MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 3802 group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 3802 group is designed for controlling systems that require
analog signal processing and include two serial I/0 functions, A-D
converters, and D-A converters.

The various microcomputers in the 3802 group include variations
of internal memory size and packaging. For details, refer to the
section on part numbering.

For details on availability of microcomputers in the 3802 group, re-
fer to the section on group expansion.

FEATURES
® Basic machine-language iNStruCtionS...........cceveeviiiiieeeeniiennns.
® The minimum instruction execution time
(at 8 MHz oscillation frequency)
e Memory size
ROM ....

8 K to 32 K bytes
384 to 1024 bytes

® Programmable input/output POItS .........cceeveieiiiieniiciiiciieees 56
O INTEITUPLS wovvvveiiieeeeeeee e 16 sources, 16 vectors
O THMEIS ottt 8 hit ] 4
eSerial /01 .....cceeviiens 8-bit 0 1 (UART or Clock-synchronized)
e Serial /02 ....ooovviiiiiiiiieiieeee 8-bit [0 1 (Clock-synchronized)
OPWIM . 8-bit 0 1
O A-D CONVEIET ..o 8-bit J 8 channels
O D-A CONVEITET ..ot 8-bit [ 2 channels
® Clock generating Circuit .............ccccouee Internal feedback resistor
(connect to external ceramic resonator or quartz-crystal oscillator)
® POWeEr SOUICE VOITAGE ......evveiiiiiieeiie e 3.0to55V
(Extended operating temperature version : 4.0 to 5.5 V)
® Power diSSIPAtiON ........cocviiiiiiiiie e 32 mW
e Memory expansion possible
e Operating temperature range ..........ccccccveevveerieeennnn —20to 85°C

(Extended operating temperature version : —40 to 85°C)

APPLICATIONS

Office automation, VCRs, tuners, musical instruments, cameras,
air conditioners, etc.

PIN CONFIGURATION (TOP VIEW)
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Package type : 64P6N-A
64-pin plastic-molded QFP
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
Vee [ - 4] <= P30/DA:L
VREF — ™ IZ @ ~— P31/DA2
Avss — [3] 62] < P3,/ONW
P67/AN7 ~—= [4] 61] <> P33/RESETour
P66/ANs ~+= [5] 60] < P34/
P65/ANs = [6] 59] < P3s/SYNC
P64/AN4 > [7] 58] < p36/WR
P63/ANs > [8] 57| =+ P37/RD
P62/AN2 > [9] 56] ~— P0o/ADo
P61/AN1 > [10] 55| < PO1/AD:1
P6o/ANo > [11] 54] < P02/AD>
P57/INTs <+ [12] 53] <= P03/AD3
P56/PWM > [13 s 52| < P0:/AD4
P5s/CNTR1 =+ [14 o 51| <= POs/ADs
P54/CNTRo =+ [15 N 50] < POs/ADs
P53/Srov2 === [1§] = 9] <+ po7/AD7
P52/Scikz E 'P @ ~&— P1o/ADs
P51/Sout2 e @ >>§ E ~a— P11/AD9
P50/Sinz IE X @ ~&— P1,/AD10
P47/Srpy1 @ % E ~&— P13/AD11
P46/Scik1 = IZ @ ~4— P14/AD12
P4sTXxD = [22 43| <= p1s/AD1s
P44/RXD == [23 2] <= p16/AD14
P43/INT2 ~» |2__4 E ~&» P17/AD1s
P42/INT1 = [25] ko] <= P20/DBo
CNVss —> [26 39] <= P21/DB1
RESET — [27] B8] == P22/DB>
P41/INTo = [28 B7] <= P2:/DBs
P4o/INT4 = [29 6] == P24/DB4
xin — [30 B5] < P2:/DBs
Xoutr *— @ E -« P26/DBe6
Vss 32 B3] <> P27/DB7
Package type : 64P4B
64-pin shrink plastic-molded DIP
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
| Function except a port function
Vcc, Vss Power source » Apply voltage of 3.0 V-5.5 V to Vcc, and 0 V to Vss.
(Extended operating temperature version : 4.0 V to 5.5 V)

CNVss CNVss * This pin controls the operation mode of the chip.

« Normally connected to Vss.

« If this pin is connected to Vcc, the internal ROM is inhibited and external memory is accessed.
VREF Analog reference | * Reference voltage input pin for A-D and D-A converters

voltage
AVss Analog power * GND input pin for A-D and D-A converters
source » Connect to Vss.

RESET Reset input * Reset input pin for active “L”
XIN Clock input * Input and output signals for the clock generating circuit.

« Connect a ceramic resonator or quartz-crystal oscillator between the XiNand XouT pins to set the
XouTt Clock output oscillation frequency.

« If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin open.

» The clock is used as the oscillating source of system clock.
P00—P07 1/0 port PO * 8 bit CMOS 1/O port

« 1/O direction register allows each pin to be individually programmed as either input or output.
Plo-P17 1/0 port P1 * At reset this port is set to input mode.

« In modes other than single-chip, these pins are used as address, data, and control bus 1/O pins.
P20-P27 1/0 port P2 * CMOS compatible input level

« CMOS 3-state output structure
P30/DA1, 1/0O port P3 » D—A conversion output pins
P31/DA2
P32-P37
P40/INT4, 1/0 port P4 » 8-bit CMOS /0 port with the same function as port PO | « External interrupt input pin
P41/INTo, * CMOS compatible input level
P42/INT1, « CMOS 3-state output structure
P43/INT2
P44/RXD, « Serial 1/01 1/O pins
P4s/TxD,
P46/SCLK1,
P47/SRDY1
P50/SIN2, 1/0 port P5 * 8-bit CMOS I/0 port with the same function as port PO | « Serial /02 1/0 pins
P51/Sout2, ¢ CMOS compatible input level
P52/ScLk2, *« CMOS 3-state output structure
P53/SRDY2
P54/CNTRuo, « Timer X and Timer Y 1/O pins
P55/CNTR1
P56/PWM « PWM output pin
P57/INT3 * External interrupt input pin
P60/ANo— 1/0 port P6 * 8-bit CMOS /0 port with the same function as port PO | « A-D conversion input pins
P67/AN7 ¢ CMOS compatible input level

« CMOS 3-state output structure
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the 3802 group as follows:
(1) Support for mask ROM, One Time PROM, and EPROM

versions
ROM/PROM capacity ........cccceecveerrreenieeannnne.
RAM CaPACILY ...ooevvreiiiieiiiceiec e

8 K to 32 K bytes
384 to 1024 bytes

(2) Packages

BAPAB ... Shrink plastic molded DIP
BAPBN-A ..o Plastic molded QFP
BASIB-E ..o Shrink ceramic DIP
BADO ... Ceramic LCC

Memory Expansion Plan
ROM size (bytes) Mass product

oKz T T T R T T 7
28K b e S e te S G i
| | I Mass product 1 | | |
T R R L s
20K - P s b b e ERREEE A |
3 Mass pr‘oduct 3 3 3 3 3 3
16K fffffffff |
N R IRREE IRRREE IRRREE 1 IR RRRRRRE |
3 Mass prbduct : 3 3 3 3 3
777777777 1
o A I b [ I I [ 1
1 ! . . . . 1 1 1

192 256 384 512 640 768 896 1024
RAM size (bytes)
Currently supported products are listed below As of May 1996
P) ROM size (bytes .

Product SQC))M size for Use§ ir?/( )) RAM size (bytes) | Package Remarks
M38022M2-XXXSP 8192 384 64P4B Mask ROM version
M38022M2-XXXFP (8062) 64P6N-A | Mask ROM version
M38022M4-XXXSP 16384 64P4B Mask ROM version

(16254) 384 -
M38022M4-XXXFP 64P6N-A | Mask ROM version
M38024M6-XXXSP 24576 640 64P4B Mask ROM version
M38024M6-XXXFP (24446) 64P6N-A | Mask ROM version
M38027M8-XXXSP Mask ROM version
M38027E8-XXXSP 64P4B One Time PROM version
M38027E8SP One Time PROM version (blank)
M38027M8-XXXFP 32768 Mask ROM version

1024 - -
M38027E8-XXXFP (32638) 64P6N-A | One Time PROM version
M38027E8FP One Time PROM version (blank)
M38027E8SS 64S1B-E | EPROM version
M38027E8FS 64D0 EPROM version
4 MITSUBISHI 5
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION (2) Packages
(Extended operating temperature version) BAPAB ..o Shrink plastic molded DIP
Mitsubishi plans to expand the 3802 group (extended operating BAPBN-A .o Plastic molded QFP

temperature version) as follows:
(1) Support for mask ROM One Time PROM, and EPROM ver-

sions
ROM/PROM €apacity ........ccocoveeeeriiieneeniiinnns 8 K to 32 K bytes
RAM CapACItY ...eveeeiiiiiieiiiiieee e 384 to 1024 bytes

Memory Expansion Plan (Extended operating temperature version)

ROM size (bytes) Mass product
32K e R SR E b R e E ik bbb - ((M38027M8D/ESD

T T T hi hl

| | | | | | |

| | | | | | |

| | | | | | |

| | | | | | |

| | | | | | |
28KF-------- [ ——— [ —— P [F A [ — [ — [ — |

1 i | | | | |

| | | | | | |

| | | | | | |

| | | | | | |

| | | | | | |

| | | | | | |

24K | mm o mm b e e e e e !

Mass product

16K | b1 MBB022MAD )t~ 1

12Kp oo P e Femmee B B A e i

e e s e

Mass product

8K ommaale et MBBO2ZM2D D)= - - mm oo f

AK | o

| ‘
RAM size (bytes)
Currently supported products are listed below. As of May 1996
Product (P) ROM size (bytes) | RAM size (bytes) Package Remarks
M38022M2DXXXSP 8192 384 64P4B Mask ROM version
M38022M2DXXXFP (8062) 64P6N-A | Mask ROM version
M38022M4DXXXSP 16384 64P4B Mask ROM version
M38022M4DXXXFP (16254) 384 64P6N-A | Mask ROM version
M38027MB8DXXXSP Mask ROM version
M38027E8DXXXSP 64P4B One Time PROM version
M38027E8DSP 32768 One Time PROM version (blank)
M38027M8DXXXFP (32638) 1024 Mask ROM version
M38027E8DXXXFP 64P6N-A | One Time PROM version
M38027E8DFP One Time PROM version (blank)
6 ‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product M3802

<
B
X
n
U

Package type
SP : 64P4B package
FP : 64P6N-A package
SS: 64S1B-E package
FS : 64D0 package

—— ROM number
Omitted in some types.

Normally, using hyphen.

When electrical characteristic, or division of quality
identification code using alphanumeric character
—: standard

D : Extended operating temperature version

ROM/PROM size

: 4096 bytes

: 8192 bytes

: 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes

O~NO U WN P

The first 128 bytes and the last 2 bytes of ROM
are reserved areas ; they cannot be used.

Memory type
M : Mask ROM version
E : EPROM or One Time PROM version

RAM size

: 192 bytes

: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes

NOoO o~ WNPEO

4 MmTSuBISHI ,
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3802 group uses the standard 740 family instruction set. Re-
fer to the table of 740 family addressing modes and machine in-
structions or the SERIES 740 <Software> User’s Manual for de-
tails on the instruction set.
Machine-resident 740 family instructions are as follows:

The FST and SLW instruction cannot be used.

The STP, WIT, MUL, and DIV instruction can be used.

CPU mode register
The CPU mode register is allocated at address 003B16.
The CPU mode register contains the stack page selection bit.

b7 b0
| | | | | | | | | CPU mode register
(CPUM : address 003B16)
Processor mode bits
b1l b0
0 0 : Single-chip mode
0 1 : Memory expansion mode

1 0 : Microprocessor mode
1 1 :Notavailable

Stack page selection bit
0 :0page
1 :1page

Not used (return “0” when read)

Fig. 1 Structure of CPU mode register

8 ‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Memory

Special function register (SFR) area

The Special Function Register area in the zero page contains con-
trol registers such as I/O ports and timers.

RAM
RAM is used for data storage and for stack area of subroutine
calls and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is user area for storing programs.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.

Zero page

The 256 bytes from addresses 000016 to O0FF16 are called the
zero page area. The internal RAM and the special function regis-
ters (SFR) are allocated to this area.

The zero page addressing mode can be used to specify memory
and register addresses in the zero page area. Access to this area
with only 2 bytes is possible in the zero page addressing mode.

Special page
The 256 bytes from addresses FF0016 to FFFF16 are called the
special page area. The special page addressing mode can be
used to specify memory addresses in the special page area. Ac-
cess to this area with only 2 bytes is possible in the special page
addressing mode.

RAM area

RAM capacity Address

(bytes) XXXX16

192 00FF16

256 013F16

384 01BF16

512 023F16

640 02BF16

768 033F16

896 03BF16

1024 043F16

ROM area

ROM capacity’ Address Address
(bytes) YYYY16 777716
4096 F00016 F08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016

000016
SFR area
004016 Zero page
010016
RAM
D00 O T N
Reserved area
044016
Not used
YYYYqg [T
Reserved ROM area
(128 bytes)
277716
ROM
FFOO16 T
FFDC1e
Interrupt vector area Special page
FFFE16
| FEFE16 Reserved ROM area |

Fig. 2 Memory map diagram
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

000016 | Port PO (P0) 002016 | Prescaler 12 (PRE12)

000116 | Port PO direction register (POD) 002116 | Timer 1 (T1)

000216 | Port P1 (P1) 002216 | Timer 2 (T2)

000316 | Port P1 direction register (P1D) 002316 | Timer XY mode register (TM)
000416 | Port P2 (P2) 002416 | Prescaler X (PREX)

000516 | Port P2 direction register (P2D) 002516 | Timer X (TX)

000616 | Port P3 (P3) 002616 | Prescaler Y (PREY)

000716 | Port P3 direction register (P3D) 002716 | Timer Y (TY)

000816 | Port P4 (P4) 002816

000916 | Port P4 direction register (P4D) 002916

000A1s | Port P5 (P5) 002A16

000B16 | Port P5 direction register (P5D) 002B16 | PWM control register (PWMCON)
000C16 | Port P6 (P6) 002C16 | PMW prescaler (PREPWM)
000D16 | Port P6 direction register (P6D) 002D16 | PWM register (PWM)

000E16 002E16

000F16 002F16

001016 003016

001116 003116

001216 003216

001316 003316

001416 003416 | AD/DA control register (ADCON)
001516 003516 | A-D conversion register (AD)
001616 003616 | D-Al conversion register (DA1)
001716 003716 | D-A2 conversion register (DA2)
001816 | Transmit/Receive buffer register (TB/RB) 003816

001916 | Serial /01 status register (SIO1STS) 003916

001A16 | Serial /01 control register (SIO1CON) 003A16 | Interrupt edge selection register (INTEDGE)
001B16 | UART control register (UARTCON) 003B1s | CPU mode register (CPUM)
001C16 | Baud rate generator (BRG) 003C16 | Interrupt request register 1(IREQ1)
001D16 | Serial /02 control register (SIO2CON) 003D16 | Interrupt request register 2(IREQ2)
001E16 003E16 | Interrupt control register 1(ICON1)
001F16 | Serial I/O2 register (SI02) 003F16 | Interrupt control register 2(ICON2)

Fig. 3 Memory map of special function register (SFR)
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

I/O Ports

Direction registers

The 3802 group has 56 programmable /O pins arranged in seven
1/0 ports (ports PO to P6). The I/O ports have direction registers
which determine the input/output direction of each individual pin.
Each bit in a direction register corresponds to one pin, each pin
can be set to be input port or output port.

When “0” is written to the bit corresponding to a pin, that pin be-
comes an input pin. When “1” is written to that bit, that pin be-
comes an output pin.

If data is read from a pin which is set to output, the value of the
port output latch is read, not the value of the pin itself. Pins set to
input are floating. If a pin set to input is written to, only the port
output latch is written to and the pin remains floating.

Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ref.No.
CMOS 3-state output
Input/output, ) Address low-order byte )
P0Oo-P0O7 Port PO o ) CMOS compatible CPU mode register
individual bits | output
input level
CMOS 3-state output )
Input/output, ) Address high-order )
Plo-P17 Port P1 o ) CMOS compatible CPU mode register 1)
individual bits | . byte output
input level
CMOS 3-state output
Input/output, ) )
P20-P27 Port P2 o ) CMOS compatible Data bus I/0 CPU mode register
individual bits |
input level
P30/DA1 CMOS 3-state output | D-A conversion output AD/DA control register
Input/output, ) ) 2)
P31/DA2 Port P3 o ) CMOS compatible CPU mode register
individual bits | - -
P32-P37 input level Control signal 1/0 CPU mode register 1)
PA40/INTa, . ) Interrupt edge selection
P41/INTo, External interrupt input register 3)
P43/INT2 CMOS 3-state output
Input/output, )
P44/RxD, Port P4 o ) CMOS compatible . 4)
individual bits | Serial 1/01 control
P4s/TxD, input level . ) ) (5)
Serial 1/01 function I/O | register
P46/ScLkz, ) (6)
— UART control register
P47/SrRDY1 (@)
P50/SIN2, (8)
P51/Sout2, ) ) Serial 1/02 control 9)
Serial /02 function /O )
P52/ScLkz2, register (10)
— CMOS 3-state output
P53/SRDY2 Input/output, ) (12)
Port P5 o ) CMOS compatible - -
P54/CNTRo, individual bits | Timer X and Timer Y ) )
input level . Timer XY mode register (12)
P55/CNTR1 function 1/0
P56/PWM PWM output PWM control register (13)
P57/INT3 External interrupt input | Interrupt edge selection register 3)
CMOS 3-state output
P60/ANo— Input/output, ) .
Port P6 o ) CMOS compatible A-D conversion input (14)
P67/AN7 individual bits |
input level

Note 1: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as func-
tion 1/O ports, refer to the applicable sections.

2: Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.

‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Ports PO, P1, P2, P32—P37

Direction register TD_’j
>

Data bus ———‘ Port latch |

(3) Ports P40-P43, P57

ng‘j
‘ T

Data bus ——»Q Port latch | ':J"

N
Interrupt input

(5) Port P45

P45/TXD P-channel output disable bit—]>—

Serial /01 enable bit
Transmit enable bit——LD_

r[Direction register :’> % 51 )c
: s ﬁ>o—‘

Data bus ——»{ Port latch

(il

~N

Serial /01 output —D—

(7) Port P47

Serial /01 mode selection bit
Serial /01 enable bit}[}
SRDY1 output enable bit

—»‘Direction register,

Data bus —»{ Port latch

U
0

~N

Serial 1/01 ready output ——>———

(2) Ports P30, P31

Direction register’ TD_‘ ﬁ

Data bus — Port latch

i \O_‘
D-A conversion output —»—o

DA1 output enable bit (P30)
DAZ2 output enable bit (P31)

(4) Port P44

Serial I/O1 enable bit
Receive enable bit -

Direction register|

Port latch

N
Serial /01 input

(6) Port P46

Serial /01 synchronous
clock selection bit
Serial /01 enable bit

Serial /01 mode selection bit
Serial /01 enable bit

—>‘Directi0n register

Lo

Data bus —-+{_Poraich | Y 1

) N Serial I/01
Serial 1/01 clock output —{\/— external

clock input

(8) Port P50

Direction register| TD_‘ ﬁ—
o]

Data bus —={_Portlatch ] jﬂ

N
Serial /02 input<—@J

Fig. 4 Port block diagram (single-chip mode) (1)

12

‘ MITSUBISHI
AV N ELECTRIC




MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(9) Port P51

P51/SouT2 P-channel output disable bit

Serial I/02 transmit end signal
Serial /02 port selection bit—

(10) Port P52

Serial 1/102
synchronous clock selection bit
Serial /02 port selection bit—

Data bus —1

Data bus

Data bus

= Direction register

——‘ Port latch

Gl

Q_U

N

Serial 1/02 output ——>———

(11) Port P53

SRDY2 output enable bit—

—»[Direction register

Serial 1/02 clock output —{\ﬁ

Data bus —1

™ [Direction register|

—»‘ Port latch

as
T
]

(12) Ports P54, 55

g

(13) Port P56

»ngj
}—v—O

<}

Serial 1/02 external clock input 4—@—

Data bus ———‘ Port latch L}
—++{ Portlatch P, 4D°_‘j'
N
N Pulse output mode
Serial 1/02 ready output —D— Timer output
CNTRo, CNTR1 <_@7
Interrupt input
(14) Port P6
PWM output enable bit—
TDj g
r—[Direction register ’_T\ ‘D—‘ j—
%L@J Data bus —-~{ Portlateh _|-— D
—+»{ Portlatch S j'
A \O—]
N .
A-D conversion input -+—o

PWM output —[\/—

Analog input pin selection bit

Fig. 5 Port block diagram (single-chip mode) (2)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

Interrupts occur by sixteen sources: seven external, eight internal,
and one software.

Interrupt control

Each interrupt is controlled by an interrupt request bit, an interrupt
enable bit, and the interrupt disable flag except for the software in-
terrupt set by the BRK instruction. An interrupt occurs if the corre-
sponding interrupt request and enable bits are “1” and the inter-
rupt disable flag is “0”.

Interrupt enable bits can be set or cleared by software.

Interrupt request bits can be cleared by software, but cannot be
set by software.

The BRK instruction cannot be disabled with any flag or bit. The |
(interrupt disable) flag disables all interrupts except the BRK in-
struction interrupt.

When several interrupts occur at the same time, the interrupts are
received according to priority.

Table 1. Interrupt vector addresses and priority

Interrupt operation

When an interrupt is received, the contents of the program counter
and processor status register are automatically stored into the
stack. The interrupt disable flag is set to inhibit other interrupts
from interfering.The corresponding interrupt request bit is cleared
and the interrupt jump destination address is read from the vector
table into the program counter.

Notes on use

When the active edge of an external interrupt (INTo to INT4,
CNTRo, or CNTR1) is changed, the corresponding interrupt re-
guest bit may also be set. Therefore, please take following se-
quence;

(1) Disable the external interrupt which is selected.

(2) Change the active edge selection.

(3) Clear the interrupt request bit which is selected to “0”".

(4) Enable the external interrupt which is selected.

- Vector Addresses (Note 1) Interrupt Request
Interrupt Source Priority - . » Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFCi6 At reset Non-maskable
At detection of either rising or External interrupt
INTo 2 FFFB16 FFFA16 . ) )
falling edge of INTo input (active edge selectable)
At detection of either rising or External interrupt
INT1 3 FFF916 FFF816 . ) )
falling edge of INT1 input (active edge selectable)
Serial 1/01 At completion of serial /01 ) . )
. 4 FFF716 FFF616 ) Valid when serial 1/01 is selected
reception data reception
) At completion of serial /01
Serial /01 . . . .
o 5 FFF516 FFF416 transfer shift or when Valid when serial 1/01 is selected
transmission o )
transmission buffer is empty
Timer X 6 FFF316 FFF216 At timer X underflow
Timer Y 7 FFF116 FFFO16 At timer Y underflow
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
At detection of either rising or External interrupt
CNTRo 10 FFEB16 FFEA16 . ) )
falling edge of CNTRo input (active edge selectable)
At detection of either rising or External interrupt
CNTR1 n FFE916 FFEB816 . ) )
falling edge of CNTR1 input (active edge selectable)
) At completion of serial 1/02 ) . )
Serial 1/102 12 FFE716 FFEG616 Valid when serial 1/02 is selected
data transfer
At detection of either rising or External interrupt
INT2 13 FFE516 FFE416 . ) )
falling edge of INT2 input (active edge selectable)
At detection of either rising or External interrupt
INT3 14 FFE316 FFE216 . ) )
falling edge of INT3 input (active edge selectable)
At detection of either rising or External interrupt
INT4 15 FFE1l16 FFEO16 . ) )
falling edge of INT4 input (active edge selectable)
A-D converter 16 FFDF16 FFDE16 At completion of A-D conversion
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addresses contain interrupt jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.

14
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Interrupt request bit ——

Interrupt enable bit —

Interrupt disable flag (I) —9

BRK instruction
Reset

Interrupt request

Fig. 6 Interrupt control

b7 bO Interrupt edge selection register
HEE (INTEDGE : address 003A1s)
INTo active edge selection bit
INT1 active edge selection bit
Not used (returns “0” when read)
INT2 active edge selection bit
INT3 active edge selection bit
INT4 active edge selection bit - .
Not used (returns “0” when read) 0 : Falling edge active
1 : Rising edge active
b7 b0 Interrupt request register 1 b7 bO Interrupt request register 2
| | | | | (IREQ1 : address 003Cis) | | | | | | (IREQ?2 : address 003Dz16)
INTo interrupt request bit CNTRo interrupt request bit
INT1 interrupt request bit ——CNTR1 interrupt request bit
Serial 1/01 receive interrupt request bit Serial 1/02 interrupt request bit
Serial 1/01 transmit interrupt request bit INT2 interrupt request bit
Timer X interrupt request bit INT3 interrupt request bit
Timer Y interrupt request bit INT4 interrupt request bit
Timer 1 interrupt request bit AD converter interrupt request bit
Timer 2 interrupt request bit Not used (returns “0” when read)
0 : No interrupt request issued
1 : Interrupt request issued
b7 bO Interrupt control register 1 b7 bO Interrupt control register 2
LLI T 111 Jacont:addressoo3ess) LI | (1cONz : address 003F1s)
INTo interrupt enable bit CNTRo interrupt enable bit
INT1 interrupt enable bit —— CNTRu1 interrupt enable bit
Serial /01 receive interrupt enable bit Serial /02 interrupt enable bit
Serial /01 transmit interrupt enable bit INT2 interrupt enable bit
Timer X interrupt enable bit INT3 interrupt enable bit
Timer Y interrupt enable bit INT4 interrupt enable bit
Timer 1 interrupt enable bit AD converter interrupt enable bit
Timer 2 interrupt enable bit Not used (returns “0” when read)
(Do not write “1” to this bit)
0 : Interrupts disabled
1 : Interrupts enabled
Fig. 7 Structure of interrupt-related registers
MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timers

The 3802 group has four timers: timer X, timer Y, timer 1, and timer
2.

All timers are count down. When the timer reaches “0016”, an un-
derflow occurs at the next count pulse and the corresponding
timer latch is reloaded into the timer and the count is continued.
When a timer underflows, the interrupt request bit corresponding
to that timer is set to “1”.

The division ratio of each timer or prescaler is given by 1/(n + 1),
where n is the value in the corresponding timer or prescaler latch.

b7 b0

Timer XY mode register
(TM : address 002316)

I—I— Timer X operating mode bit

b1b0

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTRo active edge switch bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0: Count start
1: Count stop

Timer Y operating mode bit
b4b5

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTR1 active edge switch bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0: Count start
1: Count stop

Fig. 8 Structure of timer XY register

Timer 1 and Timer 2

The count source of prescaler 12 is the oscillation frequency di-
vided by 16. The output of prescaler 12 is counted by timer 1 and
timer 2, and a timer underflow sets the interrupt request bit.

Timer X and TimerY
Timer X and Timer Y can each be selected in one of four operating
modes by setting the timer XY mode register.

Timer Mode
The timer counts f(XIN)/16 in timer mode.

Pulse Output Mode

Timer X (or timer Y) counts f(XIN)/16. Whenever the contents of
the timer reach “0016”, the signal output from the CNTRo (or
CNTR1) pin is inverted. If the CNTRo (or CNTR1) active edge
switch bit is “0”, output begins at “ H”.

If it is “1”, output starts at “L”. When using a timer in this mode, set
the corresponding port P54 ( or port P55) direction register to out-
put mode.

Event Counter Mode

Operation in event counter mode is the same as in timer mode,
except the timer counts signals input through the CNTRo or
CNTR1 pin.

Pulse Width Measurement Mode
If the CNTRo (or CNTR1) active edge selection bit is “0”, the timer
counts at the oscillation frequency divided by 16 while the CNTRo
(or CNTR1) pin is at “H”. If the CNTRo (or CNTR1) active edge
switch bit is “1”, the count continues during the time that the
CNTRo (or CNTR1) pinis at “L".

In all of these modes, the count can be stopped by setting the
timer X (timer Y) count stop bit to “1”. Every time a timer
underflows, the corresponding interrupt request bit is set.

16 ‘ MITSUBISHI
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S Data bus
Oscillator Divider @
F(Xin) 116 Prescaler X latch (8)
Pulse width Timer mode
measurement \,Pulse output
mode mode

Prescaler X (8)
CNTRo active

edge switch bit

P54/CNTRo pin

Timer X count stop bit

T

|

L

| Timer X latch (8)

Timer X (8)

I-—) To timer X interrupt

CNTRo active

Doi» To CNTRo interrupt

request bit

request bit

Prescaler Y (8)
CNTRu1 active

edge switch bit

?

Timer Y count stop bit

P55/CNTR1 pin

edge switch
bit o—1Q
wqn
40\0\; Toggle flip-flop T
v O R
) P_ort P54_ latch ‘ Timer X latch write pulse
direction register Pulse output mode
Pulse output
mode S Data bus 8
| Prescaler Y latch (8) | | Timer Y latch (8) |
Pulse width Timer mode
measurement \},Pulse output
mode mode

|

Timer Y (8)

I——) To timer Y interrupt

CNTRu1 active
edge switch

{>0—» To CNTRu1 interrupt

request bit

request bit

bit o—10Q
40\; Toggle flip-flop T
o | Q R

Port P55
direction register

Pulse output
mode

latch @

Timer Y latch write pulse
Pulse output mode

Data bus

il il

L

Prescaler

12 latch (8) Timer 1 latch (8)

Timer 2 latch (8)

! !

!

Prescaler 12 (8)

Timer 1 (8)

Timer 2 (8)

| > Totimer 2 interrupt

request bit

> To timer 1 interrupt
request bit

Fig. 9 Block diagram of timer X, timer Y, timer 1, and timer 2
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Serial /101

Serial I/01 can be used as either clock synchronous or asynchro-
nous (UART) serial I/O. A dedicated timer is also provided for
baud rate generation.

Clock synchronous serial I/O mode

Clock synchronous serial /01 mode can be selected by setting
the mode selection bit of the serial I/0O1 control register to “1”.

For clock synchronous serial 1/01, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB (address 001816).

Data bus

Address 001816 l

)

Serial I/01 control register

| Address 001A16

[ Receive buffer

— Receive buffer full flag (RBF)

T

—— > Receive interrupt request (RI)

P44/RxDO »| Receive shift register |
Shift clack Clock control circuit
P46/ScLk1O
Serial I/01 synchronous
clock selection bit -
BRG count source selection bit Frequency division ratio 1/(n+1)
f(XiN) O 2 »|  Baud rate generator |-{ 1/4

1/4

P47/SROVIO <—{ Falling-edge detector —— Clock control circuit

Shift clock

Address 001C16

——— Transmit shift completion flag (TSC)
Transmit interrupt source selection bit

P4s/TxDO

Transmit interrupt request (TI)

ﬁJ Transmit shift register }74?—>

Transmit buffer

Transmit buffer empty flag (TBE)

| Address 001815

[ Serial I/O1 status register ] Address 001916
1L

Data bus

Fig. 10 Block diagram of clock synchronous serial 1/01

Transfer shift clock
(2/2 to 1/2048 of the internal
clock, or an external clock)

Serial output TxD

control register.

output continuously from the TxD pin.

Serial input RXD Do D1 X D2 X D3 Ds X Ds X Ds D7
Receive enable signal SRDY1
Write pulse to receive/transmit I
buffer (address 001816)
\j \
_ \j RBF=1
TBE=0 TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection
Notes 1 : The transmit interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the

transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the serial /01
: If data is written to the transmit buffer when TSC=0, the transmit clock is generated continuously and serial data is

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

Fig. 11 Operation of clock synchronous serial 1/01 function

18

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Asynchronous serial 1/0 (UART) mode

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

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

The transmit and receive shift registers each have a buffer, but the

two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer, and receive data is read from the re-
ceive buffer.

The transmit buffer can also hold the next data to be transmitted,
and the receive buffer can hold a character while the next charac-
ter is being received.

Data bus

Address 001816

OE Receive buffer
Character length selection bit

8 bits

Receive shift register

SP detector

)

Serial 1/01 control register ]Address 001A16

Receive buffer full flag (RBF)
Receive interrupt request (RI)

1726

Address 001B16

P4s/Scikr O

Serial 1/01 synchronous clock selection bit

UART control register
= Clock control circuit }——

BRG count source selection bit

Frequency division ratio 1/(n+1)

fXIN) O

o L

Baud rate generator

1/4

Address 001C16

ST/SP/PA generator

————— Transmit shift completion flag (TSC)

Transmit interrupt source selection bit

Character length selection bit 4

T

Y
- P f P o L
P4s/TxD O | Transmit shift register f/—>Tran5m|t interrupt request (TI)

Transmit buffer

} Transmit buffer empty flag (TBE)

[Address 001816

[Serial 1/01 status register] Address 001916

Data bus

Fig. 12 Block diagram of UART serial I/O
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Transmit or receive clock

Transmit buffer write |_|
signal

source selection bit (TIC) of the serial I/O control register.
3: The receive interrupt (RI) is set when the RBF flag becomes "1".

TBE=0 TBE=0
TSC=0
TBE=1 TBE=1 Tsc=1"
Serial output TxD ST Do D1 m ST Do D1 >< >/ sp
1startbit YGenerated at 2nd bit in 2-stop-bit mode
- 7or8databit — g
1 or 0 parity bit
1 or 2 stop bit (s)
Receive buffer read
signal
RBF=1 RBF=1
Serial input RxD ST Do D1 m ST >< > sp

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes "1" (at 1st stop bit, during reception).
2: The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes "1", depending on the setting of the transmit interrupt

4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 13 Operation of UART serial 1/0O function

Serial 1/01 control register (SIO1CON) 001A 16
The serial 1/0 control register consists of eight control bits for the
serial 1/O function.

UART control register (ULARTCON) 001B 16
The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/0 is selected and set
the data format of an data transfer. One bit in this register (bit 4) is
always valid and sets the output structure of the P4s5/TxD pin.

Serial I/O1 status register (SIO1STS) 0019 16
The read-only serial 1/01 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial 1/0
function and various errors.

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

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

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer, and
the receive buffer full flag is set. A write to the serial 1/O status reg-
ister clears all the error flags OE, PE, FE, and SE (bit 3 to bit 6, re-

spectively). Writing “0” to the serial I1/O enable bit SIOE (bit 7 of
the Serial I/O Control Register) also clears all the status flags, in-
cluding the error flags.

All bits of the serial I/O1 status register are initialized to “0” at re-
set, but if the transmit enable bit (bit 4) of the serial I/0O control reg-
ister has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1”.

Transmit buffer/Receive buffer register (TB/
RB) 001816

The transmit buffer and the receive buffer are located at the same
address. The transmit buffer is write-only and the receive buffer is
read-only. If a character bit length is 7 bits, the MSB of data stored
in the receive buffer is “0”.

Baud rate generator (BRG) 001C 16

The baud rate generator determines the baud rate for serial trans-
fer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.
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[b—ﬁ—[—[—[—[—ml% Serial I/0O1 status register

b7

(SIO1STS : address 0019 16)

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

— Transmit shift completion flag (TSC)

0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns "1" when read)

20 UART control register

l_(UARTCON : address 001B 16)
Character length selection bit (CHAS)

0: 8 bits

1: 7 bits

Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

Parity selection bit (PARS)
0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P4s/TxD P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Not used (return "1" when read)

b7 b0
[TITTII1] Serial 1/01 control register
(SIO1CON : address 001A 16)

BRG count source selection bit (CSS)
0: f(XIN)
1: f(XIN)/4

—— Serial /01 synchronous clock selection bit (SCS)

o

: BRG output divided by 4 when clock synchronous
serial I/O is selected, BRG output divided by 16
when UART is selected.

: External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

=

—— SRDY1 output enable bit (SRDY)

0: P47 pin operates as ordinaly I/O pin
1: P47 pin operates as SRrRpy1 output pin

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial /01 mode selection bit (SIOM)
0: Asynchronous serial I/O (UART)
1: Clock synchronous serial /0

Serial 1/0 enable bit (SIOE)
0: Serial I/O disabled

(pins P44 to P47 operate as ordinary 1/0 pins)
1: Serial I/0O enabled

(pins P44 to P47 operate as serial /0 pins)

Fig. 14 Structure of serial I/0 control registers
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Serial 1102

The serial 1/02 function can be used only for clock synchronous

serial I/0.

For clock synchronous serial 1/0 the transmitter and the receiver
must use the same clock. If the internal clock is used, transfer is
started by a write signal to the serial /02 register.

Serial 1/02 control register (SIO2CON) 001D 16

The serial 1/02 control register contains seven bits which control

various serial 1/0 functions.

b7 b0
Serial 1/02 control register

(SIO2CON : address 001D16)
Internal synchronous clock selection bits

b2 b1 b0
00 0: f(XIN)/8
00 1: f(XiN)/16
0 1 0: f(XiIN)/32
01 1: f(Xin)/64
11 0: f(XiN)/128
11 1: f(XiN)/256

Serial 1/02 port selection bit (SM23)
0: 1/0 port
1: SouT2,ScLk2 output pin

SRDY2 output enable bit (SM24)

0: 1/0 port
1: SrDY2 output pin

Transfer direction selection bit (SM25)
0: LSB first
1: MSB first

Serial I/02 synchronous clock selection bit (SM26)
0: External clock
1: Internal clock

P51/Sout2 P-channel output disable bit
0: CMOS output (in output mode)
1: N-channel open-drain output (in output mode)

Fig. 15 Structure of serial 1/02 control register

xin O

!

P53/Sroy2

P53 latch

SRDY2 . .
.,l,.m—wmlzanon circuit

SRrDY2 output enable bit

18 lock selection bi
clock selection bits
16 4 Data bus
5 |4/32 o
bl BN ®]
S |1/64 o
O 1128 5
1/256 o

Serial /02 synchronous
clock selection bit

Internal synchronous

ScLk2

External clock

P52 latch

O--

P52/ScLk2

P51 latch

o !
P51/Sout2 -

(]

e
Serial 1/02 port selection bit

{ Serial 1/0 counter 2 (3)

|y Serial 1102

interrupt request

e

P50/Sn2 O

Serial 1/02 port selection bit

Y

4 Serial I/O shift register 2 (8)

—

Fig. 16 Block diagram of serial 1/02 function
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Transfer clock (Note 1)

Serial 1/02 register
write signal J—
(Note 2)
Serial 1/02 output Sout2 Do D1 D2 D3 D4 D5 D6 D7
Serial 1/02 input Sin2 X X X X X ><
Receive enable signal Srpy2 Q )

Serial 1/02 interrupt request bit set

Notes 1: When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial
1/02 control register.

2: When the internal clock is selected as the transfer clock, the S out2 pin goes to high impedance after transfer completion.

Fig. 17 Timing of serial /02 function
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PULSE WIDTH MODULATION (PWM)

The 3802 group has a PWM function with an 8-bit resolution,
based on a signal that is the clock input XIN or that clock input di-
vided by 2.

Data Setting
The PWM output pin also functions as port P56. Set the PWM pe-
riod by the PWM prescaler, and set the period during which the
output pulse is an “H” by the PWM register.
If the value in the PWM prescaler is n and the value in the PWM
register is m (where n = 0 to 255 and m = 0 to 255) :
PWM period = 255 0O (n+1)/f(XIN)
=510 (n+1) us (when XiN = 5 MHz)

Output pulse “H” period = PWM period O m/255

=0.20 (n+1) O m s

(when XIN = 5 MHz)

PWM Operation

When bit 0 (PWM enable bit) of the PWM control register is set to
“1”, operation starts by initializing the PWM output circuit, and
pulses are output starting at an “H”.

If the PWM register or PWM prescaler is updated during PWM
output, the pulses will change in the cycle after the one in which
the change was made.

51 0m 0O (n+1)
—_— s
255

el

PWM output ‘

P T=[51 O(M+L)]ps !

b Lt

m: Contents of PWM register
n : Contents of PWM prescaler
T : PWM cycle (when XN = 5 MHz)

Fig. 18 Timing of PWM cycle

Data bus

T3

VAN

i

PWM
prescaler pre-latch

register pre-latch

PWM

)

)

Transfer control circuit

<]

<

=

& =

PWM
prescaler latch

register latch

PWM

Count source

i

)

selection bit
g Port P56
i N
XIN PWM prescaler = PWM register ’ O
us A A {
1/2
Port P56 latch ——

PWM enable bit

Fig. 19 Block diagram of PWM function
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b7 b0

| | | | | | | PWM control register
(PWMCON : address 002B 16)

PWM function enable bit

0: PWM disabled
1: PWM enabled

Count source selection bit
0: f(XIN)
1: f(XIN)/2

Not used (return “0” when read)

Fig. 20 Structure of PWM control register

B-_C
A B c T T2
<> < > < >
PWM output
T e T < T e T2 %

PV.VM r_eglster H (Changes from “A” to “B” during “H” period)
write signal
PV.VM prescaler |_| (Changes from “T” to “T2” during PWM period)
write signal

When the contents of the PWM register or PWM prescaler have changed, the PWM
output will change from the next period after the change.

Fig. 21 PWM output timing when PWM register or PWM prescaler is changed
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A-D Converter
The functional blocks of the A-D converter are described below.

[A-D conversion register]

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. When reading this register during an
A-D conversion, the previous conversion result is read.

[AD/DA control register]

The AD/DA control register controls the A-D conversion process.
Bits 0 to 2 select a specific analog input pin. Bit 3 signals the
completion of an A-D conversion. The value of this bit remains at
“0” during an A-D conversion, and changes to “1” when an A-D
conversion ends. Writing “0” to this bit starts the A-D conversion.
Bits 6 and 7 are used to control the output of the D-A converter.

[Comparison voltage generator]
The comparison voltage generator divides the voltage between
AVss and VREF into 256, and outputs the divided voltages.

[Channel selector]
The channel selector selects one of the ports P60/ANo to P67/AN7,
and inputs the voltage to the comparator.

[Comparator and Control circuit]

The comparator and control circuit compares an analog input volt-
age with the comparison voltage, then stores the result in the A-D
conversion register. When an A-D conversion is complete, the
control circuit sets the AD conversion completion bit and the AD
interrupt request bit to “1”.

Note that the comparator is constructed linked to a capacitor, so
set f(XIN) to 500 kHz or more during an A-D conversion.

b7 b0

AD/DA control register
(ADCON : address 003416)

Analog input pin selection bits

b2 bl b0

0 0 0: P6o/ANo
0 0 1: P61/AN1
0 1 0: P62/AN2
0 1 1: P63/ANs3
1 0 0: P64/AN4
1 0 1: P65/ANs
1 1 0: P66/ANs
11 1: P67/AN7

AD conversion completion bit
0: Conversion in progress
1: Conversion completed

Not used (return "0" When read)

DA output enable bit
0: DA1 output disabled
1: DA1 output enabled

DAz output enable bit
0: DA2 output disabled
1: DA2 output enabled

Fig.22 Structure of AD/DA control register

Data bus

AD/DA control register b7

AN

(Address 0034 16) | | |

1]

)
w'/

Y
A-D control circuit I— — A-D interrupt request

P60/AN0 O—
P61/AN1 O— g i
P62/AN2 O—» @ - .
P63/AN3 O— § Comparator A-D conversion register | (Address 003516)
P64/AN4 O—» 2 ‘t* 8
P65/AN5s O— & [ Resi |
esistor ladder
P66/AN6 O—» G |
P67/AN7 O—>] l l
VREF AVSsS
Fig. 23 Block diagram of A-D converter
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D-A Converter

The 3802 group has two internal D-A converters (DA1 and DA2)
with 8-bit resolutions.

The D-A converter is performed by setting the value in the D-A
conversion register. The result of D-A converter is output from the
DA1 or DA2 pin by setting the DA output enable bit to “1”.

When using the D-A converter, the corresponding port direction
register bit (P30/DA1 or P31/DA2) should be set to “0” (input sta-
tus).

The output analog voltage V is determined by the value n (base
10) in the D-A conversion register as follows:

V = VREF [J n/256 (n = 0 to 255)
Where VREF is the reference voltage.

At reset, the D-A conversion registers are cleared to “0016”, the DA
output enable bits are cleared to “0”, and the P30/DA1 and P31/
DAz pins are set to input (high impedance).

The D-A output is not buffered, so connect an external buffer when
driving a low-impedance load.

Set Vcc to 3.0 V or more when using the D-A converter.

|D-A1 conversion register (8)|

DA1 output enable bit
|R-2R resistor Iadderl_o/

0—Q P30/DA1L

Data bus

|D-A2 conversion register (8)|

DA2 output enable bit
|R-2R resistor Iadderl_o/

0—Q P31/DA2

Fig. 24 Block diagram of D-A converter

0" DA1 output enable bit
Q R R R R R R R 2R
P30/DAL O-0 ™o
2R 2R 2R 2R 2R 2R 2R 2R
MSB LSB
D-A1 conversion 01 """ SRR R o S Sl B o R t's S
register ooT _____ oT _______ OT Lo o
AVss O o * * * - o . °
VREF O

Fig. 25 Equivalent connection circuit of D-A converter
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Reset Circuit

To reset the microcomputer, the RESET pin should be held at an Address  Register contents
“L” level for 2 ps or more. Then the RESET pin is returned to an “H” (1) Port PO direction register (000116) - - - 0016
level (the. power source voltage shguld be petwgen 4.0Vand55 @ Port P1 direction register (000319) - - - o
V), reset is released. Internal operation begin until after 8 to 13 XIN
clock cycles are completed. After the reset is completed, the pro- (3) Port P2 direction register (0005¢) - - - 0016
gram starts from the address contained in address FFFD16 (high- (4) Port P3 direction register (000716) - - - 0016
rder byte) an ress FFFC16 (low-order byte).
order byte) and address ) C16 (lo O der byte) (5) Port P4 direction register (000916) - - - 0016
Make sure that the reset input voltage is less than 0.6 V for Vcc of
3.0 V (Extended operating temperature version : the reset input (6) Port PS direction register (000B1) - -- 0016
voltage is less than 0.8 V for Vcc of 4.0 V). (7) Port P6 direction register (000D36) - - - 0016
(8) Serial I/O1 status register (001916) - -~ [1JoJo[oJo]ofo] 0]
(9) Serial /01 control register (001A1s) - - - 0016
(10) UART control register (001B1s) ---[1]1]1]0JoJoJo 0]
7 ) )
4.0V (11) Serial 1/02 control register (001D1s) - - - 0016
(12) Prescaler 12 (002016) - - - FFie

Power source
voltage (13) Timer 1 (002116) - - - 0116

/ (14) Timer 2 (002216) - - - EF16

i 0.8v
Reset input ov / (15) Timer XY mode register (002316) - - - 0016
voltage
(16) Prescaler X (002416) - - - FF16
? (7) Timer X (002516) - - - FF1o
1] Vee (18) Prescaler Y (002616) - - - FFro
5 (19) Timer Y (002716) - - - FFie
RESET '
M51953AL (20) PWM control register (002B1s) - - - 0016
4 .
—| }— (21) AD/DA control register (003416) - - - mnmnmnm
3 0.1 B F (22) D-A1 conversion register (003616) - - - 0016
Vss (23) D-A2 conversion register (003716) - - - 0016
777
3802 group (24) Interrupt edge selection register (003Azs) - - - 0016
(25) CPU mode register (003Bi6) - --[0]0]o]o[oo]O[0]
Fig. 26 Example of reset circuit (26) Interrupt request register 1 (003Cis) - - - 0016
(27) Interrupt request register 2 (003D1s) - - - 0016
(28) Interrupt control register 1 (O03Edzs) - - - 0016
(29) Interrupt control register 2 (003Fs) - - - 0016
(30) Processor status register Ps)[o]ofofofo[1]o]o]
(31) Program counter (PCr) [Corters of address FeFo)
(PCy)
Note. O : Undefined
O : The initial values of CM1 are determined by the level at the
CNVss pin.
The contents of all other registers and RAM are undefined
after a reset, so they must be initialized by software.
Fig. 27 Internal status of microcomputer after reset
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1L

RESET

RESETout
(internal reset)

SYNC
Address X 2 X 2 X 2 X 2 X 2 Xrrrc X Frrp Xaon a0

Reset address from the vector table
Data X 2 2 X 2 X 2 X 2 Xao X aw X

Notes 1: f(Xin) and f(¢g) are in the relationship: f(Xin)=2 « f(¢).
Xin: 8 to 13 clock cycles 2: A question mark (?) indicates an undefined status that depends on the previous status.

Fig. 28 Timing of reset
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Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XIN and XouT. To supply a clock signal externally, input it to
the XIN pin and make the XouT pin open.

Oscillation control

Stop Mode

If the STP instruction is executed, the internal clock @ stops at an
“H”. Timer 1 is set to “0116” and prescaler 12 is set to “FF16”".
Oscillator restarts when an external interrupt is received, but the
internal clock @ remains at an “H” until timer 1 underflow.

This allows time for the clock circuit oscillation to stabilize.

If oscillator is restarted by a reset, no wait time is generated, so
keep the RESET pin at an “L” level until oscillation has stabilized.

Wait Mode

If the WIT instruction is executed, the internal clock @ stops at an
“H” level, but the oscillator itself does not stop. The internal clock
restarts if a reset occurs or when an interrupt is received.

Since the oscillator does not stop, normal operation can be started
immediately after the clock is restarted.

To ensure that interrupts will be received to release the STP or
WIT state, interrupt enable bits must be set to “1” before the STP
or WIT instruction is executed.

When the STP status is released, prescaler 12 and timer 1 will
start counting and reset will not be released until timer 1
underflows, so set the timer 1 interrupt enable bit to “0” before the
STP instruction is executed.

XIN Xout

I D I
(L]
CIN I — Court

Fig. 29 Ceramic resonator circuit

Se

XIN Xout

Open

External oscillation Vee W
circuit Vss

Fig. 30 External clock input circuit

Interrupt request ‘L

Interrupt disable

flag (1) s Q

Reset

STP instruction — R

wIT R |— STP instruction

instruction

@output

B

ONW pin
Single-chip mode :DO ONW i

control

Rd

Rf
XIN Xout

12 4|1/8|—| Prescaler 12 |—| Timer 1 Ii
A

A

FF16 0lie

Reset or STP instruction

Fig. 31 Block diagram of clock generating circuit
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Processor Modes

Single-chip mode, memory expansion mode, and microprocessor
mode can be selected by changing the contents of the processor
mode bits CMo and CM1 (bits 0 and 1 of address 003B16). In
memory expansion mode and microprocessor mode, memory can
be expanded externally through ports PO to P3. In these modes,
ports PO to P3 lose their I/0 port functions and become bus pins.

Table 2. Functions of ports in memory expansion mode and
microprocessor mode

Port Name Function

Port PO Qutputs low-order byte of address.

Port P1 Qutputs high-order byte of address.

Operates as I/0 pins for data D7 to Do

Port P2
(including instruction codes).

P30 and P31 function only as output pins
(except that the port latch cannot be read).
P32 is the ONW input pin.

P33 is the RESETOUT output pin. (Note)
P34 is the @ output pin.

P35 is the SYNC output pin.

P36 is the WR output pin, and P37 is the
RD output pin.

Port P3

000016
000816

004016

000016
000816

004016

SFR area SFR area

Internal RAM
reserved area

Internal RAM
reserved area

044016 044016

0
YYYY16
Internal ROM

FFFF16

Memory expansion mode

FFFF16
Microprocessor mode

The shaded areas are external memory areas.
U: YYYYis is the start address of internal ROM.

Fig. 32 Memory maps in various processor modes

Note: If CNVss is connected to Vss, the microcomputer goes to
single-chip mode after a reset, so this pin cannot be used
as the RESETouT output pin.

Single-Chip Mode
Select this mode by resetting the microcomputer with CNVss con-
nected to Vss.

Memory Expansion Mode

Select this mode by setting the processor mode bits to “01” in soft-
ware with CNVss connected to Vss. This mode enables external
memory expansion while maintaining the validity of the internal
ROM. Internal ROM will take precedence over external memory if
addresses conflict.

Microprocessor Mode

Select this mode by resetting the microcomputer with CNVss con-
nected to Vcc, or by setting the processor mode bits to “10” in
software with CNVss connected to Vss. In microprocessor mode,
the internal ROM is no longer valid and external memory must be
used.

b7 b0
| | | | | | | | |CPU mode register
| I (CPUM : address 003B1s)
Processor mode bits

bl b0

0 0 : Single-chip mode

0 1: Memory expansion mode
1 0 : Microprocessor mode
11 : Not available

Stack page selection bit
0:0 page
1:1 page

Not used (return “0” when read)

Fig. 33 Structure of CPU mode register
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Bus control with memory expansion

The 3802 group has a built-in ONW function to facilitate access to
external memory and I/O devices in memory expansion mode or
microprocessor mode.

If an “L” level signal is input to the ONW pin when the CPU is in a
read or write state, the corresponding read or write cycle is ex-
tended by one cycle of ¢. During this extended period, the RD or
WR signal remains at “L”. This extension period is valid only for
writing to and reading from addresses 000016 to 000716 and
044016 to FFFF16 in microprocessor mode, 044016 to YYYY16 in
memory expansion mode, and only read and write cycles are ex-

tended.
Read cycle Dummy cycle Write cycle Read cycle Dummy cycle Write cycle
e [ L4 0 1 L4 4 I Ld L
AD15 to ADo X X X X X X

WR

X
rRD ] [ L
\

ONW

K> K> K>
a O g

O : Period during which ONW input signal is received
During this period, the ONW signal must be fixed at either “H” or “L”". At all other times, the input level of the ONW
signal has no affect on operations.
The bus cycles is not extended for an address in the area 000816 to 043F1s, regardless of whether the ONW signal

is received.

Fig. 34 ONW function timing
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (1) which is “1". Af-
ter a reset, initialize flags which affect program execution.

In particular, it is essential to initialize the index X mode (T) and
the decimal mode (D) flags because of their effect on calculations.

Interrupts

The contents of the interrupt request bits do not change immedi-
ately after they have been written. After writing to an interrupt re-
quest register, execute at least one instruction before executing a
BBC or BBS instruction.

Decimal Calculations

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

In decimal mode, the values of the negative (N), overflow (V), and
zero (2) flags are invalid.

The carry flag can be used to indicate whether a carry or borrow
has occurred. Initialize the carry flag before each calculation.
Clear the carry flag before an ADC and set the flag before an
SBC.

Timers
If a value n (between 0 and 255) is written to a timer latch, the fre-
quency division ratio is 1/(n + 1).

Multiplication and Division Instructions

The index X mode (T) and the decimal mode (D) flags do not af-
fect the MUL and DIV instruction.

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

Ports

The contents of the port direction registers cannot be read.

The following cannot be used:

* The data transfer instruction (LDA, etc.)

» The operation instruction when the index X mode flag (T) is “1”

* The addressing mode which uses the value of a direction regis-
ter as an index

« The bit-test instruction (BBC or BBS, etc.) to a direction register

* The read-modify-write instruction (ROR, CLB, or SEB, etc.) to a
direction register

Use instructions such as LDM and STA, etc., to set the port direc-

tion registers.

Serial 1/0

In clock synchronous serial 1/0, if the receive side is using an ex-
ternal clock and it is to output the SRDY1 signal, set the transmit
enable bit, the receive enable bit, and the SRDY1 output enable bit
to “1".

Serial 1/01 continues to output the final bit from the TxD pin after
transmission is completed. The SouT2 pin from serial /02 goes to
high impedance after transmission is completed.

A-D Converter

The comparator uses internal capacitors whose charge will be lost
if the clock frequency is too low.

Make sure that f(XIN) is at least 500 kHz during an A-D conver-
sion. (If the ONW pin has been set to “L”, the A-D conversion will
take twice as long to match the longer bus cycle, and so f(XIN)
must be at least 1 MHz.)

Do not execute the STP or WIT instruction during an A-D conver-
sion.

D-A Converter
The accuracy of the D-A converter becomes poor rapidly under
the Vcc = 3.0 V or less condition.

Instruction Execution Time

The instruction execution time is obtained by multiplying the fre-
quency of the internal clock @ by the number of cycles needed to
execute an instruction.

The number of cycles required to execute an instruction is shown
in the list of machine instructions.

The frequency of the internal clock ¢ is half of the XN frequency.
When the ONW function is used in modes other than single-chip
mode, the frequency of the internal clock ¢ may be one fourth the
XIN frequency.

Memory Expansion Mode

The memory expansion mode is not available in the following mi-
crocomputers.

* M38024M6-XXXSP

* M38024M6-XXXFP

Memory Expansion Mode and Microproces-
sor Mode

Execute the LDM or STA instruction for writing to port P3 (address
000616) in memory expansion mode and microprocessor mode.
Set areas which can be read out and write to port P3 (address
000616) in a memory, using the read-modify-write instruction
(SEB, CLB).
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM produc-
tion:

1. Mask ROM Order Confirmation Form

2. Mark Specification Form

3. Data to be written to ROM, in EPROM form (three identical

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version and built-
in EPROM version can be read or programmed with a general-
purpose PROM programmer using a special programming
adapter. Set the address of PROM programmer in the user ROM
area.

copies)
Package Name of Programming Adapter
64P4B, 64S1B PCA4738S-64A
64P6N PCA4738F-64A
64D0 PCAA4738L-64A
The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 35 is recommended to verify programming.
Programming with PROM
programmer
Screening (Caution)
(150°C for 40 hours)
Verification with
PROM programmer
Functional check in
target device
Caution : The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.
Fig. 35 Programming and testing of One Time PROM version
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t0 7.0 \%
Input voltage  P00—-PO07, P10-P17, P20-P27,
Vi ggg:gg; P40-P47, P50-P57, _0.31t0 Ve 0.3 vV
VREF
Vi Input voltage RESET, XIN gllljt\:)OL:ﬁ?:r?s;iisrteo:)sang count stfs -0.3to Vcc +0.3 v
Vi Input voltage CNVss -0.3t0 13 V
Output voltage P00-P07, P1lo-P17, P20-P27,
Vo Egg:gg; P40-P47, P50-P57, _0.31t0 Vee +0.3 v
XouTt
Pd Power dissipation Ta=25°C 1000 (Note) mw
Topr Operating temperature —201to 85 °C
Tstg Storage temperature —40 to 125 °C
Note: 300 mW in case of the flat package.
RECOMMENDED OPERATING CONDITIONS (vec=3.0t05.5V, Ta=-20 to 85°C, unless otherwise noted)
Limits .
Symbol Parameter - Unit
Min. Typ. Max.
vee Power source voltage (f(XIN) < 2 MHz) (Note 1) 3.0 5.0 55 Y
Power source voltage (f(XIN) = 8 MHz) (Note 1) 4.0 5.0 55
Vss Power source voltage 0 Vv
VREF Analog reference voltage (when A-D converter is used) 2.0 Vce v
Analog reference voltage (when D-A converter is used) 3.0 Vce
AVss Analog power source voltage 0 \%
VIA Analog input voltage ANo0—-AN7 AVss Vcc \%
ViH H” input voltage g(s)gzgg; ;138:;15; P20-P27, P30-P37, P40-P47, 0.8 Vee vee Vv
VIH “H” input voltage RESET, XIN, CNVss 0.8 Vce vee \Y
VIL “L” input voltage Eggzgg; Eég:E(ls; P20-P27, P30-P37, P40-P47, 0 02vee| v
ViL “L” input voltage RESET, CNVss 0 0.2vcc| V
ViL “L” input voltage XIN 0 0.16 vcc| V
ZloH(peak) | “H” total peak output current P00-P07, P10-P17, P20-P27, P30-P37 (Note 2) -80 mA
ZloH(peak) | “H” total peak output current P40-P47,P50-P57, P60—P67 (Note 2) -80 mA
ZlOL(peak) “L” total peak output current P00-P07, P10-P17, P20-P27, P30-P37 (Note 2) 80 mA
ZlOL(peak) “L” total peak output current P40-P47,P50-P57, P60—P67 (Note 2) 80 mA
> |OH(avg) “H” total average output current P0o-P07, P10-P17, P20-P27, P30—P37 (Note 2) -40 mA
> |OH(avg) “H” total average output current P40-P47,P50—-P57, P60—P67 (Note 2) -40 mA
>loL(avg) “L” total average output current P0o-P07, P10-P17, P20-P27, P30—P37 (Note 2) 40 mA
>loL(avg) “L” total average output current P40-P47,P50—-P57, P60—P67 (Note 2) 40 mA
IOH(peak) “H” peak output current Eggzgg; E(lsgzgfls;(ﬂi(gg? P30-P37, P40-P47, _10 mA
0L (peak) “L” peak output current Eggzgg; Eéigé;(i%t);l;? P30-P37, P40-P47, 10 mA
IoH(avg) “H” average output current Eggzgg; Eéggéz(ﬂ%(t:a? P30-P37, P40-P47, 5 mA
0L (avg) “L” average output current P00-P07, P10-P17, P20-P27, P30—-P37, P40-P47, 5 mA
P50-P57, P60—P67 (Note 4)
fON) Internal clock oscillation frequency (Vcc =4.0to 5.5 V) 8 MHz
Internal clock oscillation frequency (Vcc = 3.0 to 4.0 V) 6 Vcc-16

Note 1: The minimum power source voltage is % [V] (f(XIN) = XMHz) on the condition of 2 MHz < f(XIN) < 8 MHz.
2: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-

age value measured over 100 ms. The total peak current is the peak value of all the currents.

3: The peak output current is the peak current flowing in each port.
4: The average output current l0L(avg), IOH(avg) in an average value measured over 100 ms.
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ELECTRICAL CHARACTERISTICS (vcc=3.0t05.5V, Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
“H” output voltage P00-P07, P1o-P17, P20-P27, | loH = -10 mA Vee—2.0
Vou P30-P37, P40-P47, P50-P57, | Vcc =4.0t0 5.5V ' v
P60-P67 (Note 1) _
loH =-1.0 mA Vee-1.0
Vcc=3.0t0 5.5V
“L” output voltage P00-P07, P1o-P17, P20-P27, | loL = 10 mA 20
P30-P37, P40-P47,P50-P57, | Vcc=4.0t0 5.5V )
VoL P60-P67 v
loL=1.0 mA 1.0
Vcc=3.0t0 5.5V '
VT+—VT- | Hysteresis CNTRo, CNTR1, INTo-INT4 0.4 Vv
VT+—VT- | Hysteresis RXD, ScLK1, SIN2, SCLK2 0.5 Vv
VT+—VT- | Hysteresis RESET 0.5 Vv
“H” input current ~ PO0-P07, P1o-P17, P20-P27,
IH P30-P37, P40-P47, P50-P57, | Vi=Vcc 5.0 HA
P60-P67
IH “H” input current  RESET, CNVss VI =Vce 5.0 HA
IH “H” input current  XIN VI =Vcc 4 HA
“L” input current PO0-P0O7, P10-P17, P20-P27,
L P30-P37, P40-P47, P50-P57, | VI=Vss -5.0 HA
P60-P67, RESET, CNVss
L “L” input current RESET, CNVss VI =Vss -5.0 HA
L “L” input current XIN VI =Vss -4 HA
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%
f(XIN) = 8 MHz, Vcc =5V 6.4 13
f(XIN) =5 MHz, Vcc =5V 4 8
f(XIN) = 2 MHz, Vcc =3 V 0.8 2.0
\When WIT instruction is executed with
; 15 mA
f(Xin) = 8MHz,Vcc=5V
\When WIT instruction is executed with 1
Icc Power source current f(Xin) = 5MHz,Vcc=5V
\When WIT instruction is executed with 0.2
f(Xin) = 2MHz,Vcc=3V '
When STP instruction | Ta=25°C 0.1 1
is executed with clock | (Note 2) '
stopped, output Ta=85°C HA
transistors isolated. (Note 2) 10

Note 1: P45 is measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”".
P51 is measured when the P51/Sout2 P-channel output disable bit of the serial /02 control register (bit 7 of address 001D16) is “0”.
2: With output transistors isolated and A-D converter having completed conversion, and not including current flowing through VREF pin.

A-D CONVERTER CHARACTERISTICS
(Vec=3.0t05.5V, Vss =AVss =0V, VREF = 2.0 V to Vcc, Ta=-20 to 85 °C, unless otherwise noted)

. Limits )
Symbol Parameter Test conditions Vin. Tvp. Max. Unit
— Resolution 8 Bits
— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tCONV Conversion time 50 tc(p)
RLADDER | Ladder resistor 35 kQ
IVREF Reference power source input current (Note) VREF =5.0V 50 150 200 HA
11(AD) A-D port input current 0.5 5.0 HA

Note: When D-A conversion registers (addresses 003616 and 003716) contain “0016”.
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MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

D-A CONVERTER CHARACTERISTICS
(Vec=3.0t05.5V,Vss=AVss =0V, VRer = 3.0 V to Vcc, Ta =20 to 85 °C, unless otherwise noted)

. Limits )
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 8 Bits
Vcc=4.0t055V 1.0
— Absolute accuracy %
Vcc=3.0t04.0V 2.5
tsu Setting time 3 us
RO Output resistor 1 2.5 4 kQ
IVREF Reference power source input current (Note) 3.2 mA

Note: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”, and excluding cur-
rents flowing through the A-D resistance ladder.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS 1 (vcc=4.0t05.5V, Vss=0V, Ta =20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
te(XiN External clock input cycle time 125 ns
twH(Xin) External clock input “H” pulse width 50 ns
twL(XiN) External clock input “L” pulse width 50 ns
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
twH(INT) INTo to INT4 input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twL(INT) INTo to INT4 input “L” pulse width 80 ns
te(Scika) Serial 1/01 clock input cycle time (Note) 800 ns
te(Scik2) Serial 1/02 clock input cycle time 1000 ns
twH(ScLk1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 400 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(RxD-Scik1) | Serial I/01 input set up time 220 ns
tsu(Sme-Scikz) | Serial 1/02 input set up time 200 ns
th(Scuki-RxD) | Serial I/01 input hold time 100 ns
th(Scike-Siv2) | Serial 1/02 input hold time 200 ns

Note: When f(XIN) = 8 MHz and bit 6 of address 001A16 is “1”. Divide this value by four when f(XiN) = 8 MHz and bit 6 of address 001A16 is “0".

TIMING REQUIREMENTS 2 (vcc =3.0t05.5V, Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits .

Symbol Parameter Vi Typ Max Unit
tw(RESET) | Reset input “L” pulse width 2 us
te(Xin) External clock input cycle time 3 ?/2218) ns

: . : 200/
twH(Xin) External clock input “H” pulse width (3 Vee-9) ns
; w » : 200/

twL(XiN) External clock input “L” pulse width (3 Vee-8) ns
tc(CNTR) CNTRo, CNTR1 input cycle time 500 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 230 ns
twH(INT) INTo to INT4 input “H” pulse width 230 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 230 ns
twL(INT) INTo to INT4 input “L” pulse width 230 ns
tc(ScLka) Serial 1/01 clock input cycle time (Note) 2000 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
twH(Scik1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 950 ns
twl(Scik) Serial 1/01 clock input “L” pulse width (Note) 950 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(RxD-Sck1) | Serial I/O1 input set up time 400 ns
tsu(Sma-Scike) | Serial 1/02 input set up time 400 ns
th(Scki-RxD) | Serial 1/01 input hold time 200 ns
th(Scke-Sin2) | Serial 1/02 input hold time 300 ns

Note: When f(XIN) = 2 MHz and bit 6 of address 001A16 is “1”. Divide this value by four when f(XiN) = 2 MHz and bit 6 of address 001A16 is “0".
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS 1 (vcc=4.0t05.5V, Vss=0V, Ta=—20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
twH(ScLka) Serial 1/01 clock output “H” pulse width te(Sowka)/2-30 ns
twH(ScLk?) Serial 1/02 clock output “H” pulse width te(Soik2)/2-160 ns
twL(ScLki) Serial I/01 clock output “L” pulse width te(Sowka)/2-30 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(Soik2)/2-160 ns
td(Scki-TxD) | Serial I/O1 output delay time (Note 1) 140 ns
td(Scke-Soutz) | Serial I/02 output delay time (Note 2) 200 ns
tv(Scwi-TxD) | Serial I/O1 output valid time (Note 1) Fig. 36 -30 ns
tv(Scike-Soutz) | Serial 1/02 output valid time (Note 2) 0 ns
tr(Scik) Serial /01 clock output rising time 30 ns
tf(Scika) Serial /01 clock output falling time 30 ns
tr(Scik2) Serial 1/02 clock output rising time 30 ns
tf(ScLk2) Serial 1/02 clock output falling time 40 ns
tr(CMOS) CMOS output rising time (Note 3) 10 30 ns
tf(CMOS) CMOS output falling time (Note 3) 10 30 ns
Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”".
2: When the P51/SouT2 P-channel output disable bit of the serial I/02 control register (bit 7 of address 001D16) is “0”".
3: XourT pin is excluded.
SWITCHING CHARACTERISTICS 2 (vcc =3.0t05.5V, Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
twH(ScLk1) Serial 1/01 clock output “H” pulse width te(ScLk1)/2-50 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(ScLk2)/2-240 ns
twl(Sciki) Serial 1/01 clock output “L” pulse width te(ScLk1)/2-50 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(ScLk2)/2-240 ns
td(Scki-TxD) | Serial I/O1 output delay time (Note 1) 350 ns
td(Scke-Soutz) | Serial 1/02 output delay time (Note 2) 400 ns
tv(Scwi-TxD) | Serial I/O1 output valid time (Note 1) Fig. 36 -30 ns
tv(Scike-Soutz) | Serial 1/02 output valid time (Note 2) 0 ns
tr(Scka) Serial 1/01 clock output rising time 50 ns
tf(Scika) Serial 1/01 clock output falling time 50 ns
tr(ScLkz2) Serial 1/02 clock output rising time 50 ns
tf(Scik2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 3) 20 50 ns
t{(CMOS) CMOS output falling time (Note 3) 20 50 ns
Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
2: When the P51/SouT2 P-channel output disable bit of the serial 1/02 control register (bit 7 of address 001D16) is “0”.
3: Xour pin is excluded.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS 1 IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE
(Vcc=4.0t05.5V,Vss=0V, Ta =-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
tsu(ONW-¢) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—g) Before ¢ data bus set up time 60 ns
th(¢-DB) After @ data bus hold time 0 ns
tsu(ONW-RD) | Before RD ONW input set up time _op ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(DB-RD) | Before RD data bus set up time 65 ns
th(RD-DB) After RD data bus hold time 0 ns

SWITCHING CHARATERISTICS 1 IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vcc=4.0t05.5V,Vss=0V, Ta =-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

te(g) ¢ clock cycle time 2tc(Xin) ns
twH(@) ¢ clock “H” pulse width te(xin)—10 ns
twL(g) @ clock “L” pulse width te(xin)—10 ns
td(e-AH) After g AD15-ADs8 delay time 20 40 ns
tv(-AH) After g AD15-ADs valid time 6 10 ns
td(e-AL) After g AD7-ADo delay time 25 45 ns
tv(e-AL) After ¢ AD7-ADo valid time 6 10 ns
td(@-SYNC) SYNC delay time 20 ns
tv(@-SYNC) SYNC valid time 10 ns
td(¢-WR) RD and WR delay time 10 20 ns
tv(-WR) RD and WR valid time 3 5 10 ns
td(e¢-DB) After @ data bus delay time 20 70 ns
tv(¢-DB) After @ data bus valid time 15 ns
WL ) ED pulse W?dth, VE pulse W?dth Fig. 36 te(xin—10 ns
| B e il T e s
loan WP) | Altor ADis-ADS WR delay time to0u-35 | tooan-15 ns
ST | R A B S e conra0 [0 |
tv(RD-AH) After RD AD15-ADg valid time 0 5 ns
tv(WR—-AH) After WR AD15-ADs valid time

tv(RD-AL) After RD AD7-ADo valid time 0 5 ns
tv(WR-AL) After WR AD7-ADo valid time

td(WR-DB) After WR data bus delay time 15 65 ns
tv(WR-DB) After WR data bus valid time 10 ns
td(RESET-RESETor) | RESETOUT output delay time (Note 1) 200 ns
tv(p-RESET) | RESETOUT output valid time (Note 1) 0 200 ns

Note 1: The RESETouT output goes “H” in sync with the rise of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS 2 IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE
(Vcc =3.0V,Vss=0V, Ta=-20to 85 °C, unless otherwise noted)

Limits .

Symbol Parameter Min. Typ. Mo, Unit
tsuONW-¢) | Before ¢ ONW input set up time -20 ns
th(-ONW) | After @ ONW input hold time -20 ns
tsu(DB-g) Before @data bus set up time 180 ns
th(¢-DB) After @ data bus hold time 0 ns
tsuONW-RD) | Before RD ONW input set up time 20 ns
tsuONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After R__DCMinput hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(B-RD) | Before RD data bus set up time 185 ns
th(RD-DB) | After RD data bus hold time 0 ns

SWITCHING CHARACTERISTICS 2 IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE
(Vec=3.0V,Vss=0V, Ta=-20to 85 °C, unless otherwise noted)

- Limits

Symbol Parameter Test conditions i, Typ, Max. Unit
te(e) @ clock cycle time 2te(Xin) ns
twH(@) @ clock “H” pulse width te(xin)—20 " ns
twL(g) @ clock “L” pulse width te(Xiny—20 ns
td(e-AH) After g AD15—AD8 delay time 150 ns
tv(p-AH) After g AD15—AD8 valid time 10 15 ns
td(e-AL) After g AD7-ADo delay time 150 ns
tv(e-AL) After @ AD7-ADo valid time 10 15 ns
td(@-SYNC) | SYNC delay time 40 ns
tv(e-SYNC) | SYNC valid time 20 ns
td(9-WR) RD and WR delay time 15 25 ns
tv(e-WR) RD and WR valid time 3 7 15 ns
td(¢-DB) After @ data bus delay time 200 ns
tv(¢-DB) After @ data bus valid time ) 15 ns
(D) ED pulse width, T pulse width Fig. 36 te(xin)—20 ns
tWL(WR) RD pulse width, WR pulse width 3te(in)—20 ns

(when one-wait is valid)

) | e A D Bl e s
L TD | e ATAD0 B ol e s
tv(RD-AH) | After RD AD15-ADs valid time 5 10 ns
tv(WR-AH) After WR AD15-ADs valid time
tv(RD-AL) | After RD AD7-ADo valid time 5 10 ns
tv(WR-AL) After WR AD7-ADo valid time
tdWR-DB) | After WR data bus delay time 195 ns
tvWR-DB) | After WR data bus valid time 10 ns
td(RESET-RESETowT) | RESETOUT output delay time (Note 1) 300 ns
tv(9-RESET) | RESETouT output valid time (Note 1) 0 300 ns

Notel: The RESETouUT output goes “H” in sync with the fall of the @ clock that is anywhere between about 8 cycle and 13 cycles after
the RESET input goes “H".
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS (Extended operating temperature version)

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t0 7.0 Vv
Input voltage  P00-PO07, P1lo-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vi P60—P67. -0.3to Vcc +0.3 \%
VREF All volt based on V
— voltage are based on Vss.
Vi Input voltage RESET, XIN Output transistors are cut off. -0.3to Vcc +0.3 \%
Vi Input voltage CNVss -0.31t0 13 \%
Output voltage POo—P07, P1o-P17, P20-P27,
P30-P37, P40-P47, P50-P57,
Vo P60-P67. -0.3to Vcc +0.3 \%
XouTt
Pd Power dissipation Ta=25°C 1000 (Note) mwW
Topr Operating temperature —40 to 85 °C
Tstg Storage temperature —65 to 150 °C

RECOMMENDED OPERATING CONDITIONS (Extended operating temperature version)
(Vcc=4.0t0 5.5V, Ta=-40 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
Vcc Power source voltage (f(XIN) < 2 MHz) 4.0 5.0 55 Vv
Vss Power source voltage 0 Vv
VREF Analog reference voltage (when A-D converter is used) 2.0 Vce v
Analog reference voltage (when D-A converter is used) 4.0 Vce
AVss Analog power source voltage 0 \%
Via Analog input voltage ANO0—-AN7 AVss \Y/ele} Vv
ViH H” input voltage g(s)gzgg; ;138:;15; P20-P27, P30-P37, P40-P47, 0.8 Vee vee v
VIH “H” input voltage RESET, XIN, CNVss 0.8 Vcc Ve \%
VIL “L” input voltage Eggzgg; Eég:E(ls; P20-P27, P30-P37, P40-P47, 0 02vee| v
ViL “L” input voltage RESET, CNVss 0 0.2Vvcc| V
ViL “L” input voltage XIN 0 0.16 vcc| V
ZloH(peak) | “H” total peak output current P00-P07, P10-P17, P20-P27, P30-P37 (Note 1) -80 mA
>loH(peak) | “H” total peak output current P40-P47,P50-P57, P60—P67 (Note 1) -80 mA
ZlOL(peak) “L” total peak output current P00-P07, P10-P17, P20-P27, P30-P37 (Note 1) 80 mA
ZlOL(peak) “L” total peak output current P40-P47,P50-P57, P60—P67 (Note 1) 80 mA
> |OH(avg) “H” total average output current P0o-P07, P10-P17, P20-P27, P30—P37 (Note 1) -40 mA
> |OH(avg) “H” total average output current P40-P47,P50—-P57, P60—P67 (Note 1) -40 mA
>loL(avg) “L” total average output current P0o-P07, P10-P17, P20-P27, P30-P37 (Note 1) 40 mA
>loL(avg) “L” total average output current P40-P47,P50—-P57, P60—P67 (Note 1) 40 mA
IOH(peak) “H” peak output current Eggzgg; E(lsgzgfls;(ﬂi(gz? P30-P37, P40-P47, _10 mA
0L (peak) “L” peak output current Eggzgg; Eég:E(ls;(I’:\’é(t);F;? P30-P37, P40-P47, 10 mA
IoH(avg) “H"” average output current Eggzgg; E(lsgzgfls;(ﬂi(gg? P30-P37, P40-P47, 5 mA
0L (avg) “L" average output current P00-P07, P10-P17, P20-P27, P30—P37, P40-P47, 5 mA
P50-P57, P60—P67 (Note 3)
f(XiN) Internal clock oscillation frequency (Vcc = 4.0 to 5.5 V) 8 MHz

Note 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-
age value measured over 100 ms. The total peak current is the peak value of all the currents.
2: The peak output current is the peak current flowing in each port.
3: The average output current lOL(avg), IOH(avg) in an average value measured over 100 ms.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Extended operating temperature version)
(Vcc =4.0t05.5V,Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
“H” output voltage P00-P07, Plo-P17, P20-P27,
VOH P30-P37, P40-P47, P50-P57, | loH =—-10 mA Vce-2.0 \
P60-P67 (Note 1)
“L” output voltage P00-P07, Plo-P17, P20-P27,
VoL P30-P37, P40-P47,P50-P57, loL =10 mA 2.0 \
P60-P67
VT+ — VT- Hysteresis CNTRo, CNTR1, INTo-INT4 0.4 \%
VT+ — VT- Hysteresis RXD, SCLK1, SIN2, SCLK2 0.5 \%
VT+ - VT- Hysteresis RESET 0.5 \%
“H” input current  P00—P07, P1o-P17, P20-P27,
IH P30-P37, P40-P47, P50-P57, | Vi=Vcc 5.0 HA
P60-P67
IH “H” input current  RESET, CNVss Vi =Vcc 5.0 HA
IH “H” input current ~ XIN Vi =Vcc 4 HA
“L” input current P0O0-P07, P1o-P17, P20-P27,
I P30-P37, P40-P47, P50-P57, | VI=Vss -5.0 HA
P60—-P67, RESET, CNVss
I “L”input current  XIN VI =Vss —4 HA
VRAM RAM hold voltage When clock stopped 2.0 55 Vv
f(XIN) = 8 MHz 6.4 13
f(XIN) =5 MHz 4 8
When WIT instruction is executed
with f(XIN) = 8 MHz 15 mA
lcc Power source current When WIT instruction is executed 1
with f(XIN) = 5 MHz
When STP instruction | Ta=25°C 01 1
is executed with clock | (Note 2) ' A
stopped, output Ta=85°C K
transistors isolated. (Note 2) 10

Note 1: P4sis measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s6) is “0".

P51 is measured when the P51/Sout2 P-channel output disable bit of the serial 1/02 control register (bit 7 of address 001D16) is “0”.
2: With output transistors isolated and A-D converter having completed conversion, and not including current flowing through VREF pin.

A-D CONVERTER CHARACTERISTICS (Extended operating temperature version)
(Vec=4.0t05.5V,Vss=AVss =0V, VREr = 2.0 V to Vcc, Ta = —40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tCONV Conversion time 50 tc(g)
RLADDER Ladder resistor 35 kQ
IVREF Reference power source input current (Note) VREF =5.0 V 50 150 200 HA
11(AD) A-D port input current 0.5 5.0 HA

Note: When D-A conversion registers (addresses 003616 and 003716) contain “0016”.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

D-A CONVERTER CHARACTERISTICS (Extended operating temperature version)
(Vcc=4.0t05.5V,Vss=AVss =0V, VREF = 4.0 V to Vcc, Ta = —40 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute accuracy 1.0 %
tsu Setting time 3 us
Ro Output resistor 1 2.5 4 kQ
IVREF Reference power source input current (Note) 3.2 mA

Note: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”, and excluding cur-
rents flowing through the A-D resistance ladder.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS 1 (Extended operating temperature version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter i Tvp. e Unit

tw(RESET) Reset input “L” pulse width 2 us
te(Xin) External clock input cycle time 125 ns
twH(XIN) External clock input “H” pulse width 50 ns
twL(XIN) External clock input “L” pulse width 50 ns
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
twH(INT) INTo to INT4 input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns
twL(INT) INTo to INT4 input “L” pulse width 80 ns
te(ScLki) Serial /01 clock input cycle time (Note) 800 ns
te(ScLkz) Serial 1/02 clock input cycle time 1000 ns
twH(ScLka) Serial /01 clock input “H” pulse width (Note) 370 ns
twH(ScLk2) Serial 1/02 clock input “H” pulse width 400 ns
twL(ScLk1) Serial /01 clock input “L” pulse width (Note) 370 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(RxD-Scikr) | Serial I/O1 input set up time 220 ns
tsu(Sine-Scikz) | Serial I/02 input set up time 200 ns
th(Sciki-RxD) | Serial 1/01 input hold time 100 ns
th(Scike-Sin2) | Serial 1/02 input hold time 200 ns

Note: When f(XIN) = 8 MHz and bit 6 of address 001A16 is “1”. Divide this value by four when f(XIN) = 8 MHz and bit 6 of address 001A16 is “0".

SWITCHING CHARACTERISTICS 1 (Extended operating temperature version)
(Vcc=4.0t05.5V,Vss=0V, Ta=-40to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Test conditions vy Tvp. Mo Unit
twH(ScLk1) Serial 1/01 clock output “H” pulse width te(Sciki)/2-30 ns
twH(ScLk2) Serial 1/02 clock output “H” pulse width te(Scik2)/2-160 ns
twL(Sciki) Serial 1/01 clock output “L” pulse width te(Sciki)/2-30 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width te(ScLk2)/2-160 ns
td(Sciki-TxD) | Serial 1/01 output delay time (Note 1) 140 ns
td(Scike-Soutz) | Serial 1/02 output delay time (Note 2) 200 ns
tv(Scwxi-TxD) | Serial 1/01 output valid time (Note 1) Fig. 36 -30 ns
tv(Scike-Soutz) | Serial 1/02 output valid time (Note 2) 0 ns
tr(Scika) Serial /01 clock output rising time 30 ns
tf(Scka) Serial 1/01 clock output falling time 30 ns
tr(Scik) Serial 1/02 clock output rising time 30 ns
tf(ScLk2) Serial 1/02 clock output falling time 40 ns
tr(CMOS) CMOS output rising time (Note 3) 10 30 ns
tf(CMOS) CMOS output falling time (Note 3) 10 30 ns
Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
2: When the P51/SouT2 P-channel output disable bit of the serial 1/02 control register (bit 7 of address 001D 16) is “0”.
3: Xour pin excluded.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Extended operating temperature version)

(Vcc=4.0t05.5V,Vss=0V, Ta=-40 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tsu(ONW-¢) | Before @ ONW input set up time -20 ns
th(e-ONW) After @ ONW input hold time -20 ns
tsu(DB—g) Before ¢ data bus set up time 60 ns
th(¢-DB) After @ data bus hold time 0 ns
tsuONW-RD) | Before RD ONW input set up time 20 ns
tsu(ONW-WR) | Before WR ONW input set up time
th(RD-ONW) | After RD ONW input hold time 20 ns
th(WR-ONW) | After WR ONW input hold time
tsu(bB-RD) | Before RD data bus set up time 65 ns
th(RD-DB) After RD data bus hold time 0 ns

SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Extended operating temperature version)

(Vcc=4.0t05.5V,Vss=0V, Ta =40 to 85 °C, unless otherwise noted)

. Limits .

Symbol Parameter Test conditions Min, Typ. Max. Unit
te(o) @ clock cycle time 20tc(Xiv) ns
twH(p) @ clock “H” pulse width te(Xin)—10 ns
twi(g) @ clock “L” pulse width te(Xin)—10 ns
td(@-AH) After g AD15—AD8 delay time 20 40 ns
tv(@-AH) After g AD15-AD8 valid time 6 10 ns
td(@-AL) After @ AD7—ADo delay time 25 45 ns
tv(p-AL) After ¢ AD7—ADo valid time 6 10 ns
td(¢p-SYNC) SYNC delay time 20 ns
tv(p-SYNC) SYNC valid time 10 ns
td(@-WR) RD and WR delay time 10 20 ns
tv(g-WR) RD and WR valid time 3 5 10 ns
td(¢-DB) After ¢ data bus delay time 20 70 ns
tv(¢-DB) A_fter ¢ data bus Elid time Fig. 36 15 ns
twL(RD) RD pulse width, WR pulse width te(Xn)—10 ns
| D pulse v, WE pse vid E
D | Aer A ADe oy e s
| et e ey e s
tv(RD-AH) After RD AD15-ADs valid time 0 5 ns
tv(WR-AH) After WR AD15-ADs valid time
tv(RD-AL) After RD AD7-ADo valid time 0 5 ns
tv(WR-AL) After WR AD7-ADo valid time
td(WR-DB) After WR data bus delay time 15 65 ns
tv(WR-DB) After WR data bus valid time 10 ns
W(RESET-RESETor) | RESETOUT output delay time 200 ns
tv(p-RESET) | RESETouT output valid time (Note 1) 0 200 ns

Note 1: The RESETouT output goes “H” in sync with the rise of the ¢ clock that is anywhere between about 8 cycle and 13 cycles after

the RESET input goes “H".

Measurement output pin OT»
; 100pF

CMOS output

Fig. 36 Circuit for measuring output switching

characteristics
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TIMING DIAGRAM

(1) Timing Diagram

CNTRo, CNTR1

INTo-INT4

RESET

XIN

ScLK1
ScLk2

RxD
SIN2

TxD
SouT2

)

S

I {C(CNTR)
) tWH(CNTR) L IWL(CNTR)
0.8 Vi
ce )’\‘( 0.2 Vcc p
| TWH(INT) | TWL(INT)
0.8V
/ cc )’\‘( 0.2 Vcc
. IW(RESET) ,
0.8 Vcc
0.2 Vcc
| tcxiny
) TWH(XIN) . TWL(XIN)
0.8V
ce )’\L 0.2 Vcc p
tc(sciki), te(scik2)
tf twiL(scLki), twL(scLk2) tr| tWH(ScLK1), tWH(SCLK2)
N N
N 0.2 Vee /] 08 Vee

tsu(RXD-ScLK1),
tsu(SIN2-SCLK2)

th(scLk1-RxD),
th(scLk2-SIN2)

N

:

x 0.2 Vcc

BSIRertsurertsutertietess iy

td(ScLKk1-TxD),ld(ScLKk2-SoUT2)

tv(ScLK1-TXD),
tv(scLk2-souT2)
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(2)Timing Diagram in Memory Expansion Mode and Microprocessor Mode (a)

(%)
twH(g) twi(g)
() / N /
7 0.5 Vcc \ 7

td(q}AH) tv((p-AH)
AD15-ADs 0.5 Vce M>l<><

td(e-AL) tv(e-AL)
AD7-ADo ><><0.5 vee w

td(¢-SYNC) tv(¢-SYNC)
SYNC ><><0.5 vee ~>l<><

td(pWR) tv(¢-WR)
@,WR 0.5 Vce
tSUONW-g) th(e-ONW)
o OO XX
ONW L0.2 Vce 2
tsu(pB-¢) th(¢-DB)
- 0.8 Vcc ’J;
DBo-DB7 _ io.z vee
(At CPU reading)
td(¢-DB) tv(¢-DB)
DBO_DB?_ _ 0.5 Vce >—
(At CPU writing)

(3)Timing Diagram in Microprocessor Mode

(

T X 0.8 Vcc )
RESET x 0.2 Vcc SS A

td(RESET- RESETOUT) tv(¢- RESETOUT)

RESETouT 0.5 Vee .

I
D DJ

48 ‘ MITSUBISHI
AV N ELECTRIC



MITSUBISHI MICROCOMPUTERS

3802 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

AD15—ADs

AD7—ADo

ONW

(At CPU reading)

RD

DBo-DB7

(At CPU writing)

WR

DBo-DB7

(4) Timing Diagram in Memory Expansion Mode and Microprocessor Mode (b)

tWL(RD)
tWL(WR)

td(AH-RD)
td(AH-WR)

\\ 0.5 Vce

—

tv(RD-AH)
> TV(WR-AH)

XX

><><0.5 Vee

td(AL-RD)
td(AL-WR)

tv(RD-AL)
le> tv(WR-AL)

>0< 0.5 Vee

XX

tsu(m»R_E)
tsu(ON

“WR)

th(FT_D-ONW)
th(WR-ONW)

f 0.8 Vce
t 0.2 Vcc

X/

I

tWL(RD)

\\0.5 Vcc

tsu(pB-RD)

—

th(RD-DB)

0.8 Vcc

0.2 Vcc

—

TWL(WR)

\\0.5 Vcc

td(WR-DB)

—

0.5 Vcc
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— Keep safety first in your circuit designs!

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

— Notes regarding these materials

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

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

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

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

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

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

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

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

© 1997 MITSUBISHI ELECTRIC CORP.
New publication, effective Dec. 1997.
Specifications subject to change without notice. MITSUBISHI

ELECTRIC
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