR, Sck, and Sourt, respectively.

POo-PO3 110 port PO {8} Each of ports PO and P1 serves as a 4-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.

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

P20~-P21 tnput port P2 Input 2-bit input port. Ports P20 and P21 are also used as Siv and INT1, respectively.

P30-P33 170 port P2 lle] 4-bit YO port. The output structure is N-channel open-drain. Port P3 is also
used as analog input pins.

CNTR Timer input/output o] CNTR pin has the function ta input the clock for the timer 2 and timer 4 event
counters, and to output the timer 1 underflow signal divided by 2 or the signal
of XIN divided by 2.

CNTR pin is aiso used as port D7.

INTO Interrupt input Input INTO pin accepts an external interrupt. It also accepts the input signal to return
the system from the RAM back-up state.
INTO pin is also used as port De.

INT1 Interrupt input input INT1 pin accepts an external interrupt.
INT1 pin is also used as port P21.

ZEROX Zero cross input Input ZEROX pin is also used as the zero cross input pin by software.
ZERQOX pin is also used as Ds/INTO pin.

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

SIN pin is also used as port P20.
Sout Sernal data output Qutput  [SouT pin is used to output serial data signals by software.
SouTt pin is also used as port Ds.
Scx Serial 140 clock 110 Sck pin is used to input and output synchronous clock signals for serial data
input/output transtfer by software.
Sck pin is also used as port Ds.
RTP Reat time output Output |RTP pins are also used as real time output pins by software.

RTP pins are also used as ports Ds and Ds, respectively.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MULTIFUNCTION
Pin Multifunction Pin Multifunction
Ds RTP RTP (Note 2) Da
Ds RTP RTP Ds
Ds INTO/ZEROX [[INTO (Note 2) De/ZEROX
D7 CNTR INT1 P21
Da Sck Sck (Note 2) Ds
Dsg Sout Sout Ds
P20 Sin Sin P20
P21 INT CNTR (Note 2) D~
P30 AN Aino (Note 2) P3o
P31 AINt ANt P31
P32 AiN2 AiNz P32
P33 AIN3 AIN3 P33
ZEROX (Note 2) De/INTO
Notes 1: Pins except above have just single function.

2: The I/0 of Ds, the input of D4, Ds, D7-Dy, P20 and P2:, and the output of P30-P33 can be used even when INTQ/
ZEROX, RTP, CNTR, Sck, Sout, SiN, INT1 and Amo-AINs are selected.

CONNECTIONS OF UNUSED PINS

Pin Conneaction Pin Connection
Xout Open (when using an external clock) |[P20/Sin Connect to Vss
AVss/VREF Connsct to Vss P21/INT1
Do-Da Connect to Vss, or set the output latch |[P3o/Aino—P33/Aina  |Connect to Vss, or set the output latch
Da/RTP to “0" and open. to “0" and open.
Ds/RTP P Qo—P 03 Open or connect to Vss (Note)
De/INTO/ZEROX P10—P13 Open or connect to Vss (Note)
D7/CNTR
De/Sck
Ds/Sout
Note: When the P0o-P03 and P1o-P13 are connected to Vss, turn off their pull-up transistors {register PU0i="0") and also

invalidate the key-on wakeup functions (register K0i="0") by software. When these pins are connected to Vss while
the key-on wakeup functions are left valid, the system fails to return from RAM back-up state. When these pins are
open, turn on their pull-up transistors (register PUCI="1") by software, or set the output latch to *0."

Be sure 1o select the key-on wakeup functions and the pull-up functions with every two pins. If only one of the two
pins for the key-on wakeup function is used, turn on their pull-up transistors by software and also disconnect the
other pin. (i = 0, 1, 2, or 3.)

(Note when the output laich is set to “0" and pins are open)

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

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

(Note when connecting to Vss and Vop)
«Connect the unused pins to Vss or Voo using the thickest wire at the shortest distance against noise.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT FUNCTION

. Input/ Control | Control Control
Port Pin Output Output structure bits [ instructions| registers Remark
Port D [Do-Ds /O | N-channel open-drain 1 SD
Da/RTP (10} RD RTR
Ds/RTP sSZD RTR
De/INTO/ZEROX CLD I Key-on wakeup function
D7/CNTR SNZI0 W6
Ds/Sck (Note 1} {J1
Do/Sour J1
Port PO |P00-P0a /O [N-channel open-drain 4 CPOA PUO Built-in programmable pull-up
(4) IAPO Ko functions
Key-on wakeup functions
(programmabile)
Port P1 |[Pio-Pis /G [N-channel open-drain 4 OP1A PUD Built-in programmable pufi-up
(4) 1AP1 Ko functions
' Key-on wakeup functions
{programmable)
Port P2 |P20/Sin Input 2 TAP2
P21/INTH (2) SNZI1
(Note 2)
Port P3  |P3o/Ano /O [N-channel open-drain 4 IAP3 Q2
P31/AINt (4) OP3A
P32/AiN2
P33/Aina

Notes 1: Level of the De/INTO pin can be examined with the SNZI0 instruction.
2: Level of the P21/INT1 pin can be examined with the SNZI1 instruction.

DEFINITION OF CLOCK AND CYCLE

®System clock
This is the source clock input to the XN pin. Either the clock obtained by connecting an oscillator between the
Xin and Xout pins, or the external clock supplied through the Xin pin can be specified.
®Instruction clock
The instruction clock is a signal derived by dividing the system clock by 3, and is the basic clock for control-
ling this product.
®Machine cycle
One machine cycle is the time required to execute the minimum instruction {one-cycle instruction). The machine

cycle is equivalent to the instruction clock cycle.

o M
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4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS

Skip decision
[Register Y }——»] Dscader | {820)
S ———q . ! Do-D3
x
RO ———— :
”r Clock input for limer 2 event count
Clock input for timer 4 event count
: Skip decision
Dococer p docsen

——:D—]s
so _ Wee D#CNTR
ap———— >—18.T U

Timer 1 underllow signa! output o1 )
or 1(XIN) Tt
Skip decision
| Register ¥ Decoder | (s2D)
$p———
DaRTP
AD ————

Synchronous clock input for serial transfer

) Skip decision
Decede e
so E D#/Sex
— D S
Synchronous clock output for serial transfer
Skip decision Jro
[ Register Y}—»{ Decoder | (82D) l:]‘!
0 . s —O Ds/RTP
AD [ J—hr
Realtime output —————o1 _; 37 ”ir
Skip decision
Decoder (D)™
Ds/Sour

1]

Key-on wakeup input ———J

l External imerrupt circuit

Zoro cross
comparator

8D, RD, 82D = instructions

Register Yl——m[ Decoder l

Skip decision
(820}

----44¢-—-- This symbol represents a parasitic diode.

Applied potential to ports Do-Ds
and D7-09 must be 12 V or less.

-1s .
_1 ‘output latch circuit
—HR_O

Ds/INTO/ZEROX

sD
RD

3-10
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PORT BLOCK DIAGRAMS (continued)
Pull-up
Ko transistor
Key-on wakeup ©
it e |
ugo Hox
Register A <} +—O POY, PO:
[ x
A 1
A ba 37 ”:7 Sarlal data input
OoPOA —T
1AP2
- |Register A‘f '\"‘, i O P20/SN
nr
Pull-up
EKO‘ transistor
Key-on wal"eup PR3
irput g 3
I1APO A i
Registor A {"ﬁ +—0 P02, PO3
. [ x
Ak D Q
7r
OPOA-T
l Register A +—O P2u/INT}
x
r
Puil-up
transistor
Key-on wakeup < ©
o e
1AP1 x <
A 7 ,
Register A <3 +—0 Plo. Pt {
'_ t IAP3 =
A 0 o j, | Fogater A < J t —0 PIVAN
nr —
optA—{T Ai o Q i
»r
OP3A —{T j
Q1 a2
P Decodar
7 ull-up
[Koa transistor
Key-on wakeup P-3 A
i t
oput IAP1 g x Analog inpul < {B
Regiswrk—-—-——{‘h il +—0 P12, P13 __.D.»-—_-r
= os x
Ak o Q j, n;r
OP1A T
1APO, OPOA, 1AP1, OP1A, IAP2, [AP3 and OP3A = instructions
b a : putput latch circuit
——rnfa=—-- This symbol represents a parasitic diode. L
Applied potential to poris P20 and irepresents 0, 1, 20r 3.
P21 must be VDD or less. j reprosents 0 of 1.
Kk rapresenis 2 or 3.

o M
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MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-8BIT 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 opera-
tion, OR operation, and bit manipulation.

(2) Register A and carry flag
Register A is a 4-bit register used for arithmetic, trans-
fer, exchange, 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 in-
struction. The value of Ao is stored in carry flag CY with
the RAR instruction (Figure 2).
Carry flag CY can be set to “1" with the SC instruction
and cleared to “0" with the RC instruction.

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

(4

~—

Register D

Register D is a 3-bit register.

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

<Carry>
{CY)

(M(DP))

Addition> ALU

(A)

<Result>

Fig. 1 AMC instruction execution example

<Set> <Clear>
SCinstruction | RC instruction

[RaTAe [ ]

<Rotation>
RAR instruction

(o] [ETaelReA]

Fig. 2 RAR Instruction execution example

Register B TAB instruction Register A

Register B TBA instruction Register A

Fig. 3 Registers A, B and register E

TABP p instruction

Specifying address

ROMm
8 4 0
RERRE

it

~ed

|

Low-order 4bits

L

Immediate field The contents of The contents of
value p register D register A

Y Y
[T [5+ v [2[ 7 [ 7o) [oRdoR{ond] Ao [ Az A o] e A
J

j—L#K_/ Middle-order 4 bits
* Register B (4)

Fig. 4 TABP p instruction execution example

| ot S
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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 Interrupt service routine),

+ performing a subroutine call, or
» executing the table reference instruction (TABP p).
Stack registers (SKs) are eight identical registers, so
that subroutines can be nested up to 8 levels. How-
ever, one of stack registers is used respectively when
using an interrupt service routine and whan executing a
table reference instruction. Accordingly, be carefui not
to over the stack when performing these operations to-
gether. The contents of registers SKs are destroyed
when 8 levels are sxceeded.
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 interrupt occurs, this register (SDP) is used to tem- .

porarily store the contents of data pointer, carry flag,
skip flag, register A, and register B just before an inter-
rupt until returning 1o the original routine.

Unlike the stack registers (SKs), this register (SDP) is
not used when executing the subroutine call instruction
and the table reference instruction.

{7) Skip flag
Skip flag controls skip decision for the conditional skip
instructions and continuous described skip instructions.
When an interrupt accurs, 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
SKi (SP) =1
SK2 (SP)=2
SKs (SP)=3
SKa (SP)=4
SKs (SP)=5
SKs (SPy=86
SK7 (SP) =7

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

Fig. 5 Stack registers (SKs) structure

(SP) =0

(SKo) +— 000116

(PC) + SUBt

Main program Subroutine

Address SUB1 :
000016 NOP A NOP
000156 BM SUBt :
000216 NOP ) AT

(PC) + (SKo)
(8P -7

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

Fig. 6 Example of operation at subroutine call

o e
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(8) Program counter (PC)

Program counter (PC) is used to specify a ROM ad-
dress (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 exscuted. However, the value
changes to a specified address when branch instruc-
tions, subroutine call instructions, return instructions, or
the table reference instruction (TABP p) is executed.

Program counter consists of PCH (most significant bit 1o
bit 7} which specifies to a ROM page and PCL (bits 6 to
0) which specifies an address within a page. After it
reaches the last address {address 127) of a page, it

Program counter (PC)

fpts[;s‘ EER pOJH\ 2e] as] ad] af o] 8112‘]

PCL
Specifying address

PCH
Specifying page

Fig. 7 Program counter (PC) structure

specifies address 0 of the next page (Figure 7). Data pointer (DP)
Make sure that the PCH does not specify after the last
page of the buiit-in ROM. [2:] z0] Xa] Xe] X1] Xo] Y3 Ya|Y1] Yol
¥ * — d
{9) Data pointer (DP)
Data pointer (DP) is used to specity a RAM address o
and consists of registers Z, X, and Y. Register Z speci- Register Y (4) "SPGC‘fY“’YQ
fies a RAM file group, register X specifies a file, and RAM digit
register Y specifies a RAM digit (Figure 8). . . )
Register Y is also used to specify the port D bit posi- Register X (4) [ ---Specifying RAM file
tion.
When using port D, set the port D bit position to register Register Z (2) }----- Specifying RAM file group
Y certainly and execute the SD, RD, or SZD instruction
(Figure 9).
Fig. 8 Data pointer (DP) structure
Specifying bit position
Set
De .. De Ds Da_Do
e+ [T TI0I
Register Y (4) Port D output latch
Fig. 8 SD instruction execution example
3-14
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PROGRAM MEMORY (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. Figure 10 shows the ROM map
of M34510E8.

Table 1 ROM size and pages

ROM size
Product (X 10 bits) Pages
M34510M2A 2048 words 16 (0 to 15)
M34510M4A 4096 words 32 (0 to 31)
M34510E8 8192 words 64 (0 to 63)

A part of page 1 (addresses 008016 to 00FF1s) is reserved
for interrupt addresses (Figure 11). When an interrupt oc-
curs, 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 inter-
rupt service routine, write the instruction generating the branch
t{o that routine at an intarrupt address.

Page 2 (addresses 01001s to 017F16) is the special page
for subroutine calls. Subroutines written in this page can be
called from any page with the 1-word instruction (BM). Sub-
routines extending from page 2 to another page can also
be called with the BM instruction when it starts on page 2.
ROM pattern (bits 7 to 0) of all addresses can be used as
data areas with the TABP p instruction.

98 7 65 43210

000016

s5Ees Page
18

8%51 s Interrupt address page Page 1
16 - -

81 7F16 | Subroutine special page Page 2

18018 Page 3
1FFF18 Page 63

Fig. 10 ROM map of M34510E8

98 76 5 43210

008016 External 0 interrupt address |
008216{ External 1 interrupt address |
00841s| _Timer 1 interrupt address___
008616} _ Timer 2 interrupt address
008816| _Timer 3 interrupt address
008A1s [ _Timer 4 interrupt address
008Cte| _ A-Dinterruptaddress |
008Et6| Serial VO interrypt address
Q0FF1s

Fig. 11 Page 1 (addresses 00801s to 00FF1s) structure

KA
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DATA MEMORY (RAM) Table 2 RAM size

1 word of RAM is composed of 4 bits, but 1-bit manipula- Product RAM size
tion (with the SB j, RB j, and SZB | instructions) is enabled ~ |M34510M2A 1128 words X 4 bits (512 bits)

for the entire memory area. A RAM address is specified by M34510M4A _ |256 words X 4 bits (1024 bits)

a data pointer. The data pointer consists of registers Z, X, M34510E8 384 words X 4 bits {1536 bits)
and Y. Set a value to the data pointer certainly when ex-

ecuting an Instruction to access RAM.

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

map.

RAM 384 words X 4 bits (1536 bits)
Register Z 0 1
4(5|6j7|-~~--- 15 01| 2[3145|6|7

o
-
N
w

Register X
0

Register Y

2
3
4
5
6
7
8
9
10
11
12
13
14
15

Z=0, X=010 15 ;
Z=1,X=0to 7

M34510M4A  Z=0, X=0to 15

»1384 words

._..,_,
'y

M34510E8 .
1

» 256 words
1

]
—

|

'

T

-

'

M34510M2A Z-0,X-0t07  4—— ' 128 words

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 in-
terrupt source. An interrupt occurs when the following 3
conditions are satisfied.
« An interrupt activated condition is satisfied

(request flag = “17)
« 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 interrupt 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 E! instruction is executed.

(2) Interrupt enable bit
Use an interrupt enable bit of interrupt controtl registers
V1 and V2 to select the corresponding interrupt or skip
instruction.
Table 4 shows the interrupt request flag, interrupt en-
able bit and skip instruction.
Table 5 shows the interrupt enable bit function.

(3) interrupt request flag
When the activated condition for each interrupt is sat-
isfied, the corresponding interrupt request fiag 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 interrupt enable bit. Once set, the
interrupt request fiag retains set until a clear condition
is satistied.
Accordingly, an intarrupt occurs when the interrupt dis-
able state is released while the interrupt request flag is
set.
If more than one interrupt request flag is set when the
interrupt disable state is released, the interrupt priority
level is as follows shown in Table 3.

Table 3 interrupt sources

Priority Interrupt name |[Activated condition Interrupt
level address
1 External 0 interrupt | Levei change of Address 0
INTO pin in page 1
2 Externat 1 interrupt | Level change of Address 2
INT1 pin in page 1
3 Timer 1 interrupt Timer 1 underflow Address 4
in page 1
4 Timer 2 interrupt Timer 2 underflow Address &
in page 1
5 Timer 3 interrupt Timer 3 underflow Address 8
in page 1
6 Timer 4 interrupt Timer 4 underflow Address A
in page 1
7 A-D interrupt Complelion of Address C
A-D conversion in page 1
8 Serial I/O interrupt | Completion of Address
serial 170 transler in page 1

Table 4 Interrupt request flag, interrupt enable bit and
skip instruction

Interrupt name Request flag | Skip instruction |Enable bit
Exlernal 0 interrupt EXFO SNZ0 Vio
External 1 interrupt EXF1 SNZ1 AR
Timer 1 interrupt TiF SNZT1 Vi2
Timer 2 interrupt T2F SNZT2 V13
Timer 3 interrupt T3F SNZT3 V2o
Timer 4 interrupt T4F SNZT4 Va1
A-D interrupt ADF SNZAD V22
Serial /O interrupt SIOF SNZSI ves

Table 5 Interrupt enable bit function
Interrupt enable bit| Occurrence of interrupt
1 Enabled
0 Disabled

Skip instruction
Invalid
Valid
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(4) Internal state during an interrupt

The internal state of the microcamputer during an inter-

rupt is as follows (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 disa-
bled.

« Interrupt request flag
Only the request flag for the current interrupt source
is cleared 10 “0."

- Data pointer, carry fiag, skip flag, registers A and 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 executed after branching a data store se-
quence to stack register. Write the branch instruction
to an interrupt service routine at an interrupt address.
Use the RTI instruction to return from an interrupt serv-
ice routine.
interrupt enabled by executing the El instruction is per-
formed after executing 1 instruction (just after the next
instruction is executed). Accordingly, when the E! in-
struction 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 \C)"'.

Interrupt
is enabled

== Interrupt enabled state
= Interrupt disabled state

Fig. 13 Program example of interrupt processing

*Program counter (PC)
...................................................... [Each interrupt address]

....................................... 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 source)

*Data pointer, carry tlag, registers A and B, skip flag
e[ StOTEd i the interrupt stack register (SDP) automatically]

Fig. 14 Internal state when interrupt occurs

INTO pin
" Address 0
(LK or _"O/C O/C o Ot page 1
H--sL input) EXFo vig
s o i~ | Address2
ress
TaH or "’"'O/ O/ Ot page 1
Hoot mput) EXF1 Vi1
Timer 1 - Address 4
underflow —-OgC 0@0 07 O in page 1
i " Address &
Timer 2 —-O/ [o! ( fo o OF— ;
underflow ToF V13 In page

) g Address 8
Timer 3 O/ [o! ot O+— )
underflow TaF V20 in page
T 4 Address A
u:';z:ﬂow —-(ge Og o)/O‘_in page 1

Completion of / Address C

AD converesion-""'(gC O\ge O page 1

(/ o o//o__Address E

in page 1

Completion 0'—-"(/0

serial VO transler

SIOF V23 INTE
Activated Requestflag  Enable Enable
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 0, external 1, timer
1 and timer 2 are assigned to register V1. Set the
contents of this register through register A with the
TV1A instruction. The TAV1 instruction can be used
to transfer the contents of register V1 1o register A.

Table 6 Interrupt control registers

+ Interrupt control register V2
Interrupt enable bits of timer 3, timer 4, A-D and
serial I/O are assigned to register V2. Set the con-
tents of this register through register A with the TV2A
instruction. The TAV2 instruction can be used to trans-
ter the contents of register V2 to register A.

Interrupt control register V1 at reset : 00002 at RAM back-up : 00002 R/wW

; . . 0 Interrupt disabted (SNZT2 instruction is valid)

Vis Timer 2 interrupt enable bit 1 Interrupt enabled (SNZT2 instruction is invalid)
\ . . 0 Interrupt disabled (SNZT1 instruction is valid)

viz Timer 1 interrupt enable bit 1 interrupt enabled (SNZT1 instruction is invalid)
. . [4 interrupt disabled (SNZ1 instruction is valid)

Vi External 1 interrupt enable bit 1 Interrupt enabled (SNZ1 instruction is invalid)
. . 0 Interrupt disabled (SNZO instruction is valid)

Vio External 0 interrupt enable bit 1 Interrupt enabled {SNZQ instruction is invalid)

Interrupt contro! register V2 at reset : 00002 at RAM back-up : 00002 R/W

. . . 0 Interrupt disabled (SNZSI instruction is valid)

vas Serial VO interrupt enable bit 1 Interrupt enabled (SNZSI instruction is invalid)
. . 0 Interrupt disabled (SNZAD instruction is valid)

V2 A-D interrupt enatle bit 1 Interrupt enabled (SNZAD instruction is invalid)
. ; . 0 Interrupt disabled (SNZT4 instruction is valid)

vai Timer 4 interrupt enable bit 1 Interrupt enabled {SNZT4 instruction is invalid)
X . . 0 interrupt disabled (SNZT3 instruction is valid)

V2o Timer 3 interrupt enable bit T [Interrupt enabled (SNZT3 instruction Ts Tnvafid)

Note: “R” represents read enabled, and “W" represents write enabled.
Amsum-l 319
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(7) Interrupt sequence conditions are satisfied. The interrupt occurs after 3
Interrupts only occur when the respective INTE flag, in- machine cycles only when the three interrupt condi-
terrupt enable bits (V1o-V13 and V20-V23), and inter- tions are satisfied on execution of other than one-cycle
rupt request flag are “1." The interrupt actually occurs 2 instructions (Refer to Figure 186).

to 3 machine cycles after the cycle in which all three

@ When an interrupt request flag is set after its interrupt is enabled

1 machine cycle

T1|T2‘T3 T1|T2|T3 T1!T2[T3 T1|T2!Ta| |Tv|T2IT3
eon LML UL
i } i 1 H
e —— ] ' ¢ !
\ Elinstruction H H !
en:.:g?!g iexecution eycle ! _t-) Interrupt disabled state

(INTE} Interrupt enabled state T
H H
i i
1 )

INTO, INT1 . ; «sapRetaining level for 4 clock

External E cycles or more of {(XIN) is

interrupt necessary.

EXFO, EXF1 | et
Interrupt activated 1 !
condition is ! :
satisfied. 1 i
i i
T1F, T2F, T3F, " |
T4F, ADF SIOF H

I +

I Flag cleared Software starts from the
I o

!

interrupt address.

210 3 machine cycles
(Notes 1, 2)

Notes 1: The address is stacked to the last cycle.
2: This interval of cycles depends on the executed instruction al the time when each inlerrupt activated condition is satisfied.

Fig. 16 interrupt sequence
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EXTERNAL INTERRUPTS

The 4510 Group has two external interrupts (external 0 and
external 1). An external interrupt request occurs when a
valid waveform is input to an interrupt input pin (edge de-

External 0 interrupt is equipped with a noise elimination
circuit and a zero cross detection circuit. The zero cross
detection circuit detects the point when the voltage level of
an alternating waveform passes 0 V. The external inter-

tection).

rupts can be controlled with the interrupt control registers
It and 12.

Table 7 External interrupt activated conditions

Name Input pin

Valid waveform

Activated condition " :
selection bit

External 0 interrupt | De/INTO/ZEROX

When the next waveform is input to De/INTO/ZEROX pin 111
*Falling waveform (*H"—"L") 112
*Rising waveform (*L"-»"H"}

* Both rising and falling waveforms

External 1 interrupt|P21/INT1

When the next waveform is input to P2+/INT1 pin 123
* Falling wavetorm (*H"—-"L")
*Rising waveform ("L"—"H")

Instruction
clock

Internal dock
XN O~ s
(divided by 3)

faung,
1
> i )\:
P2VINT! 0——&—‘ !

Noise elimination circuit
operation clock

38

4-bit shift registar I

Naise sliminalion circuit

One-sided edge
detection Gireuit

External 0
interrupt

—» Wakeup
to timer

SNZ!0

External 1
One-sided ed: |
de;:"iondm%n’t! _{ EXF1 ]'—therrupl

Hor siip
SNZit

SNZI0, SNZI1 = instructions

Fig. 17 External interrupt circuit structure
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(1) External 0 interrupt request flag (EXFO0)

External 0 interrupt request flag (EXF0) is set to “1"
when a valid waveform is input to De/INTO/ZEROX pin.
External 0 interrupt is equipped with a noise elimina-
tion circuit and a zerc cross detection circuit. The valid
waveforms causing the interrupt must be retained at
their level for 4 clock cycles or more of the system
clock (Refer ta Figure 16).

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

The De/INTO/ZEROX pin need not be selected the ex-
ternal interrupt input INTO function or the normal I/O
port Ds function. However, the EXFO flag is set to “1”
when a valid waveform is input even if it is used as an
/O port De.

@ External 0 interrupt activated condition

External O interrupt activated condition is satisfied when
a valid waveform is input to De/INTO/ZEROX pin.
The valid waveform can be selected from rising wave-
form, falling waveform or both rising and falling wave-
forms. An example of how to use the external O inter-
rupt is as follows.

@ Clear the bits 0 and 3 of register 11 to “0,” and select
the valid waveform with the bits 1 and 2 of register
11,

@ Clear the EXFQ flag to “0" with the SNZ0 instruction.

@ Set the NOP instruction for the case when a skip is
performed with the SNZO instruction.

@ Set both the external 0 interrupt enable bit (V1o) and
the INTE flag to “1."

The external 0 interrupt is now enabled. Now when a
valid waveform is input to the De/INTO/ZEROCX pin, the
EXFO flag is set to “1" and the external 0 interrupt
oceurs.

(2) External 1 interrupt request flag (EXF1)

External 1 interrupt request flag (EXF1) is set to “1”
when a valid waveform is input to P2+/INT1 pin.
The valid wavetorms causing the interrupt must be
retained at their level for 4 clock cycles or more of the
system clock {Refer to Figure 16).

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

The P21/INT1 pin need not he selected the external
interrupt input INT1 function or the normal input port
P21 function. However, the EXF1 flag is set to “1”
when a valid waveform is input even if it is used as an
input port P21.

® External 1 interrupt activated condition
External 1 interrupt activated condition is satisfied when
a valid waveform is input to P21/INT1 pin.
The valid waveform can be selected from rising wave-
torm or falling waveform. An example of how to use
the external 1 interrupt is as follows.

@ Select the valid waveform with the bit 3 of register
12.

@ Clear the EXF1 flag to “0" with the SNZ1 instruc-
tion.

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

@ Set both the external 1 interrupt enable bit (V11)
and the INTE flag to “1."

The external 1 interrupt is now enabled. Now when a
valid waveform is input to the P2v/INT1 pin, the EXF1
flag is set tc “1” and the external 1 interrupt occurs.

3-22 MITSUBISHI
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(3) External interrupt contro! registers ®
@ Interrupt control register 1
Register 11 controls the noise elimination circuit, valid
waveform for the external 0 interrupt, return tevel (valid
level of wakeup signal) from the RAM back-up mede,
and De/INTO/ZEROX pin function. Set the contents of

this register through register A with the TI1A instruc-

Interrupt control register 12

Register 12 controls the sampling clock of noise efimi-
nation circuit, valid waveform for the external 1 inter-
rupt, set/clear of zero cross input flag. Set the con-
tents of this register through register A with the TI2A
instruction. The TAI2 instruction can be used to trans-
fer the contents of register 12 to register A.

tion. The TAIl1 instruction can be used to transfer the
contents of register |1 to register A.

Table 8 External interrupt control registers

Interrupt control register 11 at reset : 00002 at RAM back-up : state retained R/W
. . . . 0 INTO/Ds (input/output)
113 De/INTO/ZEROX pin function selection bit 3 ZEROX/De (inpoi/outpul)
o Falling waveform ("L" level of INTQ pin is recognized with the
" Interrupt valid waveform for INTO pin/ SNZI0 instruction)/*L" level
2 return level selection bit (Note 2) 1 Rising waveform (*H" level of INTO pin is recognized with the
SNZIO instruction)/“H" level
. . . 0 One-sided edge detected
i1 Edge detection circuit control bit 3 Both edges detected
1o Noise elimination circuit controt bit 0 Disabled
1 Enabled
Interrupt control register 12 at reset : 00002 at RAM back-up : state retained| R/W
0 Falling waveform ("L" level of INT1 pin is recognized with the
123 Interrupt valid waveform for INT1 pin SNZIt instruction.)
selection bit (Note 2) 1 Rising waveform (“H" level of INT1 pin is recognized with the
SNZI1 instruction.)
122 Zero cross input flag control bit 0 Zero cross !nput flag cleared (set impossible)
1 Zero cross input flag set possible
124 Noise elimination circuit sampling clock 0 Step
control bit 1 Operating
120 Noise elimination circuit sampling clock 0 Instruction clock divided by 8
selection bit 1 Instruction clock divided by 32

Notes 1: “R" represents read enabled, and "W" represents write enabled.
2: When the contents of i12 and {23 are changed, the external interrupt request flags EXFO and EXF1 may be set,
respectively. Accordingly, clear the EXF0 and EXF1 flags to "0” with the SNZ0 and SNZ1 instructions, respec-
tively.
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{4) Noise elimination circuit

External 0 interrupt is equipped with a noise elimina-
tion circuit. This noise elimination circuit takes sam-
pling four times with the noise elimination circuit sam-
pling clock which is the instruction clock divided by 8 or
32 when the level of external 0 interrupt input is changed.
As a result, if values of the noise elimination circuit 4-
bit shift register become “1111" or “0000," the output of
the noise elimination circuit changes “1" or “0," respec-
tively. An example of how to use the noise elimination
circuit is as follows.

® Set the bit 0 of register |1 to “1,” select the valid
waveform (= valid edge) with the bits 1 and 2 of
register 11, and select the pin function with the bit 3
of register 1.

@ Clear the EXFO flag to "0” with the SNZO0 instruc-
tion.

@ Set the NOP instruction for the case when a skip is
performed with the SNZQ instruction.

@ Set both the external 0 interrupt enable bit (V1io)
and the INTE flag to “1."

® Select the sampling clock of the noise elimination
circuit with the bit 0 of register 12, and sst the bit 1
of register {12 to “1."

The external O interrupt is now enabled. Now when a
valid waveform is input to the De/INTO/ZEROX pin, the
EXFQ flag is set to “1" and the external 0 interrupt
occurs.

Noise elimination
circuit sampling
clock
De/INTO l I | | l_l

1
'
1
'
'
0
'
'

fZEROX . .

Ignored ignored :

Noise elimination r l

circuit output , h

waveform ! :
Al values  of the noise All values of the noise

elimination circuit 4-bit shift
register become 1, and the
output of the noise elimination
circuit changes 1.

elimination circuit 4-bit shift
register become 0, and the
output of the noise elimination
circuit changes 0.

Fig. 18 Noise elimination circuit operation
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ZERO CROSS DETECTION CIRCUIT

External 0 interrupt is equipped with a zero cross detection
circuit which is used to detect the point when the voltage
level of an alternating waveform passes 0 V (Zero cross).
Zero cross point 1o be detected can be selected when chang-
ing from minus to plus, pius to minus, or both.

The zero cross detection circuit can be used together with
the noise elimination circuit.

In addition, the zero cross point which is detected by the
zero cross detection circuit can be used as the start trigger
for the timer 3 count operation {Refer to the zero cross
input flag).

An example of how to use the zero cross detection circuit
is as follows.

@ Set the bit 3 of register {1 to 1" and select the valid
waveform (= zero cross point to be detected) with
bits 1 and 2.

@ Clear the EXFO flag to “0" with the SNZO0 instruction.

@ Set the NOP instruction for the case when a skip is
performed with the SNZ0 instruction.

@ Set both the external 0 interrupt enable bit (V1) and
the INTE flag to “1.”

The external 0 interrupt is now enabled. Now when an al-
ternating waveform is input to the De/INTO/ZEROX pin, zero
cross point is detected, the EXFO flag is set to “1," and the

external 0 interrupt occurs.

The interval from zero cross is detected until program at
the interrupt address is executed is 4 1o 5 machine cycles
(the delay time is added when using the noise elimination
circuit).

(1) Zero cross input flag (ZCF)

The zero cross input flag (ZCF) is used to start timer
3 count operation by the zero cross point which is
detected with the zero cross detection circuit.

The ZCF flag is set to “1" when the voltage level of an
alternating waveform input to the De/INTO/ZEROX pin
passes 0 V. When the bit 2 of timer control register
W3 is set to “1," timer 3 starts counting when the ZCF
flag is set to “1” and stops counting when it is cleared
to “0."

The ZCF flag can be controlled by the bit 2 (122) of
register 12. it can be set (operation state} when (22 is
set to “1.” It cannot be set (stop state) when 122 is
cleared to “0" because it is fixed to “0.” Clear {22 to “0"
to clear the ZCF flag. However, when it is to be used
after clear, set 122 to 1" and return it to the operation
state.

When selecting both edges (Bit 1 of register I1 = *“1”)

Alternating waveform

/\ /\

-

Zero cross input flag

4

(ZCF) —_—
X i
22=0 i22=1 122=0 l22=1 f22=0 122=1
ZCF ﬂa? is cleared and the The setting of ZCF
setting of the flag is disabled.  flag is enabled.
Zero cross detection external circuit example I y
oD
Note: Add the external circuit to De/INTO/ZEROX AC 100V
pin when using 100V AC as the input R R2
signal. Set the value of input current
control resistars (R1, R2) used the external De/INTO/ZEROX
circuit in order that input current must not
be exceeded 100 pA
Vvss

r

Fig. 19 Zero cross detection circuit operation
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TIMERS

The 4510 Group has the programmable timers.

* Programmable timer
The programmable timer has a reload register and ena-
bles the frequency dividing ratio to be set. It is decremented
from a setting value n. When it underfiows (count to n +
1}, a timer interrupt request flag is set to "1," new data is
loaded from the reload register, and count continues (auto-
reload function).

+ Fixed dividing frequency timer
The fixed dividing frequency timer has the fixed frequency
dividing ratio (n}. An interrupt request flag is set to *1”
after every n count of a count pulise.

FF16l. - — — ot e — — = o i e e . o
n ; Counter initial value
Count starts Reload Reload
N S SR
.i.’ i 1st underflow 2nd underflow
=1 '
8 | N N
[=] Il
2 {
g i 4 I
£ |
8 i
o |
E ’
!
0018 | >
\ Time

——— n+1count —>i<—— n+1 count —>1

Timer 1 interrupt i ’ I
request flag | | —

i

Y A

An interrupt occurs or
a skip instruction is executed,

Fig. 20 Auto-reload function
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Tha 4510 Group timer consists of the following circuits.
* Prescaler : frequency divider
» Timer 1 : 8-bit programmable timer
« Timer 2 : 8-bit programmable timer
« Timer 3 : 8-bit programmable timer
+ Timer 4 : B-bit programmable timer
(Timers 1 to 4 have the interrupt function, respectivety)
+ Watchdog timer
These timers. can be controlied with the timer control reg-
isters W1 to W6. Each function is described below.

Table 9 Function related timers

KR

Circuit Structure Count source .re.q.uency' Use of output signal Coqtrol
dividing ratio register
Prescaler Frequency divider |# Instruction clock 2,4 eTimer 1, 2, 3 and 4 count W1
sources
Timer 1 8-bit programmable [e Prescaler output (ORCLK) [1 to 256 e Timer 2 count source Wi
binary down counter ¢ CNTR output weé
¢ Timer 1 interrupt
Timer 2 8-bit programmabie |® Timer 1 underflow 1 ta 256 *Timer 3 count source w2
binary down counter |* Prescaler output (ORCLK) *Timer 2 interrupt
¢ CNTR input
Timer 3 8-bit programmable [¢ Timar 2 underflow 1 to 256 e Timer 4 count source W3
birary down counter | ¢ Prescater output (ORCLK) *Timer 3 interrupt
(link to ZCF)
Timer 4 8-bit programmable [® Timer 3 underflow 1 to 256 ¢ Real time output W4
binary down counter |* Prescaler output (ORCLK) e Timer 4 interrupt
¢ CNTR input
Watchdog timer| 16-bit fixed dividing | Instruction ciock 65536 * System reset
frequency
3~-27
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x internal clock
N O—] ing circuit
{divided by 3)
,.W1 1(Note) ORCLK
]
0 .
5 i Timer 1 (8) TIF _Tlmer 1
%01 interrupt
T2F Timer 2
interrupt
4
W31 W30 W3s
56 """ 7 (Note)
e
0 .
>0 Vi b Timer 3 (8) T3F Timer 3
10 Net avaiabla? x?-__; interrupt
o )
¥4 1t avaiaio!
;.-.g.d_a.:ﬁ Reload register R3 (8)
e ]
Timer 3 underflow signal
y
T4F Timer 4
interrupt

Trigger signal for
real time output
{Timer 4 underfiow
signal) ’

D7CNTR (O

Note: Count source is stopped by clearing to *0."
TAB1, T1AB, TAB2, T2AB, TAB3, T3AB,
TAB4, TAAB, TR4AB. WRST = instructions

‘f : Data is set automatically from each
reload register when timer 1, 2, 3, or
4 underflows (aulo-reload tunction).

System reset

WRST.

Reset signai

Fig. 21 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
W13 |Prescaler control bit 9 Stop (s}ate initialized)
1 Operating
L . . . 0 Instruction clock divided by 2
P ler di t - —
Wiz rescaler dividing ratio selection bi 7 Tnstruction clock dvided by 4
W11 |Timer 1 controi bit 0 Stop (§ta!e retained)
1 Operating
W10 |Not used ? This bit has no function, but read/write is enabled.
Timer control register W2 at reset : 00002 at RAM back-up : state retained| R/W
W23 [Timer 2 contral bit 0 Stop (§ta!e retained)
1 COperating
w22 Not used 3 This bit has no function, but read/write is enabled.
W2 W29 Count source
w21 0 Timer 1 underflow signal
Timer 2 count source selection bits 0 Prescaler output
W2a 1 CNTR input
1 Not available
Timer control register W3 at reset : 00002 at RAM back-up : state retained| R/W
W33 [Timer 3 controf bit 0 Stop (s',tate retained)
1 Operating
Timer 3 count start synchronous circuit 0 Count start synchronous circuit not selected
W32 i —
control bit 1 Caount start synchronous circuit selected
W31[W3 Count source
W3: 0 | 0 |Timer 2 underflow signal
Timer 3 count source selection bits 0 [ 1 [Prescaler output
W3o 1 | 0 |[Not available
1 1 [Not available
Timer control register W4 at reset : 00002 at RAM back-up : state retained| R/W
W43 |Timer 4 control bit 9 Stop (ﬁtate retained)
1 Operating
W42 |Not used ? This bit has no function, but read/write is enabled.
W4 Count source
W 0 Timer 3 underfiow signal
Timer 4 count source selection bits Q Prescaler output
Wdo 1 CNTR ir‘\put '
1 Not available
Timer control register W6 at reset : 00002 at RAM back-up : state retained| R/W
W63 |Not used ? This bit has no function, but read/write is enabled.
. 0 Output stop
W62 |CNTR output control bit 1 Butput
. . 0 Timer 1 underflow signal divided by 2
W61 |CNTR output selection bit 3 X Givided by 2
o . . 0 D7(VO)/CNTR input
W60 |D#/CNTR function selection bit 3 CNTR outputD7(npual)
Note: “R” represents read enabled, and “W" represents write enabled.
329
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(1} Timer control registers

*» Timer control register W1

Register W1 controls the count operation of timer 1,
and the frequency dividing ratioc and count operation
of prescaler. Set the contents of this register through
register A with the TW1A instruction. The TAW1 in-
struction can be used to transfer the contents of register
W1 to register A.

Timer control register W2

Register W2 controis the count operation and count
source of timer 2. Set the contents of this register
through register A with the TW2A instruction. The
TAW2 instruction can be used to transfer the con-
tents of register W2 to register A.

Timer control register W3

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

Timer control register W4

Register W4 controls the count aperation and count
source of timer 4. Set the contaents of this register
through register A with the TW4A instruction. The
TAW4 instruction can be used to transfer the con-
tents of register W4 to register A.

Timer control register W6

Register WE controls the D7/CNTR pin function, the
selection and operation of the CNTR. Set the con-
tents of this register through register A with the TW6A
instruction. The TAWS instruction can be used to trans-
fer the contents of register W6 10 register A,

.

.

{2) Precautions

Note the following for the use of timers.

+ Prescaler
Stop the prescaier operation to change its frequency
dividing ratio.

+ Count source
Stop timer 1, 2, 3, or 4 counting to change its count
source.

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

(3) Prescaler

Prescaler is a frequency divider. Its frequency dividing
ratio can be selected. The count source of prescaler is
the instruction clock.

Use the bit 2 of register W1 to select the prescaler
dividing ratio and the bit 3 to start and stop its opera-
tion. Prescaler is initialized, and the output signal
(ORCLK) stops when the bit 3 of register W1 is cleared
to “0."

{4) Timer 1 (interrupt function)

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

Timer 1 starts counting after the following process;
@ set data in timer 1, and

@ set the bit 1 of register W1 to “1."

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).
When a value set in reload register R1 is n, timer 1
divides the count source signal by n + 1 (n = 0 to
255).

Data can be read frem timer 1 with the TAB1 instruc-
tion. When reading the data, stop the counter and then
execute the TAB1 instruction. Timer 1 underflow sig-
nal divided by 2 can be output from D7/CNTR pin.

(5) Timer 2 (interrupt function)

Timer 2 is an B-bit binary down counter with the timer

2 reload register (R2). Data can be set simultaneously

in timer 2 and the reload register {R2) with the T2AB

instruction.

Timer 2 starts counting after the following process;

® set data in timer 2,

@ select the count source with the bits 0 and 1 of
register W2, and

@ set the bit 3 of register W2 1o “1."

Once count is started, when timer 2 underflows (the

next count pulse is input after the contents of timer 2

becomes “07), the timer 2 interrupt request flag {T2F)

is set to *1," new data is loaded from reload register

R2, and count continues (autc-reload function).

When a value set in reload register R2 is n, timer 2

divides the count source signal by n + 1 {n = 0 to

255).

Data can be read from timer 2 with the TAB2 instruc-

tion. When reading the data, stop the counter and then

execute the TAB2 instruction.

KR
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{6) Timer 3 (interrupt function)

Timer 3 is an 8-bit binary down counter with the timer
3 reload register (R3). Data can be set simultaneously
in timer 3 and the reload register {R3) with the T3AB
instruction.
Timer 3 starts counting after the following process;
® set data in timer 3,
@ select the count source with the bits 0 and 1 of
register W3, and
@ set the bit 3 of register W3 to “1."
However, the ZCF flag can be used as a start trigger
for timer 3 count cperation by setting the bit 2 of reg-
ister W3 to “1." (refer to the external interrupt).
Once count is started, when timer 3 underflows (the
next count pulse is input after the contents of timer 3
becomes “0"), the timer 3 interrupt request flag (T3F)
is set to “1,” new data is loaded from reload register
R3, and count continues (auto-reload function).
When a value set in reload register R3 is n, timer 3
divides the count source signal by n + 1 {n = 0 to 255).
Data can be read from timer 3 with the TAB3 instruc-
tion. When reading the data, stop the counter and then
execute the TAB3 instruction.

(7) Timer 4 (interrupt function)

Timer 4 is an 8-bit binary down counter with the timer

4 reload register (R4). Data can be set simultaneously

in timer 4 and the reload register (R4) with the T4AB

instruction.

Data can be written to reload register (R4) with the

TR4AB instruction.

When writing data to reload register R4 with the TR4AB

instruction, the downcount after the underflow is started

from the setting value of reload register R4.

Timer 4 starts counting after the following process:

@® set data in timer 4,

® select the count source with the bits 0 and 1 of
register W4, and

@ set the bit 3 of register W4 to “1."

Once count is started, when timer 4 underflows (the

next count pulse is input after the contents of timer 4

becomes “0%), the timer 4 interrupt request flag (T4F)

is set to “1,” new data is foaded from reload register

R4, and count continues (auto-reload function).

When a value set in reload register R4 is n, timer 4

divides the count source signal by n + 1 (n = 0 to 255).

Data can be read trom timer 4 with the TAB4 instruc-

tion. When reading the data, stop the counter and then

execute the TAB4 instruction.

Timer 4 underflow signal is also used as the trigger

signal for the real timer output.

[ Timera(s) |

—_—T y —
Bit 7 ' Bit0
Timer 4 reload register
(R4) (8)

I 3RE
TR4AB

W e
[ -

TAB4 [Register B Register A| TAB4
i (4) (4)

Fig. 22 Data setting exampie to timer 4

(8) Timer 1/0 pin (D7/CNTR)

Timer /O pin (D7/CNTR) has functions to input the
timer 2 and 4 count sources, and to output the timer
1 underflow signal and the f(Xin) signal divided by 2.
The selection of D7/CNTR pin function can be control-
led with the bit 0 of register W6. The timer 1 underflow
signal divided by 2 or the f(XiN) signal divided by 2 can
be selected as the CNTR output signal with the bit 1
of register W6. CNTR output can be controlled with
the bit 2 of register W6.

Timers 2 and 4 count the rising waveform of CNTR
input when the CNTR input is selected as the count
source.

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

Each timer interrupt request flag is set to “1" when the
each timer underflows. The state of these flags can be
examined with the skip instructions (SNZT1, SNZT2,
SNZT3, and SNZT4).

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

An interrupt request flag is cleared to “0" when an
interrupt occurs or when the next instruction is skipped
with a skip instruction.
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WATCHDOG TIMER

Watchdog timer provides a method to reset the system when
a program runs wild. Watchdog timer consists of timer (WDT),
watchdog timer enable flag (WEF), and watchdog timer flag
(WDF).

When the WRST instruction is executed after system is
released from reset, the WEF flag is set to “1" and the timer
WDT is set to “FFFF1e." At this time, the watchdog timer
starts operating.

The timer WDT downcounts the instruction clocks as the
count source. The underflow signal occurs when the count
value reaches “000016.” On genetation of this underflow

signal, the WDF flag is set to “1” and the RESET pin out-
puts “L" level fo reset the microcomputer. Exacute the WRST
instruction before the timer WDT underflows by a program
when using watchdog timer to keep the microcomputer
operating normally.

To prevent the WDT stopping in the event of misoperation,
it is designed not to stop once the WRST instruction has
been executed. Note also that, if the WRST instruction is
never executed, the watchdog timer does not start.

The value of 16-bit FFFF1s ===~

timer (WDT)

000016

Watchdog timer enable flag
(WEF)

Watchdog timer flag

(WDF)

RESET pin output

WRST instruction
executed

WRST instruction
executed

System reset

Fig. 23 Watchdog timer function

The contents of the WEF flag, the WDF flag and the timer
WDT are initialized at the RAM back-up mode.

If the WDF flag is set to “1" at the same time that the
microcomputer enters the RAM back-up state, system reset
may be performed.

When using the watchdog timer and the RAM back-up mode,
initialize the WDF flag with the WRST instruction just be-
fore the microcomputer enters the RAM back-up state (re-
fer to Figure 24)

esoans

WRST ; 18-bit timer (WDT) reset
EPOF ; POF instruction enabled
POF

Oscillation (RAM back-up state}

stop

Fig. 24 Program example to enter the RAM back-up
mode when using the watchdog timer

R
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REAL TIME OUTPUT

The real time output function uses timer 4 underflow as the
trigger to output the contents of the real time output regis-
ter RTP from the real time output pin.

Each time a timer 4 underflow occurs, the data set in the
register RTP is transferred to the real time output latch and
at the same time is output from the real time output pin. D4/
RTP and Ds/RTP can be used for real time output. An example
of how to use the real time output is shown below.

® Set the function of D4/RTP and Ds/RTP to real time
output with the real time output control register RTR.
@ Set the initial output value in real time output latch.
{The real time output latch can be set to “1” with the
RTPS instruction and cleared to “0" with the RTPR

@ Set data in the register RTP. (Set the data in the
register RTP through register A with the TRTPA in-
struction.)

@ Select the timer 4 count source with the bits 0 and
1 of register W4.

® Set data in timer 4 and reload register R4, and then
start timer 4 count operation with the bit 3 of regis-
ter W4,

Now the contents of the register RTP is output from the
real time output pin each time the timer 4 underflows.

instruction.
Timer 4
undertlow
signal D4/RTP
) RTPS T
Real time —M
output S RTRL
R register i '
Register A D Q +O1
RTP ; : Ds/RTP
—» R i
RTPR
RTPS, RTPR = instructions

Fig. 25 Real time output structure
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Real time output can be used together with the zero cross
detaction circuit. An example of how to use the real time
output using the zero cross detection circuit is shown be-

@ Repeat steps @ to @ described above.

@ Set W41 = *0," W4o = “O"
(timer 4 count source = timer 3 underflow signal)

@ Set 122 = "0," W32 = "1"
(ZCF flag is cleared and its setting is disabled. Timer
3 starts counting when the ZCF flag is set to “1” by
selecting the timer 3 count start synchronous cir-
cuit.)

@ Set I10 = “1," 113 = *1”
(the noise elimination circuit is used and the ZEROX
function is selected)
Select the valid waveform (= zero cross point to be
detected) with {11 and |12

® Set data in timer 3 and reload register R3, and
timer 4 and reload register R4

® Set W33 = “1,” W43 = *1"
(timer 3 and timer 4 count operation start)

@ Set 122 = "1"
(the setting of ZCF flag is enabled)

Now the zero cross of alternating waveform input to Ds/
INTO/ZEROX pin is detected and timer 3 count operation
starts. Timer 4 counts the timer 3 underflow signal and the
contents of the real time output latch is output from the
real time output pin each time timer 4 underflows.

Alternating waveform

'

Zero cross input flag

/T imer 3 starts counting when\_/ \

ZCF Hag is set. Timer 4 counts
the timer 3 underflow signal

(ZCF)

}

122=0 122=1
ZCF flag is cleared and the selting  The setling of ZCF flag
of the flag is disabled. is enabl

Timer 4 count value
{count source: timer 3) Al

ed.

i 4

22=0 I22=1

‘
‘
)
i

Timer 4 reload register ~ AO

Ds/RTP : 0 I 1 I

Real time output 1 0
register RTP

Note: A and A1 represent the timer 4 reload values. The reload values are
set with the TR4AB instruction before the timer 4 underflows.

ig. 26 Example of real time output operation using zero cross detection circuit
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SERIAL 1/0

The 4510 Group has a built-in clock synchronous serial
/0 which can serially transmit or receive 8-bit data.
Serial /O consists of;

« serial /O register Sl

+ serial /O mode register J1

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

Registers A and B are used 1o perform data transfer with
internal CPU, and the serial I/O pins are used for exter-
nal data transfer.

The pin functions of the serial /O pins can be set with
the register J1.

Table 11 Serial /O pins
Pin Pin function when selecting seriai 1/0
Da/Sck Clock /O (Sck)
Ds/Sout Serial data output (SouT)
P20/SIN Serial data input (Sin)
Note: input port P20 can be used regardless of register Jt.

Instruction clock

Internal clock

generatin
X O-{gecar

t
{divided by 3)

De/Sck O— Sok

Serial /O mode register J1
Ms[.ﬂz [ J11 |J1o|

|

Synchronous|
circuit

Serial 1O
interrupt

Serial VO counter (3)

»

DarSout O Sout <]

Pawsn O—3N » MsB

y
Serial YO register Si (8) LSB |—
r

»

TSIAB TABSI
4

A 4
[Ut1[ 310} [ RegisterB(4) | Registera(a) |

TSIAB, TABSI = instructions

Fig. 27 Serial I/0 structure

Table 12 Serial /O mode register

Serial /O mode register J1 at reset : 00002 at RAM back-up : state retained| R/W

J13 Not used (1) This bit has no function, but read/write is enabled.
i Serial /0 internal clock dividing ratio 0 Instruction clock signal divided by 8

2 |selection bit : 1 Instruction clock signal divided by 4

. . . 0 /O ports Ds, D9, and input port P2¢ selected

In Serial /O port selection bit 1 Serial /0 ports Sck, Sout, and Sivinput ports Da, Ds and P20 selected
5 Serial I/O synchronous clock selection 0 External clock

° bit 1 internal clock (instruction clock divided by 4 or 8)

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

LR
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When transmitting {D7-De : transfer data) When receiving

SiN pin SOuUT pin
-t Q<- - O
Serial /O register S| SOUT pin SIN pin Serial /O register S|

e O—mf ke [k [ k] ] x]*

[D7[De[Ds[D4[D3[D2]D1]D0]  Transferdatatobeset x| | %[ * | * | * | %] *|

[+ [07] 6] D5] D+] D3] D2] D] HEIEIEIEIEIEIES

4

[*T*To7los[ps] Da[ D3] D2] [Difpo| kx| [k ]*]*]

4 ¥

[*T#T*Tx{*T*[*T*]  Transtercompleted  |D7[Ds}Ds|D4|D3} D2{D1|Da]

Fig. 28 Serial 1/0 register state when transterring

Transter started

(3) Serial I/O start instruction (SST)
When the SST instruction is executed, the SIOF flag
is cleared to “0" and then serial I/O transmission/re-
ception is started.

(1) Serial /O register Si
Serial 1/O register Si is the 8-bit data transfer serial/
parallel conversion ragister. Data can be set to register
S| through registers A and B with the TSIAB instruc-
tion. The contents of register A is transmitted to the

low-order 4 bits of register S|, and the contents of register (4) Serial 1/O mode register J1

B is transmitted to the high-order 4 bits of register SI.
During transmission, each bit data is transmitted LSB
first from the iowermost bit (bit 0} of register Si, and
during reception, each bit data is received LSB first to
register Sl starting from the topmost bit (bit 7).
When register Sl is used as work registers without using
sarial 1/0, pull up the Sck pin or set the pin function to
an /O port Ds.

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

Serial O transmission/reception completion flag (SIOF)
is set to “1” when serial data transmission or reception
completes. The state of SIOF flag can be examined
with the skip instruction (SNZSI). Use the interrupt control
register V2 to select the interrupt or the skip instruc-
tion.

The SIOF fiag is cleared to *0” when the interrupt oc-
curs or when the next instruction is skipped with the
skip instruction.

Register J1 controls the synchronous clock, De/Sck
and De¢/Sour pin function. Set the contents of this reg-
ister through register A with the TJ1A instruction. The
TAJ1 instruction can be used to transtfer the contents
of register J1 to register A.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

(5) How to use serial 110
Figure 29 shows the serial I/O connection example.
Serial /O interrupt is not used in this example. In the
actual wiring, pull up the wiring between each pin with

a resistor. Figure 30 shows the data transfer timing
and Table 13 shows the data transfer sequence.

Master (clock control)

Slave (external clock)

ignal
SRpY signa Ds

Ds |-t

—» ScK

Sck

Sour

- SiN

Sour

SIN |-

(Bt 3) (Bit 0)
I X1 X T 1] 1] seral ¥O mode register J1

Internal clock selected as
a synchronous clock

Serial /O port
ScK,SouT SIN

Instruction clock divided by
8 or 4 selected as a transfer
clock

(Bt 3) (Bit 0)
[0 | X T X1 X | interrupt controt register V2

—— Serial /O interrupt enable bit
{SNZS! instruction is valid)

(Bit 3) {Bit 0)
LXTXT1 T o |serial ¥O mode register J1

External clock selected
as a synchronous clock

Serial /O port
Sck,Sout,.SiN

This bit is not valid
when J10="0"

(Bit 3) (Bit 0)
o [ XTX]X] Interrupt control register V2

Serial /0 interrupt enable bit
(SNZSl instruction is valid)

X : Set an arbitrary value

Fig. 29 Serial /0 connection example
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Master

| bbbt bbbl b A b b il b de bl bl e R i bbbl de el i 1
] €
Sour Ms X Me X Ms X Ms X M E
i Sin Ss X Se x S ::
§ 88T instruction §
H s O H

CLK

Mo-Mz : the contents of master serial /O register  So-S7 : the contents of slave serial /O register
Rising of CLK : serial input  Falling of CLK : serial output

Fig. 30 Timing of serial I/O data transfer
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Table 13 Processing sequence of data transfer from master to sfave

Master (transmission)

Slave (reception)

[Initial setting]
+Setting the serial VO mode register J1 and in-
terrupt control register V2 shown in Figure 29.

+Setting the port received the reception enable
signal (SRoy) to the input mods.
(Port Ds is used in this example)

SD instruction

{Initial setting]
«Setling serial YO mode register J1, and interrupt control register V2 shown
in Figure 29.

+Setting the port transmitted the reception enable signal (SRDY) and
outputting "H" level (reception impossible).
(Port Ds is used in this example)

SD instruction

*[Transmission enable state]
+Storing transmission data to serial VO regis-
ter Si.

*[Reception enable state]

+The SIOF flag is cleared to “0."

RD instruction

[Transmission}
*Check port Ds is “L" level.

« Wait {timing when continuously transferring)

[Reception)

+Check reception completes.

SD instruction

[Data processing]

1-byte data is serially transferred on this process.
Subsequently, data can be transferred continuously

by repeating the process from *.

When an external clock is selected as a synchronous
clock, the clock is not controlled internally. Control

the clock externally because serial

transfer is

performed as long as clock is externally input. (Unlike
an internal clock, an external clock is not stopped
when serial transfer is completed.) However, the SIOF
flag is set to *1" when the clock is counted 8 times

after executing the SST instruction. Be
the initial level of the external clock to

sure to set
o

o M
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A-D CONVERTER, COMPARATOR Table 14 A-D converter function

The 4510 Group has a built-in A-D conversion circuit that Parameter Characteristics
performs conversion by 8-bit successive comparison Conversion format | Successive comparison method
method. Table 14 shows the characteristics of this A-D Resolution 8 bits

converter. This A-D converter can also be used as a Absolute accuracy | +2LSB

comparator to compare analog voltages input from the Conversion speed[25 us

analog input pin with preset values. (at 6.0 MHz system clack frequency)
Analog input pin |4 (selected from AiNo~AIN3)

[ Register B r I
l Aegister A ]
4 4
e ]
IAP3 8 8
(P30-P33) ﬂ Q11 m @EO@ 2 Instruction clack

TABAD TADAB
l ! O 1/6

OP3A
(P30-P33)

[
ﬁ . A-D
oooJ A-D controf circuit I rig\o‘ ADF interrupt
P3o/AINg O- §
P31AN: -2 3 N ‘i
010 ; i i i
c h i i | Successive comparison
P32/AIN2 coﬂ -g empas _Eo?pf— regisier
PaxAN: O L] © P AD (8) Q1
3 1
g 8 I id o
= .
E DAC o) ol : - :
g operation | Qts
£ PEET LY
£ signal
<
8
P, S DA converter 8 &
o
(Nate 1) VREF
AVss
Comparator register

Notes 1: This switch is turned on only when operating A-D converter, and the comparison voltage is generated.
2: The read/write to the comparator register is enabled only at the comparator mode (Q13=1).
The contents of comparator register is retained even when changing to the A-D conversion mode (Q13=0)
because the comparator register is separated from the successive comparison register AD.
1AP3, OP3A, TABAD, TADAB = instructions

Fig. 31 A-D conversion circuit structure
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Table 15 A-D control registers

A-D control register Qt at reset : 0000z at RAM back-up : state retained| R/W
Q1a |A-D operating mode control bit 0 A-D conversion mode
1 Comparator mode

=
2
|2
[=]

Selected pins

Q12

AINO

AINt

AiN2

Q1s |Analog input pin selection bits (Note 2)

AIN3

Not available

Not available

Qto

Not available

bndd Bl Bl Bl £ =1 K K] o] urd

ey P =Y S SN PO P
—lo|+|ol=|ol=|o

Not available

A-D control register Q2 at

reset : 00002 at RAM back-up : state retained{ R/W

Q23 Not used

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

P3s/AINa and P32/Ain2 pin function

P3s, Paz (I/0)

Q22 selection bit

Aing, AIN2/P33, P32 (output)

B31 (170}

Q21 P31/Am1 pin function selection bit

AiN1/P31 (output)

O|=lQ|=|O|~|O

Pao (170)

Q20  |P3o/Amno pin tunction selection bit p

Aino/P30 (output)

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

2: Selact Aino—AIN3 with register Q1 after setting register Q2.

(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 resuit of an
analog input in B-bit digital data format. The contents
of this register can be stored in register B (high-order
4 bits) and register A {low-order 4 bits) with the TABAD
instruction, However, do not execute this instruction
during A-D conversion.

When the contents of register AD is n, the logic value
of the comparison voltage Vet generated fram the built-
in DA converter can be obtained with the reference
voitage VReF by the following formula:

Logic value of comparison voltage Vret

Whenn=0 Vret =20
VREF
h =1 to 255 Viel =0 n-20.5
Whenn =1 to raf 558 X ( )

n: The value of register AD (decimal expression)

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

A-D conversion completion flag (ADF) is set to “1" when
A-D conversion 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 ftag is cleared to *0" when the interrupt oc-
curs 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 Qt
Register Q1 is used to select one of the 4 anaiog input
pins. Aftar set the pin function with the register Q2,
select the analog input with register Q1.

(6) A-D control register Q2

Register Q2 is used to select the pin function of P30/
AiNo, P31/AIN1, P32/AIN2, and P33/AIN3. After set this
register, select the analog input with register Q1.

Even when register Q2 is used to set the pins for ana-
log input, they continue to tunction as P30—P3a out-
puts. Accordingly, when using the output function of a
pin that is not set for analog input, make sure to set
the outputs of pins that are set for analog input to “1."

KR
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(7) Operation description

A-D conversion is started with the A-D conversion start
instruction (ADST). The internal operation during A-D
conversion is as follows:

@© When A-D conversion starts, the register AD is cleared
to "0018.” :

@ Next, the topmost bit of the register AD is set to “1,"
and the comparison voltage Vref is compared with
the analog input voltage ViN.

@ When the comparison result is Viet < Vin, the top-
most bit of the register AD remains set to “1.” When
the comparison result is Veet > VIN, it is cleared 1o
“g.”

The 4510 Group repeats this operation to the lowermost
bit of the register AD to convert an analog value to a
digital value. A-D conversion stops after 50 machine
cycles (25 pus when f(XiN) = 6.0 MHz) from the start,
and the conversion resuit is stored in the registar 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 32).

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

Al starting conversion

Change of successive comparison register AD

Comparison voltage (Vref) value

1st comparison [MJoJoJo]ofoJo]0] V;EF ~ ‘;/:;p
2nd comparison |*1 I 1 , 0 l 0 I 0 I 0 l ) | 0 | V;EF + VF;EF ~ \g;s;
3rd comparison |*1 L*2] 3 I 0 I o] o 1 0 | o I V;EF + VF;EF N Vgsp ~ \155415;

A-D conversion result

After 8th comparison
completes

[*1 [#2 [#3 [xa [ %5 [ %6 [x7 [*8]

#*1: 1st comparison resuit
%3: 3rd comparison result
*5: 5th comparison result
*7: 7th comparison result

%2 2nd comparison resuit
*4: 4th comparison result
*6: 6th comparison result
%8: 8th comparison result

o e
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(8) A-D conversion timing chart
Figure 32 shows the A-D conversion timing chart.

ADST instruction —*_l

A-D conversion
completion flag

(ADF)

DAC operation signal __J

Fig. 32 A-D conversion timing chart

(9) How to use A-D conversion
How to use A-D conversion is explained using as ex-
ample in which the analog input from P3o/Anoe 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), and
the low-order 4 bits in address M(Z, X, Y) = (0, 0, 1)
of RAM. The A-D interrupt is not used in this example.

& After selecting the P3o/Ano pin function with the bit
0 of the register Q2, select P3o/AiNo pin and A-D
conversion mode with the register Q1.

@ Execute the ADST instruction and start A-D conver-
sion,

@ Examine the state of ADF flag with the SNZAD in-
struction to determine the end of A-D conversion.
@ Transfer the converted data to registers A and B

(TABAD instruction).

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

® Transfer the contants of register B to M (Z, X, Y) =
(0, 0, 0) through register A.

(Bit 3) (Bit 0)
X|IX|X]|1 A-D control register Q2
I— Ao function selected
(Bit 3) (Bit 0)
0|101{0]|0 A-D control register Q1

AiNo pin selected

A-D conversion mode

X : Set an arbitrary value

Fig. 33 Setting registers
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~Logic value of comparison voltage Vret

(10) Operation at comparator mode

The A-D converter is set to comparator mode by set-
ting bit 3 of the register Q1 to *1."
Below, the operation at comparator mode is described.

(11) Comparator register

In comparator mods, the built-in DA converter is con-
nected to the comparator register as a register for set-
ting comparison voltages. The contents of register B is
stored in the high-order 4 bits of the comparator reg-
ister and the contents of register A is stored in the low-
order 4 bits of the comparator register with the TADAB
instruction.

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

However, because the comparator register is separated
from register AD, the value is retained even when chang-
ing 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 register AD is n, the logic value of
comparison voltage Vret generated by the built-in DA
converter can be determined from the following for-
mula:

Whenn=0 Vel =0

VREF
Vret =555 X {n - 0.5)

n: The value of register AD (decimal expression)

When n = 1 to 255

i

(12) Comparison result store flag (ADF)

In comparator mode, the ADF flag, which shows com-
pletion of A-D conversion, stores the results of com-
paring the analog input voltage with the comparison
voitage. 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 in-
struction {(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 oc-
curs or when the next instruction is skipped with the
skip instruction.

(13) Comparator operation start instruction (ADST

instruction)

In comparator mode, executing ADST starts the com-
parator operating.
The comparator stops 8 machine cycles after it has
started (4 ps at {(XiN) = 6.0 MHz). When the analog
input voltage is lower than the comparison voltage,
the ADF flag is set to “1."

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

Note the following when using the analog input pins
also for /O port P3 functions:

*P3 output

Even when pins P3o/AiNe, P31/AiN1, P32/AIN2, and P33/
Aing are set for analog input, they also function as
port P3 output. When executing the OP3A instruction,
set the outputs of pins set for analog input to “t1.”
*P3 input

Pins that are set for analog input do not function as
port P3 input. After executing the IAP3 instruction,
the values of bits corresponding to pins set for analog
input are transmitted to register A as “0."

oo _JLTLILALNNUULALALU UL e

ADST instruction —-!_—l

i

A-D conversion
completion flag

8 machine cycles >

Sk

(ADF)

DAC operation signal ___[

M

Comparator operation
completed
(The value of ADF is fixed)

Fig. 34 Comparator operation timing chart
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RESET FUNCTION Then when “H" level is applied to RESET pin, software

System reset is performed by applying “L" level to RESET  Starts from address 0 in page 0.

pin for 1 machine cycle or more when the following condi-

tion is satisfied;

¢ the value of supply voltage is the minimum value or more
of the recommended operating conditions.

Software starts
(address 0 in page 0)

<——3582 10 3584 machine cycles—»
The number of clock cycles depends on the

internal state of the microcomputer when
reset is performed.

Fig. 35 Reset release timing

Reset input
H

1 machine cycle of more 3582 1 3584 machine cycles

‘e i )
- > »
'

0.85V0D- - J- - - m e R :
: +_ Software starts
RESET ! ¢~ (address 0 in page 0)
0.1VoD = ----mmmmm ey
s
(Note) Note : Keep the value of supply voltage to the minimum value or

more of the recommended operating conditions,

Fig. 36 RESET pin input waveform and reset operation
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(1) Power-on reset
Reset can be performed automaticaily at power on
{power-on reset) by connecting resistors, a diode, and
a capacitor to RESET pin. Connect RESET pin and the
external circuit at the shortest distance.

Voo
©
=z A
. Internal reset
’ signal
RESE,T : Watchdog timer
: I i‘pm
B

WEF=Watchdog timer enable fiag
--- {4 - - - This symbol represents a parasitic diode.

Note: Apglied potential to ports P20 and P21
must be Vob or less.

K‘VDD

RESET pin voltage

Reset state

internal reset signal

T — Reset reieased

Power-on

Fig. 37 Power-on reset circuit example

(2) internal state at reset
Table 17 shows port state at reset, and Figure 38 shows
internal state at reset (they are the same after system
is released from reset).

Table 17 Port state at reset

D7/ INTO/ZEROX
Ds/Sck, De/Sout

Name Function State
Do-D3 Do—D3
D4/RTP, Ds/RTP
De/CNTR De—Ds

P00-P03

POo~P0O3

P1o-Pi13

Plo-Pl3

High impedance (Note)

P20/SiN, P21/INT1 | P20, P21

High impedance

P3o/AiNo—P33/AIN3 [P30-P33

High impedance {Note)

Note: Output latch is set to “1.7

The contents of timers, registers, flags and RAM ex-
cept shown in Figure 38 are undefined, so set the
initial value to them.
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+ Program counter {PC) i0jofofofojoJofJoJoJoJolofolo]
Address 0 in page 0 is set to program counter.

+ Interrupt enable flag (INTE) [0] (interrupt disabled)
+ Power down flag (P) 03

- External O interrupt request flag (EXFO) o]

+ External 1 interrupt request flag (EXF1) [0}

+ Zero cross input flag (ZCF) [o]

- Interrupt control register V1 {Interrupt disabled)
- Interrupt control register. V2 (Interrupt disabled)
+ Interrupt control register |1 -

« Interrupt control register 12 oJoJoJo]

- Timer 1 interrupt request flag (T1F)
+ Timer 2 interrupt request flag (T2F)

» Timer 3 interrupt request flag (T3F)

(o]
(o]
o]
» Timer 4 interrupt request flag (T4F) 0]
{o]
(o]

+ Watchdog timer flag (WDF)
» Watchdog timer enable flag (WEF)

« Stack pointer (SP) 111[1] “x"represents undefined.
Note: It is initialized when “L" level is input to RESET pin or when watchdog timer forces system to be reset.

» Timer control register W1 (Prascaler and timer 1 stopped)
- Timer control register W2 (Timer 2 stopped)
- Timer control register W3 (Timer 3 stopped)
« Timer contral register W4 (Timer 4 stopped)
« Timer control register W6 oJofoJo]
+ Real time output register RTP o]
» Real time output control register RTR [0To]
» Serial I/O transmission/reception completion f"!ag (SIOF) El
« Serial /O mode register J1 o0[oJolo]
{External clock selected and serial IO port not selected)
« Serial 11O register Si —-IX XXX IXTXTX]X]
+ A-D conversion completion flag (ADF) (o]
+ A-D control register Q1 (Port P30 selected)
» A-D control register Q2
+ Successive comparison register AD ——---—---ereconrer e [ X I XTXT XTI XTI X X]X]
» Comparator register = IX XXX XXX X]
+ Key-on wakeup control register KO
+» Pull-up control register PUO
» Voltage drop detection circuit control register VLR ----- @ {Note)
- Carry flag (CY) [0}
« Register A m
« Register B
+ Register O
+ Register E XX TXEXIXT X X X]
+ Data pointer X
- Data pointer ¥ ofoJoJo]
+ Data pointer Z X

Fig. 38 Internal state at reset
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VOLTAGE DROP DETECTION CIRCUIT When the contents of register VLR is set with the TVLRA
The built-in voltage drop detection circuit is designed to instruction, on.ly the first TVLRA instruction is valid and
detect a drop in voltage and 10 reset the microcomputer if oiher'TVLRA instructions are equivalent to the NOP in-
the supply voltage drops below a set value. struction.

This circuit starts operating when the bit 0 of voltage drop

detaction circuit control register VLR is set to “1.” Note that

register VLR is initialized when an “L" leve!l signal is input

to the RESET pin (VLRo = 0).

I Voltage drop detection circuit

Reset signal

RESET

e} ‘_ Watchdog timer

l—< output

Fig. 39 Voltage drop detection reset circuit

“1” is set to register VLRo.

VDD
Reset voltage --<<-=vc-cmemmcreaconan-

The microcomputer starts
operation after 3582 to 3584

I '-» machine cycles.

Internal reset signal

Fig. 40 Voltage drop detection circuit operation waveform
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RAM BACK-UP MODE

The 4510 Group has the RAM back-up mode.

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

As oscillation stops retaining RAM, the function of reset
circuit and states at RAM back-up mode, current dissipa-
tion can be reduced without losing the contents of RAM.
Table 18 shows the function and states retained at RAM
back-up. Figure 41 shows the state transition.

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

{2) Warm start condition
When the external wakeup signal is input after the system
enters the RAM back-up state by executing the EPOF
and POF instructions continuously, the CPU starts
executing the program from address 0 in page 0. In
this case, the P flag is “1."

{3) Cold start condition
The CPU starts executing the program from address 0
in page 0 when;
-reset pulse is input to RESET pin, or
sreset by watchdog timer is performed, or
svoltage drop detection circuit detects the voltage drop.
In this case, the P flag is "0."

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

Function RAM back-up

Program counter (PC}, registers A, B, x
carry flag (CY), stack pointer (SP)} (Note 2)
Contents of RAM 2]
Port level [¢]
Timer control register W1 X
Timer control registers W2 to W4, W6 [¢]
Interrupt control registers V1, V2 X
intarrupt control registers i1, 12 [¢]
Timer 1 function X
Timer 2 function {Note 3)
Timer 3 function (Note 3)
Timer 4 function (Note 3)
A-D conversion function X
A-O control registers Q1, Q2 O
Serial /0 function X
Serial /O mode register J1 [e]
Pull-up control register PUQ (€]

ey-on wakeup control register KO [¢]
Real time output register RTP [¢]
External 0 interrupt request flag (EXFO) X
External 1 interrupt request flag (EXF1) X

ero cross input flag ZCF X
Timer 1 interrupt request flag (11F) X
[Timer 2 interrupt reguest flag (T2F) (Note 3)
Timer 3 interrupt request flag (T3F) (Note 3)
Timer 4 interrupt requast flag (T4F) (Note 3)
Watchdog timer flag (WDF) X {Note 4)
Watchdog timer enable flag (WEF) X (Note 4)
16-bit timer (WDT) X (Note 4)
Real time output control register RTR O
Voltage drop detection circuit control reg- o
ister VLR
A-D conversion comgpletion flag (ADF) X
Serial /O transmission/reception comple- %
tion flag (SIOF)
Interrupt enable flag (INTE) X

Notes 1:"0Q" represents that the function can be retained,
and “X” represents that the function is initialized.
Registers and flags other than the above are un-
defined at RAM back-up, and set an initial value
after returning.

2:The stack pointer {SP) points the fevel of the stack
register and is initialized to 7" at RAM back-up.

3:The state of the timer is undsfined.

4:initialize the watchdog timer with the WRST in-
struction, and then execute the POF instruction.

o
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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 19 shows the return condition for each return
source.

{5) Ports PO and P1 control registers
@ Key-on wakeup control register Ko

Register KO controls the ports PO and P1 key-on wakeup
function. Set the contents of this register through reg-
ister A with the TKOA instruction. In addition, the TAKOQ
instruction can be used to transtfer the contents of reg-
ister KO to register A.

Table 19 Return source and return condition

@ Pull-up control register PUO
Register PUQO controls the ON/OFF of the ports PO
and P1 pull-up transistor. Sat the contents of this reg-
ister through register A with the TPUOA instruction. in
addition, the TAPUQ instruction can be used to trans-
fer the contents of register PUO to register A.

Return source Return condition Remarks
= Ports PO, P1}Return by an external falling | Set the port using the key-on wakeup function selected with register KO
% edge input (*H"-"L"). to “H" level before going into the RAM back-up state because the pon
L PO shares the failling edge detection circuit with port P1.
® .3 | Port De/INTO. [Return by an external “H" level| Select the return level {"L" level or "H" level) with the bit 2 of register
3 or “L" tevel input. 11 according to the external state before going into the RAM back-up
o The EXFO flag is not set. state.

(Stabilizing time @)

l Reset E >

f(Xin) oscillation

POF instruction B

is executed

f(Xm) stop

Return input (RAM back-up

Stabilizing time (@ : Microcomputer starts its operation after 3582 to 3584 machine cycles for the time
required to stabilize the {(XIN} oscillation.

g

(Stabilizing time @)

mode)

Fig. 41 State transition

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

Reset input, vollage drop
detection circuitoutputor _y, 1o

waichdog timer underflow
signal
® Set source-+----- POF instruction is executed

@ Clear source----- Reset input

Software stant

Warm start

Cold start

Fig. 42 Set source and clear source of the P flag

Fig. 43 Start condition identified example using the

SNZP instruction
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Table 20 Key-on wakeup control register, pull-up controt register, voitage drop detection control register, and real

time output control register

Key-on wakeup control register K0 at reset : 00002 at RAM back-up : state retained| R/W
Pins P12z and P13 key-on wakeup 0 Key-on wakeup not used
KO3 .
control bit 1 Key-on wakeup used
Pins P1o and P11 key-on waksup 0 Key-on wakeup not used
Ko2 .
control bit 1 Key-on wakeup used
Pins P02 and P0a key-on wakeup 0 Key-on wakeup not used
Kot .
control bit 1 Key-on wakeup used
Pins P0Oo and POt key-on wakeup 0 Key-on wakeup not used
K0Oo .
control bit 1 Key-on wakeup used
Pull-up control register PUO at reset : 00002 at RAM back-up : state retained| R/W
PUOS Pins P12 and P13 pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pull-up transistor ON
PUO2 Pins P1o and P11 pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pull-up transistor ON
PUD Pins P02 and P03 pull-up transistor 0 Pull-up transistor OFF
' leontrol bit 1 Pult-up transistor ON
PUO Pins P0o and POt pull-up transistor 0 Pull-up transistor OFF
® lcontrol bit 1 Pull-up transistor ON
Voltage drop detection circuit control register VLR at reset : Oz at RAM back-up : state retained w
VLR Voltage drop detection circuit 0 Voltage drop detection circuit stop
¢ |control bit 1 Voltage drop detection circuit operating
Real time output control register RTR at reset : 002 at RAM back-up : state retained w
ATR Ds/real time output function 0 Ds (I/0)
' |selection bit 1 Real time output/Ds (input)
aTR Da/real time output function 0 Da (1/0)
° [selection bit 1 Real time output/Ds (input)
Note; “R" represents read enabled, and “W" represents write enabled.
3-561
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CLOCK CONTROL

The clock control circuit consists of the following circuits.
+ System clock generating circuit

+ Control circuit to stop the clock oscillation

+ Control circuit to return from the RAM back-up state

o Internal clock
« c)w(L:? L Osc_:ullapon generating circuit Instruction clock
o0—————1 circuit (divided by 3)
3 Counter

Y
Y
Wait time Software
-t A
control Gircuit start signal

o RESET
K0o0,K01,K02,K03
r

--------- ¥
E—-—- Port PQo, P01
Multiplexer ™ Port POz, P03
B Port P10, P15

+—Pont P12, P13

POF —{R

POF = instruction

Note: The wait time control circuit is used to start the microcomputer operation after 3582 to 3584 machine cycles
for the time required 1o stabilize the f(XiN) oscillation.

Fig. 44 Clock control circuit structure
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Clock signal f(Xin) is obtained by externally connecting

a ceramic resonater. Connect this external circuit to
Note: Externally connect a

pins XIN and XouT at the shortest distance. A feedback M34510 damping resistor Rd
resistor is built in between pins XiN and Xour. depending on the
When an external clock signal is input, connect the XiN Xout oscillation frequency.
clock source to XN and leave XouT open. When using éﬁnﬁ:‘;b“k resistor is
an ?xte.rnal clock, the 'maxtmum.value of external clock Rd Use the resonator manu-
oscillating frequency is shown in Table 21. tacturer's recommended
—|D value because constants
Table 21 Maximum value of external clock oscillation CIN T couT such as capacitance
frequency depend on the resonator.
Supply voltage Oscillation frequency (duty ratio)
45Vto55V 4.0 MHz (40 % to 60 %)
40Vtic55V 3.0 MHz (40 % to 60 %) Fig. 45 Ceramic resonator external circuit
25Vtob55YV 1.0 MHz (30 % to 70 %)
20Vio55YV 0.8 MHz {30 % to 70 %)
Note: 2.5 V to 5.5 V for the One Time PROM version and
the built-in EPROM version. VRN
ROM ORDERING METHOD X wout | voo
Please submit the information described below when ordering Vs | | I l | I

Mask ROM.
(1) M34510M2A-XXXSP/FP Mask RCM Order Confirma-

tion Form or M34510M4A-XXXSP/FP Mask ROM Or- Extarnal oscillation circuit

der Contirmation FOrm.. ... 1

(2) Data to be written into mask ROM ................ EPROM Fig. 46 External clock input circuit
(three sets containing the identical data)

(3) Mark Specification Farm ... 1

KR
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LIST OF PRECAUTIONS
® [Noise and latch-up prevention|

Connect a capacitor on the following condition to pre-

vent noise and latch-up;

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

« equalize its wiring in width and length, and

« use relatively thick wire.

In the built-in PROM version, CNVss pin is also used

as Vep pin. Accordingly, when using this pin, connect

this pin to Vss through a resistor about 5 k€ in series

at the shortest distance.

@ [Prescaler]

Stop the prescaler operation to change its frequency
dividing ratio.

® [Timer count source|

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

@ [Reading the count value]

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

® [Ds/INTO/ZEROX pin|

When the interrupt valid waveform of the Ds/INTO/ZEROX
pin is changed with the bit 2 of register 11 in a pro-
gram, be careful about the following notes.

« Clear the bit 0 of register V1 to “0" before the inter-
rupt valid waveform of De/INTO/ZEROX pin is changed
with the bit 2 of register 11 (refer to Figure 47®).

+ Depending on the input state of the De/INTO/ZEROX
pin, the external O interrupt request flag (EXFO) may
be set when the interrupt valid waveform is changed.
Accordingly, set a value to register |1, and execute
the SNZO instruction to clear the EXFO {lag after ex-
ecuting at least one instruction {refer to Figure 47X},

LA 4

; (XXX02)
TVIA ; The SNZO0 instruction is valid ©
LA 4 .
THA ; Change of the interrupt valid waveform

NOP @

SNZ0 ; The SNZO instruction is executed

NOP

H X : this bit is not related to the setling of
INTO.

P21/INT1 pin

When the interrupt valid waveform of P21/INT1 pin is
changed with the bit 3 of register 12 in a program, be
careful about the following notes.

¢ Clear the bit 1 of register V1 to “0" before the inter-
rupt valid waveform of P21/INT1 pin is changed with
the bit 3 of register 12 (refer to Figure 48®).

« Depending on the input state of the P21/INT1 pin,
the external 1 interrupt request flag (EXF1) may be
set when the interrupt valid waveform is changed.
Accordingly, set a value to register 12 and execute
the SNZ1 instruction to clear the EXF1 flag after
executing at least one instruction (refer to Figure
48®).

LA 8
TV1A
LA 8
Ti2A ; Change of the interrupt valid waveform
NOP O]
SNZ1
NOP

s {XX0Xz2)
; The SNZ1 instruction is valid @

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

Fig. 47 External 0 interrupt program example

Fig.

48 External 1 interrupt program example

@ [Built-in PROM version |

The operating power voltage of the buiit-in EPROM
version and One Time PROM version is 2.5 V to 5.5 V.
Operating temperature range of the buiit-in EPROM
version is —20 °C to 70 °C.

Built-in EPROM version is the microcomputer for pro-
gram development. Use this microcomputer only for
proegram development and prototype test.

® [Vulifunciion]

Be sure that the /O of Ds, the input of Da, Ds, D7—
D9, P20 and P21, and the output of P30~-P33 can be
used even when INTO/ZEROX, RTP, CNTR, Sck, Sour,
SiN, INT1 and Amno-Ains are selected.

LR



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

@

A-D converter-1

When the operating mode of the A-D converter is

changed from the comparator mode to the A-D conver-

sion mode with the bit 3 of register Q1 in a program,
be careful about the following notes.

+ Clear the bit 2 of register V2 to “0” to change the
operating mode of the A-D converter from the compa-
rator mode 10 the A-D conversion mode with the bit 3
of register Q1 (refer to Figure 49®).

* The A-D conversion completion flag (ADF) may be
set when the operating mode of the A-D converter is
changed from the comparator mode to the A-D con-
version mode. Accordingly, set a value to register Q1,

Sensor circuit AiNi

L

il

Apply the voitage within the
specifications to an analog input pin.
(i=0t03)

and execute the SNZAD instruction to clear the ADF Fig. 50 Analog input external circuit example-1
fiag.
Do not change the operating mode (both A-D conver-
sion mode and comparator mode) of A-D converter
with the bit 3 of register Q1 during operating the A-
D converter.
About 1kQ
: Sensor circuit AN
LA 8  : (XOXX2) ’
TV2A ; The SNZAD instruction is valid ®
LA 0 5 (OXXX2)
TQ1A ; Change of the operating mode of the )
A-D converter from the comparator (i=0t03)
mode to the A-D conversion mode
SNZAD Fig. 51 Analog input external circuit example-2
NOP - -
X : this bit is not related to the change of o
the operating mode of the A-D conver- Execute the POF instruction immediately after execut-
sion. ing the EPOF instruction to enter the RAM back-up.

Fig. 49 A-D converter operating mode program example

© [A-D converter-2 |

A-D conversion circuit 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 gener-
ated and the sufficient A-D accuracy may not be ob-
tained. Therefore, reduce the impedance or, connect a
capacitor {0.01 uF to 1 uF) to analog input pins (Figure
50).

When the overvoitage 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 51. In addition, test the application products
sufficiently.

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

Be sure to disable interrupts by executing the DI in-
struction before executing the EPOF instruction.

@ |Analog input pins '
ote the following when using the analog input pins

also for I/O port P3 functions:

« P3 output
Even when pins P3o/Aivo, P31/Aini, P32/Ainz, and P3a/
AiN3 are set for analog input, they also function as
port P3 output. When executing the OP3A instruc-
tion, set the outputs of pins set for analog input to
g

« P3 input
Pins that are set for analog input do not function as
port P3 input. After executing the IAP3 instruction,
the values of bits corresponding to pins set for ana-
log input are transmitted to register A as “0."

Program counter

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

AN
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SYMBOL
The symbols shown below are used in the following instruction function table and instruction list.
Symbol Contents Symbol Contents
A Register A (4 bits) Ti Timer 1
B Register B (4 bits) T2 Timer 2
DR Register D (3 bits) T3 Timer 3
E Register E (8 bits) T4 Timer 4
Qt A-D control register Q1 (4 bits) TiF Timer 1 interrupt request flag
Q2 A-D control register Q2 (4 bits) T2F Timer 2 interrupt request flag
AD Successive comparison register AD (8 bits) T3F Timer 3 interrupt request flag
J1 Serial I/O mode register J1 (4 bits) T4F Timer 4 interrupt request flag
Si Serial 1/0 register Si (8 bits) WDF Watchdog timer flag
Vi Interrupt control register V1 {4 bits) INTE Interrupt enable flag
vz Interrupt control register V2 (4 bits) EXFO External O interrupt request flag
I Interrupt control register 11 (4 bits) EXF1 External 1 interrupt request flag
12 Interrupt control register 12 (4 bits) ZCF Zero cross input flag
Wi Timer control register W1 (4 bits) P Power down flag
w2 Timer control register W2 (4 bits) ADF A-D conversion completion flag
W3 Timer control register W3 (4 bits) SIOF Serial /0O transmission/reception completion flag
w4 Timer control register W4 (4 bits)
wé Timer control register W6 (4 bits) D Port D (10 bits)
RTR Real time output control register RTR (2 bits) [P0 Port PO (4 bits)
KO Key-on wakeup control register KO (4 bits) P1 Port Pt (4 bits)
PUO Pull-up cantrol register PUO (4 bits) P2 Port P2 (2 bits)
VLR Voltage drop detection circuit control register VLR | P3 Port P3 (4 bits)
(1 bit}
X Register X (4 bits) X Hexadecimal variable
Y Register Y {4 bits) y Hexadecimal variable
b4 Register Z (2 bits) z Hexadecimal variable
bpP Data pointer (10 bits) p Hexadecimal variable
(It consists of registers X, Y, and 2) n Hexadecimal constant
PC Program counter (14 bits) i Hexadecimal constant
PCH High-order 7 bits of program counter j Hexadecimal constant
PCL Low-order 7 bits of program counter A3AzA1A0 Binary notation of hexadecimat variable A
SK Stack register (14 bits X 8) (same for others)
SP Stack pointer (3 bits)
cY Carry flag - Direction of data movement
R1 Timer 1 reload register = Data exchange between a register and memory
R2 Timer 2 reload register ? Decision of state shown before *?"
R3 Timer 3 reload register () Contents of registers and memories
R4 Timer 4 reload register — Negate, Flag unchanged after executing
instruction
M(DP) RAM address pointed by the data pointer
Label indicating address as a5 a4 a3 a2 at ao
p, a Label indicating address as a5 a4 a3 a2 a1 ao
in page ps p4 p3 p2 p1 po
97 Hex. C + Hex. number x (also same for others)
+
%

Note : The 4510 Group just invalidates the next instruction when a skip is performed. The contents of program counter
is not increased by 2. Accordingly, the number of cycles does not change even if skip is not performed. However,
the cycle count becomes “t” if the TABP p, RT, or RTS instruction is skipped.
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LIST OF INSTRUCTION FUNCTION

Grouping] Mnemonic Function Grouping | Mnemaenic Function Grouping} Mnemonic Function
TAB (A} « (B) 5 XAMUj  |(A) « — (M(DP}) SB § (Mi(DP})) « 1
7 {X) « (X)EXOR(j) j=0to3
TBA  [(B) < (A) B j=0to15 .
B (Y) e (Y) + 1 £ |RBj (Mi(DP)) « 0
TAY (A} « (Y) & g j=01t 3
§ TMA | (M(DP)) « (A) °
TYA (Y) « (A) pod (X) « (X)EXOR(j) o |SZBj {Mj(DP)) = 0 ?
5 i=0to 15 j=0to3
2 | TEAB (E7-E4) « (B) &
£ (Ea-Eo) « (A) LA n A) = n s |SEAM ()= (M(DP)) ?
o n=0to 15 28
2 |TABE  [(B) &« (E7-Ea) 3% [SEAn [(Ay=n?
o
2 (A) « (E3-Eo) TABP p [(SP) « (SP) + 1 £8 n=0to15
e (SK(SP)) « (PC) 8
8 TDA (DR2-DRo) « (A2-A0) (PCH) « p Ba (PCL) « as-ao
2 (PCL) « (DR2-DRo,
g |7a0 (A2-Ao) « (DR2-DRo) Aa-Ao) % BLp a |(PCH) « p
{A3) «- O (B) « (ROM(PC))7— | & (PCL) « as-a0
(A) « (ROM(PC))3—0 s
TAZ (A1, A0) « (21, Z0) (PC) « (SK(SPY) § |[BLAp [(PCH) e p
(A3, A2) « O (SP) « (SP) - 1 £ {PCL) « (DR2-DRo,
A3-A0)
TAX (A « {X) AM (A) « (A} + (M(DP))
BM a (SP) « (SP} + 1
TASP  |(A2-A0) « (SP2-SPo) | § |AMC {A) « (A) + (M(DP)) (SK(SP)) « (PC)
(A3) - O e + (CY) (PCH) « 2
§ (CY) « Carry (PCL) « as-ao
LXY x,y |(X) & x, x =01to 15 L -
- (Y)e—y, y=01to15 g An (A) « (A) + n 2 |BML p, a[(SP) « (SP) + 1
2 £ =010 15 3 SK(SP)) « (PC
8 |lzz |@ezz=-0w3 | < TR f EPC(H)t-)—)p( )
3 AND (A) « (A) AND (MDP)) | 2 (PCL) « a6-a0
= [INY {Y) «(Y) + 1 3
g OR (A) « (A} OR (M(DP)) g BMLA p |(SP) « (SP) + 1
DEY (Y) « (Y) - 1 (SK(SP)) « (PC)
SC {(CY) « 1 (PCH) « p
TAM | (A) « (M(DP)} (PCL) « (DR2-DRo,
(X) « (X)EXOR()) RC (CY) « 0 A3-Ao)
8 j=0to 15
2 s2C {CY)y=07? AT (PC) « (SK{SP))
g Ixamj i (M(DP)) {SP) « (SP) - 1
£ - - B - _
] (X) « (X)EXOR(j) CMA (A) « (R) 2
® j=0to 15 &9 g |AT (PC} « (SK(SP))
- RAR —[CY] _)-;I o (SP) « (SP) - 1
2 IxamDj [(A) « — (M(DP)) I £
2 (X) « (X)EXOR(j) g |rTs (PC) « (SK(SP))
= j=01t15 (SP) « (SP) -~ 1
(Y) & {Y) =1

R



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

LIST OF INSTRUCTION FUNCTION (continued)

Grouping | Mnemonic Function Grouping | Mnemonic Function Grouping | Mnemonic Function
DI (INTE) - O TAB1 (B) « (T17-T14) IAPG (A) « (PO}
(A) « (T13-T1o0)
E! (INTE) « 1 OPOA (PO) « (A)
T1AB (R17-R14) « (B)
SNZ0 (EXFO) = 1 ? (T17-T12) « (B) AP (A) e (P1)
After skipping {R13~R10) « (A)
(EXFO) « 0 (T13-T10) « (A) OP1A (P1) « (A)
SNZ1 (EXF1) =172 TAB2 (B) « ({T27~T24) 1AP2 (A1-A0) « (P21-P20)
After skipping (A) « (T23~T20) (A3, A2) « O
(EXF1) « O
T2AB (R27-R24) « (B) 1AP3 (A) « (P3)
SNZIO  [l12 = 1 : (INTO) = “H" (T27-T24) « (B)
Mz =0 (INTO) = “L" (R23-R20) « (A) OP3A (P3) « (A)
{T2a-T20) & (A) 8
« [sNzn 123 = 1 2 (INT1) = “H" g |cLp (D) « 1
2 123 = 0 : (INT1) = "L" TAB3  [(B) « (T37-T34) g
8 (A « (T33-T30) = |RD (D(Y)) « O
o |TAV1 (A) « (V1) =4 (Y)=0to 9
8 T3AB (R37-R34) « (B) §
£ |via (V1) « (A) (T37-T34) « (B) g8 |sD (DY) « 1
= (R33-RA30) « (A) = (Yy=0to 9
TAV2 {(A) e (V2) < (T33-T30) « (A)
P szD (DY) =02
TV2A (V2} « (A) § TAB4 (B) « (T47-T4s) (Y)=0109
2 (A) « (T43-Tdo)
TAI (A) « (11) g TKOA  |(KO) « (A}
= lr1eaB (R47-Rd4) « (B)
TItA (1) « (A) (T47-T44) « (B) TAKO (A) « (KO)
(R43-R40) « (A)
TAI2 (A) e (12) (T43-Tdo) « (A) TPUCA  {(PUO) « (A)
TI2A {12) « (A} TR4AB | (R47-R44) « (B) TAPUO  [(A) « (PUO)
(R43-R40) « (A)
TAWA (A) e (W1) TABSI (A} « (Sla-Slo)
SNZT1 |(T1F) =17 (B) « (Sl7-Sla)
TW1A (W1) « (A) After skipping
{T1F) « O TSIAB  |(Sl3-Slo) « (A)
TAW2 (A) e (W2) (S17-Sls) « (B}
SNZT2 {(T2F) =17 5
TW2A  |(W2) « (A) Atter skipping g (TASY (A) « (31)
§ (T2F) « 0 g
g [TAWS ()« (W3) 5 [TA D «(A)
o SNZT3 [(T3F) =17 g
B |twaa  |(W3)  (A) After skipping g ssT (SIOF) « 0
= {T3F) « 0 = Serial /O starting
TAWA  [(A) « (W4) K]
SNZT4 |(T4F) =17 & |sNzZst  [(SIOF) =17
TW4A (W4) « (A) After skipping After skipping
(T4F) « O (SIOF) « 0
TAWE  [(A) « (W6)
TWBA  [(W6) « (A)
3-58
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LIST OF INSTRUCTION FUNCTION (continued)

reuping | Mnemonic Function
TABAD [(A) « (ADa-ADo)
(B) ¢ (AD7-ADa)
TADAB |(AD3-ADo) « (A)
(AD7-AD4) « (B)
s |Taqr (A) « (Q1)
[
& lraia |« &)
[=
2
g ADST (ADF} « 0
g A-D conversion starting
Q ?
< SNZAD |[{(ADF) =171
After skipping, (ADF) « 0
TAQ2 (A} « (Q2)
TQ2A  {(Q2) « (A)
NOP (PC) « (PC) + 1
POF RAM back-up
EPOF POF instruction valid
< |snzp o |(my =12
s
§ WRST  [(WDF) « 0, (WEF) « 1
O (WDT) = FFFF1s
2
& |RTPS (RTP) « 1
RTPR |(RTR) 0
TRTPA (RTP) « (A0)
TRTAA |(RTR1, ATRY) « (A1, Ao)
TVLRA (VLR) « (A0)

KR
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INSTRUCTION CODE TABLE

D9-D4 00000j00000 100001000001 1000100100010 1j0001 1000011 1j001000{C01001p01010/00101 001100001101 0\1100011112::}???(0]::8?3
Do Yhex oo [0t |02 |03 |04 {05 | 06| o7 |o8|oo|oafoB|oc|op]|oe|oF [rowirfur
o0oo| o [nop|BLalS38 |ama| — |Tasp| 4 | Y [TABPITABP(TABP\TASP! s | 8L 8L | BM | B
001 1 | — [co|SEB| — | — |1ap| 4 | Y [TABP[TABPITABPITABP g lmi| eL |8l | BM | B
ooto| 2 [Por| — |SZB) [ — lqax| 5 | 5 [TAPP[TABP|TABP|TAEP gL jamL| BL [BL| BM | B
oo11| 3 [snzp| iy |SZB| | — |Ttaz| 4 | B [TABP|TREP(TABP|TAEP B jpm| BL [BL-| BM | B
o100| 4 | D1 [ RO [szD| — | AT |Tavi| 4 | ' [TABP[TABPITABPITABE| M lami| BL |BL"| BM | B
ot01| 5 | El | sD |sEan| — |RTs|TAvz| & | 'f TABP[TABPITABPITABP| gt lami| BL |BL=| BM | B
otto| 6 | RC| — [SEAM[ — |RTI | — | & | & [TABP[TABPITABPITABR! gmLjemi| BL [ BL™| BM | 8
on1| 7 | scfoev| — | — | = | — | 5 |2 [APP|TRSP(TABPITABP oML jpmL| BL | BL| BM | B
1000| 8 | — |AanD| — [snzo| Z | — | & | g |TEP|TRERTAER AR e el BL | BL| BM | B
t001] o | — |or [Toalsnzt| W2 [ — | 5 | G {TAPPTAEP|TASPITARR am lemi| BL |8l | BM | B
1010 A | am [teas|tasefnziof F | — | & | 15 |TAS 2| TABPTa BmL ML BL | BL | BM | B
to11] B |amc| — | — Jenzin| 2 [eror i | Y4 (M40 ARR T e | BML | BL | BL | BM | B
too| ¢ |TvaloMa| — | — | RB | SB | A | LA ITABRITABD TABPITe%" ML jemL| BL | BL~| M | B
01| D | — |[RAR| — | — | BB | SB| A | LA [TASP|TABPITABPITABP  amL jemi| BL |BL | BM | B
10| € |TBa|TaB| — [Tvaa| BB | SB[ A [ 54 [TASP TRl |TASY[TaRP eme jomi| BL [BL| BM | B
st | B | — | TAv|sze |rvia] AR | SB 1R 48 TP TRRITART TR v | BL (BL | em | 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
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 the code marked "—."

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

The second word
BL 10 paaa aaaa
BML 10 paaa aaaa * and " cannot be used at M34510M2A-XXXSP/FP.
BLA 10 pp00 pppp ’ * cannot be used at M34510M4A-XXXSP/FP.
BMLA 10 ppOO pppp
SEA 00 0111 nnnn
52D 00 0010 1011
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INSTRUCTION CODE TABLE (continued)

110000,
i

D9--D4 [100000{10000 §100010]10001 $100100[100101|10011q100111101000101001[101010] 10101 {101 100f 101101101 110] 101111
111111

D3~ \ Hex.
D0 noton| 20 | 21 | 22 | 23 | 24 1 25 | 26 | 27 [ 28 | 20| 2a [ 28 [ 2¢c | 20 | 26 | 2F isvwsF

o000 0 | — |TwaAloPoa|T1AB| — [TAWe| 1APO | TAB1|sNZT1|TvLRAWRST) THA TAM| XAM | XAMUXAMDY | xy
0001| 1t | — |[twaAlor1a|T2aBl — | — |iaPt| TAB2|sNzT2rRTRARTPS T"{'A T’}M XAM X”;M' X"‘1MD LXY
ooto| 2 |THA|l — | — |T3aB|TAUI| — |1AP2|TABS|SNZT] — |RTPR TAEM TP2~M X/;M XAZMI XA2MD LXY
oo11| 3 | — |Twealor3a[T4AB| — | Tai1|iAPS |TAB4[sNzTsl — [ — |TMA T’;M XAM X‘;M' XA;”D LXY
otoo| 4 |TQIAl — | — | — |TAQt|TAR| — | — | — | — | — T'X'A TQM XQM XﬁM' XAjﬁD LXY
otor| 5 |tazal — | = | — |magzl = | = | = | = | = | — | T™MA|TAM| xAM [xAMI [XAMD] | ¢y
5|5 | s} 5| s
] — =1 1= ] | = Frma | tam xam [xamiixamp
o110| & TAKO A | TAM [ XAM | XAMIIXAMD | xy
0111 7 —_ TitA — — — fTAapPuo| — — IsnzADl — —— TMA | TAM XAM XAMI XAMD LXY
777" 7
1000 8 | — [T2a] — |[rsmB| — | — | — |vaBsi|snzs| — | — T"é‘A TQM XQM X%Ml XAé\ﬂD LXY
1001 9 — |TRTPA — |TADAR — — — |TABAD -— —_ —_— TMA | TAM | XAM | XAMI XAMD LXY
9 | s | g |9 | 9
== == = = | — | — |™ma]|Tam]| xam |xami|xamD
1010l A 10 ] 10 |70 |10 | 10 | WY
— |TKOA] — — |Tawi| — — e — _ — | TMA | TAM | XAM | XAMI [XAMD)|
1o11| B A T AT M N i
— | — | = lreasitawel — | — 1 — | — 1 — | — | ™™a|1am|xam [xami|xamp)
11oaf € 12 12 {12 |12 | 12 | XY
| = o 2 [ va | tam ] xam [xami [xamD
1101 D TPUOA] TAW3 13 1 13 13 13 XY
- N A R | T™A | TAM | xAM [xAMI [XAMD
1o E |[Twial — | — TAW4 SST MA | TAM | XAM | XAMI XAMD) Ly
S U U R U N R — | va | Tam | xam [xami [xamo
| F o{twea ADST| MA | TAM | XAM | XAMIXAMD) Lxy

The above table shows the relationship between machine tanguage codes and machine language instructions. Da-Do show the
low-order 4 bits of the machine language code, and De-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-ward instructions, but only the
first word of each instruction is shown. Do not use the code marked “—."

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

The second Word
BL 10 paaa aaaa
BML 10 paaa aaaa
BLA 10 ppO0 pppp
BMLA 10 ppO0 pppp
SEA 00 0111 nnnn
52D 00 0010 1011
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MACHINE INSTRUCTIONS

Parameter Instruction code 5 |5
A [
Mnemonic . Sg 23 Function
T,,m,§ Ds De D7 De Ds Ds Da Dz Dy Do | EZIE &
instructio notation |z |=
TAB 0 0 0 0 0 1 1 1 1 0 |0tE]|1]1[(A)eB
TBA 6 00 00O 1110 |0O0E 1 {(B) « (A)
TAY 00 0 0 0 F 1t 1 1 1 01 F |t |1 ]A)e (M)
:—g TYA 0o 0 0 0 0 0O t 1t 0 O 0 0C 1 1 (YY) « (A)
<
£ |reaB 0 0 0 0 0 1t 1 0 t 0 |01A!l 1|1 |(E—Ee)e (B)(E-Eo) « (A)
2 |TABE 000 0 1 010 1 0 |02A]|1 |1 [(B)«/(EEsA)e (ErEq
om
E TDA 0 0 0 0 1t 0 1 0 0 1t 029 |1 1 |(DR2-DRo) « (A2-Ao)
5 |TAD 00 01 06t 0 0 0 1 05 1 |1 1 |{A2~A0) « {DR2-DRo) (A3) « O
L
2 |raz 0 0 0 1 0 t 0 0 1 1 | 0583 |1 |1 [(A Ad) e (Z1, Z0) (A3, A2) « O
lvd
TAX 0 0t 61 0 0 1t 0 {052]1 1 |(A) « (X)
TASP o 0o 0 1 0t 0 0 0 O 080 1 1 |(A2-A0) « (SP2-SPo) (A3) « 0
LXY x,y {1 1 x3 x2 xt x0 y3 y2 yi yo | 3 x vy 1 1 |{X) « x, x =0 to 15
(Y) <y, y=0to15
4
§ LZ z 0 ¢ 0 1 0 0 1t 0 zv z¢ |0 48 1 1 |(2)e2,2=0103
4 +
e
b z
2 Ny 60 0 0 0 1 0 0 t 1 {013 [1 |1 |(V)e(N+t
o
DEY o 0o 0 0 0 t 0 1t 1 1 017 1 1 N(Y) e (Y) -1
TAM 1 0 t 1.0 0 § § i | 2Cj | 1| 1 [(A)« (MDP)
(X) « (X)EXOR(j), j = 0 to 15
XAM j 10 1 1 0 1 j j i i 2 Dj 1 1 (A} « - {M(DP))
(X) « (X)EXOR(j), j = O to 15
8
2 Ixampj [t o 1t ot v 1 G g 2 F ) |1t {1 [(A e (mOPYy
© {X) « (X)EXOR(j), j = O to 15
o LY = (Y) -1
&
2
g” XAM! j LI I B R R | 2 Ej 1 1 |{A) « - (M(DP))
o (X} « (X)EXQOR(j), j = 0 to 15
= (Y) « (¥) + 1
<
o
TMA j Tt 0t 0 1 1 j i i i 2 Bj 1 1 1 (M(DP)) « (A) .
(X) « (X)EXOR(j), j = O to 15
3-62
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>
o
g
Skip condition ; Datailed description
@
2
- 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.
- -~ | Transters the contents of registers A and B to register E.
- — | Transtfers the contents of register E to registers A and B.
- ~ | Transfers the contents of register A to register D.
- —~ | Transfers the contents of register D to register A.
- - | Transfers the contents of register Z to register A.
- - | Transfers the contents of register X to register A.
- - | Transters the contents of stack pointer (SP}) to register A.
Continuous - | Loads the value x in the immediate field to register X, and the value y in the immediate field to
description register Y.
When the LXY instructions are continuously coded and executed, only the first LXY instruction is
executed and other LXY instructions coded continuously are skipped.
- - { Loads the value z in the immediate field to register Z.

(Yy=0 - | Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0,
the next instruction is skipped.

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

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

(Y) =15 - | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation
is performed 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.

¥)=0 —~ | After exchanging the contents of M{DP) with the contents of register A, an exclusive OR operation

is performed between register X and the value  in the immediate field, and stores the result in
register X. Adds 1 to the contents of register Y. As a result of addition, when the contents of
register Y is 0, the next instruction is skipped.

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




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Parameter Instruction code s |5
Mnemonic : %"g g%; Function
e ol Ds Ds D7 De Ds Ds D3 D2 D1 Do notation |2 = 55‘
LA n 0O 0 0 1 1 1 n n n n 0 7n 1 1 [(A) e« n
n =0t 15
TABP p 0 0 1 0 ps5 ps p3 p2 p1 pe [0 8 p 1 3 |(SP) « (8P) + 1
+p (SK(SP)) « (PC)
(PCH) ¢ p
(PCL) « (DR2-DRo, As~Ag)
(B) « (ROM(PC))7—
(A) « (ROM(PC))3~0
(PC) « (SK(SP))
{SP) « (8P) ~ 1
{Note)
AM 0 0 0 0 0 0 1 0 1 0 [00A] 1|1 |(A) e (A + (MDP)
e |AMC 0 0 0 0 0 0 1 0 1 1 0 0B | 1| 1 [(A)«(A)+ (MDP)+ (CY)
-% (CY) « Carry
g JAn 0 0 01 1 0 n n n n 06 n 1 1 [(A) = (A)+n
o n=0to 15
2
g
£ |AND 0 0 0 0 0 1 1 0 0 0 |0 18| 1] 1 [(A)e (A) AND (M{DP)
<
OR 60 0 0 0 0 1 1 0 0 1 019 | 1] 1 |(A) « (A) OR (M(DP))
SC 0o 00 0 G 0 1 1 1 007 1 1 |(CY) & 1
RC ¢ 0 00 0 0 0 1t 1 O c 06 1 1 [(CY) « 0
SZC 0 0 0 0 t 0 1 1 1t 1 0 2 F 1 1 |(CY)=07
CMA 00 0 0 0 1 1 1 0 0 |ot1tcl 1t |1 [tAeR
RAR 000 0 0 1 1 1 0 1 |otD|1]n1 A3A2A1A0
SBj 6 0 0 1 0 1 1 1 j j 05C | 1 [ 1 [(M(OP)e1
< + j=01t3
2
s |[RrBj 0 0 0 1t 0 0 1 1 j | o4 cC |t |1 [(MODOP)eoO
g +} j=01t0 3
2
o SZB§ 0O 0 0 0 t 0 0 0 j | 02 1 1 |[{Mj(DP)) =0 ?
=0t 3
SEAM o 0 0 0 + 0 0 1 1 O 028 1 1 {(A) = (M(DP)) ?
c SEA n 6 6 0 01 0 0 1t 0 1 025 2 2 [(A)=n?
25 n=01 15
‘gg 0 0 0 1t t t n n n n 0 7n
€
5%

Note :

p is 0 to 63 for M34510E8, p is 0 to 31 for M34510M4A, and p is 0 to 15 for M34510M2A.

oo




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-8IT CMOS MICROCOMPUTER

Skip condition

Carnry flag CV

Datailed description

Continuous
description

Overflow = 0

0/1

Loads the value n in the immediate field to register A.

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 address (DR2 DR+ DRo A3 Az A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, 1 stage of stack register is used.

Adds the contents of M(DP) to register A. Stores the resuit in register A. The contents of carry flag
CY remains unchanged.

Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and
carry flag CY.

Adds the value n in the immediate field to register A,
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overfiow as the result of operation.

Takes the AND operation between the contents of register A and the contents of M(DP), and stores
the result 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.

Sets (1) to carry flag CY.

Clears (0) to carry flag CY.

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.

Rotates 1 bit of the contents of register A including the contents of carry flag CY to the right.

(Mi(DP)) = 0
j=0103

Sets (1) the contents of bit j (bit specified by the value j in the immediate tield) of M(DP).

Clears (0) the contents of bit j (bit specified by the value j in the immediate field) of M(DP).

Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate
field) of M(DP) is “0."

(A} = (M(DP))
(A)=n

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

Skips the next instruction when the contents of register A is equal to the vaiue n in the immediate
field.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Instruction code s |5
Mnemonic §§ §§ Function
mﬂh}m [+
Ds Da D7 De Ds Ds D3 D2 D1 Do FMlEz(E®
notation |Z | =
Ba O 1t 1 as a5 as a3 a2 a1t ao [ 1 8 a 1 1t |(PCL) « as—a0
+a
é BLp, a 0 0 t 1 1t ps p3a pz pt po |0 Ep 2 2 |(PCH) «p
§_ +p (PCL) « aé-—ac
o (Note)
5 1 0 ps as as a4 a3 a2 ar ao 2 p a
= +a
@
BLA p 0 0 0 0 0 1 0 0 0 O 010 | 21 2 [(PCH)e-p
(PCL) « {DR2-DRo, Az-Ao)
i1 0 ps ps 0O O p3 p2 pt po 2 pp {Note)
BM a 0 1 0 aé as a4 a3 a2z a1 ao 1 a a 1 1 {(SP) e (8P) + 1
(SK(SP)) « (PC)
{(PCH) « 2
(PCL) & as-ao
S
s BMLp,a|0 O t 1 O psa p3 p2 pt po |0 Cp 2 2 [(SP) « (SP) + 1
% +p (SK(SP)) « {PC)
®
s (PCH) « p
® 1 0 ps5 a6 a5 a4 a3 a2 a1 ao | 2 p a (PCL) « as-ao0
£ +a {Note}
3
o BMLA p 0 0 0 0 1t 1 0 6 0 0 030 2 2 |{5P) « (SP) + 1
a : (SK(SP)) « (PC)
1 O ps ps 0O O pa p2 pit po {2 pp (PCH) « p
(PCL) « (DR2-DRo, A3—~Ao)
(Note)
RTI 0 0 01t 0o 0 0 1 1 0 046 |1 1 [(PC) « (SK(SP))
(SP) « (SP) - 1
<
2
8
@
& |mT 000 0 1 0 0 0 1t 0 0 |044]| 1] 2 [(PC)« (SKSPY)
£ {SP) « (SP) - 1
=]
e RTS 0 0 0 1 0 0 0O 1t 0 1 045 1 2 [(PC) « (SK(SP))
(8P) « (SP) - 1
DI o 0 6 0 0 0 0O 1 0 © 00 4 1 1 [(INTE) « O
s El ¢ 0 0 0 0 0 0 1 0 1 005 1 1 [(INTE) « 1
S sNzo |0 0 0 0 1 1 1 0 0 0 |038 [ 1|1 |(EXFO)=12
s After skipping
- (EXFO) « 0
g
H SNZ1 o 0 0 0 1t 1 t 0 0 1 0389 1 1 [(EXF1) =1 7?
E After skipping
(EXF1) « 0
Nate : p is O to 63 for M34510E8, p is O to 31 for M34510M4A, and p is 0 to 15 for M34510M2A.




MITSUBISH! MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

5
g
Skip condition &= Dataited description
[
3]
(%]
- -~ | 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 Az A1 Aoj2 specitied 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.
- < | 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 instruction, register A and register B to the states just before
interrupt.
- - | Returns from subroutine to the routine called the subroutine.
Skip at uncondition | - | Returns from subroutine to the routine called the subroutine, and skips the next instruction at
uncondition.
- ~ | Clears (0) to the interrupt enable flag INTE, and disables the interrupt.
- — | Sets (1) to the interrupt enable flag INTE, and enables the interrupt.
{EXF0) = 1 — | Skips the next instruction when the contents of EXFO flag is "1.”
After skipping, clears the EXFO flag.
(EXF1) = 1 —~ | Skips the next instruction when the contents of EXF1 flag is *1."
After skipping, clears the EXF1 flag.




MITSUBISHI MICROCOMPUTERS
4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Instruction code

— e [z,

; og|de .
.MMHE"‘ONC De Ds D7 Ds Ds Ds D3 D2 D1 Do m gg E% Function
instructio z

SNZI0 6 0 0 0 1 1t 1t 0 1 0 03 A |1 1 (M2 =1:(INTO) = *H" ?
12 = 0 : (INTO) = “L" ?
SNZH 0 0 0 0 1 1 1 0 1 1 03B |1 1 [123 =1 : (INT1) = “H" ?
c 123 = 0 : (INT1) =*L" ?
g
i
2 TAV1 ¢ 0 ¢ 1t 0 1 0 t 0 O 05 4 1 1 [{A) « (V1)
g- TV1A o 0o 0 o0 t 1 1 1 1 1 03 F 1 1 [{(V1) « (A)
;'c; TAV2 ¢c o o t 0 1 0 1 0 1 055 1 1 {A) « (V2)
TV2A o ¢ 0o o0 t 1t 1t 1 1 0 0 3 E 1 1 [(V2) « (A)
TAI t 00 1 0 1 0 0 1 1 25311 |(A)e D
THA 1 00 0 0 1 0 1 1 A 21 7 0101y«
TAI2 1 0 0 1+ 0 v 0 1 0 O 2 5 4 i 1t [(A) « (12)
TI2A 1 00 0 0 1 1 0 0 0 [2187] 11 [(2)e(A)
TAW1 i 0 0 1 00 1 0 1 1 24 B[ 1 [ 1 [(A) < (W)
TWI1A 1. 00 0 0 0 1 1t 1 0 [20E] 1|1 {wWwhe®
TAW2 1.0 0 1 0 0 1 1 0 0 |24¢C| 1|1 A« (W2
TW2A 1t 00 0 0 0 1 1 1 1 20 F | 1|1 (W2 e (a)
5 TAW3 t 00t 00 1 1 0 1 240D 1 1 [{A) « (W3)
g TW3A t 00 0 0 t 0 06 0 0 210 1 1 [(W3) « (A)
; TAW4 1 00 1 0 0 1 1 1 0 [24€E]| 1] 1 [(Ae(Ws
'E TW4A 10 0 0 0 1 0 0 0 1 [ 211 |1 [|1 |(W4)e(A)
TAWE 1 00 1 0 1 0 0 0 0 [250/] 1|1 |[(A« (W6
TW6EA 16 0 6 0 1 0 0 1 1 213 | 1] 1 [(W8) e (A)
3-68

o M



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition

Carry fiag CY

Datailed description

{INTO) = “H"
However, (12 = 1

(INTO) = “L"
However, 112 = 0

(INT1) = "H"
However, 123 = 1

(INT1) = “L*
However, 123 = 0

{

When bit 2 (112) of register I1 is "1" : Skips the next instruction when the level of INTO pin is “H."
When bit 2 (112) of register 11 is
When bit 3 (123) of register i2 is
When bit 3 (123) of register 12 is’

Transfers the contents of interrupt control register V1 to register A.

Transfers
Transfers
Transters
Transters
Transfers
Transters

Transfers

contents

contents

contents

contents

contents

contents

contents

of register A to interrupt control register V1.
of interrupt control register V2 to register A.

of register A to interrupt control register V2.

of interrupt control register |1 to register A,
of register A to interrupt control register I1.
of interrupt control register 12 to register A.

of register A to interrupt control register 12.

“0” : Skips the next instruction when the level of INTO pin is “L."

“1* . Skips the next instruction when the level of INT1 pin is “H.”

0" : Skips the next instruction when the level of INT1 pin is *L.”

Transfers
Transfers
Transfers
Transfers
Transfers
Transfers
Transfers
Transfers
Transfers

Transfers

contents

contents

contents

contents

contents

contents

contents

contents

contents

contents

of timer controf register W1 to register A.
of register A to timer control register W1.
of timer control register W2 to register A.
of register A to timer control register W2.
of timer control register W3 to register A.
of register A to timer control register W3.
of timer control register W4 to register A.
of register A to timer contro! register W4.
of timer control register W6 to register A.

of register A to timer control register Wé6.

o e



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Mnemonic

Instruction code

De D8 D7 De Ds D4 D3 Dz D1

Do

Hexadedmal
notation

Number of

words
Number of

cycles

Function

TAB1

T1AB

TAB2

T2AB

TAB3

T3AB

TAB4

T4AB

Timer operation

TR4AB

SNZT1

SNZT2

SNZT3

SNZT4

270

-

-

-

pory

(B) « (T17-T1a)
(A) « (T13-T1o)

(R17-R12) « (B)
(T17-T14) & (B)
(R13-R10) « (A)
(T13-T10) « (A)

(B) & (T27-T24)
(A) ¢« (T23-T20)

|(R27-R24) « (B)

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

(B) « (T37-T34)
(A) « (T33-T30)

(R37-R34) « (B)
(T37-T34) « (B)
(R33-R30) « (A}
(T33-T30) « (A)

(B) « (Td47-T44)
(A) « (T43-T4o)

(R47-Rd4) « (B}
(T47-T44) « (B)
(R43-R40) « (A)
(Td43-T4do) & (A)

(R47-R44) « (B}
(R43-R40) « (A}

(T1Fy =1 ?
After skipping
(T1F) « O

(T2Fy =1 7
After skipping
(T2F) « O

(T3F) = 1 ?
After skipping
(T3F) « O

(T4F) = 1 7
After skipping
(T4F) « O

o M




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip condition Datailed description

Carry flag CY

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

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

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

- ~ | Transfers the contents of registers A and B to timer 2 and timer 2 reload register.

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

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

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

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

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

(T1IF) = 1 —~ | Skips the next instruction when the contents of T1F flag is “1.
After skipping, clears T1F flag.

—_

(T2F) =1 ~ | Skips the next instruction when the contents of T2F flag is “1."
After skipping, clears T2F flag

"

-
2

(T3F) = 1 ~ | Skips the next instruction when the contents of T3F flag is
After skipping, clears T3F flag.

“

pury

(T4F) = 1 —~ | Skips the next instruction when the contents of T4F flag is
After skipping, clears T4F flag.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Parameter Instruction code s |5
- B e O
Mnemonic 18%|3 8 Function
Type of Do Ds D7 De Ds D4 Da D2 D1 Do ) EZ[E B
inslructio notation |Z z
|1APO i 0 01t t 0 0 0 0 0 260 1 1 H{A) « (PO)
OPOA t 0 0 0t 0 0 O 0 O 220 1 1 [{PO) « (A)
IAP1 1.0 0 1t 1 0 0 0 0 1 |281]1] 1A «(Ey
OP1A i1 6 0 0 1 ¢ 0 O 0 1 2 21 1 1 [{P1 « (A)
1AP2 i 6 01 1 0 0 0 1 0 2 6 2 1 1 |(A1-A0) « (P21-P20)
(A3, A2) « O
IAP3 t 0 01t t 0 0 0 1 1 2 6 3 1 1 |(A) « (P3)
OP3A it 0 0o 0t 0 0 O 1 1 223 1 1 |(P3) « (A)
CLD 0O 0o 0o 0 0 t 0 0 0O 1 011 1 1 (D) « 1
c
Q
= |RD 0 00 0 0 1 0 1 o0 o [0o14]1t]1 (DIY)eo
3 (Y)=0109
s
= |sD ¢ 0 0 0 0 1t 0 1 0 1 015 |1 1 DY) « 1
=3 (Y)=0to @
3
s |[szp 0 0 0 01 006 1 0 0 |024f21]2]|Dypn=0-2
=]
a (Y) =0to9
£ 0o 00 01 0 10 1 1 (028
TKOA 1t 00 0 0 t 1 0 1 1 |21B] 1|1 |(KOe(A)
TAKO i 00t 0 t 0 1 1 0 2 5 6 1 1 [(A) « (KO)
TPUOA 1 00 0 1 0 t 1 0 t [22D]1]1|[(PUo)e
TAPUO 1 060 1 0 1 0 1 1 1t {2587]1]1 [(A)e(Puo
TABSI 1 0 0 1 1 1 1 0 0 0 [278] 1] 1 [(A«(Sh-Sly
(B) « (Sl7-Sl4)
TSIAB 1 006 0 1 1 1 0 0 0 [238] 1|1 [(SSlo)e (4
5 (St7-Sla) « (B)
g TAJI 1 00 1t 0 0 ¢ 0 1 0 242|711 [A)yeun
Q
.g TJIA 1 00 0 0 0 0 0 1 0 [202] 111 [U)e()
€ |ssT 1 01 0 0 1t 1 1 1 0 |29E]|1]|1|(SIOF)«0
° Serial YO starting
o]
- SNZSI 1 ¢ 1.0 0 0 1 0 0 O 28 8 1 1 |(SIOF} =17
8 After skipping
3 (SIOF) « 0
3-72

o




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

e
)
; . g
Skip condition = Datailed description
£
©
£
- ~ | 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 register A.
- — | Transfers the input of port P3 to register A.
- — | Outputs the contents of register A to port P3.
- — | 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.
(D(Y)) = O ~ | Skips the next instruction when a bit of port D specified by register Y is “0.”
(Y)=0to9
- ~ | Transfers the contents of register A to key-on wakeup control register KO.
- ~ | Transfers the contents of key-on wakeup control register KO to register A.
- - | Transfers the contents of register A to pull-up contro! register PUQ.
- ~ | Transters the contents of pull-up control register PUQ to register A.
-~ - | Transfers the contents of serial I/O register Si to registers A and B.
- ~ | Transfers the contents of registers A and B to serial 1/0 register Si.
- — | Transfers the contents of serial I/0 mode register J1 to register A.
- —~ | Transters the contents of register A to serial /O mode register J1.
- ~ | Clears (0) to SIOF flag and starts serial I/O.
(SIOF) = 1 — | Skips the next instruction when the contents of SIOF flag is *1."
After skipping, clears (0) to SIOF tlag.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS (continued)

Parameler Instruction code 5 |5
- ] =
-—— | Mnemonic 138 23 Function
T,p,:,k Ds Ds D7 D Ds D4 D3 D2 D1 Do |MIES EF
instructio notation [z |z
TABAD 1 00 1t 1 1 1 0 0 1 279 |1 |1 [(A)« (AD2-ADD)
(B) « (AD7-ADa)
TADAB [1 0 0 0 1t 1 1 0 0 t |238 |1 |1 [(AD3-ADo) « (A)
c (AD7-AD4) « (B)
g
®  [TAQ1 1 00t 0 0 0 1 0 0 244 |1 1 [(A) « (@)
o
s |ta1a 10 0 0 0 0 0 1 0 0 |204 |1 [1 (@) (A
c
2 |AaDsT 10t 0 0 1t 1 1 1 A 29 F |1 |1 [(ADF) e« 0O
& A-D conversion starting
>
S IsNzap {1 0 1 0 0 0 0 1 1 1 287 |1 |1 [(ADF) =172
a Atter skipping, (ADF) « 0
<
TAQ2 1 00 1t 0 0 0 t 0 1 245 |1 |1 [(A)e(Q2
TQ2A 1 00 0 0 0 ¢ 1 0 t 205 /|1 [1 [{02)e(A)
NOP 0 06 0 0 0 0 0 0 0 0 [0 00 |1 |1 |[(PC)e (PC}+1
POF 0000 00 0 o0 1 0 |looz2]|1]|1 [RAMbackup
EPOF o 0 0o 1t 0o 1 1t 0 1 1 05 8B 1 1 [POF instruction valid
s [snze 000 0 0 000 1 1 (0038 i1]|1 [P=17
2
§ WRST 1 01 0 1 0 0 0 0 0 |2A01{1 |1 |(WDF)e O, (WEF) & 1
NS (WDT) « FFFFi1s
D
g |ries 1 010100001 [2A1]1]|1][|RP)e
RTPR 1 01 0t 0 o0 0 t 0 |2Aa21]1[1|(RTPe0
TRTPA 1 0 0 0 0 1t 1 0 0 1 [219 1|1 [(RTP)e(Ag)
TRTRA 1 01 0 0 1 0 0 0 1 291 |1 |1 [(RTRy, RTRo) « (A1, Ao)
TVLRA 1 01 0 0 t 0 0 0 0 |290 |1t ]| 1 [(VLR)« (A0
3-74

R




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

>
[
g
Skip condition = Datailed description
g
53
[&]
- - | Transters the contents of register AD (comparator register at the comparator mode) to registers A
and B.
- ~ | Transfers the contents of registers A and B to the comparator register at the comparator mode.
- — | Transfers the contents of the A-D control register Q1 to register A.
- - | Transfers the contents of register A to the A-D controi register Q1.
- ~ | Clears the ADF fltag, and the A-D conversion at the A-D conversion mode or the comparator
operation at the comparator mode is started.
(ADF) = 1 - | Skips the next instruction when the contents of ADF flag is “1™.
After skipping, clears (0) the contents of ADF flag.
- - | Transfers the contents of the A-D control register Q2 to register A.
- - | Transfers the contents of register A to the A-D control register Q2.
- - | No operation
- - | Puts the system in RAM back-up state by executing the POF instruction after executing the EPOF
instruction.
- -~ | Makes the immediate POF instruction by executing the EPOF instruction.
(P} =1 - | Skips the next instruction when P flag is *1".

After skipping, P flag remains unchanged.

Operates the watchdog timer and initializes the watchdog timer flag WDF and the watchdog timer
wODT.

Sets (1) the real time output latch RTP.

Clears {0) the real time output latch RTP,

Transfers the contents of register A to the real time output register RTP.
Transfers the contents of register A to the real time output control register RTR.

Transfers the contents of register A to the voltage drop detection circuit control register VLR.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS

Interrupt control register V1

at reset : 00002

at RAM back-up : 00002 R/W

Via Timer 2 interrupt enable bit

Interrupt disabled (SNZT2 instruction is valid)

Interrupt enabled (SNZT2 instruction is invalid)

Viz |Timer 1 interrupt enable bit

interrupt disabled (SNZT1 instruction is valid)

Interrupt enabled (SNZT1 instruction is invalid)

VAR External 1 interrupt enable bit

Interrupt disabled (SNZ1 instruction is valid)

Interrupt enabled (SNZ1 instruction is invalid)

Vio External O interrupt enable bit

Interrupt disabled (SNZO instruction is valid)

| O] = O] || @

Interrupt enabled {SNZ0 instruction is invalid)

Interrupt control register V2

at reset : 00002

at RAM back-up : 00002 R/W

V23 Serial /O interrupt enable bit

Interrupt disabled (SNZS! instruction is valid)

Interrupt enabled (SNZSI instruction is invalid)

V22 A-D interrupt anable bit

Interrupt disabled (SNZAD instruction is valid)

Interrupt enabled (SNZAD instruction is invalid)

V21 Timer 4 interrupt enable bit

Interrupt disabled (SNZT4 instruction is valid)

Interrupt enabled (SNZT4 instruction is invalid)

Vao Timer 3 interrupt enable bit

Interrupt disabled (SNZT3 instruction is valid)

= O | O —| D] =] O

Interrupt enabled {(SNZT3 instruction is invalid)

Interrupt control register i1

at reset : 00002

at RAM back-up : state retained | R/W

) . . . 0 INT0/Ds_(input/output)
] De/INTO/ZEROX pin function selection bit
3 P 1 ZEROX/Ds {input/output)
0 Falling wavelorm (*L" level of INTO pin is recognized with the
Ha Interrupt valid wavetorm for iINTO pin/ SNZI0 instruction)/"L" level
return ievel selection bit (Note 2} 1 Rising waveform (“H" level of INTO pin is recognized with the
SNZI0 instruction)/*H" level
) L . 0 One-sided edge detected
dge detectio it control bit
h Edge ction cirev l 1 Both edges detected
b Noise elimination circuit control bit 9 Disabled
1 Enabled

Interrupt control register 12

at reset : 00002

at RAM back-up : state retained| R/W

selection bit

0 Falling waveform (“L" level of INT1 pin is recognized with the
123 Interrupt valid waveform for INT1 pin SNZ11 instruction.}
selection bit (Note 2) 1 Rising waveform (“H" level of INT1 pin is recognized with the
SNZH instruction.)
. . 0 Zero cross input flag cleared (set impossible)
122 Zero cross input tiag control bit 7 Sero Gross ingut flag Set possibie P
Noise elimination circuit sampling clock 0 Stop
i21 } ;
control bit 1 Operating
120 Noise elimination circuit sampling clock 0 Instruction ciock divided by 8

1

Instruction ciock divided by 32

Notes 1: “R" represents read enabled, and “W" represents write enabled.
2: When the contents of 112 and |23 are changed, the external interrupt request flags EXFO and EXF1 may be set,
respectively. Accordingly, clear the EXFO and EXF1 flags to “0” with the SNZ0 and SNZ1 instructions, respec-

tively.

2 e



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS (continued)

Timer control register W1 at reset : 00002 at RAM back-up : 00002 R/W
W13 [Prescaler control bit 0 Stop (s.tate initialized)
1 Operating
- . ) . 0 Instruction clock divided by 2
W12 |Prescaler dividing ratio selection bit 3 Tnstruction clock divided by 4
W11 |Timer 1 control bit 0 Stop (§tate retained)
1 Operating
Wio |Not used ? This bit has no function, but read/write is enabled.
Timer control register W2 at reset : 00002 at RAM back-up : state retained| R/W
W23 |[Timer 2 control bit 0 Stop (ijate retained)
1 Operating
W22 [Not used (1) This bit has no function, but read/write is enabled.
W21|W24 Count source
W2 0 | 0 [Timer 1 underfiow signal
Timer 2 count source selection bits 0 | 1 |Prescaler output
W20 1 | 0 |CNTR input
1 | 1 [Not available
Timer control register W3 at reset : 00002 at RAM back-up : state retained R/W
W33 [Timer 3 control bit 0 Stop (§tate retained)
1 Operating
Timer 3 count start synchronous circuit 0 Count start synchronous circuit not selected
W32 . ——
control bit 1 Count start synchronous circuit selected
W31W3q Count source
W31 0 | 0 |Timer 2 underflow signal
Timer 3 count source selection bits 0 | 1 |Prescaler output
W3a 1 | O |Not available
1 | 1 [Not available
Timer control register W4 at reset : 00002 at RAM back-up : state retained| R/W
) . 0 Stop (state retained)
W43 |Timer 4 control bit 3 Dperating
W42 [Not used ? This bit has no function, but read/write is enabled.
W41(W4q Count source
Wi 0 | 0 |Timer 3 underflow signal
Timer 4 count source selection bits 0 | 1 [Prescaler output
Wido 1 | 0 |CNTR input
1 | 1 [Not available
Timer control register W6 at reset : 00002 at RAM back-up : state retained| R/W
W63 Not used ? This bit has no function, but read/write is enabled.
. 0 Output stop
W62 |CNTR output control bit . Outeut
. . 0 Timer 1 underflow signal divided by 2
W61 |CNTR output selection bit ] X divided by 2
i . . 0 D7(I/O)/CNTR input
W6o |D7/CNTR tunction selection bit ] CNTR output/D7(npat)
Note: “R" represents read enabled, and “W" represents write enabled.
3-77

ol My



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS (continued)

Serial YO mode register J1 at reset : 00002 Iat RAM back-up : state retained] R/W
J13 Not used ? This bit has no function, but read/write is enabled.
12 Serial /O internal clock dividing ratio 0 Instruction clock signal divided by 8
selection bit 1 Instruction clock signal divided by 4
. . . 0 /0 ports Ds, D9, and input port P2o selected
Jh Serial /O port selection bit 1 Serial /0 ports Sck, Sout and Sinfinput ports De, Ds and P2¢ selected
Jto Serlal ¥O synchronous clock selection 0 External clock
bit 1 Internal clock (instruction clock divided by 4 or 8)
A-D control register Q1 at reset : 00002 |at RAM back-up : state retained R/W
Q13 |A-D operating mode control bit 0 A-D conversion mode
1 Comparator mode
01201 Qg Selected pins
Q12 0[0[0]ANe
O[C[1]AN
0f{1[0]|Amn2
Q11 Analog input pin selection bits (Note 2){ 0| 1] 1 {Aing
110[0[Not availabie
1]10]1|Not available
Qlo 1]1[0[Not available
1]1]1[Not available
A-D control register Q2 at reset : 00002 Iat RAM back-up : state retained, R/W
Q23 Not used ? This bit has no function, but read/write is enabled.
Q2 P33/AiNs and P32/AIN2 pin function 0 P33, P32 (I/0)
2 |selection bit 1 Aina, AiN2/P3s, P32 (output)
Q2 o ] ] ) 0 P31 (1/0)
t P3+/ANi pin function selection bit P AN1/P31 (output)
a2 ) ] ] ] 0 P30 (170)
0 P3c/Aino pin function selection bit 1 Ano/P30 (outpul)

Notes 1: “R" represents read enabled, “W” represents write enabled.
2: Select Aino—-Aina with register Q1 after setting register Q2.

LR




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

CONTROL REGISTERS (continued)

selection bit

Key-on wakeup control register KO at reset : 00002 t RAM back-up : state retained] R/W
Pins P12z and P13 key-on wakeup 0 Key-on wakeup not used
KO3 .
control bit 1 Key-on wakeup used
Pins P10 and P11 key-on wakeup 0 Key-on wakeup not used
KOz .
control bit 1 Key-on wakeup used
Pins P02 and P0a key-on wakeup 0 Key-on wakeup not used
K01 .
control bit 1 Key-on wakeup used
Pins P0Oo and P01 Key-on wakeup 0 Key-on wakeup not used
K0o .
contro! bit 1 Key-on wakeup used
Puli-up control register PUO at reset : 00002 t RAM back-up : state retained R/W
PUOs Pins P12 and P13 pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pult-up transistor ON
PUO2 Pins Pto and P11 pull-up transistor 0 Pull-up transistor OFF
control bit 1 Pull-up transistor ON
PUG Pins P02 and P03 pull-up transistor 0 Pull-up transistor OFF
' [control bit 1 Pull-up transistor ON
PUO Pins P0o and PO: pull-up transistor 0 Pull-up transistor OFF
® |control bit 1 Pull-up transistor ON
Voltage drop detection circuit controtl register VLR at reset : 02 Iar RAM back-up : state retained| w
VLR Voltage drop detection circuit 0 Veltage drop detection circuit stop
® |controt bit 1 Voltage drop detection circuit operating
Real time output control register RTR at reset : 002 }at RAM back-up : state retained w
RTR Ds/real time output function Q Ds (1/0)
' |selection bit 1 Real time output/Ds (input)
ATRo Da/real time output function 0 Da (1/0)

1

Real time output/D4 (input)

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




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vop Supply voltage -0.310 7.0 v
Vi Input voltage PO, P1, P2, P3, RESET, Xin -0.3 to Voo+0.3 \
Vi Input voitage Do-Ds, D7-De -0.3 10 13 v
Vi Input voltage Aino—AiNa, VREF -0.3 to Vob+0.3 Vv
Vi Input voitage De/INTO/ZEROX ~0.7 1o Vpo+0.7 v
Iy Input current. De/INTO/ZEROX ~100 to 100 HA
Vo Output voltage Ds —0.7 to Vop+0.7 v
Vo Output voltage PO, P1, P3, RESET Cutput transistors in cut-off state ~0.3 to Voo+0.3 Vv
Vo Qutput voltage Do-Ds, D7-Ds -0.3 to 13 v
Vo Output voltage Xout ~0.3 1o Vpp+0.3 v

T .~ M34510MxA-XXXSP 1100
Pd Power dissipation Ta = 25 °C WM345TOMRA-XXXFP 300 mw
Topr Operating temperature range (Note) -20 to 85 °C
Tstg Storage temperature rangse -40 t0 125 °C
Note: ~20 °C to 70 °C for the M34510E8SS.

NOTE ON THE ZERO CROSS INPUT

The high-voltage is supplied to Voo and Vss through a parasitic diode in the microcomputer when the high-voltage is
applied to port De while Vbp and Vss are open. Apply the voitage applied to port Ds within the limits of 0.7 V10 7.7 V
in order to prevent the destruction of a microcomputer by applying the high-voltage.

And keep the current to port De within the limits of ~100 pA to 100 uA.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS 1

{(Mask ROM version:Ta = —-20 °C to 85 °C, Voo = 2.0 V t0 5.5 V, uniess otherwise noted)

{One Time PROM version:Ta = -20 °C to 85 °C, Voo = 2.5 V to 5.5 V, unless otherwise noted)
(Built-in EPROM version:Ta = -20 °C to 70 °C, Vob = 2.5 V to 5.5 V, unless otherwise noted)

" Limits .
Symbol Parameter Conditions i T VTR Unit

T(XiN) S 6.0 MHz 4.5 5.0 5.5

. XNy < 40 MHz| 4.0 55

f,;’;‘:ﬂ ;’°"age Mask ROM version g =30 M| 2.5 T 55
Vo (Note 2) f(XIN) £ 1.5 MHz 2.0 5.5 Vv

(Note 3) One Time PROM versiori Xi) < 6.0 MHz 4.5 5.0 5.5

Built-in EPROM version HXiN) < 4.0 MHz 4.0 5.5

f(XN) € 2.0 MHz| 2.5 55

Mask ROM version 1.8 5.5
VRAM AAM back-up voltage One Time PROM version v

(at RAM back-up mode) Built-in EPROM version 2.0 55
Vss Supply voltage 0 Vv
Vid “H" leve! input voltage PO, Pt, P2, P3, Ds, Xin 0.8Von Voo v
ViH “H" level input voltage Do-Ds, D7-Dg 0.8Voo 12 v
ViH “H" level input voltage RESET 0.85Voo Voo \4
ViH “H" level input voltage CNTR, Sw, Sck, INTO, INT1 0.85Voo Vob v
Vie “L” level input voltage PO, P1, P2, P3, Do-Ds, XN 0 0.2vop | V
Vi “L" level input voltage HESET 0 0.1Voo | V
Vi “L" level input voltage CNTR, SN, Sck, INTO, INT1 0 0.15Vop | V
loc(peak) |"L" level peak output current P3, RESET 10 mA
lo{peak) [*L" level peak output current Ds, Ds 40 mA
lov(peak) [“L” level peak output current Do-Ds3, Ds~Dg 24 mA
lov(peak) [“L" level peak output current PO, P1 24 mA
loL{avg) |“L" level average output current P3, RESET 5 mA
lot{avg) |“L" level average output current D4, D5 30 mA
loL{avg) |"L" level average output current Do-D3, De~Ds 15 mA
loL(avg) |°L" level average output current PO, Pt 12 mA
TloL{avg) I*L" level total average current D, RESET 80 mA
TloL{avg) {“L" level total average current PO, P1, P3 60 mA

Notes 1: When using the A-D converter, refer to the recommended operating conditions for the A-D converter.
2: When using the zero cross detection circuit, refer to the recommended operating conditions for the zero cross

detection circuit.
3: When using the voltage drop detection circuit, refer to the recommended operating conditions for the voltage drop

detection circuit.




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS 2
(Mask ROM version:Ta = -20 °C to 85 °C, Voo = 2.0 V to 5.5 V, unless otherwise noted)
{One Time PROM version:Ta = ~20 °C to 85 °C, Vop = 2.5 V 1o 5.5 V, unless otherwise noted)
(Buiit-in EPROM version:Ta = ~20 °C to 70 °C, Voo = 2.5 V to 5.5 V, unless otherwise noted)

Symbol Parameter Conditions VI L;—r;:.s P Unit
VoD = 4.5 Vto 5.5V 6.0
System clock frequency . Noo=40Vtobs5V 4.0
{with a ceramic resonator) Mask ROM version Vop = 2.5 Vto 5.5V 2.0
(XN} (Note 1) Vop = 2.0 V1o 5.5V 1.5 |MHz
(Note 2) . Vo =45V to 55V 6.0
(Note 3) g“f;ﬁ:?g&" VIS ON N o = 4.0 V 10 5.5 V 4.0
ut VersIONYop - 25V 10 5.5 V 2.0
Vop =45Vt 55V 40 to 60 % 4.0
System clock frequency . |Voo=40viwessy| [V 3.0
(with external clock input) Mask ROM version G 5 5 V10 5.5 VI3 1.0
f(xw)  |(Note 1) Voo = 2.0 V 10 5.5 Vo [0 © 70 4 0.8 |MHz
(Note 2) ) . [Vop=45V 1055V 4.0
(Note 3) g"fg;’“g:ﬂﬂgx VeSO b = 4.0 V t0 5.5 v| [0 10 80 % 3.0
urt V0N op =25 V 10 5.5 V| [30 1o 70 % 1.0
Voo = 45Vto 55V 500 ns
. |Vob=4.0Vta 55V 750
Mask ROM version
. . Vob =25Vt 55V 1.5
Serial /0 external clock period us
tw(ScK) | . e . Vop = 2.0 Vito 55V 2.0
(“H"” and “L" pulse width)
. . |[vbb =45V to 55V 500
One Time PROM version ns
Builtin EPROM version|v2 = 40 V10 5.5 V 750
Vob = 2.5 Vio 5.5V 1.5 us
Vpo = 4.5V ito 55V 500 ns
Mask ROM version Voo =40Vt 55V 750
Timer external input period Vop =25V 1o 55V 1.5 as
WCNTR) /) up put p Voo = 2.0 Vo 5.5 V 2.0
(*H" and “L" pulse width)
. _|[Voo =485 Vto 855V 500
One Time PROM version ns
Builtin EPROM version Vob = 4.0 Vito 585V 750
urtn VeISioNyop = 2.5 V10 5.5 V 15 s

Notes 1: When using the A-D converter, refer to the recommended

operating conditions for the A-D converter.

2: When using the zero cross detection circuit, refer to the recommended operating conditions for the zero cross

detection circuit.

3: When using the voltage drop detection circuit, refer to the recommended operating conditions for the voltage drop

detection circuit.

PR




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS

{(Mask ROM version:Ta = —-20 °C to 85 °C, Vob = 2.0 V to 5.5 V, unless otherwise noted)

(One Time PROM version:Ta = —20 °C to 85 °C, Vob = 2.5 V to 5.5 V, unless otherwise rioted)
{Built-in EPROM version:Ta = -20 °C to 70 °C, Vop = 2.5 V 1o 5.5 V, unless otherwise noted)

. Limits ]
Symbol Parameter Test conditions Vi Typ. Max_| Unit
o » Voo =5V [loL =12 mA 2
VoL L" level output voltage PO, P1 Voo =3V loi =6 mA 55 v
w Voo =5V |lol =5 mA 2
Vou L" level output voitage P3, RESET Voo =3V [or = 2 mA 05 v
lot = 30 mA 1
Vob =5V — v
Vou “L" level output voltage Da, Ds low = 10 mA 04
VoD = 3 V oL = 15 mA 1
- ol = 5 mA 0.4 v
won Voo = 5 V JloL = 15 mA 2
VoL L™ level output voltage Do-Ds, De-Ds Voo =3V ol =3 mA 00 v
*H" level input current
M PO, P1, P2, P3, Ds, RESET Vi = Voo and port P3 selected 1 uA
fiH ‘H" lsvel input current Do~Ds, D7-Dg Vi=12V 1 HA
I “L" level input current Vi= 0V No puil-up of ports PO 1 A
PO, P1, P2, P3, De, RESET and P1, port P3 selected
i *L" level input current Do~Ds, D7~Dsg Vi=0V -1 HA
loz Qutput current at off-state Do-Ds, D7-Do|[Ve = 12 V 1 HA
Output current at off-state
loz PO, P1, P3, Ds, RESET Vo = Voo ! HA
f(XN) = 6.0 MHz 4 12
© active mode Voo = 5V XN = 500 kHz 0.9 27 | a
a Von - 3 v |TOXN) = 2.0 MHz 0.9 2.7
oo Supply current - f(XiN) = 500 kHz 0.3 0.9
Ta = 25 °C 0.1 1
at RAM back-up mode |Vop = 5V 10 HA
Vpo = 3 V 6
. Voo = 5 V 20 50 125
Rpu Pull-up resistor value PO, P1 Voo~ 3V Vi=0V 20 100 250 kQ
V7. — V1-|Hysteresis INTO, INT1, CNTR, Sw, Sck 0.3
. Voo =5V 1.8
V1. - V1-|Hysteresis RESET Voo =3V %]




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS FOR A-D CONVERTER

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

i Limits R
Symbol Parameter Conditions N, Typ. Max Unit
f(Xin) = 0.4 MHz 1o 6 MHz 4.5 5.0 5.5
Voo (Sh‘l’sgz ;’°'§;9° TIXn) = 0.4 MHz 16 4 MHz 30 55 v
’ f(Xin}) = 0.4 MHz 10 2 MHz 2.7 5.5
AVss Analog supply voltage AVss = Vss 0 v
VREF Referance input voltage 2.0 Vop v
Via Analog input voitage 0 VREF \
System clock frequency Voo =45V io 55V 0.4 6.0
f(XIN) (with a ceramic resonator) Vb = 40Vt 55V 0.4 4.0 MHz
(Note 2) Voo = 2.7 Vto 55V 0.4 2.0
System clock frequency Voo = 45 Vto 55V [5 40 % 10 60 0.4 4.0
f(Xin)  |(with external clock input) Voo - 40V e 55V =] [ o4 3.0 | MHz
Note 2) Voo =27 V1o 565V [G[30%070%| 0.4 1.0

Notes 1: When using the zero cross detection circuit, refer to the recommended operating conditions for the zero cross
detection circuit.

2: When using the voltage drop detection circuit, refer to the recommended operating conditions for the voltage drop
detection circuit.

CHARACTERISTICS FOR A-D CONVERTER

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

Symbol Parameter Test conditions TITR L‘;-r;\:.s o Unit
\ Vop = 5.0 V{{(XiN) = 0.4 MHz to 6 MHz 0.6 1.8 A
tAoo  |A-D operating current Voo = 3.0 VI(XW) = 0.4 MAz 1 2 MAzZ 01 o3 | "
) VREF = 5.0 V 50 150 200
A
IVREF Reference input current Veer =30V 30 90 120 M
— Resolution 8 bit
Vpo = VRer = 5.0 V|Quantization error
_— LsB
Absolute accuracy Voo = Vrer = 3.0 V]excepted +2
f(XiN) = 6 MHz 25
Tconv  [Conversion time f(XIN) = 4 MHz 37.5 Hs
fOXIN) = 2 MHz 75




MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS FOR ZERO CROSS DETECTION CIRCUIT
(Ta = ~20 °C to 85 °C, unless otherwise noted)

detection circuit.

. Limits .
Symbol Parameter Conditions N TR Mok Unit
Voo Supply voltage f(XiN) £ 6 MHz 45 5.0 5.5 v
(Note 1) f(XIn) £ 4 MHz 4.0 5.5
Vss | Supply voliage 0 v
1(Xm) System clock frequency (Notes 1, 2) Voo = 45Vto 55V 6.0 MHz
(with a ceramic resonator) Voo =4.0Vto55V 4.0
£(Xm) System clock frequency (Notes 1, 2) Voo = 4.5 V ta 5.5 V [Duty ratio 4.0 MHz
{with external clock input) Voo =4.0Vio 55V 401060 % 3.0
fzerox| Input frequency for zero cross detection 50, 60 1000 Hz
Notes 1: Whan using the voitage drop detection circuit, refer to the recommended operating conditions for voltage drop

2: When using the A-D converter, refer to the recommended operating conditions for the A-D converter.

CHARACTERISTICS FOR ZERO CROSS DETECTION CIRCUIT

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

. Limits
Test conditions i
Symbol Parameter Wi Typ. Vax. Unit
iZoo |[Zeroc cross comparator operating current|[Vpp = 5.0 V 1.0 3.0 mA
VT Zero cross detection decision voltage |50 Hz or 60 Hz ~200 0 200 mV
je——— i/f ZEROX —_—
/\ :
1 1 1
1 i l/
AC100V . Y
A :\/
1 1 |
[} 1 i
[} ! '
t 1 ]
1 1 1
1 1 [l
i : :
1
4 VoD+0.7(V)
De/INTO/IZEROX '/ \ Y
(Clamp correction 7 - L8 7 HT Vss
input waveform) 7 X i Vss-0.7(V)
‘ i i
Internal processing signal . K 0!
¥ ' ¥
: undefined interval
Input characteristics for zero cross detection
3~85
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MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS FOR VOLTAGE DROP DETECTION CIRCUIT

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

" Limits
@ Conditions i
Symbol Parameter i Tye. Max. Unit
Voo |Supply voltage 4.5 5.0 5.5 v
f(Xn) | System clock frequency {Note) 1.5 2.0 MHz
Note: When using the A-D converter, refer to the recommended operating conditions for the A-D converter.
CHARACTERISTICS FOR VOLTAGE DROP DETECTION CIRCUIT
(Ta = =20 °C to 85 °C, unless otherwise noted)
. Limits
a Test conditions i
Symbol Parameter Min Typ. Max. Unit
Vrst |[Detsction voltage f{XIN) € 2.0 MHz 1.5 3.0 4.5 Vv
IRsT Supply current whgn opera.tmg the Vob = 5.0 V at RAM back-up state 20 HA
voltage drop detection circuit
BASIC TIMING DIAGRAM
Machine cycle Mi Mi+1
State
Parameter Pin namE——— Ta T Tz Ts
Clock Xin | | Bl
Port D output Do-Ds
Port D input Do-De
Ports PO, P1 and P3 POo-PQ03
output Pl1o-P13
P P30-P3
Ports PO, P1, P2 and | P00-P0s
P1o-P1a
P3 input P20, P21
P30-P33
Interrupt input INTO, INT1

o



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BUILT-IN PROM VERSION

In addition to the mask ROM versions, the 4510 Group has
programmabie ROM versions software compatibie with mask
ROM. One is the window-type EPROM version supplied
with a built-in EPROM which can be written to and erased.
Others are the One Time PROM versions whose PROMs
can only be written to and not be erased. Since the func-
tions of the built-in EPROM and One Time PROM versions
are exactly the same, except erasure, ail of them referred
to as buiit-in PROM versions in this explanation, unless
otherwise notad.

Table 22 Product of built-in PROM version

The built-in PROM versions have functions similar to those
of the mask ROM versions, but they have PROM mode
that snables writing to built-in PROM.

Table 22 shows the product of built-in PROM version. Fig-
ure 52 and 53 show the pin configurations of built-in PROM
versions. The One Time PROM versions have pin-compat-
ibility with the mask ROM version. The built-in EPROM
version has different outline.

The built-in EPROM version is the microcomputer for pro-
gram development. Use this microcomputer only for pro-
gram development and prototype test.

PROM size RAM size
Product (X 10 bits) (X 4 bits) | "ackage ROM type
M34510E8-XXXSP/FP SP: 32P4B (O:e Tir;\e ::ROl\lll’h[i:‘hipazeddt:fslteirnwfraitci:\g])
shipped atier w
M34510E8SP/FP 8192 words | 384 words |FP: 36P2R-A SRR A [slgipped in blank] .
M34510E8SS * $S: 3281B | Built-in EPROM version
*: For program development
PIN CONFIGURATION (TOP VIEW)
Dy <»[1] 36] -+ Do
Dz <2 ] O 35] > P13
Do *>[T ] 3]+ P12
D/RTP <[] [33]+—> P14
ne  [E] [32] Ne
Ds/RTP <—>E 31} P1o
De/INTO/ZEROX <—+[7 | 30]«—> P0s
OvCNTR <[] \34510E8-XXXFP 22+ Pe:
De/Sck +*[ 9 or 28w~ po,
Dusor +=0}  \1usiopgrp D4R
P20/SIN »E :234"’ P3a/Amna
pauiNT1 —=[12] 25] > P3/Ame
NC E E“" P31/Ain
RESET «[12] 23] P30/AiN
CNVss (5] EZ Y
Xout E O E AVss
XN —-—bE E VRer
Vas E _1__91 Voo
NC : No connected
(not connected to internal circuit)
Qutline 36P2R-A (One Time PROM version)

Fig. 52 Pin configuration of built-in PROM version

R



MITSUBISHI MICROCOMPUTERS

4510 Group

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

D1 “E

D2 [ 7]

D3 4-’[2
Dy/RTP w7 |
Ds/RTP =[5 |
De/INTO/ZZEROX -6 |
D#CNTR w—=-[7 |
De/Sck «++[3 |
Do/Sout <[]
P20Sn —»[10 |
P2UINTY —-[1T |
RESET (12
CNvss  [i3]
Xout 4]

XiN —»E

Vss EE

M34510E8-XXXSP
or
M34510E8SP
or
M34510E8SS

32]—>Do
31|»P13
[30] P12
20| P11
_Tg]opm
27|« P0s
26| P02
E«» PO
:_2—:1_14—" P0o
23} P3a/Aina
22| P32/Amz

21 | P3y/Am
[ 50} P30/Ane
E AVss
E Vrer
E Voo

Outline 32P4B (One Time PROM version)
3251B (Built-in EPROM version}

Fig. 53 Pin configuration of built-in PROM version (continued)
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(1) PROM mode
Each built-in PROM version has a PROM mode in ad-
dition to a normal operation mode. The PROM mode is
used to write to and read from the buiit-in PROM.
In the PROM moda, the programming adapter can be
used with a general-purpose PROM programmer to
write to or read from the built-in PROM as if it were
M5M27C256K. Programming adapters are listed in Table
23.
* Writing and reacding of bullt-in PROM
Programming voltage is 12.5 V. Write the program in
the PROM of the built-in PROM version as shown in
Figure 54.
« Erasing
Only the built-in EPROM (M34510E8SS) version has
a transparent window for erasing on the top surface
of the package. The EPROM is erased when it is
exposed to ultraviolet light with a wavelength of 25374
to an integrated dose of 15 W+s/cm? or more through
the window.

(2) Notes on handling

® Sunlight and fluorescent lamp contain light that can
erase written information. Be sure to cover the trans-
parent glass portion with a seal or other similar
materials except when erasing.

@ Mitsubishi Electric corp. provides the seal for cov-
ering the transparent glass. Take care that the seal
does not touch lead pins.

@ Clean the transparent glass before erasing. Fin-
gers' fat and paste disturb the passage of ultravio-
let light and may affect badly the erasure capabil-
ity.

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

® For 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 improve reli-
ability after writing, performing writing and test
according to the flow shown in Figure 55 before
using is recommended (Products shipped in blank:
PROM contents is not written in factory when
shipped)

Table 23 Programming adapters

Microcomputer

Programming adapter

M34510E8-XXXSP, M34510E8SP,

M34510E8SS PCA4764
M34510E8-XXXFP, M34510E8FP|PCA4765
Address
0000y b, Ds De Dr Do
1FFFas Low-order 5 bits

7777

4000l 4 1 1 p. Ds De

D1 De

SEFF1s High-order 5 bits

Set "FFis" to the shaded area.

Fig. 54 PROM memory map

l Writing with PROM programmer

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

Fig. 55 Flow of writing and test of the product shipped

in blank




