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DESCRIPTION e Power dissipation

The 38B7 group is the 8-bit microcomputer based on the 740 family
core technology.

The 38B7 group has six 8-bit timers, one 16-bit timer, a fluorescent
display automatic display circuit, 16-channel 10-bit A-D converter, a
serial I/O with automatic transfer function, which are available for
controlling musical instruments and household appliances.
The 38B7 group has variations of internal memory type. For details,
refer to the section on part numbering.

For details on availability of microcomputers in the 38B7 group, refer
to the section on group expansion.

Built-in pull-down resistors connected to high-breakdown voltage ports
are available by specifying with the mask option in the mask ROM
version. For the details, refer to the section on the mask option of
pull-down resistor.

FEATURES

<Microcomputer mode>

® Basic machine-language inStructions ..............cccceveeiecninicieens 71
® The minimum instruction execution time .............c.ccceeuee.. 0.48 ps

(at 4.19 MHz oscillation frequency)
e Memory size

ROM ..o 60K bytes
RAM o 2048 bytes
® Programmable input/output POrtS .........cccoveeriiineenieenec e 75
o High-breakdown-voltage output ports ..........c.cccoceevveeneeineenn 52
e Software pull-up resistors. (Ports P64 to P67, P7, P8o to P83, P9,

PA, PB)

® |nterrupts .. ... 22 sources, 16 vectors

® TIMEIS .oveeiiieiieieeeee et 8-bit 0 6, 16-bit 0 1
e Serial /01 (Clock-synchronized) ........c.cccocoeviiniieniiennns 8-bit [ 1
(max. 256-byte automatic transfer function)
e Serial /02 (UART or Clock-synchronized) .................... 8-bitd 1
e Serial /03 (Clock-synchronized) .........ccccoeeiiiiiiiiieennne 8-bitd 1
* PWM . 14-bit0 1
8-bit O 1 (also functions as timer 6)
® A-D CONVEIET ...ovviiiiiiieie e 10-bit O 16 channels
® D-A CONVEIET ..o 1 channel
e Fluorescent display function ...........ccccccveeennee Total 56 control pins
o Interrupt interval determination function ............cccceceeviiiiiinens 1
(Serviceable even in low-speed mode)
® Watchdog tIMEr .......cocviiiiiiiieiicc e 16-bit 0 1
® BUZZEI OULPUL ... 1
e Two clock generating circuits
Main clock (XIN=XOUT) ....ceeerivereiiiienans Internal feedback resistor
Sub-clock (XcIN—XcouT) .......... Without internal feedback resistor

(connect to external ceramic resonator or quartz-crystal oscillator)
® Power source voltage

In high-speed Mode .........ccoceviieiiiiiiniiieeee 40t0o 5.5V
(at 4.19 MHz oscillation frequency and high-speed selected)

In middle-speed Mode .........cccceccvvveriiieeiiiee e 2.7t055V (¥
(at 4.19 MHz oscillation frequency and middle-speed selected)

In low-speed MOode .........ccccceeviiiiiiiiienieeee e 27t055V (*)
(at 32 kHz oscillation frequency)

(*: 4.0 to 5.5 V for Flash memory version)

In high-speed mode .........ccccceiiiiiiiiiii e 35 mwW
(at 4.19 MHz oscillation frequency)
In Tow-speed MOE .........cccooeiiiieiiiiiic e 60 pW
(at 32 kHz oscillation frequency, at 3 V power source voltage)
® Operating temperature range ..........ccccceveeeveereercneens —-20to 85°C

<Flash memory mode>

® SUpply VOItage ....cceeeeieiiiiiiiiieiee e Vce=5V+10%
e Program/Erase voltage ........ccccoeevvevivveannns VPP =11.7t012.6 V
e Programming method...................... Programming in unit of byte
e Erasing method
Batch erasing ........ccccoeveviieeniiiiiicien, Parallel/Serial /O mode
Block erasing ........ccccvveevcveeiiieiiennen. CPU reprogramming mode
e Program/Erase control by software command
o Number of times for programming/erasing ...........ccccccceeereen. 100

e Operating temperature range (at programming/erasing)
..................................................................... Normal temperature

mNotes
1. The flash memory version cannot be used for application em-
bedded in the MCU card.
2. Power source voltage Vcc of the flash memory version is 4.0
to5.5V.

APPLICATION

Musical instruments, VCR, household appliances, etc.
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PIN CONFIGURATION (TOP VIEW)

[80]—m= *PO0/FLDs
[79]—= *PO1/FLD9

[78]—= *P02/FLD10
[77]—m= *PO3/FLD11
[76]—m» *P04/FLD12
| 75]—m *POs/FLD13
[74]—= *PO6/FLD14
[ 73]—m= *P0O7/FLD1s
| 72] - *P10/FLD16
| 71] < *P11/FLD17
[70] =9 *P12/FLD1s
[69] =t *P13/FLD19
[68] - *P14/FLD20
| 67|~ *P1s/FLD21
| 66— *P16/FLD22
[65] = *P17/FLD23
| 64] <t *P30/FLD24
| 63] - *P31/FLD25
[62] <t~ *P32/FLD26
[61] = *P33/FLD27
[ 60] <t *P34/FLD2s
[59] - *P3s/FLD29
| 58]~ *P36/FLD30
[57] = *P37/FLD31
[ 56] <t *P40/FLD32
[ 55] =t *P41/FLD33
[ 54] - *P42/FLD34
[53] = *P43/FLD3s
[52] - *P44/FLD36
|51 ]~ *P4s/FLD37

*P27/FLD7 <—{81] |50 | <= *P4c/FLD3s
*P26/FLD6 —-t—[82] [49 | - *P47/FLD39
*P25/FLD5 ———[83] [48] - *P50/FLD40
*P24/FLD4 ~—(84] [47] < *P51/FLDa1
*P23/FLD3 <——[85| [46 | - *P52/FL D42
*P22/FLD2 -—{86] [45 | <= *P53/FLD43

[44] < *P54/FLDas

*P21/FLD1 -—[87]
*P20/FLDo -t—{[88]
VEE —p-[89|
PB6/SINL ~-[90|
PBs/Sout1 ~a[91 |
PBa4/SciLki1 ~-a-[92]
PB3/SsTB1 0@
PB2/Seusy1 ~-[94]
PB1/SRDY1 <[5
PBo/ScLk12/DA ~at--[96 |
AVss —p=[97|

VREF — =[98
PA7/AN7 <[99
PA6/AN6 ~at--[100]

O

M38B79MFH-XXXXFP

O

[43] ~=t-m *P55/FLDas

[42] <3~ *P56/FLD46

[41] -t *P57/FLD47

[40 | ~et-m- *PG0/FLD4s

|39 | ~at-B~ *P61/FLD49
|38~ *P62/FLDso

[37] ~t-m *P63/FLDs1

|36] <t P64/RXD/FLDs2

[ 35 | <t~ P65/TXD/FLDs3
|34 ] <t P66/ScLk21/FLDsa
[33] <8 P67/SrRoV2/ScLiz2/FLDss
[32] <3 P70/INTo

[31] < P71/INT1
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*High-breakdown-voltage output port: Totaling 52
Package type: 100P6S-A

Fig. 1 Pin configuration of M38B79MFH-XXXXFP
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Fig. 2 Functional block diagram
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MITSUBISHI MICROCOMPUTERS

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

38B7 Group

Table 1 Pin description (1)

Pin Name Function Function except a port function
Vcce, Vss Power source  Apply voltage of 4.0-5.5 V to Vcc, and 0 V to Vss.
CNVss CNVss » Connect to Vss.
» VPP power input pin in flash memory mode.
VEE Pull-down » Apply voltage supplied to pull-down resistors of ports PO, P1, P2 and P3.
power source
VREF Reference voltage |+ Reference voltage input pin for A-D converter.
AVss Analog power » Analog power source input pin for A-D converter.
source » Connect to Vss.
RESET Reset input  Reset input pin for active “L”".
XIN Clock input « Input and output pins for the main clock generating circuit.
 Feedback resistor is built in between Xin pin and Xout pin.
» Connect a ceramic resonator or quartz-crystal oscillator between the Xin and XouT pins to set the
Xout Clock output oscillation frequency.
* When 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.
POo/FLDs— | Output port PO « 8-bit output port. « FLD automatic display
PO7/FLD1s « High-breakdown-voltage P-channel open-drain output structure. pins
* A pull-down resistor is built in between port PO and the VEE pin.
* At reset, this port is set to VEE level.
Plo/FLDis—| 1/O port P1 * 8-bit I/O port. « FLD automatic display
P17/FLD23 « 1/O direction register allows each pin to be individually programmed as either| pins
input or output.
* At reset, this port is set to input mode.
* Low-voltage input level.
« High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is built in between port P1 and the VEE pin.
* At reset, this port is set to VEE level.
P20/FLDo— | Output port P2 * 8-bit output port with the same function as port PO. « FLD automatic display
P27/FLD7 * High-breakdown-voltage P-channel open-drain output structure. pins
* A pull-down resistor is built in between port P2 and the VEE pin.
* At reset, this port is set to VEE level.
P30/FLD24—| 1/O port P3 * 8-bit I/O port with the same function as port P1. « FLD automatic display
P37/FLD31 * Low-voltage input level. pins
* High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is built in between port P3 and the VEE pin.
* At reset, this port is set to VEE level.
P40/FLD32—| 1/O port P4 * 8-bit I/O port with the same function as port P1. « FLD automatic display
P47/FLD39 * Low-voltage input level. pins
* High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is not built in between port P4 and the Vet pin.
P50/FLD4o—| 1/0O port P5 * 8-bit I/O port with the same function as port P1. « FLD automatic display
P57/FLD47 * Low-voltage input level. pins
* High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is not built in between port P5 and the Vet pin.
P60/FLD4s—| 1/0 port P6 * 4-bit I/O port with the same function as port P1. « FLD automatic display
P63/FLDs1  Low-voltage input level. pins
« High-breakdown-voltage P-channel open-drain output structure.
« A pull-down resistor is not built in between port P6 and the VEE pin.
4 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 2 Pin description (2)

Pin Name Function Function except a port function
P64/RxD/FLDs2, |1/O port P6 ¢ 4-hit 1/O port . * FLD automatic display
P65/TxD/FLDs3, « Low-voltage input level for input ports. pins
P66/ScLk21/FLDsa, * CMOS compatible input level for RxD, ScLk21, ScLk22. « Serial /02 function pins
P67/SRDY2/SCLK22/ « CMOS 3-state output structure.

FLDss,
P70/INTo, 1/0 port P7 « 8-bit I/O port. « Interrupt input pins
P71/INTz, *« CMOS compatible input level.
P72/INT2, * CMOS 3-state output structure.
P73/INT3/DIMourT, « Interrupt input pin
« Dimmer signal output pin
P74/PWM1 * PWM output pin
P7s/Tlourt, « Timer output pins
P76/T30ur,
P77/INT4/Buzo1 « Interrupt input pin
« Buzzer output pin
P8o/XcIN, 1/0 port P8 « 4-hit 1/O port with the same function as port P7. * 1/0 pins for sub-clock generating
P81/Xcout *« CMOS compatible input level. circuit (connect a ceramic resonator
* CMOS 3-state output structure. or a quarts-crystal oscillator)
P82/CNTRu, « Timer input pin
P83/CNTR0o/CNTR2 « Timer 1/O pin
P90/SiN3/ANS, I/O port P9 « 8-hit I/O port with the same function as port P7. « Serial /03 function pins
P91/Souta/ANo, * CMOS compatible input level. « A-D converter input pins
P92/ScLk3/ANL1o, *« CMOS 3-state output structure.
P93/SRDY3/ANi1,
P94/RTP1/AN12, « Real time port output pins
P9s/RTPo/AN13 « A-D converter input pins
P9/PWMo/AN14 | « 14-bit PWM output pin
« A-D converter input pin
P97/Buzo2/AN15 « Buzzer output pin
« A-D converter input pin
PAo/ANo—PA7/AN7|1/O port PA | « 8-bit I/O port with the same function as port P7. « A-D converter input pin
*« CMOS compatible input level.
* CMOS 3-state output structure.
PBo/ScLk12/DA I/O port PB « 7-bit 1/O port with the same function as port P7. « Serial /01 function pin
*« CMOS compatible input level. « D-A converter output pin
* CMOS 3-state output structure.
PB1/SrpY1, « Serial /01 function pins
PB2/SBusY1,
PB3/SsTB1,
PB4/ScLk11,
PBs5/SouTt,
PB6/SIN1
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Product M38B7 9 M -

‘><

XX

E
L Package type

FP : 100P6S-A package

ROM number
Omitted in Flash memory version

High-breakdown voltage pull-down option
Regarding option contents, refer to section
“MASK OPTION OF PULL-DOWN RESISTOR".
For Flash memory version, there is not the
option specification.

ROM/Flash memory size
: 4096 bytes

: 8192 bytes

: 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes
: 36864 bytes
: 40960 bytes
1 45056 bytes
: 49152 bytes
: 53248 bytes
: 57344 bytes
: 61440 bytes

TMUOW>O©O~NOTMWNE

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

Memory type
M : Mask ROM version
F : Flash memory version

RAM size

: 192 bytes
: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

. 768 bytes

: 896 bytes

: 1024 bytes
: 1536 bytes
: 2048 bytes

©CoOo~NoOUMWNEO

Fig. 3 Part numbering
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38B7 Group

L qot¢ W ae
Wce '“‘\: \Se“’\c e
WO ‘)a(
go™®
o o° SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the 38B7 group as follows.

Memory Type

Support for Mask ROM and Flash memory versions.

Memory Size

Flash memory Size ........cooiuiiiiiiiiiie e 60K bytes
MaSK ROM SIZE ......cooiiiiiiiiiiie e 60K bytes
RAM SiZE ... 2048 bytes

Package
100P6S-A ....oooiieieeiieeeee 0.65 mm-pitch plastic molded QFP

Under development

ROM size (bytes)
SO R R e

T S e — A |
e e |
s T e TS s
R+ |
N |
s
S e TS s
. b |
N |
e P |
T S R— - s
2K |
T e |

M38B79FF
M38B79MFH

Under development

e SEEEEEREREE e EEEERERERE e !

256 512 768 1,024 1,536 2,048
RAM size (bytes)

Note : Products under development: the development schedule and specifications may be revised without notice.

Fig. 4 Memory expansion plan

Currently supported products are listed below.

Table 3 List of supported products As of Mar. 2000
ROM size (bytes) RAM si t
Product ROM size for User ( ) size (bytes) Package Remarks
M38B79MFH-XXXXFP 61440 2048 100PES-A Mask ROM version
M38B79FFFP (61310) i Flash memory version
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 38B7 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Series addressing modes and machine
instructions or the 740 Series Software Manual for details on the
instruction set.
Machine-resident 740 Series instructions are as follows:

The FST and SLW instructions cannot be used.

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

[Accumulator (A)]
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

[Index Register X (X)]

The index register X is an 8-bit register. In the index addressing
modes, the value of the OPERAND is added to the contents of
register X and specifies the real address.

[Index RegisterY (Y)]

The index register Y is an 8-bit register. In partial instruction, the
value of the OPERAND is added to the contents of register Y and
specifies the real address.

[Stack Pointer (S)]

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. This register indicates start address of stored area
(stack) for storing registers during subroutine calls and interrupts.
The low-order 8 bits of the stack address are determined by the
contents of the stack pointer. The high-order 8 bits of the stack ad-
dress are determined by the stack page selection bit. If the stack
page selection bit is “0” , the high-order 8 bits becomes “0016". If
the stack page selection bit is “1”, the high-order 8 bits becomes
“0116".

The operations of pushing register contents onto the stack and
popping them from the stack are shown in Figure 6.

Store registers other than those described in Figure 6 with pro-
gram when the user needs them during interrupts or subroutine
calls.

[Program Counter (PC)]

The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 b0
A Accumulator
b7 b0
X Index register X
b7 b0
Y Index register Y
b7 b0
S Stack pointer
b15 b7 b0
PCH PCL Program counter
b7 b0
N|V|T[B|D|1|Z|C| Processor status register (PS)
- Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag
Break flag
Index X mode flag
Overflow flag
Negative flag
Fig. 5 740 Family CPU register structure
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

|On-going Routine|

Interrupt request
(Note)

—

Execute JSR

[
[ M(S)«<(PCH) |

Push return address
on stack

Execute RTS

POP return
address from stack

M (S)< (PCH)

i

©)«(5)-1 Push return address

on stack

M (S) <« (PCL)

S)<«d-1
Push contents of processor

M (S) < (PS) status register on stack

S)«-1

Interrupt
Service Routine

| Flag is set from “0” to “1”

|

|

Fetch the jump vector

Note: Condition for acceptance of an interrupt —» Interrupt enable flag is “1”
Interrupt disable flag is “0”

(PCH)«-M (S)

| LEonNE ]

Execute RTI
G« +1 POP contents of
processor status
(PS) €« M(S) | register from stack
S)€«(S)+1
(PCYC M (S) POP return
address
(S)«(S)*+1]| from stack

Fig. 6 Register push and pop at interrupt generation and subroutine call

Table 4 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

ELECTRIC

Accumulator PHA PLA
Processor status register PHP PLP
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

[Processor status register (PS)]

The processor status register is an 8-bit register consisting of 5
flags which indicate the status of the processor after an arithmetic
operation and 3 flags which decide MCU operation. Branch opera-
tions can be performed by testing the Carry (C) flag , Zero (2) flag,
Overflow (V) flag, or the Negative (N) flag. In decimal mode, the Z,
V, N flags are not valid.

«Bit 0: Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

*Bit 1: Zero flag (2)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0".

*Bit 2: Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1".

«Bit 3: Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1".
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

*Bit 4: Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”. When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1".

«Bit 5: Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory. When the T flag is “1”, direct
arithmetic operations and direct data transfers are enabled
between memory locations.

Bit 6: Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.

*Bit 7: Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

Table 5 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET - -
Clear instruction CLC - CLI CLD - CLT CLV -
MITSUBISHI
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[CPU Mode Register (CPUM)] 003B 16

The CPU mode register contains the stack page selection bit and
the internal system clock selection bit etc.

The CPU mode register is allocated at address 003B16.

b7 b0

CPU mode register
PUM: address 003B16)

[T °
Processor mode bits

b1b0
0 0: Single-chip mode

0
1 0:} Notavailable
11:

Stack page selection bit
0:PageO
1:Pagel

Not used (return “1” when read)
(Do not write “0” to this bit.)

Port Xc switch bit
0 : I/O port function
1 : Xcin—-XcouT oscillating function

Main clock (XIN—XouT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bit
0 : f(XiN) (high-speed mode)
1: f(XIN)/4 (middle-speed mode)

Internal system clock selection bit
0 : XIN-XouT selection (middle-/high-speed mode)
1: XcIN-XcouT selection (low-speed mode)

Fig. 7 Structure of CPU mode register

MITSUBISHI
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MEMORY Interrupt Vector Area

Special Function Register (SFR) Area
The special function register (SFR) area contains control registers
for 1/O ports, timers and other functions.

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 other areas are user areas for storing pro-
grams.

The interrupt vector area contains reset and interrupt vectors.

Zero Page

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

RAM area
RAM size Address
(byte) XXXX16

192 00FF1s
256 013F16
384 01BF16
512 023F16
640 02BF16
768 033F16
896 03BF16
1024 043F16
1536 063F16
2048 083F16

ROM area

ROM size Address Address
(byte) YYYY16 7772716
4096 FO00016 F08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016
40960 600016 608016
45056 500016 508016
49152 400016 408016
53248 300016 308016
57344 200016 208016
61440 100016 108016

000016
SFR area 1
004016 Zero page
010016
L XXXX16 .......................................
Reserved area
0440
10 Not used (Note)
OOEESEig RAM area for FLD automatic display
OEEO16
OEFF16 SFR area 2
0F0016 RAM area for Serial I/0
ROM  OFFF1e automatic transfer
Y Yg [
Reserved ROM area
(common ROM area,128 bytes)
777716
FFO0O16 ]
FFDCa1s Special page
Interrupt vector area
FFFE1e R 4 ROM
| EFFFs6 eserve area ]

Note: When 1024 bytes or more are used as RAM area, this area can be used.

Fig. 8 Memory map diagram
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MITSUBISHI MICROCOMPUTERS

38B7 Group

s:\\a o SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
000016 | Port PO (P0) 002016 | Timer 1 (T1)
000116 002116 | Timer2 (T2)
000216 | Port P1 (P1) 002216 | Timer 3 (T3)
000316 | Port P1 direction register (P1D) 002316 | Timer 4 (T4)
000416 | Port P2 (P2) 002416 | Timer 5 (T5)
000516 002516 | Timer 6 (T6)
000616 | Port P3 (P3) 002616 | PWM control register (PWMCON)
000716 | Port P3 direction register (P3D) 002716 | Timer 6 PWM register (T6PWM)
000816 | Port P4 (P4) 002816 | Timer 12 mode register (T12M)
000916 | Port P4 direction register (P4D) 002916 | Timer 34 mode register (T34M)
000A16 | Port P5 (P5) 002A16 | Timer 56 mode register (T56M)
000B16 | Port P5 direction register (P5D) 002B16 | D-A conversion register (DA)
000C16 | Port P6 (P6) 002Cz16 | Timer X (low-order) (TXL)
000D16 | Port P6 direction register (P6D) 002D16 | Timer X (high-order) (TXH)
000Ez16 | Port P7 (P7) 002E16 | Timer X mode register 1 (TXM1)
000F16 | Port P7 direction register (P7D) 002F16 | Timer X mode register 2 (TXM2)
001016 | Port P8 (P8) 003016 | Interrupt interval determination register (11D)
001116 | Port P8 direction register (P8D) 003116 | Interrupt interval determination control register (IIDCON)
001216 | Port P9 (P9) 003216 | AD/DA control register (ADCON)
001316 | Port P9 direction register (P9D) 003316 | A-D conversion register (low-order) (ADL)
001416 | Port PA (PA) 003416 | A-D conversion register (high-order) (ADH)
001516 | Port PA direction register (PAD) 003516 | PWM register (high-order) (PWMH)
001616 | Port PB (PB) 003616 | PWM register (low-order) (PWML)
001716 | Port PB direction register (PBD) 003716 | Baud rate generator (BRG)
001816 | Serial 1101 automatic transfer data pointer (SIO1DP) 003816 | UART control register (UARTCON)
001916 | Serial /01 control register 1 (SIO1CON1) 003916 | Interrupt source switch register (IFR)
001A16 | Serial I/01 control register 2 (SIO1CON2) 003A16 | Interrupt edge selection register (INTEDGE)
001B16 | Serial /01 register/Transfer counter (SI01) 003B16 | CPU mode register (CPUM)
001Cz16 | Serial /01 control register 3 (SIO1CON3) 003C1s | Interrupt request register 1(IREQ1)
001D16 | Serial 1/02 control register (SIO2CON) 003D1s6 | Interrupt request register 2(IREQ2)
001Ez1e | Serial /02 status register (SIO2STS) 003Ez1s | Interrupt control register 1(ICON1)
001F16 | Serial /02 transmit/receive buffer register (TB/RB) 003F16 | Interrupt control register 2(ICON2)
OEEC1s6 | Serial /03 control register (SIO3CON) OEF616 | Toffl time set register (TOFF1)
OEEDz16 | Serial I/03 register (SIO3) OEF716 | Toff2 time set register (TOFF2)
OEEE16 | Watchdog timer control register (WDTCON) 0EF816 | FLD data pointer (FLDDP)
OEEF16 | Pull-up control register 3 (PULL3) 0EF916 | Port P4 FLD/Port switch register (P4FPR)
OEF016 | Pull-up control register 1 (PULL1) OEFA16 | Port P5 FLD/Port switch register (P5SFPR)
0EF116 | Pull-up control register 2 (PULL2) OEFBu16 | Port P6 FLD/Port switch register (P6FPR)
OEF216 | Port PO digit output set switch register (PODOR OEFCz1s | FLD output control register (FLDCON)
OEF316 | Port P2 digit output set switch register (P2DOR) OEFD16 | Buzzer output control register (BUZCON)
0EF416 | FLDC mode register (FLDM) OEFE16 | Flash memory control register (FCON) (Note)
OEF516 | Tdisp time set register (TDISP) OEFF16 | Flash command register (FCMD) (Note)
Note: Flash memory version only.
Fig. 9 Memory map of special function register (SFR)
MITSUBISHI
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I/O PORTS [High-Breakdown-Voltage Output Ports]

[Direction Registers] PiD

The 38B7 group has 75 programmable 1/O pins arranged in ten in-
dividual I/O ports (P1, P3, P4, P5, P6, P7, P8, P9, PA and PB).
The 1/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direction reg-
ister corresponds to one pin, and 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 becomes an input pin. When “1” is written to that
pin, that pin becomes an output pin. If data is read from a pin set
to output, the value of the port output latch is read, not the value of
the pin itself. Pins set to input (the bit corresponding to that pin
must be set to “0”) are floating and the value of that pin can be
read. If a pin set to input is written to, only the port output latch is
written to and the pin remains floating.

The 38B7 group has seven ports with high-breakdown-voltage
pins (ports PO to P5 and P60-P63). The high-breakdown-voltage
ports have P-channel open-drain output with Vcc — 45 V of break-
down voltage. Each pin in ports PO to P3 has an internal pull-down
resistor connected to VEE. At reset, the P-channel output transis-
tor of each port latch is turned off, so that it goes to VEE level (“L")
by the pull-down resistor.

Writing “1” (weak drivability) to bit 7 of the FLDC mode register
(address OEF416) shows the rising transition of the output transis-
tors for reducing transient noise. At reset, bit 7 of the FLDC mode
register is set to “0” (strong drivability).

[Pull-up Control Register] PULL

Ports P64—P67, P7, P80-P83, P9, PA and PB have built-in pro-
grammable pull-up resistors. The pull-up resistors are valid only in
the case that the each control bit is set to “1” and the correspond-
ing port direction registers are set to input mode.

b7 bo
Pull-up control register 1

(PULL1 : address OEFO:s)
P64, P65 pull-up control bit

—— P66, P67 pull-up control bit

P70, P71 pull-up control bit

P72, P73 pull-up control bit

P74, P75 pull-up control bit

P76, P77 pull-up control bit

Not used (returns “0” when read)
(Do not write “1".)

b7 b0
Pull-up control register 3

L(PULL3 address OEEF16)

PAo, PA1 pull-up control bit )

— PAZ2, PA3 pull-up control bit

PA4, PAs pull-up control bit

PAs, PA7 pull-up control bit

PBo, PB1 pull-up control bit

PB2, PB3 pull-up control bit

PB4, PBs pull-up control bit

PBe6 pull-up control bit W,

0: No pull-up
1: Pull-up

0: No pull-up
1: Pull-up

b7 b0
Pull-up control register 2

(PULL2 : address OEF11s)

P80, P81 pull-up control bit

— P82, P83 pull-up control bit

Not used (returns “0” when read)
(Do not write “1".)

P90, P91 pull-up control bit
P92, P93 pull-up control bit

P94, P95 pull-up control bit

P96, P97 pull-up control bit

Not used (returns “0” when read)
(Do not write “1".)

0: No pull-up

1: Pull-up

Fig. 10 Structure of pull-up control registers (PULL1, PULL2 and PULL3)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 6 List of I/O port functions (1)

Pin Nama Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
POo/FLDs— Port PO Output High-breakdown voltage | FLD automatic display | FLDC mode register (1)
PO7/FLD15 P-chanm_al open-drain function PO digit output set switch

output with pull-down register
resistor
Plo/FLD16— | Port P1 Input/output, | Low-voltage input level FLDC mode register 2)
P17/FLD23 individual High-breakdown voltage
bits P-channel open-drain
output with pull-down
resistor
P20/FLDo— Port P2 Output High-breakdown voltage FLDC mode register (1)
P27/FLD7 P-channel open-drain P2 digit output set switch
output with pull-down register
resistor
P30/FLD24— | Port P3 | Input/output, | Low-voltage input level FLDC mode register 2)
P37/FLDs1 individual High-breakdown voltage
bits P-channel open-drain
output with pull-down
resistor
P40/FLD32— | Port P4 Input/output, | Low-voltage input level FLDC mode register (2)
P47/FLD39 individual High-breakdown voltage Port P4 FLD/Port switch
bits P-channel open-drain register
output
P50/FLD40— | Port P5 Input/output, Low-voltage input level FLDC mode register (2)
P57/FLD47 |n_d|V|dua| High-breakdown voltage Port P5 FLD/Port switch
bits P-channel open-drain register
output
P60/FLD48— | Port P6 Input/output, | Low-voltage input level FLDC mode register (2)
P63/FLDs1 individual High-breakdown voltage Port P6 FLD/Port switch
bits P-channel open-drain register
output
P64/RxD/ Low-voltage input level FLD automatic display | FLDC mode register 3
FLDs2 (port input) function Serial 1/02 control I
P65/TxD/ CMOS compatible input Serial /02 function I/O | register 4)
FLDs3, level (RxD, ScLkai, UART control register
P66/ScLk21/ ScLkz2)
FLDs4 CMOS 3-state output
P67/SRDY2/ (5)
ScLk22/
FLDs5
P70/INTo, Port P7 Input/output, CMOS compatible input External interrput input | Interrupt edge selection (6)
P71/INT1 individual level register
P72/INT2 bits CMOS 3-state output Interrupt edge selection
register
Interrupt interval determi-
nation control register
P73/INT3/ External interrput input | Interrupt edge selection @)
DIMourt Dimmer signal output | "€9ISter
FLD output control register
P74/PWM1 PWM output Timer 56 mode register (8)
P75/T1out Timer output Timer 12 mode register
P76/T30uUT Timer output Timer 34 mode register
P77/INT4/ Buzzer output Buzzer output control 9)
Buzo1 External interrput input | "€9ISter
Interrupt edge selection
register
P8o/XcIN Port P8 Input/output, CMOS compatible input Sub-clock generating CPU mode register (10)
P81/XCOUT individual level circuit 1/0 (11)
s e—— bits -
P82/CNTR1 CMOS 3-state output External count input Interrupt edge selection (6)
P83/CNTRo/ register (12)
CNTR2
MITSUBISHI 15
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 7 List of I/O port functions (2)

Pin Nama Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
P90/SIN3/ Port P9 Input/output, CMOS compatible input Serial /03 function I/0O | Serial /03 control (6)
ANs in_dividual level A-D conversion input register
P91/SouTa/ bits CMOS 3-state output AD/DA control register (13)
ANo,

P92/ScLka/
AN10
P93/SRDY3/ (14)
AN11
P94/RTP1/ Real time port output Timer X mode register 2 (15)
AN12, A-D conversion input AD/DA control register
P95/RTPo/
AN13
P9s/PWMo/ PWM output PWM control register (16)
AN14 A-D conversion input AD/DA control register
P97/Buzo2/ Buzzer output Buzzer output control register (16)
AN15 A-D conversion input AD/DA control register
PAo/ANoO— Port PA Input/output, CMOS compatible input A-D conversion input AD/DA control register a7
PA7/AN7 individual level

bits CMOS 3-state output
PBo/ScLk12/ | Port PB Input/output, CMOS compatible input Serial 1/01 function I/O | Serial I/0O1 control (18)
DA individual level D-A conversion output registers 1, 2

bits CMOS 3-state output AD/DA control register
PB1/SRDY1 Serial /01 function /O | Serial /01 control (19)
PB2/SBUSY1 registers 1, 2 (18)
PB3/SsTB1 (20)
PB4/ScLK11 (21)
PBs/Sout1
PB6/SIN1 (6)

Notes 1 : How to use double-function ports as function I/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.

16
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Ports PO, P2

Dimmer signal —m-o

(Note 1)
Local data

bus Output ?

(3) Port P64

Dimmer signal

FLD/Port (Note 1)
Local data__{——~{Directon regiser] JZ
[

Pull-up control %

TW_TVLCP

0

y
g_Tﬂ_T_TVch
&

bus _l
Data bus 77W

oA
= >

RxD input

%

(5) Port P67

Dimmer signal
(Note 1)

T

1L
WUW—CD

Pull-up control
FLD/Port

™1 switch register

Local data; Direction register|

bus

Data bUS—I:l?_—@
1

~N
Serial ready output N

—

SRDY2 output enable bit
Serial 1/02 enable bit

Serial clock output

Clock 1/0 pin selection bit
Synchronous clock —
selection bit

Serial clock input <—@—

0 High-breakdown-voltage P-channel transistor
Notes 1: The dimmer signal sets the Toff timing.

2: A pull-down resistor is not built in to ports P4, P5 and P6o to P63.

(2) Ports P1, P3, P4, P5, P60 to P63

FLD/Port
switch register

P4, P5, P6o to P63

Dimmer signal —m-o
(Note 1)

Local data +—Direction register|

bus l

(Note 2)

Pull-up control
P-channel output disable signal (P65) —
Output OFF control signal
Dimmer signal
(Note 1)
e
=

(4) Ports P65, P66

Local data __|
bus

Data bus —¢

<
TxD or SCLK21 output

Serial clock input

i

P66

(6) Ports P70 to P72, P82, P90, PB6

Pull-up control %

——{Direction register| —D_1
Data bus —«ﬁ Portlatch | D%

TVT_TVT_¢)

g_Tﬂ_I_TV
)

N\ <J]
INToO, INT1, INT2 interrupt input

CNTR1 input
Serial I/O input

A-D conversion input <——o ~o—
Analog input pin selection bit
P9

Fig. 11 Port block diagram (1)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(7) Port P73

Pull-up control %
Dimmer output ___

control bit
——{Direction register| 'ﬁ_\* -
Data s~ pariaen |- 4

\1 ]
Dimmer signal output ﬁ}
INT3 interrupt input

TVUVL(b

LTJ
S

(9) Port P77

Pull-up control %

- hg

Buzzer control signal —

——{Direction register|
Data s -

A
Y <]
Buzzer signal output %\f

INT4 interrupt input

TVLWL¢

sﬂLﬁ
o

(11) Port P81

Port Xc switch bit

Direction register

Pull-up control { »ﬁ
.

Data bus —¢ Port latch

Oscillator

Port P8o 4{?0—

Port Xc switch bit

(13) Ports P91, P92

P-channel output disable signal (P91) — %
Output OFF control signal
Serial I/03 selection signal —

Pull-up control »?
|
[

|

Yy

b3

Data bus —

~N
Sout or ScLk +

Serial clock input

P92
A-D conversion input <——o ~o—
Analog input pin selection bits

(8) Ports P74 to P76

Timer 1 output selection bit
Timer 3 output selection bit
Timer 6 output selection bit —

—ﬂDireCliOn register >_T\

Pull-up control %

ng
i

T

#
#

17

N
Timer 1 output +

Timer 3 output
Timer 6 output

(10) Port P8o

Port Xc switch bit

-]

Direction register

Port latch

Sub-clock generating circuit input

(12) Port P83

Pull-up control %

Timer X operating mode bits — '—(
—% Direction register > i—{ »?

Data bus — Port latch

<
Timer X output H\f J

CNTRo, CNTR2 input

g
.

sﬂLTJ
o

(14) Port P93

Pull-up control %

SRDY3 output enable bit —

Direction register

TVT_TVL(b

| ?
o
oat s o o | g

N
Serial ready output +

A-D conversion input —-——o ~o—
Analog input pin selection bits

Fig. 12 Port block diagram (2)
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38B7 Group
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(15) Ports P94, P95 ? (16) Ports P9s, P97 ?
Pull-up control —‘ > Pull-up control 4{ e
. . :] PWM output selection bit ::[
Real time port control bit 4{ i Buzzer control signal 4{ it
%Direction registerf- 4[)0_{ ? i):} *’ﬁ
Deta s — =D Data s i
<l
PWM N
output E
RTP output g o Buzzer signal output
" -0 >
A D;onvlemc.)n |n|:u1. lection bit A-D conversion input <———o “>—
nalog input pin selection bits Analog input pin selection bits
(17) Port PA < (18) Ports PBo, PB2 <
Pull-up control 4' - Pull-up control 4‘ et
:] Serial I/01 selection signal :]
4{ > PB1/SRDY1+PB2/SBUSY1 pin ~ | 4{ >
control bit fk
Direction register 4D—¢ it ﬂDirection register| 4{ -
Y e Ho
Data bus —3-»|  Portlatch | ) »“—71 Data bus HJ S ﬁ'
<] ]
ScLki2 output
~N 4i >
Ssusy1 output
A-D conversion input -«——o ~o>— Serial clock input
) . . ) SBUSYL input
Analog input pin selection bits
D-A converter output ——s=o ~o—I
D-A output enable bit
PBo
(19) Port PB1 (20) Port PB3

Pull-up control —4
PB1/SRDY1+PB2/SBUSY1 pin ___
control bit

ﬂDirection register »_Y\
Detabus —

Pull-up control

PB3/SSTB1 pin control bit — 4{
™ |Direction register| > it
cata bus 5

N N

Serial ready output + SsTB1 output 4>

Serial ready input 4—@—

TVT_T?T_q)

S o
i

g_T?T_T_TW_q)
5

(21) Ports PB4, PBs

P-channel output disable signal (PB5) —
Output OFF control signal
Serial I/01 selection signal

Direction register|
Data bus —4 Port latch

1
N

SOUT or SCLK

Pull-up control E?
-

ol

¥

Serial clock input

PB4

Fig. 13 Port block diagram (3)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

Interrupts occur by twenty two sources: five external, sixteen inter-
nal, and one software.

Interrupt Control

Each interrupt except the BRK instruction interrupt has both an inter-
rupt request bit and an interrupt enable bit, and is controlled by the
interrupt disable flag. An interrupt occurs if the corresponding inter-
rupt request and enable bits are “1” and the interrupt 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 soft-
ware. The BRK instruction interrupt and reset cannot be disabled
with any flag or bit. The | flag disables all interrupts except the BRK
instruction interrupt and reset. If several interrupts requests occur at
the same time, the interrupt with highest priority is accepted first.

Interrupt Operation
Upon acceptance of an interrupt the following operations are auto-
matically performed:
1. The contents of the program counter and processor status
register are automatically pushed onto the stack.
2. The interrupt disable flag is set and the corresponding
interrupt request bit is cleared.
3. The interrupt jump destination address is read from the vector
table into the program counter.

Interrupt Source Selection
Any of the following interrupt sources can be selected by the inter-
rupt source switch register (address 003916).

1. INT1 or Serial I/03

2. INT3 or Serial I/02 transmit

3. INT4 or A-D conversion

mNote
When the active edge of an external interrupt (INTo—INT4) is set or
when switching interrupt sources in the same vector address, the
corresponding interrupt request bit may also be set. Therefore, please
take following sequence:

(1) Disable the external interrupt which is selected.

(2) Change the active edge in interrupt edge selection register

(3) Clear the set interrupt request bit to “0.”

(4) Enable the external interrupt which is selected.

20
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 8 Interrupt vector addresses and priority

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source | Priority Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo 2 FFFB16 FFFA16 At detection of either rising or falling edge of | External interrupt
INTo input (active edge selectable)
INT2 3 FFF916 FFF816 At detection of either rising or falling edge of | External interrupt
INT1 input (active edge selectable)
] . _| validwhenNT:interruptis selected
Serial 1/03 At completion of data transfer Valid when serial 1/03 is selected
INT2 4 FFF716 FFF616 At detection of either rising or falling edge of | External interrupt
] | INTeinpwt | (activeedge selectable)
Remote control/ At 8-bit counter overflow Valid when interrupt interval
counter overflow determination is operating
Serial /01 5 FFF516 FFF416 At completion of data transfer Valid when serial 1/0 ordinary
_ . |modeisseleced
Serial 1/0 auto- At completion of the last data transfer Valid when serial 1/0 automatic
matic transfer transfer mode is selected
Timer X 6 FFF316 FFF216 At timer X underflow
Timer 1 7 FFF116 FFFO16 At timer 1 underflow
Timer 2 8 FFEF16 FFEE16 At timer 2 underflow STP release timer underflow
Timer 3 9 FFEDz16 FFEC16 At timer 3 underflow
Timer 4 10 FFEB16 FFEA16 At timer 4 underflow
Timer 5 11 FFE916 FFEB816 At timer 5 underflow
Timer 6 12 FFE716 FFE616 At timer 6 underflow
Serial /02 receive 13 FFES516 FFE416 At completion of serial I/02 data receive
INT3 14 FFE316 FFE216 At detection of either rising or falling edge of | External interrupt
INT3 input (active edge selectable)
] | validwhenINTsintermuptis selected _
Serial /02 transmit At completion of serial I/02 data transmit
INT4 15 FFE1l16 FFEO16 At detection of either rising or falling edge of | External interrupt
INT4 input (active edge selectable)
Valid when INT4 interrupt is selected
“A-D conversion | | At completion of AD conversion | Valid when A-D conversion is selected
FLD blanking 16 FFDF16 FFDE16 At falling edge of the last timing immediately | Valid when FLD blanking
| before blanking period starts_________| interruptisselected
E_D_chth o At rising edge of digit (each timing) Valid when FLD digit interrupt is selected
BRK instruction 17 FFDD16 FFDCu16 At BRK instruction execution Non-maskable software interrupt

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

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Interrupt request bit
Interrupt enable bit

Interrupt disable flag |

BRK instruction
Reset

Interrupt request

Fig. 14 Interrupt control

b7 b0 Interrupt source switch register

(IFR : address 003916)

INT3/serial 1/02 transmit interrupt switch bit
0 : INT3 interrupt

1: Serial /02 transmit interrupt
INT4/AD conversion interrupt switch bit
0 : INT4 interrupt

1: A-D conversion interrupt
INT1/serial /03 interrupt switch bit

0 : INTz interrupt

1 : Serial I/03 interrupt

Not used (return “0” when read)

(Do not write “1” to these bits.)

b7 b0 Interrupt edge selection register
(INTEDGE : address 003Az1s6)

INTo interrupt edge selection bit
INT1 interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit
INT4 interrupt edge selection bit
Not used (return “0” when read)
CNTRo pin edge switch bit } 0 : Rising edge count
CNTRz1 pin edge switch bit 1: Falling edge count

0 : Falling edge active
1: Rising edge active

b7 b0 |nterrupt request register 1 b7 b0 Interrupt request register 2
(IREQ1 : address 003Czs) (IREQ2 : address 003Dzs)

INTo interrupt request bit Timer 4 interrupt request bit
INT1 interrupt request bit ) Timer 5 interrupt request bit
Serial /03 interrupt request bit —— Timer 6 interrupt request bit
INT2 interrupt request bit . — Serial I/02 receive interrupt request bit
Remote controller/counter overflow interrupt ————  INT3/serial /02 transmit interrupt request bit
request bit ) INT4 interrupt request bit
Serial 1/01 interrupt request bit AD conversion interrupt request bit
Serial I/0 automatic transfer interrupt request bit FLD blanking interrupt request bit
Timer X interrupt request bit FLD digit interrupt request bit
Timer 1 interrupt request bit Not used (returns “0” when read)
Timer 2 interrupt request bit 0 : No interrupt request issued

Timer 3 interrupt request bit 1 Interrupt request issued

b7 b0 Interrupt control register 1 b7 b0 Interrupt control register 2
(ICONL1 : address 003Ezs) (ICON2 : address 003Fzs)
INTo interrupt enable bit Timer 4 interrupt enable bit
_{lNTl interrupt enable bit Timer 5 interrupt enable bit
Serial 1/03 interrupt enable bit —— Timer 6 interrupt enable bit
INT2 interrupt enable bit ——— Serial /02 receive interrupt enable bit
{Remote controller/counter overflow interrupt L INT3/serial /02 transmit interrupt enable bit
enable bit INT4 interrupt enable bit
Serial I/0O1 interrupt enable bit AD conversion interrupt enable bit
Serial I/0 automatic transfer interrupt enable bit FLD blanking interrupt enable bit
Timer X interrupt enable bit FLD digit interrupt enable bit
Timer 1 interrupt enable bit Not used (returns “0” when read)
Timer 2 interrupt enable bit (Do not write “1” to this bit.)

Timer 3 interrupt enable bit 0 : Interrupt disabled

1: Interrupt enabled

Fig. 15 Structure of interrupt related registers
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The 38B7 group has six built-in 8-bit timers : Timer 1, Timer 2, Timer
3, Timer 4, Timer 5, and Timer 6.

Each timer has the 8-bit timer latch. All timers are down-counters.
When the timer reaches “0016”, an underflow occurs with the next
count pulse. Then the contents of the timer latch is reloaded into the
timer and the timer continues down-counting. When a timer
underflows, the interrupt request bit corresponding to that timer is set
to “1”.

The count can be stopped by setting the stop bit of each timer to “1”.
The internal system clock can be set to either the high-speed mode
or low-speed mode with the CPU mode register. At the same time,
the timer internal count source is switched to either f(XiN) or f(XcIN).

e Timer 1, Timer 2

The count sources of timer 1 and timer 2 can be selected by setting
the timer 12 mode register. A rectangular waveform of timer 1 under-
flow signal divided by 2 can be output from the P75/T1out pin. The
active edge of the external clock CNTRo can be switched with the bit
6 of the interrupt edge selection register.

At reset or when executing the STP instruction, all bits of the timer 12
mode register are cleared to “0”, timer 1 is set to “FF16”, and timer 2
is set to “0116”.

e Timer 3, Timer 4

The count sources of timer 3 and timer 4 can be selected by setting
the timer 34 mode register. A rectangular waveform of timer 3 under-
flow signal divided by 2 can be output from the P76/T30ouT pin. The
active edge of the external clock CNTR1 can be switched with the bit
7 of the interrupt edge selection register.

e Timer 5, Timer 6

The count sources of timer 5 and timer 6 can be selected by setting
the timer 56 mode register. A rectangular waveform of timer 6 under-
flow signal divided by 2 can be output from the P74/PWMz1 pin.

e Timer 6 PWM1 Mode

Timer 6 can output a PWM rectangular waveform with “H” duty cycle
n/(n+m) from the P74/PWM1: pin by setting the timer 56 mode regis-
ter (refer to Figure 18). The n is the value set in timer 6 latch (address
002516) and m is the value in the timer 6 PWM register (address
002716). If nis “0,” the PWM output is “L”, if m is “0”, the PWM output
is “H” (n = 0 is prior than m = 0). In the PWM mode, interrupts occur
at the rising edge of the PWM output.

Timer 12 mode register
(T12M: address 002816)

Timer 1 count stop bit

0 : Count operation

1: Count stop

Timer 2 count stop bit

0 : Count operation

1: Count stop

Timer 1 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : f(Xcin)

10 : f(XiN)/16 or f(Xcin)/32

11 : f(Xin)/64 or f(Xcin)/128
Timer 2 count source selection bits
00 : Underflow of Timer 1

01 : f(Xcin)

10 : External count input CNTRO
11 : Not available

Timer 1 output selection bit (P7s)
0: 1/0 port

1: Timer 1 output

Not used (returns “0” when read)
(Do not write “1” to this bit.)

b7 b0
Timer 34 mode register
(T34M: address 002916)

Timer 3 count stop bit

0 : Count operation

1: Count stop

Timer 4 count stop bit

0 : Count operation

1 : Count stop

Timer 3 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : Underflow of Timer 2

10 : f(Xin)/16 or f(Xcin)/32

11 : f(Xin)/64 or f(Xcin)/128
Timer 4 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : Underflow of Timer 3

10 : External count input CNTR1
11 : Not available

Timer 3 output selection bit (P7s)
0:1/0 port

1: Timer 3 output

Not used (returns “0” when read)
(Do not write “1” to this bit.)

b7 bo
Timer 56 mode register
(T56M: address 002A16)

L Timer 5 count stop bit

0 : Count operation

1 : Count stop

Timer 6 count stop bit

0 : Count operation

1: Count stop

Timer 5 count source selection bit
0 : f(XiN)/8 or f(Xcin)/16

1 : Underflow of Timer 4

Timer 6 operation mode selection bit
0 : Timer mode

1:PWM mode

Timer 6 count source selection bits
00 : f(Xin)/8 or f(Xcin)/16

01 : Underflow of Timer 5

10 : Underflow of Timer 4

11 : Not available

Timer 6 (PWM) output selection bit (P74)
0:1/0 port

1: Timer 6 output

Not used (returns “0” when read)
(Do not write “1” to this bit.)

Fig. 16 Structure of timer related registers

MITSUBISHI
ELECTRIC 23



MITSUBISHI MICROCOMPUTERS

e 38B7 Grou
o
5P ect p
G VOV
. 2t ae®
515 O ite
WS o\
e At ‘a“‘e \
“g’ome 0@
(3
200
o SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
Data bus
XCIN O—@
«n4» Timer 1 count source
wqn | Internal system clock 01" selection bits FF16 G:I\: STP instruction
& _Selection bit Timer 1 (8) |——— = Timer 1 interrupt request
XIN ( )_‘ : >0 «00"
Q" 00 Timer 1 count
2 stop bit
11
P75/T10UT P75 latch

CNTRO

P83/CNTRO/CNTR2 O »

P76/T30UT

p7aiPwM1 O

Timer 1 output selection bit

P75 direction register

active edge switch

Rising/Falling

] .

Timer 2 count source

“00“ selection bits

—o
“01”

Timer 2 count

“107 stop bit

Rising/Falling

Timer 2 latch (8)

T
@ h

0116

Timer 3 count source
selection bits

w017
oo

Timer

Timer 3 count

Timer 3 latch (8)

(—— = Timer 2 interrupt request

3(8)

P76 latch 10 o stop bit
a1
Timer 3 output selection bit
Timer 4 latch (8)
“01” Timer 4 count source

selection bits

&—O
“00”

“107

P76 direction register

Timer 4 count
stop bit

Lk
o e -

Timer 5 count source
selection bit
Q

Timer 5 count
stop bit

Timer 5 latch (8)

3
o e

Timer 6 count source

01 O selection bits

—o
00"
“10"

Timer 6 count
stop bit

P74 latch

ugy

Timer 6 output selection bit
Timer 6 operation
mode selection bit

P74 direction register

Timer 6 latch (8)

Timer 6 PWM register (8)

&

A e -y

——® Timer 3 interrupt request

— = Timer 4 interrupt request

[ Timer 5 interrupt request

(——m Timer 6 interrupt request

Fig. 17 Block diagram of timer
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ts
Timer 6 —>

countsource [ [T ...._.. N B O B I O O
Timer 6 PWM

mode | L

nots mOts
(n+m) O ts
Timer 6 interrupt request Timer 6 interrupt request

Note: PWM waveform (duty : n/(n + m) and period: (n + m) O ts) is output.
n : setting value of Timer 6
m: setting value of Timer 6 PWM register
ts: period of Timer 6 count source

Fig. 18 Timing chart of timer 6 PWM1 mode
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16-Bit Timer

Timer X is a 16-bit timer that can be selected in one of four modes by
the Timer X mode registers 1, 2 and can be controlled for the timer X
write and the real time port by setting the timer X mode registers.
Read and write operation on 16-bit timer must be performed for both
high- and low-order bytes. When reading a 16-bit timer, read from
the high-order byte first. When writing to 16-bit timer, write to the low-
order byte first. The 16-bit timer cannot perform the correct operation
when reading during write operation, or when writing during read
operation.

e Timer X

Timer X is a down-counter. When the timer reaches “000016”, an
underflow occurs with the next count pulse. Then the contents of the
timer latch is reloaded into the timer and the timer continues down-
counting. When a timer underflows, the interrupt request bit corre-
sponding to that timer is set to “1”.

(1) Timer mode
A count source can be selected by setting the Timer X count source
selection bits (bits 1 and 2) of the Timer X mode register 1.

(2) Pulse output mode

Each time the timer underflows, a signal output from the CNTR2 pin
is inverted. Except for this, the operation in pulse output mode is the
same as in timer mode. When using a timer in this mode, set the port
shared with the CNTR2 pin to output.

(3) Event counter mode

The timer counts signals input through the CNTR2 pin. Except for
this, the operation in event counter mode is the same as in timer
mode. When using a timer in this mode, set the port shared with the
CNTR2 pin to input.

(4) Pulse width measurement mode

A count source can be selected by setting the Timer X count source
selection bits (bits 1 and 2) of the Timer X mode register 1. When
CNTR2 active edge switch bit is “0”, the timer counts while the input
signal of the CNTR2 pin is at “H”. When it is “1", the timer counts
while the input signal of the CNTRz pin is at “L". When using a timer
in this mode, set the port shared with the CNTR2 pin to input.

m Note

*Timer X Write Control

If the timer X write control bit is “0”, when the value is written in the
address of timer X, the value is loaded in the timer X and the latch at
the same time.

If the timer X write control bit is “1”, when the value is written in the
address of timer X, the value is loaded only in the latch. The value in
the latch is loaded in timer X after timer X underflows.

When the value is written in latch only, unexpected value may be set
in the high-order counter if the writing in high-order latch and the
underflow of timer X are performed at the same timing.

*Real Time Port Control

While the real time port function is valid, data for the real time port
are output from ports P94 and P9s each time the timer X underflows.
(However, if the real time port control bit is changed from “0” to “1”,
data are output independent of the timer X.) When the data for the
real time port is changed while the real time port function is valid, the
changed data are output at the next underflow of timer X.

Before using this function, set the corresponding port direction regis-
ters to output mode.
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Real time port

control bit «q» D Data bus
o—Q ——&— P94 data for real time port
P94
< )
Real time port
P94 direction Latch | | control bit (P94) ‘0 Timer X mode register
register P94 latch qn write signal
Real time port 0
control bit *1” D )
Q ——— P95 data for real time port
<
P9s direction Latch Ree;l t'lng.et pgg Qo i )
register POs latch control bit (P95, Timer X mode register
“qn write signal
[o;
Internal system clock
selection bit
1/2
Count source selection bit
Timer X stop Timer X write
Timer X operating control bit control bit
CNTR2 active mode bits - - -
edge switch bit “00” “01” *11” Timer X latch (low-order) (8) |T|mer X latch (high-order) (8)|
P83/CNTR0o/CNTR2 O—‘ Timer X (low-order) (8) | Timer X (high-order) (8) I —s Timer X
interrupt request
°. | |
Pulse width >
measurement mode
CNTR2 active 55— Pulse output mode
edge switch bit “0”
Q
T
| wqn _
P83 direction Q
register P83 latch
Pulse output mode
CNTRo

Fig. 19 Block diagram of timer X

b7 b6 bS b4 b3 b2 bl bo

Timer X mode register 1
(TXM1 : address 002Ez16)

Timer X write control bit
0 : Write data to both timer latch and timer
1 : Write data to timer latch only

Timer X count source selection bits

b2 bl
0 0:f(Xin)/2 or f(Xcin)/4
0 1:f(Xn)/8 or f(Xcin)/16
1 0:f(Xin)/64 or f(Xcin)/128
1 1: Notavailable
Not used (returns “0” when read)

Timer X operating mode bits

b5 b4

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode
CNTR2 active edge switch bit

0: « Event counter mode ; counts rising edges

b7 b6 b5 b4 b3 b2 bl bo

Timer X mode register 2
(TXM2 : address 002F1s6)

Real time port control bit (P94)
0 : Real time port function is invalid
1 : Real time port function is valid
Real time port control bit (P9s)
0 : Real time port function is invalid
1: Real time port function is valid
P94 data for real time port
P9s data for real time port

« Pulse output mode ; output starts with “H” level
* Pulse width measurement mode ; measures “H” periods

1: < Event counter mode ; counts falling edges

* Pulse output mode ; output starts with “L” level
« Pulse width measurement mode ; measures “L" periods

Timer X stop control bit
0 : Count operating
1: Count stop

Not used (returns “0” when read)

Fig. 20 Structure of ti

mer X related registers
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SERIAL I/O 0F0016 to OFFF16).
Serial 1/01 The PB1/SRDY1, PB2/SBUSY1, and PB3/SsTB1 pins each have a

Serial /01 is used as the clock synchronous serial I/0 and has an
ordinary mode and an automatic transfer mode. In the automatic
transfer mode, serial transfer is performed through the serial 110
automatic transfer RAM which has up to 256 bytes (addresses

handshake 1/0O signal function and can select either “H” active or
“L" active for active logic.

Xen O

Main address Local address

bus

Internal system
clock selection bit

bus

Main Local

—

Serial I/O automatic
transfer RAM
(OF0016 to OFFF1s)

data bus data bus

/‘\: automatic transfer
:>|MS decoder data pointer

Serial I/01

Serial I/01
automatic transfer

controller
] | I

Serial 1/01
control register 3

—

PBslatch

Ot

(PB3/SsTB1 pin control bit)

PB3/Sste1 O

upn

PB1/Srov1°PB2/SBUsY1 PB; |atch

pin control bit

Divider

Internal synchronous
clock selection bits

wqn
Serial 1/01 clock
pin selection bit

Serial transfer »-Serial 1/01

“Qr
Serial /01
PB2/Seusyr O O synchronous clock
“1” selection bit A
PB1/SrpY1°PB2/SBUSY1 0
pin control bit PB1 latch _,,WW
circuit
. “gr S
PB1/SrpY1 3}
wqn (7]
“or ({1
PBalatch
2
PB4/Scikir O - . |
“1"0—0“1“
PBo/ScLk12

PBs/Sout1

—

PBo latch

0" 5w PBs latch

status flag interrupt request

Serial 1/01 clock
pin selection bits

| Serial I/0O1 counter

O

“1" Serial transfer selection bits

O

PBé6/SiN1

. Serial /01 register (8)

|_

f}

<

Fig. 21 Block diagram of serial /01
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b7 b6 b5 b4 b3 b2 bl b0
| | | Serial 1/01 control register 1
(SIO1CON1 (SC11): address 001916)

Serial transfer selection bits

bl bO

0 0 : Serial I/0O disabled (pins PBo to PBs are 1/0O ports)
0 1: 8-bit serial /0

10 : Not available

11 : Automatic transfer serial 1/0O (8-bits)

Serial I/01 synchronous clock selection bits (PB3/Ssts1 pin control bit)
b3 b2

0 0 : Internal synchronous clock (PBs pin is an I/O port.)

0 1 : External synchronous clock (PB3 pin is an /O port.)

1 0 : Internal synchronous clock (PB3 pin is an SsTs1 output.)

11 : Internal synchronous clock (PB3 pin is an SsTs1 output.)

Serial I/O initialization bit
0: Serial I/O initialization
1: Serial I/O enabled

Transfer mode selection bit
0: Full duplex (transmit and receive) mode (PBes pin is an Sin input.)
1: Transmit-only mode (PBe pin is an 1/O port.)

Transfer direction selection bit
0: LSB first
1: MSB first

Serial I/01 clock pin selection bit
0:Sciki1 (PBo/Sciki2 pin is an 1/O port.)
1:Scik12 (PB4/ScLki1 pin is an /O port.)

b7 b6 b5 b4 b3 b2 bl b0 ) )
| | | | | Serial I/01 control register 2
(SIO1CON2 (SC12): address 001Az6)

PB1/Srpv1 « PB2/Ssusy1 pin control bits

b3b2b1b0

00 0 0: Pins PB1 and PB2 are I/O ports

000 1: Not used

00 1 0: PB1 pinis an Sroy1 output, PB2 pin is an 1/O port.

00 1 1: PB1 pinis an Sroy1 output, PB2 pin is an 1/O port.

01 00: PB1pinis an /O port, PB2 pin is an Ssusv1 input.
010 1: PB1pinis an I/O port, PB2 pin is an Seusv1 input.

01 10: PB1pinis an I/O port, PB2 pin is an Seusv1 output.
011 1: PB1pinis an I/O port, PB2 pin is an Seusv1 output.
100 0: PB1 pinis an Srov1 input, PB2 pin is an Seusy1 output.
100 1: PB1 pin is an Srovi input, PB2 pin is an Seusy1 output.
101 0: PB1 pinis an Srovi input, PB2 pin is an Seusy1 output.
101 1: PB1 pinis an Srov1 input, PB2 pin is an Seusy1 output.
11 00: PB1 pin is an Sroy1 output, PB2 pin is an Seusvi input.
11 0 1: PB1 pin is an Sroy1 output, PB2 pin is an Seusvi input.
11 10: PB1 pin is an Sroy1 output, PB2 pin is an Seusvi input.
11 1 1: PB1 pinis an Sroy1 output, PB2 pin is an Seusvi input.

Ssusy1 output ¢ SsTe1 output function selection bit
(Valid in automatic transfer mode)

0: Functions as each 1-byte signal

1: Functions as signal for all transfer data

Serial transfer status flag
0: Serial transfer completion
1: Serial transferring

SouT1 pin control bit (at no-transfer serial data)
0: Output active
1: Output high-impedance

PBs/Sout1 P-channel output disable bit
0: CMOS 3-state (P-channel output is valid.)
1: N-channel open-drain (P-channel output is invalid.)

Fig. 22 Structure of serial /01 control registers 1, 2
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(1) Serial 1/01 operation

Either the internal synchronous clock or external synchronous
clock can be selected by the serial I/01 synchronous clock selec-
tion bits (b2 and b3 of address 001916) of serial 1/01 control
register 1 as synchronous clock for serial transfer.

The internal synchronous clock has a built-in dedicated divider
where 7 different clocks are selected by the internal synchronous
clock selection bits (b5, b6 and b7 of address 001C16) of serial
I/01 control register 3.

The PB1/SRDY1, PB2/SBUSY1, and PB3/SsTB1 pins each select ei-
ther I/O port or handshake 1/O signal by the serial 1/01
synchronous clock selection bits (b2 and b3 of address 001916) of
serial 1/01 control register 1 as well as the PB1/SRrDY1 « PB2/
SBUSY1 pin control bits (b0 to b3 of address 001A16) of serial
I/01 control register 2.

For the SOUT1 being used as an output pin, either CMOS output
or N-channel open-drain output is selected by the PBs/SouT1 P-
channel output disable bit (b7 of address 001A16) of serial /01
control register 2.

Either output active or high-impedance can be selected as a
SouT1 pin state at serial non-transfer by the SouTt1 pin control bit
(b6 of address 001Az1e6) of serial 1/01 control register 2. However,
when the external synchronous clock is selected, perform the fol-
lowing setup to put the SouT1 pin into a high-impedance state:
When the ScLk1 input is “H” after completion of transfer, set the
SOuT1 pin control bit to “1”.

When the ScLK1 input goes to “L” after the start of the next serial
transfer, the SouT1 pin control bit is automatically reset to “0” and
put into an output active state.

Regardless of whether the internal synchronous clock or external
synchronous clock is selected, the full duplex mode and the trans-
mit-only mode are available for serial transfer, one of which is
selected by the transfer mode selection bit (b5 of address 001916)
of serial 1/01 control register 1.

Either LSB first or MSB first is selected for the /0 sequence of the
serial transfer bit strings by the transfer direction selection bit (b6
of address 001916) of serial /01 control register 1.

When using serial 1/01, first select either 8-bit serial 1/0 or auto-
matic transfer serial I/O by the serial transfer selection bits (b0 and
bl of address 001916) of serial I/O1 control register 1, after
completion of the above bit setup. Next, set the serial I/O initializa-
tion bit (b4 of address 001916) of serial /01 control register 1 to
“1” (Serial I/O enable) .

When stopping serial transfer while data is being transferred, re-
gardless of whether the internal or external synchronous clock is
selected, reset the serial I/O initialization bit (b4) to “0”".

b7 b6 b5 b4 b3 b2 bl b0

b4b3b2b1b0

b7b6b5

| | | | | | | | |Serial I/O1 control register 3
(SIO1CONS3 (SC13): address 001Cas)

Automatic transfer interval set bits

0000 0: 2 cycles of transfer clocks
00 00 1: 3 cycles of transfer clocks

1111 0: 32 cycles of transfer clocks
1111 1:33 cycles of transfer clocks

Data is written to a latch and read from a decrement counter.
Internal synchronous clock selection bits

0 0 0: f(Xin)/4 or f(Xcin)/8

0 0 1: f(Xin)/8 or f(Xcin)/16

0 1 0: f(Xin)/16 or f(Xcin)/32
01 1: f(Xin)/32 or f(XciN)/64

1 0 0O: f(Xin)/64 or f(Xcin)/128
10 1: f(Xin)/128 or f(Xcin)/256
11 0: f(Xin)/256 or f(Xcin)/512

Fig. 23 Structure of serial I/O1 control register 3
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(2) 8-bit serial I/0 mode

Address 001B1s6 is assigned to the serial I/O1 register.

When the internal synchronous clock is selected, a serial transfer
of the 8-bit serial 1/O is started by a write signal to the serial 1/01
register (address 001B16).

The serial transfer status flag (b5 of address 001A16) of serial I/01
control register 2 indicates the shift register status of serial 1/01,
and is set to “1” by writing into the serial 1/01 register, which be-
comes a transfer start trigger and reset to “0” after completion of
8-bit transfer. At the same time, a serial I/O1 interrupt request oc-
curs.

When the external synchronous clock is selected, the contents of
the serial 1/01 register are continuously shifted while transfer
clocks are input to ScLk1. Therefore, the clock needs to be con-
trolled externally.

(3) Automatic transfer serial /0O mode

The serial /01 automatic transfer controller controls the write and

read operations of the serial 1/01 register, so that the function of

address 001B16 is used as a transfer counter (1-byte unit).

When performing serial transfer through the serial 1/0 automatic

transfer RAM (addresses OF0016 to OFFF16), it is necessary to set

the serial I/01 automatic transfer data pointer (address 001816)

beforehand.

Input the low-order 8 bits of the first data store address to be seri-

ally transferred to the automatic transfer data pointer set bits.

When the internal synchronous clock is selected, the transfer in-

terval for each 1-byte data can be set by the automatic transfer

interval set bits (b0 to b4 of address 001C1s6) of serial /01 control

register 3 in the following cases:

1. When using no handshake signal

2. When using the SRDY1 output, SBUSY1 output, and SSTB1 output
of the handshake signal independently

3. When using a combination of SRDY1 output and SSTB1 output or
a combination of SBusY1 output and SsTB1 output of the hand-
shake signal.

It is possible to select one of 32 different values, namely 2 to 33

cycles of the transfer clock, as a setting value.

When using the SBUSY1 output and selecting the SBusY1 output ¢

SsTB1 output function selection bit (b4 of address 001A16) of serial

1/01 control register 2 as the signal for all transfer data, provided
that the automatic transfer interval setting is valid, a transfer inter-
val is placed before the start of transmission/reception of the first
data and after the end of transmission/reception of the last data.
For SsTB1 output, regardless of the contents of the SBusy1 output
« SsTB1 output function selection bit (b4), the transfer interval for
each 1-byte data is longer than the set value by 2 cycles.
Furthermore, when using a combination of SBusy1 output and
SsTB1 output as a signal for all transfer data, the transfer interval
after the end of transmission/reception of the last data is longer
than the set value by 2 cycles.

When the external synchronous clock is selected, automatic trans-
fer interval setting is disabled.

After completion of the above bit setup, if the internal synchronous
clock is selected, automatic serial transfer is started by writing the
value of “number of transfer bytes — 1” into the transfer counter
(address 001B16).

When the external synchronous clock is selected, write the value
of “number of transfer bytes — 1” into the transfer counter and
keep an internal system clock interval of 5 cycles or more. After
that, input transfer clock to SCLK1.

As a transfer interval for each 1-byte data transfer, keep an inter-
nal system clock interval of 5 cycles or more from the clock rise
time of the last bit.

Regardless of whether the internal or external synchronous clock
is selected, the automatic transfer data pointer and the transfer
counter are decremented after each 1-byte data is received and
then written into the automatic transfer RAM. The serial transfer
status flag (b5 of address 001A16) is set to “1” by writing data into
the transfer counter. Writing data becomes a transfer start trigger,
and the serial transfer status flag is reset to “0” after the last data
is written into the automatic transfer RAM. At the same time, a se-
rial 1/01 interrupt request occurs.

The values written in the automatic transfer data pointer set bits
(b0 to b7 of address 001816) and the automatic transfer interval
set bits (b0 to b4 of address 001C1e6) are held in the latch.

When data is written into the transfer counter, the values latched
in the automatic transfer data pointer set bits (b0 to b7) and the
automatic transfer interval set bits (b0 to b4) are transferred to the
decrement counter.

Serial /01 automatic transfer data pointer
(SIO1DP: address 001816)

Automatic transfer data pointer set bits
Specify the low-order 8 bits of the first data store address on the serial I/O automatic
transfer RAM. Data is written into the latch and read from the decrement counter.

Fig. 24 Structure of serial I/O1 automatic transfer data pointer
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Automatic transfer RAM
FFFi6

Automatic transfer
data pointer

[ 521 | —>F5216
F5116 Transfer counter
F5016 0416
FA4F1e A\ 4
FA4E1e

FOO16

Ty

SINL —) | | —» Soutt
Serial I/O1 register

Fig. 25 Automatic transfer serial I/0 operation
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(4) Handshake signal

1. SsTB1 output signal

The SsTB1 output is a signal to inform an end of transmission/re-
ception to the serial transfer destination . The SsTB1 output signal
can be used only when the internal synchronous clock is selected.
In the initial status, namely, in the status in which the serial I/O ini-
tialization bit (b4) is reset to “0”, the SsTB1 output goes to “L”, or
the SsTB1 output goes to “H".

At the end of transmit/receive operation, when the data of the se-
rial 1/01 register is all output from SouT1, pulses are output in the
period of 1 cycle of the transfer clock so as to cause the SSTB1
output to go “H” or the SsTB1 output to go “L". After that, each
pulse is returned to the initial status in which SSTB1 output goes to
“L” or the SSTBL output goes to “H".

Furthermore, after 1 cycle, the serial transfer status flag (b5) is re-
set to “0”.

In the automatic transfer serial /O mode, whether the SsTB1 out-
put is to be active at an end of each 1-byte data or after
completion of transfer of all data can be selected by the SBusy1
output « SSTB1 output function selection bit (b4 of address 001A16)
of serial /01 control register 2.

2. SBUSY1 input signal

The SBUSY1 input is a signal which receives a request for a stop of
transmission/reception from the serial transfer destination.

When the internal synchronous clock is selected, input an “H”
level signal into the SBusY1 input and an “L” level signal into the
SBUSY1 input in the initial status in which transfer is stopped.
When starting a transmit/receive operation, input an “L” level sig-
nal into the SBusy1 input and an “H” level signal into the Ssusy1
input in the period of 1.5 cycles or more of the transfer clock.
Then, transfer clocks are output from the ScLk1 output.

When an “H” level signal is input into the SBuUSY1 input and an “L”
level signal into the SBuUSY1 input after a transmit/receive opera-
tion is started, this transmit/receive operation are not stopped
immediately and the transfer clocks from the ScLk1 output is not
stopped until the specified number of bits are transmitted and re-
ceived.

The handshake unit of the 8-bit serial 1/0O is 8 bits and that of the
automatic transfer serial I/O is 8 bits.

When the external synchronous clock is selected, input an “H”
level signal into the SBusy1 input and an “L” level signal into the
SBUSY1 input in the initial status in which transfer is stopped. At
this time, the transfer clocks to be input in ScLk1 become invalid.
During serial transfer, the transfer clocks to be input in ScLk1 be-
come valid, enabling a transmit/receive operation, while an “L”
level signal is input into the SBusSY1 input and an “H” level signal is
input into the SBUSY1 input.

When changing the input values in the SBusy1 input and the
SBUSY1 input at these operations, change them when the ScLk1
input is in a high state.

When the high impedance of the SouT1 output is selected by the
SouT1 pin control bit (b6), the SouT1 output becomes active, en-
abling serial transfer by inputting a transfer clock to SciLk1, while
an “L” level signal is input into the SBusy1 input and an “H” level
signal is input into the SBUSY1 input.

SsTB1 [ ]

Serial transfeu

status flag

ScCLK1

SOUTl \ X X >< X X X
Fig. 26 SsTB1 output operation
SBUSY1 L
sak:  JuUuuyguu
Sourt1 LX XX X

Fig. 27 Ssusyi input operation (internal synchronous clock)

SBUSY1
scue U U UUUUUUUw
Invalid
SouT1 XX XX
(Output high-impedance)

Fig. 28 Seusy1 input operation (external synchronous clock)

3. SBuUsY1 output signal

The SBUSY1 output is a signal which requests a stop of transmis-
sion/reception to the serial transfer destination. In the automatic
transfer serial I/O mode, regardless of the internal or external syn-
chronous clock, whether the SBusy1 output is to be active at
transfer of each 1-byte data or during transfer of all data can be
selected by the SBusY1 output « SsTB1 output function selection bit
(b4).

In the initial status, the status in which the serial 1/O initialization
bit (b4) is reset to “0”, the SBUSY1 output goes to “H” and the
SBUSY1 output goes to “L".

MITSUBISHI
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When the internal synchronous clock is selected, in the 8-bit serial
I/0 mode and the automatic transfer serial /O mode (SBUSY1 out-
put function outputs in 1-byte units), the SBusy1 output goes to “L”
and the SBusY1 output goes to “H” before 0.5 cycle (transfer clock)
of the timing at which the transfer clock from the ScLk1 output
goes to “L” at a start of transmit/receive operation.

In the automatic transfer serial /O mode (the SBusY1 output func-
tion outputs all transfer data), the SBusY1 output goes to “L” and
the SBUSY1 output goes to “H” when the first transmit data is writ-
ten into the serial I/O1 register (address 001B16).

When the external synchronous clock is selected, the SBuUsY1 out-
put goes to “L” and the SBUSY1 output goes to “H” when transmit

data is written into the serial /01 register to start a transmit opera-
tion, regardless of the serial I/O transfer mode.

At termination of transmit/receive operation, the SBUSY1 output re-
turns to “H” and the SBUSY1 output returns to “L”, the initial status,
when the serial transfer status flag is set to “0”, regardless of
whether the internal or external synchronous clock is selected.
Furthermore, in the automatic transfer serial 1/O mode (SBusY1
output function outputs in 1-byte units), the SBuSY1 output goes to
“H” and the SBUSY1 output goes to “L” each time 1-byte of receive
data is written into the automatic transfer RAM.

SBUSY1 |
Serial transfer |
status flag S t—
ScLK1

CXXXXXX

Sourt1

SBUSY1 ‘

Serial transfer

—
status flag !7
SCLK1 HUUUUUUU

Write to Serial
1/01 register

Fig. 29 Ssusyi output operation
(internal synchronous clock, 8-bit serial I/O)

Fig. 30 Ssusy1 output operation
(external synchronous clock, 8-bit serial 1/0)

Serial 1/01 register

Automatic transfer
|nten/a|

ScLk1

- Automatic transfer RAM

Automatic transfer RAM
- Serial 1/01 register I

SBusY1

Serial transfer
status flag

Soutt

CX XX XXX

X

XX XX XXX

Fig. 31 Ssusy1 output operation in automatic transfer serial I/O mode
(internal synchronous clock, Ssusvi1 output function outputs each 1-byte)
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4. SRDY1 output signal

The SRDY1 output is a transmit/receive enable signal which in-
forms the serial transfer destination that transmit/receive is ready.
In the initial status, when the serial I/O initialization bit (b4) is reset
to “0”, the SRDY1 output goes to “L” and the SrRDY1 output goes to
“H". After transmitted data is stored in the serial I/O1 register (ad-
dress 001B16) and a transmit/receive operation becomes ready,
the SRDY1 output goes to “H” and the SRDY1 output goes to “L".
When a transmit/receive operation is started and the transfer clock
goes to “L”, the SRDY1 output goes to “L” and the SRDY1 output
goes to “H".

5. SRDY1 input signal

The SRDY1 input signal becomes valid only when the SrRDY1 input
and the SBusY1 output are used. The SRDY1 input is a signal for
receiving a transmit/receive ready completion signal from the se-
rial transfer destination.

When the internal synchronous clock is selected, input a low level
signal into the SRDY1 input and a high level signal into the SRDY1
input in the initial status in which the transfer is stopped.

When an “H” level signal is input into the SRDY1 input and an “L”
level signal is input into the SRDY1 input for a period of 1.5 cycles
or more of transfer clock, transfer clocks are output from the
ScLK1 output and a transmit/receive operation is started.

After the transmit/receive operation is started and an “L” level sig-
nal is input into the SRDY1 input and an “H” level signal into the
SRDY1 input, this operation cannot be immediately stopped.

After the specified number of bits are transmitted and received,
the transfer clocks from the ScLk1 output is stopped. The hand-
shake unit of the 8-bit serial /0 and that of the automatic transfer
serial 1/O are of 8 bits.

When the external synchronous clock is selected, the SRDY1 input
becomes one of the triggers to output the SBusY1 signal.

To start a transmit/receive operation (SBUSY1 output: “L", SBUSY1
output: “H”), input an “H” level signal into the SRDY1 input and an
“L” level signal into the SRDY1 input, and also write transmit data
into the serial /01 register.

SRDY1 V—\

ScLKk1 ‘UUUUUUUU

Write to serial f
1/01 register

Fig. 32 SrbpY1 output operation

SRDY1

ScLK1 L1

XXX X

SouT1

Fig. 33 Srpbv1 input operation (internal synchronous clock)
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A: Wiiteto _seriam
ScLk1 ———®| SciLk1 1/O1 register
P : :
SRDY1 SRDY1 SroYL 4}_‘

Spusy1l @ Spusv1

SBUSY1 b

o UL
A: B: > 2

Internal synchronous External synchronous Write to serial ﬂ
clock selection clock selection B:  o1register

Fig. 34 Handshake operation at serial /01 mutual connecting (1)

A-  Wiite to serial I
SCLKL ———B Sciki ' 1/01 register

Lo :
SRDY1 |~§——— SRDY1 SRDY1 ﬁ

SBusyr ——® Spusy1

SBUSY1 3

A: B : ScLk1

Internal synf:hronous External syr)chronous . Write to serial ]
clock selection clock selection B: I/O1 register

Fig. 35 Handshake operation at serial /01 mutual connecting (2)
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Serial 1/02 register (address 001D16) to “1”. For clock synchronous serial 1/,

Serial 1/02 can be used as either clock synchronous or asynchro-
nous (UART) serial I/0O. A dedicated timer (baud rate generator) is
also provided for baud rate generation during serial 1/02 opera-
tion.

(1) Clock synchronous serial I/O mode

The clock synchronous serial I/O mode can be selected by setting
the serial 1/02 mode selection bit (b6) of the serial 1/02 control

the transmitter and the receiver must use the same clock for serial
1/02 operation. If an internal clock is used, transmit/receive is
started by a write signal to the serial 1/02 transmit/receive buffer

register (TB/RB) (address 001F1s6).
When P67 (ScLk22) is selected as a clock I/O pin, SRDY2 output
function is invalid, and P66 (ScLk21) is used as an I/O port.

Data bus

Address 001F16 |

Serial 1/02 control register | Address 001D16

Receive buffer register |7

— Receive buffer full flag (RBF)

————— Receive interrupt request (RI)

XCIN

Falling edge detector |—

. o)
o 0
BRG clock 12
switch bit

—— Clock control circuit |—————

P64/RxD O | Receive shift register |
‘0" Shift clock —
P6e/Scikai KOSerial 1/02 clock 1/O pin selection bit Clock control circuit_|————
P67/Srov2/Scikzz Ouq»
XIN 0"

0 . .
o0—=0Q Internal system clock selection bit
Serial /02 synchronous clock selection bi

%RG count source selection bit - pjyision ratio 1/(n+1)

Baud rate generator

Address 003716

Transmit buffer register I

P67/Srova/Scikzz O Seal |/02 FIF Shift clock Transmit shift register shift
clock 1/0 pin cloc ™ completion flag (TSC)
selection bit — - Transmit interrupt source selection bit
P6s/TxD O { Transmit shift register —————=> Transmit interrupt request (T1)

[ .

ransmit buffer empty flag (TBE)

IAddress 001F16 |

Serial /02 status register | Address 001E16

L

Data

bus

Fig. 36 Block diagram of clock synchronous serial 1/02

Transmit/Receive shift clock
(1/2 to 1/2048 of internal
clock or external clock)

Serial 1/02 output TxD

Notes 7 :

control register.

data is output continuously from the TxD pin.

Serial /02 input RxD X_po_ X _p1 D2 pz X _pa X Ds pe X b7 X
Receive enable signal SRDY2
Write-in signal to serial 1/02 transmit/receive ﬂ
buffer register (address 001F16)
y Y
mBE=0 ' RBF =1
TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

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 transmit interrupt source selection bit (TIC) of the serial 1/02

2 : If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial

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

Fig. 37 Operation of clock synchronous serial 1/02 function
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(2) Asynchronous serial I/0 (UART) mode

The asynchronous serial /0 (UART) mode can be selected by
clearing the serial /02 mode selection bit (b6) of the serial 1/02
control register (address 001D16) to “0”. Eight serial data transfer
formats can be selected and the transfer formats used by the
transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer (the
two buffers have the same address in memory). Since the shift
register cannot be written to or read from directly, transmit data is
written to the transmit buffer, and receive data is read from the re-
ceive buffer. The transmit buffer can also hold the next data to be
transmitted, and the receive buffer can receive 2-byte data con-
tinuously.

Data bus

Address 001F16

OE
Character length selection bit

P64/RxD .

PE FE

Receive buffer register

Receive shift register

Serial 1/02 control register] Address 001D16

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

[re]

UART control register

Address 003816

»{Clock control circui

w0
P66/ScLk21 (KO Serial 1/02 clock I/0 pin

Serial /02 synchronous
clock selection bit

selection bit
P67/Srov2/Scik22  Ouq»

XN O—K

Internal system clock selection bit

BRG count source
selection bit

BRG clock
switch bit

P65/TxD O

Character length selection bit

Address 001F16

Division ratio 1/(n+1)

Baud rate generator
ST/SP/PA generator I

Transmit shift register

Transmit buffer register

Address 003716

- Transmit shift register shift
completion flag (TSC)

Transmit |nterrupt source selection bit
- Transmit interrupt request (T1)

Transmit buffer empty flag (TBE)

[ Serial /02 status register | Address 001E1s
J

Data

bus

Fig. 38 Block diagram of UART serial 1/02

Transmit or receive clock

Write-in signal to
transmit buffer register

T
y

TBE=0

Serial 1/02 output TxD

1 start bit
7 or 8 data bit
1 or O parity bit

Read-out signal from receive !
1 or 2 stop bit

buffer register

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

Serial 1/02 input RxD

RBF=1

XY e

Fig. 39 Operation of UART serial /02 function
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[Serial /02 Control Register] SIO2CON (001D16)

The serial 1/02 control register contains eight control bits for serial
1/02 functions.

[UART Control Register] UARTCON (003816)
This is a 7 bit register containing four control bits, of which four
bits are valid when UART is selected, and of which three bits are
always valid.

Data format of serial data receive/transfer and the output structure
of the P65/TxD pin and others are set by this register.

[Serial /02 Status Register] SIO2STS (001Ez16)

The read-only serial I/O2 status register consists of seven flags
(b0 to b6) which indicate the operating status of the serial 1/02
function and various errors. Three of the flags (b4 to b6) are only
valid in the UART mode. The receive buffer full flag (b1) is cleared
to “0” when the receive buffer is read.

The error detection is performed at the same time data is trans-
ferred from the receive shift register to the receive buffer register,
and the receive buffer full flag is set. A writing to the serial 1/02
status register clears error flags OE, PE, FE, and SE (b3 to b6, re-
spectively). Writing “0” to the serial /02 enable bit (SIOE : b7 of
the serial 1/02 control register) also clears all the status flags, in-
cluding the error flags.

All bits of the serial 1/02 status register are initialized to “0” at re-
set, but if the transmit enable bit (b4) of the serial /02 control
register has been set to “1”, the transmit shift register shift comple-
tion flag (b2) and the transmit buffer empty flag (b0) become “1".

[Serial 1/02 Transmit Buffer Register/Receive
Buffer Register] TB/RB (001F16)

The transmit buffer and the receive buffer are located in 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 (003716)

The baud rate generator determines the baud rate for serial trans-
fer. With the 8-bit counter having a reload register, the baud rate
generator divides the frequency of the count source by 1/(n+1),
where n is the value written to the baud rate generator.
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Whﬁw Serial /02 status register [blﬂ—]—[—[—m'% Serial /02 control register
(SIO2STS : address 001E16) (SIO2CON : address 001D16)
. BRG count source selection bit (CSS)
g_'%”sfffg'r‘ fbllllffef empty flag (TBE) 0: f(Xin) or f(XCIN)/2 or f(XcIN)
5 BEffer eumpty 1: f(XIN)/4 or f(XcIN)/8 or f(XcIN)/4
Receive buffer full flag (RBF) L Seggé/lczz synchronous clock selection bit (SCS)
0: Buffer empty (when clock synchronous serial I/0 is selected)
1: Buffer full BRG/16 (UART is selected)
N . . . 1: External clock input
Transmit shift register shift completion flag (TSC) (when clock synchronous serial /O is selected)
2: nggrmn:: 22:2 ?o?nrglgt]ertifjs External clock input/16 (UART is selected)
—— SRDY2 output enable bit (SRDY)
Overrun error flag (OE) 0: P67 pin operates as ordinary I/O pin
(1): g?/ei?ﬂ error 1: P67 pin operates as SRpv2 output pin
. ——— Transmit interrupt source selection bit (TIC)
Parity error flag (PE) 0: Interrupt when transmit buffer has emptied
2: ggrﬁ)r/rgrrror 1: Interrupt when transmit shift operation is completed
. ——— Transmit enable bit (TE)
—_— F_ramlng error flag (FE) 0: Transmit disabled
(1): l;l&renrirr:)gr error 1: Transmit enabled
. -—— Receive enable bit (RE)
Summing error flag (SE) 0: Receive disabled
0: (OE) U (PE) U (FE)=0 1: Receive enabled
1: (OE) U (PE) U (FE)=1
— - Serial I/02 mode selection bit (SIOM)
Not used (returns “1” when read) 0: Asynchronous serial /0 (UART)
1: Clock synchronous serial I/0
Serial /02 enable bit (SIOE)
0: Serial 1/02 disabled
b7 b0 UART control register (pins P64 to P67 operate as ordinary I/O pins)
(UARTCON : address 003816) L seria Vo2 enabled 2l O oi
Character length selection bit (CHAS) (pins P64 to P67 operate as seria pins)
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

P6s5/TxD P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open-drain output (in output mode)

BRG clock switch bit
0: XIN or XCIN (depends on internal system clock)
1: XCIN

— Serial I/02 clock /O pin selection bit
0: SCLK21 (P67/SCLK22 pin is used as I/O port or SRDY2 output pin.)
1: SCLK22 (P66/SCLK21 pin is used as I/O port.)

—— Notused (return “1” when read)

Fig. 40 Structure of serial /02 related register
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Serial 1/03

The serial I/03 function can be used only for 8-bit clock synchro-
nous serial 1/0.

All serial I/O pins are shared with port P9, which can be set with
the serial 1/03 control register (address OEEC16).

[Serial /03 Control Register (SIO3CON)] OEEC16
The serial 1/03 control register contains eight bits which control
various serial I/O functions.

e Serial /03 Operation

Either the internal clock or external clock can be selected as syn-
chronous clock for serial 1/03 transfer.

The internal clock can use a built-in dedicated divider where 6 dif-
ferent clocks are selected. In the case of the internal clock used,
transfer is started by a write signal to the serial I/03 register (ad-
dress OEED16). When 8-bit data has been transferred, the SouTs
pin goes to high impedance state.

In the case of the external clock used, the clock must be externally
controlled. It is because the contents of serial 1/03 register is kept
shifted while the clock is being input. Additionally, the function to
put the SouT3s pin high impedance state at completion of data
transfer is not available.

The serial 1/03 interrupt request bit is set at completion of 8-bit
data transfer, regardless of use of the internal clock or external
clock.

b7
= Serial 1/03 control register
(SIO3CON : address OEEC1s6)
Internal synchronous clock selection bits
b2 b1 b0
0 0 0: f(XIN)/4 (f(XcIN)/8)
0 0 1: f(XIN)/8 (f(XcIN)/16)
0 1 0: f(XiN)/16 (f(XcIN)/32)
1 1: f(XIN)/32 (f(XcIN)/64)
1 0: f(Xin)/64 (f(XcIN)/128)
1 1: f(Xin)/128 (f(XcIn)/256)

0
1
1

Serial 1/03 port selection bit (P91, P92)
0: I/O port
1: Sourts, ScLk3 signal output

SRDY3 output selection bit (P93)
0: 1/0 port
1: SrRpY3 signal output

Transfer direction selection bit
0: LSB first
1: MSB first

Serial 1/03 synchronous clock selection bit
0: External clock
1: Internal clock

P91/SouTs P-channel output disable bit (P91)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Fig. 42 Structure of serial I/03 control register

Internal synchronous
clock selection bits

1/4
Xein (O Internal system clock
selection bit Data bus
g
XINO——0 2
“qr [a)
P9z latch
Serial I/03 synchronous
“0” clock selection bit «q»
P93/SrpY3 SRDY3  [Synchronization o
“1” circuit
SRDY3 output selection bit 2 0
-
O
@D External cIockT
P92 latch
“gr
P92/Scika (O— .
e I Serial /03 counter (3) li ﬁ]ttagr?hgtoriquest
Serial I/03 port selection bit
P91 latch
ug?
P91/Souts
[}
wqn
Serial 1/03 port selection bit
P90/Sina O ! Serial /03 shift register (8)

L k

Fig. 41 Block diagram of serial 1/03
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Synchronous clock

Transfer clock 1 l
Serial /O3 register |_| \\ |
write signal | \ '
X Do X D1
Receive enable signal Sroys

Note: When the internal clock is selected as the transfer clock, the SouTs pin goes to high
impedance after transfer completion.

(Note)

|
DZ//XD3XD4XD5XD6X3D7/
S

Serial 1/03 output  SouTs

Serial I/03 input Sin3

X
X

}

Serial I/03 interrupt request bit set

Fig. 43 Timing of serial /03 (LSB first)
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD CONTROLLER

The M38B7 group has fluorescent display (FLD) drive and control

circuits.

Table 9 shows the FLD controller specifications.

Table 9 FLD controller specifications

Item Specifications
ELD High-breakdown- | « 52 pins (20 pins can be switched to general-purpose ports)
controller voltage output port
port CMOS port « 4 pins (all 4 pins can be switched to general-purpose ports)
(A driver IC must be installed externally)

Display pixel number

« Used FLD output

28 segment [0 28 digit (segment number + digit number < 56)
» Used digit output

40 segment O 16 digit (segment number < 40, digit number < 16)
» Connected to M35501

56 segment O (connected number of M35501) digit

(segment number < 56, digit number < number of M35501 [0 16)
» Used P64 to P67 expansion

52 segment O 16 digit (segment number < 52, digit number < 16)

Period « 4.0 ps to 1024 ps (count source XIN/16, 4 MHz)
* 16.0 ps to 4096 ps (count source XIN/64, 4 MHz)
Dimmer time * 4.0 ps to 1024 ps (count source XIN/16, 4 MHz)
* 16.0 ps to 4096 ps (count source XIN/64, 4 MHz)
Interrupt « Digit interrupt
* FLD blanking interrupt
Key-scan » Key-scan using digit

» Key-scan using segment

Expanded function

« Digit pulse output function
This function automatically outputs digit pulses.
* M35501 connection function

The number of digits can be increased easily by using the output of DIMouT(P73) as CLK for the

M35501.
« Toff section generating/nothing function

This function does not generate Toff1l section when the connected outputs are the same.

« Gradation display function

This function allows each segment to be set for dark or bright display.

« P64 to P67 expansion function

This function provides 16 lines of digit outputs from four ports by attaching the decoder converting

4-bit data to 16-bit data.

MITSUBISHI
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Lo 38B7 Group

cnet® SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

o add X g/la;inb I&ofalb Digit output set switch register
n It
ain address bus ata bus  data bus P20/FLDo | DIG/FLD

P21/FLD1 | DIG/FLD
P22/FLD2 | DIG/FLD
P23/FLDs | DIG/FLD | 8
P24/FLD4 | DIG/FLD |
P25/FLDs | DIG/FLD
P26/FLDs | DIG/FLD
P27/FLD7 | DIG/FLD
000416 OEF316

POo/FLDs | DIG/FLD
PO1/FLD9 | DIG/FLD
P02/FLD1o0| DIG/FLD
P03/FLD11| DIG/FLD | 8
P04/FLD12| DIG/FLD |
POs/FLD13| DIG/FLD
POs/FLD14| DIG/FLD
PO7/FLD1s| DIG/FLD
000016 OEF216

Plo/FLD16
_ P11/FLD17
P12/FLD1s
P13/FLD1o| 8
P14/FLD20|
P1s/FLD21
OEDF1s P16/FLD22
P17/FLD23
000216

P30/FLD24
P31/FLDz25s
P32/FLDz26
P33/FLDz7| 8
P34/FLD2s|
P3s5/FLD29
P36/FLD30
P37/FLD31
000616

OEO0016

Local address bus

—

FLD automatic display RAM

FLD/P|P4o/FLD32

F';E;Srt‘;‘r’de FLD/P| P41/FLDs3
(0EF416) FLD/P|P42/FLD34

FLD/P|P43/FLD35
FLD/P | P44/FLD3s
FLD/P | P4s/FLD37
FLD data pointer FLD/P|P46/FLD3s
reload register FLD/P|P47/FLD39
(OEF816) OEF916 000816

FLD/P | P50/FLD4o
FLD/P|P51/FLD41
j‘> Address FLD data pointer FLD/P|P52/FLD42
decoder <—| (OEF815) FLD/P|P53/FLDa3| 8
FLD/P| P54/FLD44
FLD/P|P55/FLD4s5
FLD/P | P56/FLD46s
FLD/P|P57/FLD47
OEFA16 000A16
FLD blanking interrupt
FLD digit interrupt

~

—[Timing generator

FLD/P]P6o/FLD4s
FLD/P|P61/FLD4g
FLD/P|P62/FLDso
FLD/P|P6s/FLDs1| 8
FLD/P|P64/FLDs2| *
FLD/P|P6s/FLDs3
FLD/P|P66/FLDs4
FLD/P|P67/FLDss
OEFB16 000C16

FLD/Port switch register

Fig. 44 Block diagram of FLD control circuit
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et 38B7 Group

v SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl b0
| | FLDC mode register
|_ (FLDM: address OEF416)

Automatic display control bit
0 : General-purpose mode
1 : Automatic display mode
— Display start bit
0 : Stop display
1 : Display (start to display by switching “0” to “1”)
Tscan control bits
b3b2
0 0 : FLD digit interrupt (at rising edge of each digit)
01:10 Tdisp }

10:20Tdisp % FLD blanking interrupt
11:30Tdisp ) (atfalling edge of the last digit)
Timing number control bit

0 : 16 timing mode

1: 32 timing mode

Gradation display mode selection control bit

0 : Not selecting

1: Selecting (Note)

Tdisp counter count source selection bit

0 : f(Xin)/16

1: f(XiN)/64

High-breakdown voltage port drivability selection bit
0 : Drivability strong

1 : Drivability weak

Note: When the gradation display mode is selected, the max. number of timing is 16
timing. (Be sure to set the timing number control bit to “0”.)

b7 b6 b5 b4 b3 b2 bl b0
| | FLD output control register
|_ (FLDCON: address OEFCuise)

P64 to P67 output reverse bit
0 : Output normally
1 : Reverse output
— Not used (return “0” when read); (Do not write “1”.)
P64 to P67 Toff invalid bit
0 : Operation normally
1: Toff invalid
Not used (return “0” when read); (Do not write “1".)
P73 dimmer output control bit
0 : Normal port
1 : Dimmer output
Generating/Not of CMOS port Toff section selection bit
0 : Toff section not generated
1: Toff section generated
Generating/Not of high-breakdown voltage port Toff section
selection bit
0 : Toff section not generated
1 : Toff section generated
Toff2 SET/RESET switch bit
0 : Toff2 RESET; Toffl SET
1: Toff2 SET; Tdisp RESET

Fig. 45 Structure of FLDC related registers (1)
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b7 b6 b5 b4 b3 b2 bl b0

[TTTTTT ] PortP4FLD/Port switch register
|_ (P4FPR: address OEF916)

Port P4o FLD/Port switch bit
0 : Normal port
1 : FLD output port
—— Port P41 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P42 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P43 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P44 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P4s FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P46 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P47 FLD/Port switch bit
0 : Normal port
1 : FLD output port

b7 b6 b5 b4 b3 b2 bl b0
[TTTT T[] PortPsFLD/Port switch register

|_ (P5FPR: address OEFA16)

Port P50 FLD/Port switch bit
0 : Normal port
1: FLD output port
— Port P51 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P52 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P53 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P54 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P55 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P56 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P57 FLD/Port switch bit
0 : Normal port
1: FLD output port

Fig. 46 Structure of FLDC related registers (2)
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bo

| | | Port P6 FLD/Port switch register

B

(P6FPR: address OEFBu16)

Port P6o FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P61 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P62 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P63 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P64 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P65 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P66 FLD/Port switch bit
0 : Normal port

1: FLD output Port

Port P67 FLD/Port switch bit
0 : Normal port

1: FLD output port

Fig. 47 Structure of FLDC related registers (3)
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b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Port PO digit output set switch register
|_ (PODOR: address OEF216)

Port POo FLD/Digit switch bit
0 : FLD output
1 : Digit output
— Port PO1 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port PO2 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P03 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port PO4 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port POs FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port POs FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port PO7 FLD/Digit switch bit
0 : FLD output
1 : Digit output

b7 b6 b5 b4 b3 b2 bl b0

| | Port P2 digit output set switch register
|_ (P2DOR: address OEF316)

Port P20 FLD/Digit switch bit
0 : FLD output
1 : Digit output
— Port P21 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P22 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P23 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P24 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P25 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P26 FLD/Digit switch bit
0 : FLD output
1 : Digit output
Port P27 FLD/Digit switch bit
0 : FLD output
1 : Digit output

Fig. 48 Structure of FLDC related registers (4)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display Pins

PO to P6 are the pins capable of automatic display output for the
FLD. The FLD starts operating by setting the automatic display
control bit (bit 0 at address 0EF416) to “1”. There is the FLD output
function that outputs the RAM contents from the port every timing
or the digit output function that drives the port high with a digit tim-

ing. The FLD can be displayed using the FLD output for the seg-
ments and the digit or FLD output for the digits. When using the
FLD output for the digits, be sure to write digit display patterns to
the RAM in advance. The remaining segment and digit lines can
be used as general-purpose ports. Settings of each port are
shown below.

Table 10 Pins in FLD automatic display mode

Port Automatic display pin Setting method

PO, P2 FLDo to FLD15 The individual bits of the digit output set switch registers (addresses OEF216, OEF316) can
set each pin to either an FLD port (“0”) or a digit port (“1”).
When the pins are set for the digit port, the digit pulse output function is enabled, so that the
digit pulses can always be output regardless the value of FLD automatic display RAM.

P1, P3 FLD16 to FLD31 Setting the automatic display control bit (bit 0 of address OEF416) to “1” can set these ports
to the FLD exclusive use port.

P4, P5, FLD32 to FLD51 The individual bits of the FLD/Port switch register (addresses 0EF916 to OEFB16) can set

P60 to P63 each pin to either an FLD port (“1”) or a general-purpose port (“0”).

P64 to P67 FLDs52 to FLDss The individual bits of the port P6 FLD/Port switch register (address OEFB16) can set each

pin to either FLD port (“1") or general-purpose port (“0"). A variety of output pulses can be
available by setting of the FLD output control register (address OEFC16). The port output
structure is the CMOS output. When using the port as a display pin, a driver IC must be in-
stalled externally.

Setting example 1 Setting example 2
This is a register setup example where only FLD output is used. This is a register setup example where both FLD output and digit waveform output are
In this case, the digit display output pattern must be set in the FLD automatic used. In this case, because the digit display output is automatically generated, there is
display RAM in advance. no need to set the display pattern in the FLD automatic display RAM.
Number of segments 36 The contents of digit output set switch registers Number of segments 28 The contents of digit output set switch registers
Number of digits 16 (OEF216, OEF316) Number of digits 12 (i)EFZm, 0EF316)
Port P2 FLDo (DIG output) 0 Port P2 FLDo (DIG output) |1
FLD1 (DIG output) |0 FLD1 (DIG output) |1
FLD2 (DIG output) |0 FLD2 (DIG output) |1
FLD3 (DIG output) |0 FLD3 (DIG output) | 1
FLD4 (DIG output) |0 5 . FLD4 (DIG output) | 1 3 X
FLDs (DIG output) |0 FLD/Port switch registers FLDs (DIG output) | 1 FLD/Port switch registers
FLDs (DIG outpu) | 0 (OEF916 to OEFB16) FLDs (DIG output) | 1 (OEF916 to OEFBzs)
FLD7 (DIG output) |0 ¢ FLD7 (DIG output) |1 ¢
Port PO FLDs (DIG output) |0 Port P4 1 |FLD32 (SEG output) Port PO FLDs (DIG output) |1 Port P4 1 |FLD32 (SEG output)
FLD9 (DIG output) |0 1 |FLD33 (SEG output) FLD9 (DIG output) |1 1 |FLD33 (SEG output)
FLD10 (DIG output) |0 1 |FLD34 (SEG output) FLD1o0 (DIG output) |1 1 |FLD34 (SEG output)
FLD11 (DIG output) | 0 1 |FLD3s (SEG output) FLD11 (DIG output) | 1 1 |FLD3s (SEG output)
FLD12 (DIG output) | 0 1 |FLD3s (SEG output) FLD12 (SEG output) | 0 1 |FLD36 (SEG output)
FLD13 (DIG output) |0 1 |FLD37 (SEG output) FLD13 (SEG output) | 0 1 |FLD37 (SEG output)
FLD14 (DIG output) |0 1 |FLD3s (SEG output) FLD14 (SEG output) | 0 1 |FLD38 (SEG output)
FLD15 (DIG output) | 0 1 | FLD39(SEG output) FLD1s (SEG output) | 0 1 |FLD39 (SEG output)
Port P1 FLD16 (SEG output) Port P5 1 |FLD4o (SEG output) Port P1 FLD16 (SEG output) Port P5 1 [FLD4o0 (SEG output)
FLD17 (SEG output) 1 |FLDa1 (SEG output) FLD17 (SEG output) 1 [FLDa1 (SEG output)
FLD18 (SEG output) 1 |FLDa42 (SEG output) FLD18 (SEG output) 1 [FLD42 (SEG output)
FLD19 (SEG output) 1 |FLD43 (SEG output) FLD19 (SEG output) 1 |FLD43 (SEG output)
FLD20 (SEG output) 1 |FLD44 (SEG output) FLD20 (SEG output) 0 |FLDa44 (port output)
FLD21 (SEG output) 1 |FLD4s (SEG output) FLD21 (SEG output) 0 |FLD4s (port output)
FLD22 (SEG output) 1 |FLD46 (SEG output) FLD22 (SEG output) 0 |FLDa4s (port output)
FLD23 (SEG output) 1 |FLD47 (SEG output) FLD23 (SEG output) 0 |FLD47 (port output)
FLD24 (SEG output) 1 |FLDas (SEG output) FLD24 (SEG output) 0 |FLD48 (port output)
PortP3  eipss (SEG output) Port P6 1 |FLDa9 (SEG output) Port P3 FLD25 (SEG output) Port P6 0 [FLDas (port output)
FLD26 (SEG output) 1 |FLDso0 (SEG output) FLDz26 (SEG output) 0 [FLDso (port output)
FLD27 (SEG output) 1 [FLDs1 (SEG output) FLD27 (SEG output) 0 |FLDs1 (port output)
FLD28 (SEG output) 0 |FLDs2 (port output) FLD28 (SEG output) 0 |FLDs2 (port output)
FLD29 (SEG output) 0 |FLDs3 (port output) FLD29 (SEG output) 0 |FLDs3 (port output)
FLD30 (SEG output) 0 |FLDs4 (port output) FLD30 (SEG output) 0 |FLDs4 (port output)
FLD31 (SEG output) 0 |FLDss (port output) FLD31 (SEG output) 0 |FLDss (port output)
DIG output : This output is connected to digit of the FLD. DIG output : This output is connected to digit of the FLD.
SEG output : This output is connected to segment of the FLD. SEG output : This output is connected to segment of the FLD.
Port output : This output is general-purpose port (used by program). Port output : This output is general-purpose port (used by program).
Fig. 49 Segment/Digit setting example
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display RAM

The FLD automatic display RAM uses the 224 bytes of addresses
0E0016 to OEDF16. For FLD, the 3 modes of 16-timingeordinary
mode, 16-timingegradation display mode and 32-timing mode are
available depending on the number of timings and the use/not use
of gradation display.

The automatic display RAM in each mode is as follows:

(1) 16-timingeordinary mode

This mode is used when the display timing is 16 or less. The 112
bytes of addresses OE7016 to OEDF16 are used as a FLD display
data store area. Because addresses OE0016 to OE6F16 are not
used as the automatic display RAM, they can be the ordinary
RAM.

(2) 16-timingegradation display mode

This mode is used when the display timing is 16 or less, in which
mode each segment can be set for dark or bright display. The 224
bytes of addresses OE0016 to OEDF16 are used. The 112 bytes of
addresses 0E7016 to OEDF16 are used as an FLD display data
store area, while the 112 bytes of addresses 0E0016 to OE6F16 are
used as a gradation display control data store area.

(3) 32-timing mode

This mode is used when the display timing is 16 or greater. This
mode can be used for up to 32-timing.

The 224 bytes of addresses 0E0016 to OEDF16 are used as an
FLD display data store area.

The FLD data pointer (address OEF816) is a register to count dis-
play timings. This pointer has a reload register. When the pointer
underflow occurs, it starts counting over again after being re-
loaded with the initial value in the reload register. Make sure that
(the timing counts — 1) is set to the FLD data pointer. When writing
data to this address, the data is written to the FLD data pointer re-
load register; when reading data from this address, the value in
the FLD data pointer is read.

16-timingeordinary mode  16-timingegradation display mode 32-timing mode

0E0016 OEQ016

Not used

OEOQO16

Gradation display
control data stored
area

1 to 32 timing display

OE7016 OE7016

1 to 16 timing display
data stored area

OEDF16 OEDF16

data stored area

1 to 16 timing display
data stored area

OEDF16

Fig. 50 FLD automatic display RAM assignment
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Data Setup (2) 16-timingegradation display mode

(1) 16-timingeordinary mode

The area of addresses OE7016 to OEDF16 are used as a FLD au-
tomatic display RAM.

When data is stored in the FLD automatic display RAM, the last
data of FLD port P6 is stored at address OE701s, the last data of
FLD port P5 is stored at address OE8016, the last data of FLD port
P4 is stored at address OE901s6, the last data of FLD port P3 is
stored at address OEAOQ16, the last data of FLD port P1 is stored at
address OEBOz1s6, the last data of FLD port PO is stored at address
OECO016, and the last data of FLD port P2 is stored at address
OEDO1s, to assign in sequence from the last data respectively.
The first data of the FLD port P6, P5, P4, P3, P1, PO, and P2 is
stored at an address which adds the value of (the timing number —
1) to the corresponding addresses OE7016, 0E8016, 0E901s6,
OEAO16, 0EBO16, OEC016 and OEDO1s.

Set the FLD data pointer reload register to the value given by (the
timing number — 1).

Display data setting is performed in the same way as that of the
16-timingeordinary mode. Gradation display control data is ar-
ranged at an address resulting from subtracting 007016 from the
display data store address of each timing and pin. Bright display is
performed by setting “0”, and dark display is performed by setting
“1r.

(3) 32-timing Mode

The area of addresses 0E0016 to OEDF16 is used as a FLD auto-
matic display RAM.

When data is stored in the FLD automatic display RAM, the last
data of FLD port P6 is stored at address OEOO16, the last data of
FLD port P5 is stored at address 0E2016, the last data of FLD port
P4 is stored at address 0E4016, the last data of FLD port P3 is
stored at address OE6016, the last data of FLD port P1 is stored at
address OE801s6, the last data of FLD port PO is stored at address
OEAO16, and the last data of FLD port P2 is stored at address
0ECO1s, to assign in sequence from the last data respectively.
The first data of the FLD port P6, P5, P4, P3, P1, PO, and P2 is
stored at an address which adds the value of (the timing number —
1) to the corresponding addresses OE00O16, 0E2016, OE401s6,
0E6016, 0E8016, 0EAO16 and OECO016.

Set the FLD data pointer reload register to the value given by (the
timing number — 1).

Number of timing: 8
(FLD data pointer reload register = 7)

p ™ |76 [543 ]2]1 0

0E7015 The last timing
OE7116 (The last data of FLDP6)
OE7216

0E7316

OE7416

OE7516

OET7616

0E7716 Timing for start
0E7816 (The first data of FLDP6)
OE7916 FLDPG data area
OE7A1s

OE7B1s

0E7Cis

0E7D1s

OE7E1s

OE7F16

0E8016 The last timing
0E8116 (The last data of FLDPS)
0E8216

OE8316

OE8415

OE8516

0E8616

0E8716 Timing for start
OE8816 (The first data of FLDPS)
0E8916 FLDP5 data area
OEBA16

0E8B16

OE8C1

OE8D1s

OE8E1s

OE8Fs

0E9016 The last timing
0E9116 (The last data of FLDP4)
0E9216

0E9316

0E9416

0E9516

0E9616

0E9716 Timing for start
0E9816 (The first data of FLDP4)
e FLDP4 data area
0E9B1s

OE9Cis

OE9D1s

OE9E1s

OE9F16

OEAO15 The last timing
OEAL1s (The last data of FLDP3)
0EA215

0EA316

OEAd16

OEAS15

OEAG15

OEA716 Timing for start
0EAB16 (The first data of FLOP3)
OEA915 FLDP3 data area
OEAALS

OEAB15

OEAC16

OEADI6

OEAE10

OEAFis

0EBO16 The last timing
0EBL1s (The last data of FLDP1)
0EB216

0EB316

0EB416

0EBS16

0EB616

0EBT716 Timing for start
0EBB16 (The first data of FLDP1)
OEBO16 FLDP1 data area
OEBA1s

OEBB1s

0EBC16

0EBD16

OEBE1s

OEBF1s

OECO16 The last timing
OECLis (The last data of FLDPO)
0EC215

0EC315

0EC41

0EC516

0EC616

0ECT15 Timing for start
OECB16 (The first data of FLDP0)
0ECO16 FLDPO data area
OECA16

0ECB16

0ECC15

0ECD1s

OECE1s

0ECF16

0EDO1s The last timing
0ED115 (The last data of FLDP2)
0ED216

0ED316

0ED416

0ED515

0ED615

OED716 Timing for start
OEDB16 (The first data of FLDP2)
OED91e FLDP2 data area
OEDA

0EDB16

0EDC16

0EDD16

OEDE16

OEDF1s

Fig. 51 Example of using FLD automatic display RAM in 16-timingeordinary mode
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Number of timing: 15

(FLD data pointer reload register = 14)

hoese—* | 7 | 6 [ 5 |43 [2]1]0
0E7016
0E7116
0E7216
0E7316
0E7416
0E7516
0E7616
0E7716
0E7816
0E7916
0E7A16
OE7B16
0E7C16
0E7D16
OE7E16
0E7F16
0E8016
0E8116
0E8216
0E8316
0E8416
0E8516
0E8616
0E8716
OE8816
0E8916
0E8A16
OE8B16
0E8C16
0E8D16
0E8E16
0E8F16
0E9016
0E9116
0E9216
0E9316
0E9416
0E9516
0E9616
0E9716
0E9816
0E9916
0E9A16
0E9B16
0E9C16
0E9D16
O0E9E16
0E9F16
0EAO16
0EAl16
OEA216
0EA316
0EA416
0EAS516
0EA616
0EA716
0EA816
OEA916
0EAA16
0EAB16
0EAC16
OEAD16
OEAE16 Ll
OEAF16
0EBO16
O0EB116
0EB216
0EB316
0EB416
0EBS516
0EB616
0EB716
0EB816
0EB916
0EBA16
O0EBB16
OEBC16
0EBD16
OEBE16 "
O0EBF16
0ECO016
0EC116
0EC216
OEC316
0EC416
0EC516
0EC616
0EC716
0EC816
0EC916
0ECA16
0ECB16
0ECC16
0ECD16
OECE16
0ECF16
0EDO016
0ED116
0ED216
0ED316
0ED416
0ED516
0ED616
0ED716
0ED816
0ED916
OEDA16
0EDB16
OEDC16
0EDD16

T

T

0EDE16
OEDF16

The last timing
(The last data of FLDP6)

FLDP6 data area

Timing for start
(The first data of FLDP6)

The last timing
(The last data of FLDP5)

FLDPS data area

Timing for start
(The first data of FLDP5)

The last timing
(The last data of FLDP4)

FLDP4 data area

Timing for start
(The first data of FLDP4)

The last timing
(The last data of FLDP3)

FLDP3 data area

Timing for start
(The first data of FLDP3)

The last timing
(The last data of FLDP1)

FLDP1 data area

Timing for start
(The first data of FLDP1)

The last timing
(The last data of FLDPO)

FLDPO data area

Timing for start
(The first data of FLDPO)

The last timing
(The last data of FLDP2)

FLDP2 data area

Timing for start
(The first data of FLDP2)

osess— = | 7

0E0016

0EO116

0E0216

0E0316

0E0416

0E0516

0E0616

0E0716

0E0816

0E0916

OEOA16

OEOB16

0EOC16

0EOD16

O0EOE16

OEOF16

0E1016

OE1l16

0E1216

0E1316

0E1416

0E1516

0E1616

0E1716

0E1816

0E1916

0E1A16

0E1B16

0E1C16

0E1D16

OE1E16

OE1F16

0E2016

0E2116

0E2216

0E2316

0E2416

0E2516

0E2616

0E2716

0E2816

0E2916

0E2A16

0E2B16

0E2C16

0E2D16

O0E2E16

O0E2F16

0E3016

0E3116

OE3216

OE3316

0E3416

0E3516

0E3616

0E3716

0E3816

OE3916

0E3A16

0E3B16

0E3C16

0E3D16

OE3E16

OE3F16

0E4016

0E4116

0E4216

OE4316

0E4416

0E4516

0E4616

0E4716

0E4816

0E4916

0E4A16

0E4B16

OE4C16

OE4D16

OE4E16

OE4F16

0ES5016

0ES5116

0E5216

0ES316

0E5416

0ES516

0E5616

0E5716

OES5816

OE5916

0E5A16

0ESB16

0E5C16

0E5D16

OESE16

0ESF16

0E6016

0E6116

0E6216

0E6316

OE6416

0E6516

OE6616

0E6716

0E6816

0E6916

O0E6A16

0E6B16

0E6C16

0E6D16

OE6E16

OE6F16

The last timing
(The last data of FLDP6)

FLDPS gradation
display data area

Timing for start
(The first data of FLDP6)

The last timing
(The last data of FLDP5)

FLDPS gradation
display data area

Timing for start
(The first data of FLDP5)

The last timing
(The last data of FLDP4)

FLDP4 gradation
display data area

Timing for start
(The first data of FLDP4)

The last timing
(The last data of FLDP3)

FLDP3 gradation
display data area

Timing for start
(The first data of FLDP3)

The last timing
(The last data of FLDP1)

FLDP1 gradation
display data area

Timing for start
(The first data of FLDP1)

The last timing
(The last data of FLDPO)

FLDPO gradation
display data area

Timing for start
(The first data of FLDPO)

The last timing
(The last data of FLDP2)

FLDP2 gradation
display data area

Timing for start
(The first data of FLDP2)

Fig. 52 Example of using FLD automatic display RAM in 16-timingegradation display mode
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MITSUBISHI MICROCOMPUTERS

et 38B7 Group

. S
3‘\«&\3‘9 SuoY
s e \“““S
. \!
Woe ™ &
SoMe °
e SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
Number of timing: 20 sawes > | 7 | 6 [543 |21 0
(FLD data pointer reload register = 19) 0E0016 e The last timing
(The last data of FLDP6)

s | 7 | 6 [543 [2]1 0 0E0116

0E7016 0E0216

0E7116 0EO0316

OE7216 Timing for start OE0410

0E7316 (The firs data of FLDP3) 0E0516

OE7416 0EO0616

0E7516 0E0716

0E7616 O0EO0816

O0E7716 0E0916

0E7816 OEOA16

0E7916 OEOB16

OE7A16 0EOC16

0E7B1s 0EOD16

0E7C16 OEOE16

OE7D16 OEOF16 FLDP6 data area

OE7E16 0E1016

OE7F16 hel OE1116 Timin for sar
e last timing iming for start

gggﬂz (The last data of FEDPl) g;g: (The first Gt of FLDP6)

0E8216 OE1416

OE8316 OE1516

OE8416 OE1616

OEB516 O0E1716

OE8616 OE1816

O0E8716 0E1916

0E8816 OE1A16

0EB916 OE1B16

OE8A16 OE1C16

OE8B16 OE1D16

0E8C16 OE1E16

0E8D16 OE1F16

OE8E16 0E2016 ™ (The s L“Jaaslla”(;?‘gl?DPS)

OE8F16 FLDP1 data area 0E2116

0E9016 0E2216

0E9116 O0E2316

0E9216 Timing for start QE2416

OE9316 (The first data of FLDP1) OE2516

OE9416 0E2616

0E9516 0E2716

0E9616 0E2816

0E9716 0E2916

0E9816 OE2A16

0E9916 OE2B16

OE9A16 0E2C16

OE9B16 OE2D16

0E9C16 OE2E16

0E9D16 OE2F16 FLDPS data area

OE9E16 0E3016

0E9F16 0E3116

‘
Ao Y The-lrahselliaastla“nmflgl?DPO sl Ti for start
‘ LR (T o)
0EA216 0E3416
0EA316 0E3516
0EA416 0E3616
OEAS516 0E3716
0EA616 0E3816
0EA716 0E3916
OEAB816 0E3A16
0EA916 0E3B16
0EAA16 0E3Ci6
OEAB16 0E3D16
OEAC16 OE3E16
OEAD16 OE3F16 .
OEAE16 0E4016 [ The last timing
;

(The last data of FLDP4)

OEAF1e FLDPO data area 0Edlie
0EBO16 0E4215
0EB116 0E4316
e Timing for start OEddie
QEBS16 (The frs dia of FLDPO) 04510
0EB416 0E4616
0EBS16 0E4716
0EB616 0E4816
0EB716 0E4916
0EBB16 0E4A16
0EB916 0E4B16
0EBAI6 0E4C1s
0EBB16 0E4D16
0EBC16 0E4E16
0EBD16 OE4F16 FLDP4 data area
OEBE1s 0E5016
OEBF1s 0E5116
OECO16 The last timing 0E5216

(The last data of FLDP2) 0E5316 ] Timing for start

0EC116 (The first data of FLDP4)

0EC216
0OEC316
0OEC416
0OECS516
OEC616
0ECT716
OECB816
0EC916
OECA16
0OECB16
0ECC16
0ECD16
OECE16
OECF16
0EDO16
0OED116
0ED216
0OED316
0OED416
0OEDS516
OED616
0ED716
0EDB816
0ED916
OEDA16
OEDB16
0EDC16
0EDD16
OEDE16
OEDF16

0E5416
0E5516
0E5616
0E5716
0E5816
0E5916
OE5A16
0E5B16
0E5C16
0ES5D16
OE5E16
OES5F16 Thel
e last timin
OE60L5 M) (The last data of FLDP3)

FLDP2 data area Q6116
0E6216
0E6316
0E6416

Timing for start 0E6516
(The first data of FLDP2)

0E6616
0E6716
0E6816
0E6916
OE6A16
0E6B16
0E6C16
0E6D16
0E6E16
OE6F16

FLDP3 data area

Fig. 53 Example of using FLD automatic display RAM in 32-timing mode
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timing Setting
Each timing is set by the FLDC mode register, Tdisp time set reg-
ister, Toffl time set register, and Toff2 time set register.

(1) Tdisp time setting

The Tdisp time means the length of display timing. In non-grada-
tion display mode, it consists of the FLD display output term and
the Toffl time. In gradation display mode, it consists of the display
output term and the Toffl time plus a low signal output term for
dark display. Set the Tdisp time by the Tdisp counter count source
selection bit of the FLDC mode register and the Tdisp time set
register. Supposing that the value of the Tdisp time set register is
n, the Tdisp time is represented as Tdisp = (n+1) O t (t: count
source). When the Tdisp counter count source selection bit of the
FLDC mode register is “0” and the value of the Tdisp time set reg-
ister is 200 (C816), the Tdisp time is: Tdisp = (200 + 1) [0 4.0 ps (at
XIN = 4 MHz) = 804 ps. When reading the Tdisp time set register,
the counting value is read out.

(2) Toff1 time setting

The Toffl time means a non-output (low signal output) time to pre-
vent blurring of FLD and for dimmer display. Use the Toff1 time set
register to set this Toffl time. Make sure the value set to Toffl is
smaller than Tdisp and Toff2. Supposing that the value of the Toffl
time set register is nl, the Toffl time is represented as Toffl =
nl O t. When the Tdisp counter count source selection bit of the
FLDC mode register is “0” and the value of the Toffl time set reg-
ister is 30 (1E16), Toff1 = 30 0 4.0 ps (at XIN =4 MHz) = 120 ps.
Be sure to set the value of 0316 or more to the Toffl time set reg-
ister (address OEF616).

(3) Toff2 time setting

The Toff2 time is time for dark display. For bright display, the FLD
display output remains effective until the counter that is counting
Tdisp underflows. For dark display, however, “L” (or “off") signal is
output when the counter that is counting Toff2 underflows. This
Toff2 time setting is valid only for FLD ports which are in the gra-
dation display mode and whose gradation display control RAM
value is “1" .

Set the Toff2 time by the Toff2 time set register. Make sure the
value set to Toff2 is smaller than Tdisp but larger than Toff1. Sup-
posing that the value of the Toff2 time set register is n2, the Toff2
time is represented as Toff2 = n2 O t. When the Tdisp counter
count source selection bit of the FLDC mode register is “0” and
the value of the Toff2 time set register is 180 (B416), Toff2 = 180 O
4.0 us (at XIN =4 MHz) = 720 ps.

When bit 7 of the FLD output control register (address OEFC1s) is
set to “1”, be sure to set the value of 0316 or more to the Toff2 time
set register (address 0EF716).

«Gradation display mode is not selected

(Address OEF416 bit 5 = “0")
«Gradation display mode is selected and set for bright display
(Address OEF416 bit 5 = “1” and the corresponding gradation
display control data = “0")

*Gradation display mode is selected and set for dark dlsplay

_>

Low output term for

blurring prevention Display output term

Low output term for
blurring prevention  Display output term

Toffl

Tdisp

Low output term for
dark display

(Address OEF416 bit 5 = “1” and the corresponding
display control data = “1")

Toffl

Toff2
Tdisp

Fig. 54 FLD and digit output timing
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display Start

Automatic display starts by setting both the automatic display con-
trol bit (bit 0 of address 0EF416) and the display start bit (bit 1 of
address OEF416) to “1”. The RAM contents at a location apart from
the start address of the automatic display RAM for each port by
(FLD data pointer (address OEF816) — 1) are output to each port.
The FLD data pointer (address OEF816) counts down in the Tdisp
interval. When the count results in “FF16”, the pointer is reloaded
and starts counting over again. Before setting the display start bit
(bit 1 of address 0EF416) to “1”, be sure to set the FLD/port switch
registers, digit output set switch registers, FLDC mode register,
Tdisp time set register, Toff1 time set register, Toff2 time set regis-
ter, and FLD data pointer.

During FLD automatic display, the display start bit always keeps
“1", and FLD automatic display can be interrupted by writing “0” to
this bit.

Key-scan and Interrupt

Either the FLD digit interrupt or FLD blanking interrupt can be se-
lected using the Tscan control bits (bits 2, 3 of address 0EF416).
The FLD digit interrupt is generated when the Toffl time in each
timing expires (at rising edge of digit output). Key scanning that
makes use of FLD digits can be achieved using each FLD digit in-
terrupt. To use FLD digit interrupts for key scanning, follow the
procedure described below:

(1) Read the port value each time the interrupt occurs.

(2) The key is fixed on the last digit interrupt.

The output digit positions can be determined by reading the FLD
data pointer (address OEF816).

Repeat cycle

Tdisp

Toffl —ad | a—

T2 T1

Tn 1 Tn 2 ﬁh,(-m

'(Tn)‘Tnl TnZHh

AL M

Tn
FLD digit output _Q)_)
\

FLD digit interrupt generated at the rising edge of digit (each timing)

Fig. 55 Timing using digit interrupt

MITSUBISHI
ELECTRIC >



\ s\"ec’m‘ et\\\(zo
o 0O a‘:‘\‘\\: N o
\ce" T“ﬁﬁi\"‘c W
“g’o\ e ?a‘a
C\“a(\ge'

MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

The FLD blanking interrupt is generated when the FLD data

pointer (address OEF816) reaches “FF16”. The FLD automatic dis-

play output is turned off for a duration of 1 00 Tdisp, 2 O Tdisp, or

3 0 Tdisp depending on post-interrupt settings. During this time,

key scanning that makes use of FLD segments can be achieved.

When the key scanning is performed with the segment during

key-scan blanking time Tscan, follow the procedure described

below:

(1) Write “0” to the automatic display control bit (bit O of address
0EF41s).

(2) Set the port corresponding to the segment for key scanning to
the output port.

(3) Perform key scanning.

(4) Write “1” to the automatic display control bit.

m Note

When performing a key-scan according to the above steps 1 to 4,
take the following points into consideration.

1. Do not set the display start bit (bit 1 of address 0EF416) to “0".
2. Do not set “1” in the ports corresponding to digits.

Repeat cycle

Tdisp

Tn | Tn-1 Tn-2 T4 T3 T2 T1 Tn Tn-1 Tn-2
FLD digit output q\)‘u—x—xmﬁ\\hx MU= A

H_/
T Segment setting by software

FLD blanking interrupt generated at the
falling of edge of the last timing

Fig.56 Timing using FLD blanking interrupt
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

P64 to P67 Expansion Function

Ports P64 to P67 are CMOS output structure. FLD digit outputs
can be increased as many as 16 lines by connecting a decoder
converting 4-bit to 16-bit data to these ports. P64 to P67 have the
function to allow for connection to a decoder converting 4-bit to
16-bit data.

(1) P64 to P67 Toff invalid function

This function disables the Toffl time and Toff2 time and outputs
display data for the duration of Tdisp. (See Figure 57.) This can be
achieved by setting the P64 to P67 Toff invalid bit (bit 2 of address
OEFC1s) to “1".

(2) Dimmer signal output function

This function allows a dimmer signal creation signal to be output
from DIMouT (P73). The dimmer function can be achieved by con-
trolling the decoder with this signal. (See Figure 57.) This function
can be set by setting P73 dimmer output control bit (bit 4 of ad-
dress OEFC1e) to “1”.

Unlike the Toff section generating/nothing function, this function
disables all display data.

(3) P64 to P67 FLD output reverse function

P64 to P67 have the function to reverse the polarity of the FLD out-
put. This function is useful in adjusting the polarity when using an
externally installed driver.

The output polarity can be reversed by setting the P64 to P67 out-
put reverse bit of the FLD output control register (bit O of address
OEFC1s) to “1".

m Note
In the case of gradation display mode and dark display, P64 to P67
Toff invalid function is disabled.

set for bright display
(gradation display control data = “0")

FLD output
set for dark display
(gradation display control data = “1")

Toff2 SET/RESET switch bit is “1”
\ (gradation display control data = “1")

«Gradation display mode is not selected
«Gradation display mode is selected and

«Gradation display mode is selected and

«Gradation display mode is selected and

Toffl
Toff2
Tdisp

Output selecting P64 to P67

Toff invalid

For dimmer signal

DIMourt (P73)

Fig. 57 P64to P67 FLD output pulses
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Toff Section Generate/Nothing Function

The function is for reduction of useless noises which generated as
every switching of ports, because of the combined capacity of
among FLD ports. When the continuous data is output to each
FLD port, the Toff1 section of the continuous parts is not gener-
ated. (See Figure 58)

If it needs Toffl section on FLD pulses, set the generating /not of
CMOS port Toff section selection bit (bit 5 of address OEFC16) to
“1" and set the generating /not of high-breakdown-voltage port Toff
section selection bit to “1”.

High-breakdown-voltage ports (P2, PO, P1, P3, P4, P5, P63 to
P60, total 52 pins) generate Toffl section by setting the generating
/not of high-breakdown-voltage port Toff section selection bit to
“1r.

The CMOS ports (P64 to P67, total 4 pins ) generate Toffl section
by setting the generating /not of CMOS port Toff section selection
bit to “1”.

! i Tdisp :
f ] |
! i i
Toffl e— i
' ‘ i
i 1 “H” output | “L” output “H” output “H” output
PIX |
Output waveform when —
generating/not of high-breakdown i “H” output “H” output “L” output “H” output
voltage port Toff section selection PoX !
bit (bit 6 of address OEFCus) is “1”. H
[
1
1
i
i H” output “L" output “H” output “H” output
P1X | : : ‘
1 1 [
Output waveform when — I '
. . 1
generating/not of high-breakdown ! Section of Toff1 is not generated because of output is the same.
voltage port Toff section selection ! o
bit (bit 6 of address OEFCie) is “0". i “H" output “H" output L" output “H” output
P2X ! !
N T

Section of Toff1 is not generated because of output is the same.

Fig. 58 Toff section generating/nothing function

Toff2 SET/RESET Switch Function

In gradation display mode, the values set by the Toff2 time set reg-
ister (TOFF2) are effective. When the Toff2 SET/RESET switch bit
of FLD output control register (bit 7 of address OEFCz1s) is “0”,
RAM data is output to the FLD output ports (SET) at the time that
is set by TOFF1 and it is turned to “0” (RESET) at the time that is
set by TOFF2.

When Toff2 SET/RESET switch bit is “1”, RAM data is output
(SET) at the time that is set by TOFF2 and it is turned to “0” (RE-
SET) when the Tdisp time expires.

m Note
In the case of gradation display mode and dark display, the Toff
section generate/nothing function is disabled.

58
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Digit Pulses Output Function

POo to P07 and P20 to P27 can output digit pulses by using the
digit output set switch registers. Set the digit output set switch reg-
isters by setting as many consecutive 1s as the timing count from
P20. The contents of FLD automatic display RAM for the ports that
have been selected for digit output are disabled, and the pulse
shown in Figure 59 is output automatically.

The output timing consists of Tdisp time and Toffl time, and Toff2
time does not exist.

Because the contents of FLD automatic display RAM are dis-
abled, the segment data can be changed easily even when
segment data and digit data coexist at the same address in the
FLD automatic display RAM.

This function is effective in 16-timingsordinary mode and 16-timing
gradation display mode. If a value is set exceeding the timing
count (FLD data pointer reload register’s set value + 1) for any
port, the output of such port is “L".

Low-order 4bits F E D c B A 9 7 6 5 4 3 2 1 0
of the data pointer
Fig. 59 Digit pulses output function
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A-D CONVERTER
The 38B7 group has a 10-bit A-D converter. The A-D converter
performs successive approximation conversion.

[A-D Conversion Register] ADH, ADL

One of these registers is a high-order register, and the other is a
low-order register. The high-order 8 bits of a conversion result is
stored in the A-D conversion register (high-order) (address
003416), and the low-order 2 bits of the same result are stored in
bit 7 and bit 6 of the A-D conversion register (low-order) (address
003316).

During A-D conversion, do not read these registers.

[AD/DA Control Register] ADCON

This register controls A-D converter. Bits 3 to 0 are analog input
pin selection bits. Bit 4 is an AD conversion completion bit and “0”
during A-D conversion. This bit is set to “1” upon completion of A-
D conversion.

A-D conversion is started by writing “0” in this bit.

[Comparison Voltage Generator]
The comparison voltage generator divides the voltage between
AVss and VREF by 1024, and outputs the divided voltages.

[Channel Selector]

The channel selector selects one of the input ports PA7/AN7—PAo/
ANo, and P97/Buz02/AN15 to P90/SIN3/ANs and inputs it to the
comparator.

[Comparator and Control Circuit]

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

Note that the comparator is constructed linked to a capacitor, so
that set f(XIN) to at least 250 kHz during A-D conversion. Addition-
ally, bit 7 of the CPU mode register (address 003B16) must be set
to “0".

b7 b6 b5 b4 b3 b2 bl b0

| | | | | |AD/DACOntrO| register
(ADCON: address 003216)

Analoginput pin selection bits
b3b2b1b0

0000 :PA0/ANo
0001:PA1/AN1
0010:PA2/AN2
0011:PA3/AN3

0100 :PA4/AN4
0101:PAs/ANs
0110:PAs/ANe
0111:PA7/AN7

1000 : P9o/Sin3/ANs
1001 : P91/Sout3/AN9
1010: P92/ScLk3/AN10
1011:P93/SrRpY3/AN11
1100 : P94/RTP1/AN12
1101:P9s/RTPo/AN13
1110:P9s/PWMo/AN14
1111 :P97/Buzo2/AN15

AD conversion completion bit
0 : Conversion in progress
1: Conversion completed
Not used (returns “0” when read)
DA output enable bit

0 : DA output disabled

1 : DA output enabled

Not used (returns “0” when read)

AD conversion register (high-order)

b7 b0
(ADH: address 003416) (o] s 7] os [os [oa 5] v2]

b0

b7
e T

Note: When reading the low-order 6 bits at address 00331s,
“0” is read out.

AD conversion register (low-order)
(ADL: address 003316)

Fig. 60 Structure of AD/DA control register

Data bus

b7

AN

AD/DA control register [ [ [ ]

i
Y

PAo/AN0 O—>

|
A-D control circuit |

= A-D interrupt request

PA1/AN1 O—
PA2/AN2 O—>
PA3/AN3 O—
PA4/AN4 O—>
PA5/AN5s O—»
PA6/ANe O—>

A

Y

A-D conversion register (H) [A-D conversion register (L) |

(Address 003416) (Address 003316)

Resistor ladder

PA7/AN7 O—»
P90/SiN3/ANg O—
P91/SouTta/ANg O—>
P92/ScLk3/AN10 O—
P93/SrRDY3/AN11 O—>
P94/RTP1/AN12 O—>
P9s/RTPo/AN13 O—>
P96/PWMo/AN14 O—
P97/Buz02/AN15 O—

Channel selector

AVsSs VREF

Fig. 61 Block diagram of A-D converter
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

D-A CONVERTER

The 38B7 group has one internal D-A converter with 8-bit resolu-
tion.

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

When using the D-A converter, the PBo/DA port direction register
bit must be set to “0” (input status).

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

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

At reset, the D-A conversion register is cleared to “0016”, and the
DA output enable bit is cleared to “0”, and PB0o/DA pin becomes
high impedance.

The DA output does not have buffers. Accordingly, connect an ex-
ternal buffer when driving a low-impedance load.

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

Data bus

|D-A conversion register (8) |

DA output enable bit

[R-2R resistor ladder | -o~0—O PBo/DA

Fig. 62 Block diagram of D-A converter

«0* DA output enable bit

o R R
PBo/DA (O—0 ™o
g
2R 2R
MSB
D-A conversion register o P g O o

R R R R R 2R
2R 2R 2R 2R 2R 2R
LSB

Fig. 63 Equivalent connection circuit of D-A converter
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PWM (Pulse Width Modulation)

The 38B7 group has a PWM function with a 14-bit resolution. When
the oscillation frequency XN is 4 MHz, the minimum resolution bit
width is 250 ns and the cycle period is 4096 ps. The PWM timing
generator supplies a PWM control signal based on a signal that is

the frequency of the Xin clock.

The explanation in the rest assumes XiN =4 MHz.

Data bus

Itis setto “1”
when write.

)—

PWM register (low-order)
(address 003616)

bit7

bit5

bit0

bit0

PWM register (high-order)

PWM latch (14-bit)

1[\ (address 003516)
o

MSB

14-bit PWM ci

system clock

When the internal

XcIN O
selection bit is set
Y o0

Timing
- _o——————1generating
( 4)'&"::"2) o unit for PWM

~
y
LSB
- )
P9e latch
P9s/PWMo

rcuit PWM =0

P96/PWM output

selection bit

P96/PWM output

(64 us cycle) selection bit

(4096 ps cycle)

P9 direction
register

=D

Fig. 64 PWM block diagram
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Data Setup Transfer From Register to Latch

The PWM output pin also function as port P96. Set port P96 to be
the PWM output pin by setting bit 0 of the PWM control register
(address 002616) to “1”. The high-order 8 bits of output data are
set in the high-order PWM register PWMH (address 003516) and
the low-order 6 bits are set in the low-order PWM register PWML
(address 003616).

PWM Operation

The timing of the 14-bit PWM function is shown in Figure 65.

The 14-bit PWM data is divided into the low-order 6 bits and the
high-order 8 bits in the PWM latch.

The high-order 8 bits of data determine how long an “H” level sig-
nal is output during each sub-period. There are 64 sub-periods in
each period, and each sub-period t is 256 [0 T (= 64 ps) long. The
signal’s “H” has a length equal to N times 1, and its minimum reso-
lution = 250 ns.

The last bit of the sub-period becomes the ADD bit which is speci-
fied either “H” or “L,” by the contents of PWML. As shown in Table
11, the ADD bit is decided either “H” or “L."

That is, only in the sub-period tm shown in Table 11 in the PWM
cycle period T = 64 t, the “H” duration is lengthened during the

Data written to the PWML register is transferred to the PWM latch
once in each PWM period (every 4096 us), and data written to the
PWMH register is transferred to the PWM latch once in each sub-
period (every 64 ps). Pulses output from the PWM output pin
correspond to this latch contents.

When the PWML register is read, the contents of the latch are
read. However, bit 7 of the PWML register indicates whether the
transfer to the PWM latch is completed: the transfer is completed
when bit 7 is “0”, it is not done when bit 7 is “1”.

Table 11 Relationship between low-order 6-bit data and setting
period of ADD bit

Low-order
6-bit data

000000 |None

000001 |m=32

000010 |m=16,48

000100 |m=8, 24,40, 56

001000 |m=4,12,20, 28, 36, 44,52, 60

010000 |m=2,6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62

Sub-periods tm lengthened (m = 0 to 63)

minimum resolution width T period in comparison with the other 100000 | M=1,3,57, ey 57, 59, 61, 63
period.
For example, if the high-order eight bits of the 14-bit data are
“0316" and the low-order six bits are “0516,” the length of the “H”
level output in sub-periods t8, t24, t32, t40 and t56 is 4 T, and its
length 3 T in all other sub-periods.
Time at the “H” level of each sub-period almost becomes equal
because the time becomes length set in the high-order 8 bits or
becomes the value plus t, and this sub-period t (= 64 ps, approxi-
mate 15.6 kHz) becomes cycle period approximately.
4096 ps
__ 64ps ~_ 64ps | B4ps - 64ps __64ps
m=0 m=7 m=38 m=9 m =63
R - R g - - - \-> -
15.75 ps 15.75 ps 15.75 ps 16.0 ps 15.75 ps 15.75 ps 15.75 ps
Pulse width modulation register H: 00111111
Pulse width modulation register L: 000101
Sub-periods where “H” pulse width is 16.0 us: m = 8, 24, 32, 40, 56
Sub-periods where “H” pulse width is 15.75 ps: m = all other values

Fig. 65 PWM timing
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7

b0

PWM control register
(PWMCON: address 002616)

L P9s/PWMo output selection bit
0: I/0 port
1: PWMo output

Not used (return “0” when read)

Fig. 66 Structure of PWM control register

PWM register

output
H = 6A16
L = 1816

PWM output

@

8-bit counter

Low-order 6 bits

The ADD portions with /
additional T are determined
either “H” or “L” by low-order

Data 6A16 stort

ed at address 003516

Data 7B16 stored at address 003516

5916

B

6A16

(high-order) 1 7B16
Data 2416 stored at address 003616 Bit 7 cleared after transfer Data 3516 stored at address 003616
PWM register s |
(low-order) 1316 Ad1e N\ 2416 \ | 3516
\ Transfer from register to latch 5516/‘ \ Transfer from register to latch
ot ‘ 165316 ‘ L1a036 N ‘ 1AAd16 ‘ \ 1e€486 q 1EF51s
_ - When bit 7 of PWML is “0,” transfer
T =4096 us o from register to latch is disabled.
(640 64 pis) ‘
o t=64ps I ——
(Example 1) 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B |6B B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A [|6B 6A
PWM output
Low-order 6-bits
output 5 5 5 5 5 5
H = 6A16
L=2416 | 6Bi6............ BA16............ 28 times ——————— 106 0 64 + 36
(107) (106)
(Example 2) A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B
PWM output

=64 pus
(256 O 0.25 ps)

Minimum bit width T=025ps
6B 6A 69 68 67 @ e 02 : 01 6A 169 68 67 T 02 i 01
ADD ADD
102 01 00 |FF FE FD FC @& - 97 196 |95 @ e 102 01 .00 |FF FE FD FC | oo 197 96 {95 |

6-bit data.

“H” period length specified by PWMH

256 T(64 ps), fixed

Fig. 67 14-bit PWM timing
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPT INTERVAL DETERMINATION FUNCTION

The 38B7 group has an interrupt interval determination circuit.

This interrupt interval determination circuit has an 8-bit binary up

counter. Using this counter, it determines a duration of time from

the rising edge (falling edge) of an input signal pulse on the P72/

INT2 pin to the rising edge (falling edge) of the signal pulse that is

input next.

How to determine the interrupt interval is described below.

1. Enable the INT2 interrupt by setting bit 2 of the interrupt control
register 1 (address 003Ez16). Select the rising interval or falling
interval by setting bit 2 of the interrupt edge selection register
(address 003A16).

2. Set bit 0 of the interrupt interval determination control register
(address 003116) to “1” (interrupt interval determination operat-
ing).

3. Select the sampling clock of 8-bit binary up counter by setting
bit 1 of the interrupt interval determination control register.

4. When the signal of polarity which is set on the INT2 pin (rising
or falling edge) is input, the 8-bit binary up counter starts count-
ing up of the selected counter sampling clock.

5. When the signal of polarity selected above is input again, the
value of the 8-bit binary up counter is transferred to the inter-
rupt interval determination register (address 003016), and the
remote control interrupt request occurs. Immediately after that,
the 8-bit binary up counter continues to count up again from
“0016".

6. When count value reaches “FF16”, the 8-bit binary up counter
stops counting up. Then, simultaneously when the next counter
sampling clock is input, the counter sets value “FF16” to the in-
terrupt interval determination register to generate the counter
overflow interrupt request.

Noise Filter

The P72/INT2 pin builds in the noise filter.

The noise filter operation is described below.

1. Select the sampling clock of the input signal with bits 2 and 3 of
the interrupt interval determination control register. When not
using the noise filter, set “0016".

2. The P72/INT2 input signal is sampled in synchronization with
the selected clock. When sampling the same level signal in a
series of three sampling, the signal is recognized as the inter-
rupt signal, and the interrupt request occurs.

When setting bit 4 of interrupt interval determination control regis-
ter to “1”, the interrupt request can occur at both rising and falling
edges.

When using the noise filter, set the minimum pulse width of the
INT2 input signal to 3 cycles or more of the sample clock.

Internal system
clock selection bit

INT2 interrupt input Noise filter

edge detection
selection bit

O—‘
1/4
11 T u f

Divider

Noise filter sampling
clock selection bit

s

Internal system

f(XiIN)/32 t )
clock selection bit

f(XcIN) —o

Counter sampling
clock selection bit

1/1
fXIN)/128——< | Divider [ o »
f(XcIN) — WO

One-sided/both-sided

Counter overflow
interrupt request
or remote control

@ interrupt request

Interrupt interval
determination register

8-bit binary up
counter

address 003016

Data bus

Fig. 68 Interrupt interval determination circuit block diagram
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7 b0
Interrupt interval determination control register
(IIDCON: address 003116)

L

0 : Stopped
1 : Operating

Counter sampling clock selection bit
0 : f(Xin)/128 or f(Xcin)
1 : f(XiN)/256 or f(Xcin)/2

Noise filter sampling clock selection bits (INT2)
b3b2

0 0 : Filter stop

0 1: f(XiN)/32 or f(XciN)

1 0: f(Xin)/64 or f(Xcin)/2

1 1: f(Xin)/128 or f(XciN)/4

One-sided/both-sided edge detection selection bit
0 : One-sided edge detection

Not used (return “0” when read)
(Do not write “1” to these bits.)

Interrupt interval determination circuit operating selection bit

1 : Both-sided edge detection (can be used when using a noise filter)

Fig. 69 Structure of interrupt interval determination control register

(When IIDCON4 = “0")

Noise filter
sampling clock

INT2 pin

Acceptance of
interrupt

Counter sampling
clock

8-bit binary up
counter value

N 6 FF
Interrupt interval { i
determination I N i 6 < FF
register value Remote control Remote control Counter overflow
interrupt request interrupt request interrupt request

Fig. 70 Interrupt interval determination operation example (at rising edge active)

(When IIDCONa4 = *17)

INT2 pin

Noise filter f f f f f f f f f f f f f f f f f f f f
sampling clock

Acceptance of
interrupt

Counter sampling
clock

8-bit binary up
counter value

3
Interrupt interval +
determination Lﬁ N +\ 2 i 3 * 2
register value

Remote control Remote control Remote control  Remote control
interrupt request  interrupt request  interrupt request  interrupt request

Counter overflow
interrupt request

Fig. 71 Interrupt interval determination operation example (at both-sided edge active)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

WATCHDOG TIMER

The watchdog timer gives a mean of returning to the reset status
when a program cannot run on a normal loop (for example, be-
cause of a software runaway). The watchdog timer consists of an
8-bit watchdog timer L and a 8-bit watchdog timer H.

Standard Operation Of Watchdog Timer

When any data is not written into the watchdog timer control reg-
ister (address OEEE16) after reset, the watchdog timer is in the
stop state. The watchdog timer starts to count down by writing an
optional value into the watchdog timer control register and an in-
ternal reset occurs at an underflow of the watchdog timer H.
Accordingly, programming is usually performed so that writing to
the watchdog timer control register may be started before an un-
derflow. When the watchdog timer control register is read, the
values of the high-order 6 bits of the watchdog timer H, STP in-
struction disable bit, and watchdog timer H count source selection
bit are read.

(2) Initial value of watchdog timer

At reset or writing to the watchdog timer control register (address
OEEE16), a watchdog timer H is set to “FF16” and a watchdog
timer L to “FF16”.

(2) Watchdog timer H count source selection
bit operation
Bit 7 of the watchdog timer control register (address OEEE16) per-
mits selecting a watchdog timer H count source. When this bit is
set to “0”, the underflow signal of watchdog timer L becomes the
count source. The detection time is set to 131.072 ms at f(XIN) = 4
MHz frequency, and 32.768 s at f(XcIN) = 32 kHz frequency.
When this bit is set to “1”, the count source becomes the signal di-
vided by 8 for f(XIN) or divided by 16 for f(XcIN). The detection
time in this case is set to 512 ps at f(XIN) = 4 MHz frequency, and
128 ms at f(XCIN) = 32 kHz frequency.
This bit is cleared to “0” after reset.

(3) Operation of STP instruction disable bit

Bit 6 of the watchdog timer control register (address OEEE16) per-
mits disabling the STP instruction when the watchdog timer is in
operation.

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled.

If the STP instruction is executed, an internal resetting occurs.
When this bit is set to “1”, it cannot be rewritten to “0” by program.
This bit is cleared to “0” after reset.

m Note

When releasing the stop mode, the watchdog timer performs its
count operation even in the stop release waiting time. Be careful
not to cause the watchdog timer H to underflow in the stop release
waiting time, for example, by writing any data in the watchdog
timer control register (address OEEE16) before executing the STP
instruction.

“FF16” is set when Data bus
XciN O 12 waichdog timer ... ; “FF16” is set
control register is :
X ' ---------------- when watchdog
written to. wyr H i
“1” 0 v timer control
Internal system clock® Watchdog timer L (8) }_k»l hdoa ti register is written
selection bit 1/8 w1 Watchdog timer H (8) to.
(Note) 0" Watchdog timer H count
XIN O source selection bit
STP instruction disable bit :D_
STP instruction
] Reset ™ Internal reset
RESET v ] 7 circuit

Note: Either high-speed, middle-speed or low-speed mode is selected by bit 7 of CPU mode register.

Fig. 72 Block diagram of watchdog timer

0:
1

0:
1

Watchdog timer control register
(WDTCON : address OEEEz1s6)

Watchdog timer H (for read-out of high-order 6 bits)

STP instruction disable bit

Watchdog timer H count source selection bit

STP instruction enabled
STP instruction disabled

Watchdog timer L underflow
f(XIN)/8 or f(XcIN)/16

Fig. 73 Structure of watchdog timer control register
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BUZZER OUTPUT CIRCUIT

Note: In the low-speed mode, a buzzer output is made OFF.

The 38B7 group has a buzzer output circuit. One of 1 kHz, 2 kHz
and 4 kHz (at XIN = 4.19 MHz) frequencies can be selected by the
buzzer output control register (address OEFD16). Either P77/Buzo1
or P97/Buz02/AN15 can be selected as a buzzer output port by the
output port selection bits (b2 and b3 of address OEFD1s6).

The buzzer output is controlled by the buzzer output ON/OFF bit

(b4).

fFOXIN) —

Divider

1/1024
1/2048

Port latch

1/4096

==t o
o o ) Buzzer output
—O ’7

Buzzer output ON/OFF bit

Output port control signal

Port direction register

Fig. 74 Block diagram of buzzer output circuit

b7

bo

Buzzer output control register
(BUZCON: address OEFD16)

Output frequency selection bits (Xin = 4.19 MHz)
b1b0

00 : 1 kHz (f(XiN)/4096)
0 1: 2 kHz (f(XiN)/2048)
1 0: 4 kHz (f(XiN)/1024)
1 1: Not available

Output port selection bits
b3b2

00 : P77 and P97 function as ordinary ports.

0 1: P77/Buzo1 functions as a buzzer output.

1 0 : P97/Buzo2/AN1s functions as a buzzer output.
11 : Not available

Buzzer output ON/OFF bit
b4

0 : Buzzer output OFF (“0” output)
1 : Buzzer output ON

Not used (returns “0” when read)

Fig. 75 Structure of buzzer output control register
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an “L”
level for 2 ps or more. Then the RESET pin is returned to an “H”
level (the power source voltage should be between 2.7 V and 5.5
V, and the oscillation should be stable), reset is released. After the
reset is completed, the program starts from the address contained
in address FFFD16 (high-order byte) and address FFFC16 (low-
order byte). Make sure that the reset input voltage is less than
0.54 V for Vcc of 2.7 V (switching to the high-speed mode, a
power source voltage must be between 4.0 V and 5.5 V).

Poweron

/ H
Power source :

RESET Vcc |voltage

ov
P Reset input
j— voltage
Note : Reset release voltage ; Vcc=2.7 V
RESET Vce

Power source

B e .
.« voltage detection
circuit

Fig. 76 Reset circuit example

XIN

RESET \

st /

Address X 2 X 2 X 2 X 2 Xerec X FreD Xaow apoX
Data X X X X X abe X Aps X
SYNC I

<
<

>
>

Xin: about 4000 cycles

Notes 1: The frequency relation of f(Xin) and f(¢) is f(Xin)=4 « f(¢).

2: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 77 Reset sequence
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MITSUBISHI MICROCOMPUTERS

e 38B7 Group
e \S _0\ aﬁ‘\\\‘\\s e s
o T
one SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
Address Register contents Address Register contents
(1) PortPO 000016 (38) D-A conversion register 002B16
() PortP1 000216 (39) Timer X (low-order) 002C1s
(3) Port P1 direction register 000316 (40) Timer X (high-order) 002D16
(4) Port P2 000416 (41) Timer X mode register 1 002E16
(5) PortP3 000616 (42) Timer X mode register 2 002F16
(6) Port P3 direction register 000716 (43) Interrupt interval determination 003016
(7) PortP4 000815 (44) Irr?tgelfrtl?rr)t interval determination 003116
control register
(8) Port P4 direction register 000916 (45) AD/DA control register 003216
(9) PortP5 000A1s (46) UART control register 003816
(10) Port P5 direction register 000B16 (47) Interrupt source switch register 003916
(11) Port P6 000C16 (48) Interrupt edge selection register 003A16
(12) Port P6 direction register 000D16 (49) CPU mode register 003B16
(13) Port P7 000E16 (50) Interrupt request register 1 003Cz16
(14) Port P7 direction register 000F 16 (51) Interrupt request register 2 003D16
(15) Port P8 001016 (52) Interrupt control register 1 003E16
(16) Port P8 direction register 001116 (53) Interrupt control register 2 003F16
(17) Port P9 001216 (54) Serial /03 control register OEECs6
(18) Port P9 direction register 001316 (55) Watchdog timer control register OEEE16
(19) Port PA 001416 (56) Pull-up control register 3 OEEF16
(20) Port PA direction register 001516 (57) Pull-up control register 1 OEFO1s
(21) Port PB 001616 (58) Pull-up control register 2 OEF116
(22) Port PB direction register 001716 (59) Port PO digit output set switch ~ OEF216
(23) Serial 1/01 control register 1 001916 __0016 (60) :fc?rftsIPEZr digit output set switch OEF316 __0016
register
(24) Serial 1/01 control register 2 001A16 (61) FLgDC mode register OEF416
(25) Serial 1/01 control register 3 001C16 (62) Tdisp time set register OEF516
(26) Serial /02 control register 001D16 (63) Toff1 time set register OEF616
(27) Serial 1/02 status register 001E16 (64) Toff2 time set register OEF716
(28) Timer 1 002016 (65) Port P4 FLD/Port switch register OEF916
(29) Timer 2 002116 (66) Port P5 FLD/Port switch register OEFAws[ 0016 |
(30) Timer 3 002216 (67) Port P6 FLD/Port switch register OEFBis[ 0016 |
(31) Timer 4 002316 (68) FLD output control register OEFCis[ o001 ]
(32) Timer 5 002416 (69) Buzzer output control register ~ OEFD1s
(33) Timer 6 002516 (70) Flash memory control register ~ OEFE1s
(34) PWM control register 002616 (71) Flash command register OEFF16
(35) Timer 12 mode register 002816 (72) Processor status register (PS)
(36) Timer 34 mode register 002916 (73) Program counter (PCH)
(37) Timer 56 mode register 002A16 (PCL)

0: Not fixed

Since the initial values for other than above mentioned registers and RAM contents are indefinite at reset, they must be set.

Fig. 78 Internal status at reset
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The 38B7 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XIN and
XouT or XCIN and XcouT. Use the circuit constants in accordance
with the resonator manufacturer's recommended values. No exter-
nal resistor is needed between XiN and XourT since a feedback
resistor exists on-chip. However, an external feedback resistor is
needed between XcIN and XcouT.

Immediately after power on, only the XIN oscillation circuit starts
oscillating, and XciN and Xcour pins function as 1/O ports.

Frequency Control

(1) Middle-speed mode

The internal system clock is the frequency of XIN divided by 4. Af-
ter reset, this mode is selected.

(2) High-speed mode
The internal system clock is the frequency of XIN.

(3) Low-speed mode
The internal system clock is the frequency of XcIN divided by 2.

m Note

If you switch the mode between middle/high-speed and low-
speed, stabilize both XiN and XcIN oscillations. The sufficient time
is required for the sub clock to stabilize, especially immediately af-
ter power on and at returning from stop mode. When switching the
mode between middle/high-speed and low-speed, set the fre-
guency on condition that f(XIN) > 3 ¢ f(XCIN).

(4) Low power consumption mode

The low power consumption operation can be realized by stopping
the main clock XIN in low-speed mode. To stop the main clock, set
the main clock stop bit (bit 5) of the CPU mode register to “1".
When the main clock XIN is restarted (by setting the main clock
stop bit to “0”), set enough time for oscillation to stabilize.

Oscillation Control

(1) Stop mode

If the STP instruction is executed, the internal system clock stops
at an “H” level, and XIN and XCIN oscillators stop. Timer 1 is set to
“FF16” and timer 2 is set to “0116".

Either XIN divided by 8 or XcIN divided by 16 is input to timer 1 as
count source, and the output of timer 1 is connected to timer 2.
The bits of the timer 12 mode register are cleared to “0". Set the
interrupt enable bits of the timer 1 and timer 2 to disabled (“0") be-
fore executing the STP instruction. Oscillator restarts when an
external interrupt is received, but the internal system clock is not
supplied to the CPU until timer 2 underflows. This allows time for
the clock circuit oscillation to stabilize.

(2) Wait mode

If the WIT instruction is executed, the internal system clock stops
at an “H” level. The states of XIN and XcIN are the same as the
state before executing the WIT instruction. The internal system
clock restarts at reset or when an interrupt is received. Since the
oscillator does not stop, normal operation can be started immedi-
ately after the clock is restarted.

XCIN  XcouTt XIN Xout

03 DA
il

;_CCIN;_CCOUT ;Cm

Fig. 79 Ceramic resonator circuit

XCIN___Xcout XIN__ Xout

open open
External oscillation circuit

External oscillation circuit

or external pulse

Vss Vss

Fig. 80 External clock input circuit
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XCIN Xcout

O

Port Xc

) T/switch bit (Note 3)

1/2 Timer 1 count source Timer 2 count source
Internal system clock selection bit (Note 2) selection bit (Note 2)

selection bit (Notes 1, 3)

Low-speed mode . 0
" ° Timer 1 ©

1

C%D‘i) S o 1] == 7] = .
“O -

High-speed or
middle-speed
mode

Main clock division ratio
selection bits (Note 3)

Middle-speed mode
g

| o]
“Q ‘ Timing ¢ (internal clock)

High-speed or

—OQ— Main clock stop bit low-speed mode
(Note 3)

R——STP instruction WIT instruction— R R [— STP instruction

Reset
Interrupt disable flag |

Interrupt request

Notes 1: When low-speed mode is selected, set the port Xc switch bit (b4) to “1”.
2: Refer to the structure of the timer 12 mode register.
3: Refer to the structure of the CPU mode register.

Fig. 81 Clock generating circuit block diagram
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High-speed mode
(@=4 MHz)

CM7=0(4 MHz selected)
CMs=0(high-speed)
CMs=0(XIN oscillating)
CM4=0(32 kHz stopped)

Middle-speed mode
(@=1 MHz)

CM7=0(4 MHz selected)
CMe=1(middle-speed)
CMs=0(Xin oscillating)
CM4=0(32 kHz stopped)

CMe
‘1" €=—»"0"

CM4

‘1" €=—»"0"

CM4

17 ——PQ"

High-speed mode
(@=4 MHz)

CM7=0(4 MHz selected)
CMe=0(high-speed)
CMs=0(XN oscillating)
CM4=1(32 kHz oscillating)

Middle-speed mode
(Q=1 MHz)
CM7=0(4 MHz selected)
CMs=1(middle-speed)
CMs=0(XIn oscillating)
CM4=1(32 kHz oscillating)

10"

CM7
17 gepeQ”
CM7
417 €—PQ”

Low-speed mode
(©=16 kHz)

Low-speed mode
(©=16 kHz)

CM7=1(32 kHz selected)
CMe=1(middle-speed)
CMs=0(XN oscillating)
CMa=1(32 kHz oscillating)

CMe
‘1" €—»"0"

CM7=1(32 kHz selected)
CMe=0(high-speed)
CMs=0(XIn oscillating)
CMa=1(32 kHz oscillating)

b7 b4
|_|_|_|_|_|_|_|_| CPU mode register
(CPUM : address 003B16)

— CMa4 : Port Xc switch bit

o o
o T o T 0: /O port function
= = 1: Xein-Xcout oscillating function
oy . o¥ L CMs : Main clock (Xin- Xout) stop bit
o ¢ < o 0: Oscillating
h N 1: Stopped
T~ CMse: Main clock division ratio selection bit
Low-power dissipation mode Low-power dissipation mode 0: f(Xin) (High-speed mode)
@=16kHz) (=16 kHz) 1: f(Xn)/4 (Middle-speed mode)
CM7=1(32 kHz selected) . CMe . CM7=1(32 kHz selected) CM7: Internal system clock selection bit
CMs=1(middle-speed) 1"€—>»“0 CMs=0(high-speed) 0: Xin—Xour selected (Middle-/High-speed mode)

CMs=1(XIN stopped) 1: Xcin—Xcout selected (Low-speed mode)

CMa=1(32 kHz oscillating)

1(

1(
CMs=1(XIN stopped)
CM4=1(32 kHz oscillating)

Notes 1: Switch the mode by the allows shown between the mode blocks. (Do not switch between the mode directly without an allow.)
2: The all modes can be switched to the stop mode or the wait mode and return to the source mode when the stop mode or the wait
mode is ended.
: Timer operates in the wait mode.
: When the stop mode is ended, a delay of approximately 1 ms occurs by Timer 1 in middle-/high-speed mode.
: When the stop mode is ended, a delay of approximately 0.25 s occurs by Timer 1 in low-speed mode.
: The example assumes that 4 MHz is being applied to the XIN pin and 32 kHz to the XCIN pin. @ indicates the internal system clock.

ousw

Fig. 82 State transitions of system clock
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MASK OPTION OF PULL-DOWN RESISTOR
(object product: mask ROM version)

Whether built-in pull-down resistors are connected or not to high-
breakdown voltage ports P40 to P47, P50 to P57, and P60 to P63
can be specified in ordering mask ROM. The option type can be
specified from among 7 types; A to G.

P4o P41 P42 P43 P44 P4s P46 P47 P50 P51 P52 P53 P54 P55 P56 P57 P6o P61 P62 P63
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 1 1 1 1 0 0 0 0 0 0 0 o] 0 0 0 0 0 0 0 0
C 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
D 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Notes 1: The electrical characteristics of high-breakdown voltage ports P4o to P47, P50 to P57, and P60 to P63's built-in pull-down resistors
are the same as that of high-breakdown voltage ports P0o to PO7.
2: The absolute maximum ratings of power dissipation may be exceed owing to the number of built-in pull-down resistor. After calcu-
lating the power dissipation, specify the option type.
3: The flash memory version cannot select whether built-in pull-down resistors are connected or not. This is the same as option type

A.

Power Dissipation Calculating Method (1) Digit pin power dissipation
(Fixed number depending on microcomputer’s standard) {h O b 0O (1-Toff / Tdisp) O voltage} / a
« VOH output fall voltage of high-breakdown port (2) Segment pin power dissipation

2V (max.); | Current value | = at 18 mA {i0d O (1-Toff / Tdisp) O voltage} / a
* Resistor value = 48 kQ (min.) (3) Pull-down resistor power dissipation (digit)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) {power dissipation per 1 digit 0 (b O f/ b) O (1-Toff / Tdisp) } / a

=5V 015 mA=75mW (4) Pull-down resistor power dissipation (segment)

{power dissipation per 1 segment O (d O g / c) O (1-Toff /
(Fixed number depending on use condition) Tdisp) }/ a
 Apply voltage to VEE pin:Vcc — 45V (5) Internal circuit power dissipation (CPU, ROM, RAM etc.)
« Timing number a; digit number b; segment number c =190 mW
« Ratio of Toff time corresponding Tdisp time: 1/16
* Turn ON segment number during repeat cycle: d D +@)+@B)+(@4)+(B)=XmW
« All segment number during repeat cycle: e (= a [ c)
* Total number of built-in resistor: for digit, f; for segment, g
« Digit pin current value h (mA)
* Segment pin current value i (mA)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Power Dissipation Calculating Example 1
(Fixed number depending on microcomputer’s standard)
 VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
* Resistor value 43 V / 900 ps = 48 kQ (min.)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.)
=5V0O15mA=75mW

(Fixed number depending on use condition)

* Apply voltage to VEE pin: Vcc — 45V

» Timing number 17; digit number 16; segment number 20

« Ratio of Toff time corresponding Tdisp time: 1/16

» Turn ON segment number during repeat cycle: 31

* All segment number during repeat cycle: 340 (= 17 O 20)

« Total number of built-in resistor: for digit, 16; for segment, 20
« Digit pin current value 18 (mA)

* Segment pin current value 3 (mA)

(1) Digit pin power dissipation
{18016 0(1-1/16)02}/17 =31.77 mW
(2) Segment pin power dissipation
{30310(1-1/16)02}/17 =10.26 mW
(3) Pull-down resistor power dissipation (digit)
[{45-2)%/480 (160 16/16) 0 (1 —1/16)] /17 = 33.94 mW
(4) Pull-down resistor power dissipation (segment)
[{45-2)%/480(31020/20)0(1—1/16)] /17 = 65.86 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.)
=75 mwW

D)+ (+ (3) + (4) + (5) =217 mW

DIGO ’7 : // ; L
DIG1 ; ’7 //
oee ]| |
DIG3 ’—‘ \
| ST S
Timing P14 2 3 14§ 155 165 17
number le Repeat cycle >
| <Tsca;

Fig. 83 Digit timing waveform (1)
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Power Dissipation Calculating Example 2 (1) Digit pin power dissipation
(2 or more digits turned ON at the same time) {180120(1-1/16)0 2}/ 11 = 36.82 mW
(Fixed number depending on microcomputer’s standard) (2) Segment pin power dissipation

« VOoH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
 Resistor value 43 V /900 ps = 48 kQ (min.)

{301140 (1-1/16) 0 2}/11 =58.30 mW
(3) Pull-down resistor power dissipation (digit)
[{45-2)2/480(12010/12) O (1 —1/16)] /11 =32.84 mW

» Power dissipation of internal circuit (CPU, ROM, RAM etc.) (4) Pull-down resistor power dissipation (segment)

=5V 015 mA=75mW

[{45 -2}/ 480 (114 0 22/24) 0 (1 —1/16)] /11 = 343.08 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.)

(Fixed number depending on use condition) =75 mW
» Apply voltage to VEE pin:Vcc — 45V

* Timing number 11; digit number 12; segment number 24

D) + 2+ (3) + (4) + (5) = 547 MW

« Ratio of Toff time corresponding Tdisp time: 1/16

» Turn ON segment number during repeat cycle: 114

« All segment number during repeat cycle: 264 (= 11 [0 24)

« Total number of built-in resistor: for digit, 10; for segment, 22
« Digit pin current value 18 (mA)

* Segment pin current value 3 (mA)

DIGO

DIG1

DIG2

DIG3

DIG4

DIG5

DIG6

DIG7

DIG8

DIG9

Timing
number

1] I

l

|

]

l

|

L. ]
i

5 6 | 7

Repeat cycle

A

Tscan

Fig. 84 Digit timing waveform (2)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLASH MEMORY MODE

The M38B79FF has the flash memory mode in addition to the nor-
mal operation mode (microcomputer mode). The user can use this
mode to perform read, program, and erase operations for the in-
ternal flash memory.

The M38B79FF has three modes the user can choose: the paral-
lel input/output and serial input/output mode, where the flash
memory is handled by using the external programmer, and the
CPU reprogramming mode, where the flash memory is handled by
the central processing unit (CPU). The following explains these
modes.

(1) Flash memory mode 1 (parallel /O mode)
The parallel I/0 mode can be selected by connecting wires as
shown in Figures 85 and supplying power to the Vcc and Vprp
pins. In this mode, the M38B79FF operates as an equivalent of
MITSUBISHI's CMOS flash memory M5M28F101. However, be-
cause the M38B79FF’s internal memory has a capacity of 60
Kbytes, programming is available for addresses 0100016 to
OFFFF16, and make sure that the data in addresses 0000016 to
00FFF16 and addresses 1000016 to 1FFFF16 are FF16. Note also
that the M38B79FF does not contain a facility to read out a device
identification code by applying a high voltage to address input
(A9). Be careful not to erratically set program conditions when us-
ing a general-purpose PROM programmer.

Table 12 shows the pin assignments when operating in the paral-
lel input/output mode.

Table 12 Pin assignments of M38B79FF when operating in
the parallel input/output mode

Functional Outline (parallel input/output mode)
In the parallel input/output mode, the M38B79FF allow the user to
choose an operation mode between the read-only mode and the
read/write mode (software command control mode) depending on
the voltage applied to the VPP pin. When VpPP = VPPL, the read-
only mode is selected, and the user can choose one of three
states (e.g., read, output disable, or standby) depending on inputs
to the CE, OE, andmpins. When Vpp = VPPH, the read/write
mode is selected, and the user can choose one of four states
(e.g., read, output disable, standby, or write) depending on inputs
to the CE, OE, and WE pins. Table 13 shows assignment states of
control input and each state.

e Read

The microcomputer enters the read state by driving the CE, and
OE pins low and the WE pin high; and the contents of memory
corresponding to the address to be input to address input pins
(Ao—A16) are output to the data input/output pins (Do—D7).

e Output disable

The microcomputer enters the output disable state by driving the
CE pin low and the WE and OE pins high; and the data input/out-
put pins enter the floating state.

e Standby

The microcomputer enters the standby state by driving the CE pin
high. The M38B79FF is placed in a power-down state consuming
only a minimal supply current. At this time, the data input/output
pins enter the floating state.

e Write

The microcomputer enters the write state by driving the VPP pin
high (VPP = VPPH) and then the WE pin low when the CE pin is
low and the OE pin is high. In this state, software commands can
be input from the data input/output pins, and the user can choose
program or erase operation depending on the contents of this soft-
ware command.

M38B79FF M5M28F101
Vce Vce Vce
VPP CNVss VPP
Vss Vss Vss
Address input Ports PO, P1, P31 Ao-A16
Data I/O Port P2 Do-D7
CE P36 CE
OE P37 OE
WE P33 WE

Table 13 Assignment states of control input and each state

Mode State B CE OE WE VPP Data I/O
Read ViL ViL VIH VPPL Output
Read-only | Output disable ViL VIH VIH VpPPL Floating
Standby VIH X X VPPL Floating

Read VIL ViL VIH VprPH Output
Read/Write Output disable ViL VIH VIH VpPPH Floating
Standby VIH X X VprPH Floating

Write VIL VIH VIL VpPPH Input

Note: x can be VIL or VIH.
MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 14 Pin description (flash memory parallel /O mode)

Pin Name /(IjnuF:;Lt Functions

Vcce, Vss Power supply — Supply 5V + 10 % to Vcc and 0 V to Vss.

CNVss VPP input Input | Connectto 5V + 10 % in read-only mode, connect to 11.7 V to 12.6 V in read/write mode.

RESET Reset input Input | Connect to Vss.

XIN Clock input Input | Connect a ceramic resonator between XIN and XOuUT.

XouT Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Connect to Vss.

P00-PO7 Address input (Ac-A7) Input | Port PO functions as 8-bit address input (A0—A7).

Plo-P17 Address input (As—A15) Input | Port P1 functions as 8-bit address input (A8—A15).

P20-P27 Data I/O (Do-D7) 110 Function as 8-bit data’s 1/0O pins (Do—D7).

Connect them to Vss through each resistor of 6.8 kQ.

P30-P37 Control signal input Input | P37, P36 and P33 function as the O, CE and WE input pins respectively. P31 functions as
the A1e input pin. Connect P30 and P32 to Vss. Input “H” or “L" to P34, P35, or keep
them open.

P40-P47 Input port P4 Input | Input “H” or “L”, or keep them open.

P50-P57 Input port P5 Input | Input “H” or “L”, or keep them open.

P60-P67 Input port P6 Input | Connect P64 and P66 to Vss. Input “H” or “L” to P60-P63, P65, P67, or keep them
open.

P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.

P80-P83 Input port P8 Input | Input “H” or “L”, or keep them open.

P90-P97 Input port P9 Input | Input “H” or “L”, or keep them open.

PA0—PA7 Input port PA Input | Input “H” or “L”, or keep them open.

PBo-PB6 Input port PB Input | Input “H” or “L”, or keep them open.

VEE Pull-down power supply Keep this open.
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CD7>—e— *P27/FLD7 ~a——[31 [50] <3 *P45/FLD3s
CD6>—9— *P26/FLD6 ~—[82] [49] - *P47/F| Dao
CD5>—9— *P25/FLDs ~-—[g3] [48] <9 *P50/FLD4o
*P24/FLD4 ~a—84] [47] <9 *P51/FLDa1
| Coa>—e— *P23/FLDs <€—[85] [46] < *P5,/FLD42
*P22/FLD2 ~— g6 [45] <8 *P53/FLDa3
*P21/FLD1 ~—[87] [44] -8 *P54/FLDas
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PB2/Ssusy1 —e-=[94] [37] -9 *P63/FLDs1
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0:Connect to the ceramic oscillation circuit.
+*: High-breakdown-voltage output port: Totaling 52
Package type: 100P6S-A Oindicates the flash memory pin.

Fig. 85 Pin connection of M38B79FF when operating in parallel input/output mode
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Read-only Mode

The microcomputer enters the read-only mode by applying VPPL
to the VPP pin. In this mode, the user can input the address of a
memory location to be read and the control signals at the timing

shown in Figure 86, and the M38B79FF will output the contents of
the user’s specified address from data I/O pin to the external. In
this mode, the user cannot perform any operation other than read.

VIH
Address ><><><><> Valid address <><><><><><
ViL
tRC
VIH —\
CE /
ViL
ta(CE)
VIH
OE
Vic |_ tWRR tDF
VIH
WE
Vie ta(OE) tDeH
VoH Floating oL 77 Floating
Data oLz \\\ Dout >>>—
VoL
ta(AD)

Fig. 86 Read timing

Read/Write Mode

The microcomputer enters the read/write mode by applying VPPH
to the VPP pin. In this mode, the user must first input a software
command to choose the operation (e. g., read, program, or erase)
to be performed on the flash memory (this is called the first cycle),
and then input the information necessary for execution of the com-
mand (e.g, address and data) and control signals (this is called
the second cycle). When this is done, the M38B79FF executes the
specified operation.

Table 15 Software command (parallel input/output mode)

Table 15 shows the software commands and the input/output in-
formation in the first and the second cycles. The input address is
latched internally at the falling edge of the WE input; software
commands and other input data are latched internally at the rising
edge of the WE input.

The following explains each software command. Refer to Figures 87
to 89 for details about the signal input/output timings.

Symbol First cycle Second cycle
Address input Data input Address input Data I/O
Read x 0016 Read address Read data (Output)
Program x 4016 Program address Program data (Input)
Program verify x C016 x Verify data (Output)
Erase x 2016 x 2016 (Input)
Erase verify Verify address A016 x Verify data (Output)
Reset x FFi6 x FF16 (Input)
Device identification X 9016 ADI DDI (Output)

Note: ADI =
DDI
X can be ViL or VIH.

Device identification address : manufacturer’s code 0000016, device code 0000116
= Device identification data : manufacturer’s code 1C16, device code D016

80

MITSUBISHI
ELECTRIC



Aot
Ly 0
ok

'&\5‘) e

ot 3".\“ ae® Y
o8 S o weet
A e
ce: | ame
ot o 0?

S0 a“ge

MITSUBISHI MICROCOMPUTERS
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

e Read command

The microcomputer enters the read mode by inputting command
code “0016” in the first cycle. The command code is latched into
the internal command latch at the rising edge of the WE input.
When the address of a memory location to be read is input in the
second cycle, with control signals input at the timing shown in
Figure 87, the M38B79FF outputs the contents of the specified ad-
dress from the data I/O pins to the external.

The read mode is retained until any other command is latched into
the command latch. Consequently, once the M38B79FF enters the
read mode, the user can read out the successive memory contents
simply by changing the input address and executing the second
cycle only. Any command other than the read command must be in-
put beginning from its command code over again each time the user
execute it. The contents of the command latch immediately after
power-on is 0016.

VIH
Address Valid address <><><><><><><
ViL
twe tRC
[
VIH
CE / \
ViL
tCH
ta(CE)
tcs
VIH
OE
ViL —
tRRW twp, tWRR tDF
[
VIH
WE /
ViL —
ta(OE)
tbs
ViH toLzf/
Data 0016 \ Dout —
ViL tcLz
tDH tDH
tvsc ta(AD)
VPPH
VPP
VPPL
Fig. 87 Timings during reading
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

e Program command

The microcomputer enters the program mode by inputting com-

mand code “4016” in the first cycle. The command code is latched

into the internal command latch at the rising edge of the WE input.

When the address which indicates a program location and data is

input in the second cycle, the M38B79FF internally latches the ad-

dress at the falling edge of the WE input and the data at the rising
edge of the WE input. The M38B79FF starts programming at the
rising edge of the WE input in the second cycle and finishes pro-
gramming within 10 ps as measured by its internal timer.

Programming is performed in units of bytes.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 90 for the programming flowchart.

e Program verify command

The microcomputer enters the program verify mode by inputting
command code “C016” in the first cycle. This command is used to
verify the programmed data after executing the program com-
mand. The command code is latched into the internal command
latch at the rising edge of the WE input. When control signals are
input in the second cycle at the timing shown in Figure 88, the
M38B79FF outputs the programmed address’s contents to the ex-
ternal. Since the address is internally latched when the program
command is executed, there is no need to input it in the second
cycle.

Program verify
VIH =t Y AAANAANANAAN AT
Address Program Program
address
ViL e Y e
twe tas tAH
\
VIH ————— |-
CE / \ / \
ViL
tcs tcs tcs
- e
tCH tcH tcH
‘ —
VIH —_——— -
OE / \
ViL
tRRW
twp twWPH twp toP twp tWRR
VIH —\ —\ ———— |-
WE / \
ViL — — —
tDs tDs tDS
VIH
A1 SEES s S (=)
ViL -
tDH tDH Verify data output
tvsc
VPPH --
VPP \
VPPL

Fig. 88 Input/output timings during programming (Verify data is output at the same timing as for read.)
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

e Erase command
The erase command is executed by inputting command code 2016
in the first cycle and command code 2016 again in the second
cycle. The command code is latched into the internal command
latch at the rising edges of the WE input in the first cycle and in
the second cycle, respectively. The erase operation is initiated at
the rising edge of the WE input in the second cycle, and the
memory contents are collectively erased within 9.5 ms as mea-
sured by the internal timer. Note that data 0016 must be written to
all memory locations before executing the erase command.

Note: An erase operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 90
for the erase flowchart.

e Erase verify command

The user must verify the contents of all addresses after complet-

ing the erase command. The microcomputer enters the erase

verify mode by inputting the verify address and command code

AO16 in the first cycle. The address is internally latched at the fall-

ing edge of the WE input, and the command code is internally

latched at the rising edge of the WE input. When control signals
are input in the second cycle at the timing shown in Figure 89, the

M38B79FF outputs the contents of the specified address to the

external.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

Erase verify
VIH -—-- -
Address Erase verify
address
ViL -—=-
twc
VIH —— | |
CE / \ / \
ViL
tcs tcs tcs
~— -
tcH tcH tcH
—=> —>
VIH ———— T -----
OE / \
ViL
tRRW
twp twpPH twp tDE twp tWRR
VIH — ————| |-
WE / \
ViL _ — h—
tpDs tDs tDs
VIH
20 SERUSS .y S ()
ViL
Verify data output
tvsc tDH tDH tDH
VPPH —
Vpp \
VPPL
Fig. 89 Input/output timings during erasing (verify data is output at the same timing as for read.)
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

e Reset command

The reset command provides a means of stopping execution of
the erase or program command safely. If the user inputs command
code FF16 in the second cycle after inputting the erase or program
command in the first cycle and again input command code FFi6 in
the third cycle, the erase or program command is disabled (i.e.,
reset), and the M38B79FF is placed in the read mode. If the reset
command is executed, the contents of the memory does not
change.

e Device identification code command

By inputting command code 9016 in the first cycle, the user can
read out the device identification code. The command code is
latched into the internal command latch at the rising edge of the
'WE input. At this time, the user can read out manufacture’s code
1Cazs (i.e., MITSUBISHI) by inputting 000016 to the address input
pins in the second cycle; the user can read out device code D016
(i. e., 1M-bit flash memory) by inputting 000116.

These command and data codes are input/output at the same tim-
ing as for read.

o MITSUBISHI
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Program Erase

5V, VPP = VPPH )

( Vce =
v

4016

) U U

( ADRS = first location
X=0
v
( WRITE PROGRAM
v
C DATA
v
( DURATION =10 ps
X+1
C WRITE PROGRAM-VERIFY ) CO16
COMMAND
v

COMMAND
WRITE PROGRAM
C__x
( DURATION = 6 ps )

FAIL

LAST ADRS ?

( WRITE READ COMMAND ) 0016

INC ADRS

VPP = VPPL

!

VERIFY BYTE ?

YES

START

( Vcc =5V, Vpp = VPPH )

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

v

ADRS = first location

v
X=0

v

WRITE ERASE
COMMAND

v

WRITE ERASE
COMMAND

v

DURATION = 9.5 ms

v

X=X+1

v

WRITE ERASE-VERIFY

2016

2016

U U UL

( INC ADRS

FAIL

COMMAND

) AO16
v

DURATION =6 us )

VERIFY BYTE ?

LAST ADRS ?

DEVICE
PASSED

DEVICE
FAILED

( WRITE READ COMMAND ) 0016

( VPP = VPPL )
DEVICE DEVICE
PASSED FAILED

Fig. 90 Programming/Erasing algorithm flow chart
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MITSUBISHI MICROCOMPUTERS

38B7 Group

Table 16 DC ELECTRICAL CHARACTERISTICS (Ta= 25 °C,Vcc =5V + 10 %, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
IsB1 Vcec =55V, CE =VIH 1 mA
lsB2 Vcc supply current (at standby) Vcc =5.5YV, 100 LA
CE=Vcc+0.2V
Icc1 Vcc supply current (at read) :/R%C::égr\lls”(fguj\:/”a mA 15 mA
Icc2 Vcc supply current (at program) VPP = VPPH 15 mA
lcca Vcc supply current (at erase) VPP = VPPH 15 mA
0sVppPsVce 10 HA
IPP1 VPP supply current (at read) Vce<vppsvVee + 1.0V 100 HA
VPP = VPPH 100 HA
IPP2 VPP supply current (at program) VPP = VPPH 30 mA
IPP3 VPP supply current (at erase) VPP = VPPH 30 mA
VIL “L” input voltage 0 0.2Vce \%
VIH “H” input voltage 0.52Vcce \Yele} \Y
VOH1 “H” output voltage IoH = —400 pA 2.4 \%
VOH2 IoH = —100 pA Vcc-0.4 \
VPPL VPP supply voltage (read only) Vcc Vce + 1.0 \Y
VpPPH VPP supply voltage (read/write) 11.7 12.0 12.6 \%
AC ELECTRICAL CHARACTERISTICS (Ta =25 °C,Vcc =5V + 10 %, unless otherwise noted)
Table 17 Read-only mode
Symbol Parameter - Limits Unit
Min. Max.
tRC Read cycle time 500 ns
ta(AD) Address access time 500 ns
ta(CE) CE access time 500 ns
ta(OE) OE access time 200 ns
tcLz Output enable time (after CE) 0 ns
toLz Output enable time (after OE) 0 ns
tDF Output floating time (after OE) 70 ns
tDH Output valid time (after CE, OE, address) 0 ns
tWRR Write recovery time (before read) 6 us
Table 18 Read/Write mode
Symbol Parameter - Limits Unit
Min. Max.
twc Write cycle time 300 ns
tas Address set up time 0 ns
tAH Address hold time 120 ns
tDs Data setup time 100 ns
tDH Data hold time 20 ns
tWRR Write recovery time (before read) 6 us
tRRW Read recovery time (before write) 0 us
tcs CE setup time 40 ns
tcH CE hold time 0 ns
twp Write pulse width 120 ns
twPH Write pulse waiting time 40 ns
toP Program time 10 us
tDE Erase time 9.5 ms
tvsc VPP setup time 1 us

Note: Read timing of Read/Write mode is same as Read-only mode.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2) Flash memory mode 2 (serial I/O mode)

The M38B79FF has a function to serially input/output the software
commands, addresses, and data required for operation on the in-
ternal flash memory (e. g., read, program, and erase) using only a
few pins. This is called the serial 1/0 (input/output) mode. This
mode can be selected by driving the SDA (serial data input/out-
put), SCLK (serial clock input ), and OE pins high after connecting

wires as shown in Figures 91 and powering on the Vcc pin and
then applying VPPH to the VPP pin.

In the serial /0 mode, the user can use six types of software com-
mands: read, program, program verify, erase, erase verify and
error check.

Serial input/output is accomplished synchronously with the clock,
beginning from the LSB (LSB first).

C

*P20/FLDo ~a—[33]
VEE — @
PB6/SIN1 gt @
PB5/SOUTL g [o1]
PBa4/ScLk11 ~-[02]
PB3/SsTB1 - 03]
PB2/Ssusy1 ~a[o7]
PB1/SRDY1 -~ @
PB0/ScLk12/SVIN/DA - [96]
AVss —p-[97]

VREF ——m=[98]
PA7/AN7 ~—[09 |
PA6/AN6 ~t-m- [i00|

O

2 0o 382 IS IIIIRIILLNIIBILIBES

[ajajajajajajaNajajalalaallalaafalajalalalalalalalalalalala]

T I [ I I [ |

e e o T T T T R T

> SN D I D PN O I INORNS IIDIDOSSIIDID

00000000 ddddddddNM MMM OOMOOMNISTIITIIT I

goggooopogooooogoooadgagag

B RRREEEEREREREEEREERERREEEEEEEE

IRl
*P27/FLD7 <—[81] [50] ~-®= *P46/FLD3s
*P26/FLDe -—[32] O [49] a9 *P47/FLD39
*P2s/FLDs ~-4—[83] Eﬂ*PSo/FLDao
*P24/FLD4 ~-a—[34] E‘»*PSHFLDM
*P23/FLD3 ~— 35 @0*P52/FLD42
*P22/FLD2 ~a— 36 Eﬂ*PSleLDu
*P21/FLD1 ~-—[37] E»*PSAIFLDM

M38B79FFFP

[43] < *P5s/FLDas

[42] < *P56/FLD46

[41] - *P57/FLDa7

[40] <8~ *P60/FLD4s

[39] =t *P61/FLD4g

[38] - *P62/FLDso

[37] - *P63/FLDs1

36 ~a-#= P64/RXD/FLDs2
E i P65/TxD/FLDs3

[34] - P66/ScLk21/FLDsa 4@
[33] = P67/SrDY2/ScLk22/FLDss
[32] - P70/INTo

[31] == p71/INT1

O

4]
5]
Ls]
P97/BUZ02/AN15 g 7]

ANS - [ 1|
AN3 < [E
P96/PWM0/AN14 - [B]

RTPO/AN13 g ]
RTP1/AN12 g [E
P93/SRDY3/AN11 <t 11 |
ScLk3/AN10 i [12]
SoUT3/ANo - [13 |
P90/SIN3/ANg - [14 |

P83/CNTRO/CNTR. = [15 |

PAs
PA3

P9s
P94
P92
P91,

P82/CNTR1 et [16

CNVss —p»[17

>

i8]

RESET —#
P81/Xcout - 19|
P8o/XcIN - [20 |
Vss — 21|
XN —-[22
Xout -a—[23]
Vee —[24]
P72/INT2 - [30 |

P76/T30UT ~t-i 26 |
P75/T10UT -3 27 |
P74/PWM1 ~a-i- 28|
P73/INT3/DIMoUT ~at-i- [29 |

P77/INT4/Buzo1 - [25 |

D(o—

Package type: 100P6S-A

0:Connect to the ceramic oscillation circuit.
*: High-breakdown-voltage output port: Totaling 52

 Oindicates the flash memory pin.

Fig. 91 Pin connection of M38B79FF when operating in serial /O mode
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MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 19 Pin description (flash memory serial I/O mode)

Pin Name /(Ijnqutjt Functions

Vcc, Vss Power supply — Supply 5V £ 10 % to Vcc and O V to Vss.

CNVss VPP input Input | Connectto 11.7 V to 12.6 V.

RESET Reset input Input | Connect to Vss.

XIN Clock input Input | Connect a ceramic resonator between XIN and XouT.

XouTt Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Input an arbitrary level between the range of Vss and Vcc.

P00—-PO7 Input port PO Input | Input “H” or “L", or keep them open.

Plo-P17 Input port P1 Input | Input “H” or “L", or keep them open.

P20-P27 Input port P2 Input | Input “H” or “L", or keep them open.

P30-P36 Input port P3 Input | Input“H” or “L", or keep themopen. ]
(P37 | Control signalinput | Input | OEinputpin

P40-P47 Input port P4 Input | Input “H” or “L”, or keep them open.

P50-P57 Input port P5 Input | Input “H” or “L”, or keep them open.

| P60-P6s, PBs| Input portP6_ _ _ _ _ _ _Input_| Input *H" or “L" to P60-P6s, P65, or keep themopen. . |
L SDANO_ _ _ _ _ ___ VO _| This pinis for serialdata 0. _ _ _ _ _ _ _ __ _ __ _____________|
[P8s_ _ _ _ | SCLKinput __ _ _ _ _ _Input | This pinis for serial clockinput. |

P67 BUSY output Qutput | This pin is for BUSY signal output.

P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.

P80-P83 Input port P8 Input | Input “H” or “L”, or keep them open.

P90-P97 Input port P9 Input | Input “H” or “L", or keep them open.

PA0—-PA7 Input port PA Input | Input “H” or “L”, or keep them open.

PBo-PBs Input port PB Input | Input “H” or “L”, or keep them open.

VEE Pull-down power supply Keep this open.
- MITSUBISHI
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Functional Outline (serial /0 mode)

In the serial I/O mode, data is transferred synchronously with the
clock using serial input/output. The input data is read from the
SDA pin into the internal circuit synchronously with the rising edge
of the serial clock pulse; the output data is output from the SDA
pin synchronously with the falling edge of the serial clock pulse.

Table 20 Software command (serial /O mode)

Data is transferred in units of eight bits.

In the first transfer, the user inputs the command code. This is fol-
lowed by address input and data input/output according to the
contents of the command. Table 20 shows the software com-
mands used in the serial I/O mode. The following explains each
software command.

umber of transfers| First command .
. Second Third Fourth

Command code input
Read 0016 Read address L (Input) Read address H (Input) Read data (Output)
Program 4016 Program address L (Input) Program address H (Input) Program data (Input)
Program verify CO16 Verify data (Output)
Erase 2016 2016 (Input)
Erase verify AO16 Verify address L (Input) Verify address H (Input) Verify data (Output)
Error check 8016 Error code (Output)

e Read command

Input command code 0016 in the first transfer. Proceed and input
the low-order 8 bits and the high-order 8 bits of the address and
pull the OE pin low. When this is done, the M38B79FF reads out
the contents of the specified address, and then latchs it into the in-

ternal data latch. When the OE pin is released back high and se-
rial clock is input to the SCLK pin, the read data that has been
latched into the data latch is serially output from the SDA pin.

tCcH tCH
SCLK
Ao A7 As A15 Do D7
SDA  -====- 1000000007 "\ AAMANMATTTTTTWANANAMANANTT T UMMM T
Command code input (0016) Read address input (L) Read address input (H) Read data output
|_ tcrR tWR tRC
=
OE
Read
BUSY “L”

Note : When outputting the read data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-g) after the last rising edge of SCLK (at the 8th bit).

Fig. 92 Timings during reading
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e Program command

Input command code 4016 in the first transfer. Proceed and input
the low-order 8 bits and the high-order 8 bits of the address and
then program data. Programming is initiated at the last rising edge
of the serial clock during program data transfer. The BUSY pin is
driven high during program operation. Programming is completed
within 10 pus as measured by the internal timer, and the BUSY pin
is pulled low.

Note : A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in the verification, the user must re-
peatedly execute the program command until the pass in the
verification. Refer to Figure 90 for the programming flowchart.

tCH tCH tCH
SCLK
tPC
Ao A7 As A15 Do D7

SDA  ------ 100000o0tfo\ A AN UMM ANA T UMMMAANAS

Command code input (4016) Program address input (L) Program address input (H) ~ Program data input
OE twp

Program

BUSY

Fig. 93 Timings during programming

e Program verify command

Input command code CO16 in the first transfer. Proceed and drive
the OE pin low. When this is done, The M38B79FF verify-reads
the programmed address’s contents, and then latchs it into the in-

ternal data latch. When the OE pin is released back high and se-
rial clock is input to the SCLK pin, the verify data that has been
latched into the data latch is serially output from the SDA pin.

SCLK
Do D7
SDA 00000011~~~ T U AMNAANNSTTTTT
Command code input (C016) Verify data output
|_tCRPV_, _twR tRC
=
OE
Verify read
BUSY .-

Note: When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 94 Timings during program verify
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e Erase command

Input command code 2016 in the first transfer and command code
2016 again in the second transfer. When this is done, the
M38B79FF executes an erase command. Erase is initiated at the
last rising edge of the serial clock. The BUSY pin is driven high
during the erase operation. Erase is completed within 9.5 ms as
measured by the internal timer, and the BUSY pin is pulled low.
Note that data 0016 must be written to all memory locations before

executing the erase command.

Note: A erase operation is not completed by executing the erase
command once. Always be sure to execute a erase verify
command after executing the erase command. When the fail-
ure is found in the verification, the user must repeatedly ex-
ecute the erase command until the pass in the verification.
Refer to Figure 90 for the erase flowchart.

tCH
SCLK
tEC
SDA ===-700000j1[0 0p=---70 000 0f1]|0 Oy=========--===----o oo
Command code input (2016) Command code input (2016)
T
OE
twe
BUSY Erase

Fig. 95 Timings at erasing

e Erase verify command

The user must verify the contents of all addresses after complet-
ing the erase command. Input command code AO16 in the first
transfer. Proceed and input the low-order 8 bits and the high-order
8 bits of the address and pull the OE pin low. When this is done,
the M38B79FF reads out the contents of the specified address,
and then latchs it into the internal data latch. When the OE pin is
released back high and serial clock is input to the SCLK pin, the

verify data that has been latched into the data latch is serially out-

put from the SDA pin.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

A15 Do D7

Verify data output
Y tWR

tCcH tcH
SCLK
Ao A7 As
SDA  -=---- 100000101l """""
Command code input (A016) Verify address input (L)  Verify address input (H)
tCRE
<
OE
BUSY “L”

Verify read

Note : When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 96 Timings during erase verify
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e Error check command

Input command code 8016 in the first transfer, and the M38B79FF
outputs error information from the SDA pin, beginning at the next
falling edge of the serial clock. If the LSB bit of the 8-bit error infor-
mation is 1, it indicates that a command error has occurred. A
command error means that some invalid commands other than
commands shown in Table 20 has been input.

When a command error occurs, the serial communication circuit
sets the corresponding flag and stops functioning to avoid an erro-
neous programming or erase. When being placed in this state, the
serial communication circuit does not accept the subsequent serial
clock and data (even including an error check command). There-
fore, if the user wants to execute an error check command,

temporarily drop the VPp pin input to the VpPpPL level to terminate
the serial input/output mode. Then, place the M38B79FF into the
serial I/0O mode back again. The serial communication circuit is re-
set by this operation and is ready to accept commands. The error
flag alone is not cleared by this operation, so the user can exam-
ine the serial communication circuit’s error conditions before reset.
This examination is done by the first execution of an error check
command after the reset. The error flag is cleared when the user
has executed the error check command. Because the error flag is
undefined immediately after power-on, always be sure to execute
the error check command.

tcH
SCLK
EO
SDA  ------ 10000000 L l---- §080008 0=
Command code input (8016) Error flag output
. “H”
OE
BUSY « »

Note: When outputting the error flag, the SDA pin is switched for output at the first falling edge of the serial clock. The SDA pin is placed
in the floating state during the period of th(c-) after the last rising edge of the serial clock (at the 8th bit).

Fig. 97 Timings at error checking
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DC ELECTRICAL CHARACTERISTICS (Ta=25°C,Vcc =5V + 10 %, VPP = 11.7 to 12.6 V, unless otherwise noted)

Icc, Ipp-relevant standards during read, program, and erase are the same as in the parallel input/output mode. VIH, VIL, VOH, VoL, liH, and
I for the SCLK, SDA, BUSY, OE pins conform to the microcomputer modes.

Table 21 AC Electrical characteristics
(Ta=25°C,Vcc =5V + 10 %, Vpp = 11.7 to 12.6 V, f(XIN) = 4 MHz, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Max.
tcH Serial transmission interval 625(Note 1) ns
tcrR Read waiting time after transmission 625(Note 1) ns
tWR Read pulse width 500(Note 2) ns
tRC Transfer waiting time after read 625(Note 1) ns
tCRPV Waiting time before program verify 6 us
twp Programming time 10 us
tPC Transfer waiting time after programming 625(Note 1) ns
{CREV Waiting time before erase verify 6 us
tWE Erase time 9.5 ms
tEC Transfer waiting time after erase 625(Note 1) ns
tc(CK) SCLK input cycle time 250 ns
tw(CKH) SCLK high-level pulse width 100 ns
tw(CKL) SCLK low-level pulse width 100 ns
tr(CK) SCLK rise time 20 ns
tf(CK) SCLK fall time 20 ns
td(C-Q) SDA output delay time 0 90 ns
th(C-Q) SDA output hold time 0 ns
th(C-E) SDA output hold time (only the 8th bit) 187.5(Note 3312 5(Note 4) g
tsu(D-C) SDA input set up time 30 ns
th(C-D) SDA input hold time 90 ns
Notes 1: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 1.
Formula 1 : 2200 106
f(XIN)
2: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 2.
. 2000 5
Formula 2 '_f(XlN) x 10
3: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 3.
. 750 6
Formula 3 '_f(XlN) x 10
4: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 4
. 1250 5
Formula 4 : ) x 10
AC waveforms
te(CK)
t(CK) tw(CKL) tr(CK) tw(CKH)
SCLK
th(C-Q)
th(C-E) <=
Test conditions for AC characteristics
SDA output >— ------
« Output timing voltage : VoL =0.8 V, VOH = 2.0V
tsud-C) | th(C-D) « Input timing voltage : ViL = 0.2 Vcc, ViH = 0.8 Vcc
SDAinput --------------------—-—--—] oo
MITSUBISHI o3
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(3) Flash memory mode 3 (CPU reprogramming
mode)

The M38B79FF has the CPU reprogramming mode where a built-

in flash memory is handled by the central processing unit (CPU).

In CPU reprogramming mode, the flash memory is handled by

writing and reading to/from the flash memory control register (see

Figure 98) and the flash command register (see Figure 99).

The CNVss pin is used as the VPP power supply pin in CPU repro-

gramming mode. It is necessary to apply the power-supply voltage

of VpPH from the external to this pin.

Functional Outline (CPU reprogramming mode)
Figure 98 shows the flash memory control register bit configura-
tion. Figure 99 shows the flash command register bit
configuration.

Bit 0 of the flash memory control register is the CPU reprogram-
ming mode select bit. When this bit is set to “1” and VPPH is
applied to the CNVss/VPP pin, the CPU reprogramming mode is
selected. Whether the CPU reprogramming mode is realized or
not is judged by reading the CPU reprogramming mode monitor
flag (bit 2 of the flash memory control register).

Bit 1 is a busy flag which becomes “1” during erase and program
execution.

Whether these operations have been completed or not is judged

by checking this flag after each command of erase and the pro-
gram is executed.

Bits 4, 5 of the flash memory control register are the erase/pro-
gram area select bits. These bits specify an area where erase and
program is operated. When the erase command is executed after
an area is specified by these bits, only the specified area is
erased. Only for the specified area, programming is enabled; for
the other areas, programming is disabled.

Figure 100 shows the CPU mode register bit configuration in the
CPU reprogramming mode.

Flash memory control regsiter
(FCON : address OEFEzs)

CPU reprogramming mode select bit (Note)
0 : CPU reprogramming mode is invalid. (Normal operation mode)
1: When applying 0 V or VrrL to CNVss/Vee pin, CPU reprogramming mode is
invalid. When applying VrpH to CNVss/Vep pin, CPU reprogramming mode is valid.

Erase/Program busy flag
0 : Erase and program are completed or not have been executed.
1 : Erase/program is being executed.

CPU reprogramming mode monitor flag
0 : CPU reprogramming mode is invalid.
1: CPU reprogramming mode is valid.
Fix this bit to “0”.

Erase/Program area select bits
0 0: Addresses 10001 to FFFF1s (total 60 Kbytes)
0 1: Addresses 10001 to 7FFFs (total 28 Kbytes)
1 0: Addresses 800016 to FFFF1s (total 32 Kbytes)
1 1: Not available

Fix this bit to “0”.
Not used (returns “0” when read)

Note: Bit 0 can be reprogrammed only when 0V is applied to the CNVss/Vep pin.

Fig. 98 Flash memory control register bit configuration

o MITSUBISHI
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e CPU reprogramming mode operation procedure
The operation procedure in CPU reprogramming mode is de-
scribed below.

< Beginning procedure >

O Apply 0V to the CNVss/VPP pin for reset release.

[0 Set the CPU mode register. (see Figure 100)

O After CPU reprogramming mode control program is transferred to
internal RAM, jump to this control program on RAM. (The follow-
ing operations are controlled by this control program).

0 Set “1” to the CPU reprogramming mode select bit.

O Apply VpPPH to the CNVss/VPP pin.

O Wait till CNVss/VPP pin becomes 12 V.

0 Read the CPU reprogramming mode monitor flag to confirm
whether the CPU reprogramming mode is valid.

O The operation of the flash memory is executed by software-com-
mand-writing to the flash command register .

Note: The following are necessary other than this:

«Control for data which is input from the external (serial 1/0
etc.) and to be programmed to the flash memory

«Initial setting for ports etc.

*Writing to the watchdog timer

< Release procedure >

O Apply 0V to the CNVss/VPP pin.

O Wait till CNVss/VPp pin becomes 0V.

0 Set the CPU reprogramming mode select bit to “0”.

Each software command is explained as follows.

e Read command

When “0016” is written to the flash command register, the
M38B79FF enters the read mode. The contents of the corre-
sponding address can be read by reading the flash memory (For
instance, with the LDA instruction etc.) under this condition.

The read mode is maintained until another command code is written
to the flash command register. Accordingly, after setting the read
mode once, the contents of the flash memory can continuously be
read.

After reset and after the reset command is executed, the read
mode is set.

7 6 5 4 3 2 10
| | | | | | | | | Flash command register

(FCMD : address OEFF16)

Writing of software command

<Software command name> <Command code>

» Read command “0016”
* Program command “4016"
* Program verify command “C016”
* Erase command “2016" + “2016”
* Erase verify command “A016"
» Reset command “FF16" + “FF16”

Note: The flash command register is write-only register.

Fig. 99 Flash command register bit configuration

| 0 | 0 | CPU mode register
(CPUM : address 003B16)

I—l— Processor mode bits
bl bo

0 0 :Single-chip mode
0 1 :Notavailable
1 X :Notavailable

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

Reserved
(Do not write “0” to this bit when using
XcIN-XcouT oscillation function.)

Port Xc switch bit
0 : I/O port function (stop oscillating)
1: Xcin—XcourT oscillating function

Main clock (XIN-XouT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bits

@=f(XIN) (high-speed mode)
@=f(XiN)/4 (middle-speed mode)
@=f(XciN)/2 (low-speed mode)

7
0
0
1
1 Not available

0:
1:
0:
1:

Fig. 100 CPU mode register bit configuration in CPU rewriting
mode
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e Program command

When “4016” is written to the flash command register, the

M38B79FF enters the program mode.

Subsequently to this, if the instruction (for instance, STA

instruction) for writing byte data in the address to be programmed

is executed, the control circuit of the flash memory executes the

program. The erase/program busy flag of the flash memory control

register is set to “1” when the program starts, and becomes “0”

when the program is completed. Accordingly, after the write in-

struction is executed, CPU can recognize the completion of the

program by polling this bit.

The programmed area must be specified beforehand by the erase/

program area select bits.

During programming, watchdog timer stops with “FFFF16” set.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 101 for the flow chart of the programming.

e Program verify command

When “C016” is written to the flash command register, the
M38B79FF enters the program verify mode. Subsequently to this,
if the instruction (for instance, LDA instruction) for reading byte
data from the address to be verified (i.e., previously programmed
address), the contents which has been written to the address ac-
tually is read.

CPU compares this read data with data which has been written by
the previous program command. In consequence of the compari-
son, if not agreeing, the operation of “program - program verify”
must be executed again.

e Erase command

When writing “2016” twice continuously to the flash command reg-

ister, the flash memory control circuit performs erase to the area

specified beforehand by the erase/program area select bits.

Erase/program busy flag of the flash memory control register be-

comes “1” when erase begins, and it becomes “0” when erase

completes. Accordingly, CPU can recognize the completion of
erase by polling this bit.

Data “0016” must be written to all areas to be erased by the pro-

gram and the program verify commands before the erase

command is executed.

During erasing, watchdog timer stops with “FFFF16” set.

Note: The erasing operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 101
for the erasing flowchart.

e Erase verify command

When “A016” is written to the flash command register, the

M38B79FF enters the erase verify mode. Subsequently to this, if

the instruction (for instance, LDA instruction) for reading byte data

from the address to be verified, the contents of the address is

read.

CPU must erase and verify to all erased areas in a unit of ad-

dress.

If the address of which data is not “FF16” (i.e., data is not erased)

is found, it is necessary to discontinue erasure verification there,

and execute the operation of “erase - erase verify” again.

Note: By executing the operation of “erase - erase verify” again
when the memory not erased is found. It is unnecessary to
write data “0016” before erasing in this case.

e Reset command

The reset command is a command to discontinue the program or
erase command on the way. When “FF16” is written to the command
register two times continuously after “4016” or “2016" is written to the
flash command register, the program, or erase command becomes
invalid (reset), and the M38B79FF enters the reset mode.

The contents of the memory does not change even if the reset com-
mand is executed.

DC Electric Characteristics
Note: The characteristic concerning the flash memory part are the
same as the characteristic of the parallel /O mode.

AC Electric Characteristics
Note: The characteristics are the same as the characteristic of the
microcomputer mode.

o6 MITSUBISHI
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START

ADRS = flrst location

C

.
—
C

C

WRITE PROGRAM

COMMAND 4016

WRITE PROGRAM

DATA DIN

)
)
)
)
)

WAIT 1ps

ERASE PROGRA
BUSY FLAG =0

)

X=X+1

v

WRITE PROGRAM-VERIFY
COMMAND

v
( DURATION = 6 pis )

FAIL

INC ADRS LAST ADRS ?

( WRITE READ COMMAND ) 0016

v

) C016

VERIFY BYTE ?

YES

C

o«
O

{

C

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

v

ADRS = first location

v

0

WRITE ERASE
COMMAND

!

WRITE ERASE
COMMAND

v

2016

2016

U U U\

WAIT 1ps

ERASE PROGRA
BUSY FLAG =0

DEVICE
PASSED

DEVICE
FAILED

INC ADRS

FAIL

( X=X+1 )
WRITE ERASE-VERIFY
COMMAND ) Al1s

( DURATION =6 ps )

VERIFY BYTE ?

LAST ADRS ?

C WRITE READ COMMAND ) 0016
DEVICE DEVICE
PASSED FAILED

Fig. 101 Flowchart of program/erase operation at CPU reprogramming mode
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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 (I) 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
request register, execute at least one instruction before perform-
ing 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. After executing
an ADC or SBC instruction, execute at least one instruction be-
fore executing a SEC, CLC, or CLD instruction.

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

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 con-
tents 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 instruction with the addressing mode which uses the value
of a direction register as an index

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

* The read-modify-write instructions (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 1/10

*Using an external clock

When using an external clock, input “H” to the external clock input
pin and clear the serial 1/O interrupt request bit before executing
serial 1/O transfer and serial /0 automatic transfer.

*Using an internal clock

When using an internal clock, set the synchronous clock to the in-
ternal clock, then clear the serial I/O interrupt request bit before
executing serial I/O transfer and serial I/O automatic transfer.

Automatic Transfer Serial 1/0

When using the automatic transfer serial I/O mode of the serial I/
01, set an automatic transfer interval as the following.

Otherwise the serial data might be incorrectly transmitted/re-
ceived.

*Set an automatic transfer interval for each 1-byte data transfer as
the following:
(1) Not using FLD controller
Keep the interval for 5 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

(2) Using FLD controller

(a) Not using gradation display
Keep the interval for 17 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

(b) Using gradation display
Keep the interval for 27 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

A-D Converter

The comparator uses capacitive coupling amplifier whose charge
will be lost if the clock frequency is too low.

Therefore, make sure that f(XIN) is at least on 250 kHz during an
A-D conversion.

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 rapidly poor under
the Vcc = 4.0 V or less condition; a supply voltage of Vcc =2 4.0 V
is recommended. When a D-A converter is not used, set the value
of D-A conversion register to “0016”.

Instruction Execution Time

The instruction execution time is obtained by multiplying the pe-
riod 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 period of the internal clock @is half of the XIN period in high-
speed mode.

98
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38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

NOTES ON USAGE

Handling of Power Source Pins

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin), between power
source pin (Vcc pin) and analog power source input pin (AVsSs
pin), and between program power source pin (CNVss/VpPP) and
GND pin for flash memory version when on-board reprogramming
is executed. Besides, connect the capacitor to as close as pos-
sible. For bypass capacitor which should not be located too far
from the pins to be connected, a ceramic capacitor of 0.01 pF-0.1
UF is recommended.

Flash Memory Version

The CNVss pin is connected to the internal memory circuit block
by a low-ohmic resistance, since it has the multiplexed function to
be a programmable power source pin (VPP pin) as well.

To improve the noise reduction, connect a track between CNVss
pin and Vss pin or Vcc pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational in-
terference even if it is connected to Vss pin or Vcc pin via a
resistor.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

1.Mask ROM Confirmation Form

2.Mark Specification Form

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or in one floppy disk.

MITSUBISHI
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ELECTRICAL CHARACTERISTICS

Table 22 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltages All voltages are based on Vss. -0.3t06.5 \Y
VEE Pull-down power source voltages Output transistors are cut off. Vcc—48to Vec +0.3 v
Vi Input voltage P64-P67, P70-P77, P80-P83, —-0.3to Vcc+0.3 \%

P90-P97, PAo—PA7, PBo-PBé
Vi Input voltage  P10-P17, P30-P37, P40-P47, Vcc—-48 to Vec +0.3 \
P50-P57, P60—P63
Vi Input voltage RESET, XIN, CNVss —-0.3to Vcc +0.3 \Y;
Vi Input voltage  XCIN —-0.3 to Vcc +0.3 V
Vo Output voltage POo—-P07, P1o-P17, P20-P27, Vcc-48 to Vcc +0.3 Y,
P30-P37, P40—-P47, P50-P57,
P60-P63
Vo Output voltage P64-P67, P80-P83, P70-P77, -0.3 to Vcc +0.3 \%
P90-P97, PA0—-PA7, PBo—PBs,
XouT, Xcout
Pd Power dissipation Ta=-201t0 65 °C 800 mw
Ta=651t085°C 800 -12.5 O (Ta —65) mw
Topr Operating temperature —20to 85 °C
Tstg Storage temperature —40 to 125 °C

Table 23 Recommended operating conditions
(Vcc=4.0to 5.5V, Ta=-20to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter i v, Mo, Unit

Vcc Power source voltage (mask ROM version) High-speed mode 4.0 5.0 5.5 \%

Middle/Low-speed mode 2.7 5.0 5.5 Y,
vce Power source voltage (flash memory version) 4.0 5.0 5.5 Y,
Vss Power source voltage 0 \%
VEE Pull-down power source voltage Vce —43 Vcc Vv
VREF Analog reference voltage when A-D converter is used 2.0 Vvcc \Y

when D-A converter is used 3.0 Vvcc \Y
AVss Analog power source voltage 0 Vv
VIA Analog input voltage AN0—AN15 0 Vcc V
VIH “H” input voltage P70-P77, P80—P83, P90-P97, PA0—-PA7, PBo—PBé 0.75Vcc Vcc Vv
VIH “H” input voltage P64—P67 0.4Vcc Vvcc vV
VIH “H” input voltage Plo-P17, P30-P37, P40-P47, P50-P57, P60-P63 0.52Vcc Vce \%
VIH “H” input voltage RxD, ScLK21, SCLK22 0.8vVcc Vcc Vv
VIH “H” input voltage XIN, XCIN, RESET, CNVss 0.8vVcc Vcc \%
ViL “L” input voltage P70-P77, P80—P83, P90-P97, PA0—-PA7, PBo—PBé 0 0.25vcec| VvV
ViL “L” input voltage P64-P67 0 0.16vcc| V
ViL “L” input voltage P1lo-P17, P30-P37, P40-P47, P50-P57, P60-P63 0 0.2vVcce \%
ViL “L” input voltage RxD, SCLK21, SCLK22 0 0.2Vcc vV
ViIL “L” input voltage XIN, XCIN, RESET, CNVss 0 0.2vVcc | Vv

100 MITSUBISHI
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Table 24 Recommended operating conditions

(Vcc =4.0to 5.5V, Ta =20 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter - Unit
Min. Typ. Max.
2|OH(peak) | “H” total peak output current (Note 1) POo—P07, P1o-P17, P20-P27, P30-P37, P40-P47, —240 mA
P50-P57, P60-P67, P70-P77
2|0OH(peak) | “H” total peak output current (Note 1) P80—P83, P9o-P97, PAo-PA7, PBo—PB6 -60 mA
>|OL(peak) “L” total peak output current (Note 1) P64—P67, P70-P77 100 mA
>|OL(peak) “L” total peak output current (Note 1) P80—P83, P90—P97, PAoc—PA7, PBo—PB6 60 mA
> I0H(avg) “H” total average output current (Note 1) PO0-P07, P10-P17, P20-P27, P30-P37, P40-P47, -120 mA
P50-P57, P60-P63
> |0H(avg) “H” total average output current (Note 1) P64—P67, P70-P77, P80-P83, P90-P97, PA0-PA7, -30 mA
PBo-PB6
>loL(avg) “L” total average output current (Note 1) P64—P67, P70-P77, P80—P83, P90—P97, PA0—PA7, 50 mA
PBo-PBé6
|OH(peak) “H” peak output current (Note 2) POo—P07, P10-P17, P20-P27, P30-P37, P40-P47, -40 mA
P50-P57, P60-P63
10H(peak) “H" peak output current (Note 2) P64—P67, P70-P77, P80—P83, P90—P97, PA0—PA7, -10 mA
PBo-PB6
|0L(peak) “L” peak output current (Note 2) P64—P67, P70-P77, P80-P83, P90-P97, PA0-PA7, 10 mA
PBo-PB6
|0H(avg) “H" average output current (Note 3) PO0-P07, P10-P17, P20-P27, P30-P37, P40-P47, -18 mA
P50-P57, P60—P63
|0H(avg) “H” average output current (Note 3) P64-P67, P70-P77, P80-P83, P90-P97, PA0—-PA?, -5 mA
PBo-PB6
10L(avg) “L” average output current (Note 3) P64—P67, P70-P77, P80—P83, P90-P97, PA0-PA7, 5 mA
PBo-PB6
f(CNTR) Clock input frequency for timers 2, 4, and X (duty cycle 50 %) 250 kHz
f(XIN) Main clock input oscillation frequency (Note 4) 4.2 MHz
f(XcIN) Sub-clock input oscillation frequency (Notes 4, 5) 32.768 50 kHz

Notes 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
3: The

peak output current is the peak current flowing in each port.
average output current loL(avg), loH(avg) are average value measured over 100 ms.

4: When the oscillation frequency has a duty cycle of 50%.
5: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency on condition that
f(XCIN) < f(XIN)/3.

MITSUBISHI
ELECTRIC

101



L
(\c(’»1 P
Wo e?""

S0 a“ge

s

on
)

A%\ 0

ad s® “‘0\30‘\

ot a‘:\.\\‘s ae®
A\

@

MITSUBISHI MICROCOMPUTERS

38B7 Group
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Table 25 Electrical characteristics

(Vcc =4.0to 5.5V, Ta =20 to 85 °C, unless otherwise noted)

» Limits )
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOH “H” output voltage ~ P00-P07, P1o-P17, P20-P27, | lOH =-18 mA vee-2.0 \Y
P30-P37, P40-P47, P50-P57,
P60-P63
VOH “H” output voltage ~ P64—P67, P70-P77, P80-P83, | l0H =-10 mA vee-2.0 \Y
P90-P97, PA0—PA7, PBo—PBé6
VoL “L” output voltage =~ P64—P67, P70-P77, P80-P83, | loL =10 mA 2.0 \%
P90-P97, PA0-PA7, PBo—PBé6
VT+-VT- Hysteresis  RxD, ScLk21, SCLK22, SRDY1, P70— 0.4 \Y
P73, P77, P82—-P83, P90-P92, PBo,
PB2, PB4—PB6
VT+-VT- Hysteresis ~RESET, XIN 05 \
VT+-VT- Hysteresis  XCIN 0.5 \Y
IIH “H” input current P64—P67, P70-P77, P80-P83, | VI=Vcc 5.0 UA
P90-P97, PA0—PA7, PBo—PBé6
IH “H” input current P1o-P17, P30-P37, P40-P47, | Vi=Vcc 5.0 pA
P50-P57, P60—P63 (Note)
IH “H” input current RESET, CNVss, XCIN Vi=Vcc 5.0 UA
IH “H” input current XIN Vi=Vce 4.0 pA
I “L” input current P64—P67, P70-P77, P80-P83, | VI=Vss -5.0 UA
P90-P97, PA0-PA7, PBo—PBe | Pull-up “off”
Vcec=5V,Vi=Vss -30 =70 -140 HA
Pull-up “on
Vcc=3V,Vi=Vss —6.0 -25 —45 A
Pull-up “on”
I “L” input current Plo-P17, P30-P37, P40-P47, | VI=Vss -5.0 pA
P50-P57, P60—P63 (Note)
I “L” input current RESET, CNVss, XCIN Vi=Vss 5.0 MA
I “L” input current XIN Vi=Vss -4.0 HA
Note: Except when reading ports P1, P3, P4, P5 or P6.
MITSUBISHI

102

ELECTRIC




o
S
1615 00wt
nce” e
“\oome N
50“3(\98‘

el
e\ ?g 5\)‘0\60
a

o®
10

c\ﬁ‘\ca

MITSUBISHI MICROCOMPUTERS

38B7 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 26 Electrical characteristics
(Vcc=4.0to 5.5V,Vss=0V,Ta=-20to 85 °C, unless otherwise noted)

ELECTRIC

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
ILOAD Output load current VEE =Vcc-43V, VoL =Vcc 400 600 900 HA
P00-P0O7, P10-P17, Output transistors “off”
P20-P27, P30-P37,
(P40-P47, P50-P57,
P60—P63 at option)
ILEAK Output leak current VEE = Vcc-43V, VoL =Vcc-43V -10 HA
P00-P0O7, P10-P17, Output transistors “off”
P20-P27, P30-P37,
P40-P47, P50-P57,
P60-P63
IREADH “H” read current Vi=5V 1 HA
Plo-P17, P30-P37,
P40-P47, P50-P57,
P60—-P63
VRAM RAM hold voltage When clock is stopped 2 5.5 \%
High-speed mode, Vcc =5V, 7.0 15 mA
f(XIN) = 4.2 MHz
f(XCIN) = 32.768 kHz
Output transistors “off”
High-speed mode, Vcc =5V, 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XCIN) = 32.768 kHz
Output transistors “off”
Middle-speed mode, Vcc =5V, 3 mA
f(XIN) = 4.2 MHz
f(XcIN) = stopped
Output transistors “off”
Middle-speed mode, Vcc =5V, 1 mA
f(XIN) = 4.2 MHz (in WIT state)
Icc Power source current f(XcIN) = stopped
Output transistors “off”
Low-speed mode, Vcc = 3V, 20 55 HA
f(XIN) = stopped
f(XCIN) = 32.768 kHz
Output transistors “off”
Low-speed mode, Vcc = 3V, 8 20 HA
f(XIN) = stopped
f(XcIN) = 32.768 kHz (in WIT state)
Output transistors “off”
Increment when A-D conversion is 0.6 mA
executed
All oscillation stopped | Ta =25 °C 0.1 1 PA
(in STP state)
Output transistors “off” | Ta = 85 °C 10 PA
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 27 A-D converter characteristics
(Vcc=4.0to 5.5V,Vss = AVss =0V, Ta = —-20 to 85 °C, f(XIN) = 250 kHz to 4.2 MHz in high-speed mode, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy (excluding quantization error) Vce = VReErF =5.12V +1 25 LSB
TCcoNv Conversion time 61 62 tc()
IVREF Reference input current VREF =5.0V 50 150 200 A
A Analog port input current 0.5 5.0 HA
RLADDER Ladder resistor 35 kQ
Table 28 D-A converter characteristics
(Vcc=4.0to 5.5V,Vss = AVss =0V, VRer = 3.0 to Vcc, Ta = -20 to 85 °C, unless otherwise noted)
o Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution 8 Bits
Absolute accuracy Vcc=4.0-55V 1.0 %

B (excluding quantization error) Vcc =3.0-55V 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: Except ladder resistor for A-D converter

Lo MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Table 29 Timing requirements (1)
(Vcc=4.0t0 5.5V,Vss=0V,Ta=-20to 85 °C, unless otherwise noted)

Limits .

Symbol Parameter - Unit

Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2.0 us
tc(XIN) Main clock input cycle time (XIN input) 238 ns
tWH(XIN) Main clock input “H” pulse width 60 ns
tWL(XIN) Main clock input “L” pulse width 60 ns
tc(XCIN) Sub-clock input cycle time (XcIN input) 20 us
tWH(XCIN) Sub-clock input “H” pulse width 5.0 us
tWL(XCIN) Sub-clock input “L” pulse width 5.0 us
tc(CNTR) CNTRo0-CNTR2 input cycle time 4.0 us
twH(CNTR) CNTRo0-CNTR2 input “H” pulse width 1.6 us
tWL(CNTR) CNTR0-CNTR2 input “L” pulse width 1.6 us
twWH(INT) INTo—INT4 input “H” pulse width (INT2 when noise filter is not used) 80 ns
(Note 1)
tWL(INT) INTo—INT4 input “L” pulse width (INT2 when noise filter is not used) 80 ns
(Note 1)

twWH(INT2) INT2 input “H” pulse width (when noise filter is used) (Notes 1, 2) 3 CLKs

tWL(INT2) INT2 input “L” pulse width (when noise filter is used) (Notes 1, 2) 3 CLKs
tc(ScLK1) Serial 1/01 clock input cycle time 950 ns
twH(ScCLK1) Serial 1/01 clock input “H” pulse width 400 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width 400 ns
tsu(SIN1-SCLK1) Serial 1/01 input setup time 200 ns
th(SCLK1-SIN1) Serial /01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 800 ns
tWH(ScCLK2) Serial 1/02 clock input “H” pulse width 370 ns
twL(SCLK2) Serial 1/02 clock input “L” pulse width 370 ns
tsu(RxD-ScCLK2) Serial 1/02 input setup time 220 ns
th(ScLk2-RxD) Serial 1/02 input hold time 100 ns
tc(ScCLK3) Serial 1/03 clock input cycle time 1000 ns
tWH(SCLK3) Serial 1/03 clock input “H” pulse width 400 ns
tWL(SCLK3) Serial 1/03 clock input “L” pulse width 400 ns
tsu(SIN3-SCLK3) Serial 1/03 input setup time 200 ns
th(SCLK3-SIN3) Serial /03 input hold time 200 ns

Notes 1: IDCON2, IDCON3 = “00” when noise filter is not used
IIDCON2, IIDCON3 = “01” or “10” when noise filter is used
2: Unit indicates sample clock number of noise filter.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 30 Switching characteristics
(Vcc=4.0to 5.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions Min. Limits Typ. Max. Unit
twH (ScLK) Serial 1/O clock output “H” pulse width CL =100 pF tc(ScLK)/2—-160 ns
twL (SCLK) Serial 1/O clock output “L” pulse width CL =100 pF tc(ScLK)/2—-160 ns
td (SCLK1-SOUT1) | Serial /01 output delay time (Note 1) 200 ns
tv (ScLK1-SouT1) | Serial I/O1 output valid time (Note 1) 0 ns
td (SCLK2-TxD) Serial /02 output delay time (Note 2) 140 ns
tv (ScLK2-TxD) Serial 1/02 output valid time (Note 2) -30 ns
td (SCLK3-S0oUT3) | Serial /03 output delay time (Note 3) 200 ns
tv (SCLK3-SouTs) | Serial I/03 output valid time (Note 3) 0 ns
tr (SCLK) Serial I/0 clock output rising time CL =100 pF 40 ns
tf (SCLK) Serial 1/0 clock output falling time CL =100 pF 40 ns
tr (Pch—strg) P-channel high-breakdodwn-voltage output CL =100 pF 55 ns

rising time (Note 4) VEE = Vcc -43V
tr (Pch—weak) P-channel high-breakdodwn-voltage output CL =100 pF 1.8 us
rising time (Note 5) VEE = Vcc —43 V

Notes 1: When the PBs/SouT1 P-channel output disable bit of the serial I/01 control register (bit 7 of address 001A16) is “0".
2: When the P65/TxD P-channel output disable bit of the UART control register (bit 4 of address 003816) is “0".
3: When the P91/SouT3 P-channel output disable bit of the serial 1/03 control register (bit 7 of address OEEC1s6) is “0”.
4: When the high-breakdown voltage port drivability selection bit of the FLDC mode register (bit 7 of address OEF416) is “0".
5: When the high-breakdown voltage port drivability selection bit of the FLDC mode register (bit 7 of address OEF416) is “1”.

High-breakdown voltage

Serial /0 clock output port P-channel open-drain output port
P66/ScLk21,
P67/SciLk22,
P92/ScLks,
PBo/ScLk12, — PO, P1, P2, P3,

PB4/ScLk11 P4, P5, P60—P63

CL CL
il il

(Note) VEE

Note: Ports P4, P5, P60—P63 need external resistors.

Fig. 102 Circuit for measuring output switching characteristics
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| {C(CNTR)
) TWH(CNTR) . IWL(CNTR)
CNTRo0,CNTR1 0BV
ovee 0.2Vce v
) tWH(INT) L tWL(INT) |
INTo-INT4
.8V
0-8vee 0.2Vce
’ tW(RESET) ,
AN 0.8Vcc
RESET 0.2Vcc 7\/
. tcxiny
’ tWH(XIN) . TWL(XIN)
0.8V /
XIN ce )’\‘( 0.2Vcc g
\ tcxcin)
) tWH(XcIN) L tWL(XCIN)
0.8V /
XCIN ce )’\L 0.2Vce i
tc(scik)
ti(ScLK) tWL(SCLK) tr tWH(SCLK)
| J
0.8Vcc
ScLk \( 0.2Vcc 5 N\
tsu(SIN-SCLK) th(ScLk-SIN)
tsu(RxD-SCLK) th(ScLK-RxD)
4 N
SN RXD R Covee
td(scLk-souT) tv(scLk-souT)
td(ScLK-TxD) tv(SCLK-TxD)
SouT, TxD
Fig. 103 Timing diagram
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PACKAGE OUTLINE

100P6S-A Plastic 100pin 14020mm body QFP

EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 - 1.58 Alloy 42

HARRARAAAAARAARAR

®
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===
m

% % Recommended Mount Pad
% % Symbol Dimension in Millimeters
Cr ED w Min Nom Max
a2 m W T A - - 3.05
= ED A1 0 0.1 0.2
= E= A2 = 2.8 -
=8 == b 0.25 0.3 0.4
== ES c 0.13 0.15 0.2
e S D [ 138 | 140 | 142
ks /o6 E | 198 | 200 20.2
HEEEEEEEEEEEEEEEERER ] €] - 0.65 _
@ Hpo | 165 | 16.8 171
L1 HE | 22,5 22.8 23.1
L 0.4 0.6 0.8
L1 - 1.4 _
< \ X _ _ 0.13
;\L o y — — 0.1
_ 9 0° _ 10°
z N b2 - 0.35 -
Detail F 12 1.3 - -
MD - 14.6 —
ME - 20.6 —

2% MITSUBISHI ELECTRIC CORPORATION

HEAD OFFICE: 2-2-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN

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

— Notes regarding these materials

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

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

All'ir ion ined in these i including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these materials, and are subject to change by
Mitsubishi Electric Corporation without notice due to product improvements or other reasons. It is therefore 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.

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

Please also pay attention to ir 1 publi by Mi i Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).
+ When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision
on the applicability of the information and products. A Electric Corp no responsibility for any damage, liability or other loss resulting from the information contained herein.

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

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

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

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

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

© 2000 MITSUBISHI ELECTRIC CORP.
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