MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 38B4 group is the 8-bit microcomputer based on the 740 family
core technology.

The 38B4 group has six 8-bit timers, a 16-bit timer, a fluorescent
display automatic display circuit, 12-channel 10-bit A-D converter, a
serial /0 with automatic transfer function, which are available for
controlling musical instruments and household appliances.

® BUZZEI OULPUL ... 1

® Clock generating CirCUit ..........cccevveerieenieeneeninen. Built-in 2 circuits
(connect to external ceramic resonator or quartz-crystal
oscillator)

® Power source voltage
In high-speed mode ..........ccccevviiiiiiiiiiicnccs 40to 55V

(at 4.2 MHz oscillation frequency)

27t055V
FEATURES (at 2.0 MHz oscillation frequency)
e Basic machine-language inStructions .............cccceeeevevevernnnnn. 71 In middle-speed Mode ... 27055V
© Minimum instruction execution time ..............cc.c.ccoevevena... 0.48 us (at 4.2 MHz oscillation frequency)
(at 4.2 MHz oscillation frequency) In IOW—speed MOAE .. 27t055V
e Memory size (at 32 kHz oscillation frequency)
[200] Y I 48K to 60K bytes ® Power dissipation
RAM oo 1024 to 2048 bytes In high-speed MOde ........ccceviveiiiiieee e 35 mw
e Programmable iNPUY/OULPUL POTTS ...........eveeerereereceereereesreenanss 51 (at 4.2 MHz oscillation frequency)
e High-breakdown-voltage output ports ..........ccccceveveeerveeenennns 36 In Tow-speed MOE .........cccooiiiiiiiieiieee e 60 pW
e Software pull-up resistors (Ports P5, P61 to P65, P7, P84 to P87, (at 32 kHz oscillation frequency, at 3 V power source voltage)
P9) IN StOP MOE ..o 1pA
© INEEITUPLS o.voveceeceeececee e 21 sources, 16 vectors (at clock stop)
© THMETS oot 8-bit 0 6, 16-bit 0 1 ® Operating temperature range ............oouvveieennnnns -20t0 85°C
e Serial /01 (Clock-synchronized) ........c.cccoccvevviiiiinienns 8-bit [ 1
APPLICATION

...................... (max. 256-byte automatic transfer function)

e Serial /02 (UART or Clock-synchronized) ... e 8-bitd 1

Musical instruments, VCR, household appliances, etc.

© PWM Lot 14-bit 0 1
8-bit O 1 (also functions as timer 6)
® A-D converter ..........ceeueeee .... 10-bit 0 12 channels
® Fluorescent display function .............cccccoueee. Total 40 control pins
® Interrupt interval determination function ............cccceeveiiiiieenne. 1
e Watchdog timer 20-bit0 1
PIN CONFIGURATION (TOP VIEW)
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Package type : 80P6N-A
80-pin plastic-molded QFP

Note: In the mask option type P, INT3 and CNTR1 cannot be used.

P86/RTP1/FLD3s

Fig. 1 Pin configuration of M38B4xMxH-XXXXFP
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL BLOCK
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Fig. 2 Functional block diagram
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Table 1 Pin description (1)

Pin Name Function Function except a port function
Vce, Vss Power source « Apply voltage of 4.0-5.5 V to Vcc, and 0 V to Vss.
VEE Pull-down « Apply voltage supplied to pull-down resistors of ports PO, P1, and P3.
power source
VREF Reference « Reference voltage input pin for A-D converter.
voltage
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 XiNn 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- | I/O port PO
P07/FLD15

« 8-bit 1/0 port. * FLD automatic display
« 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.
« A pull-down resistor is built in between port PO and the VEE pin.
+« CMOS compatible input level.
« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEE level.

P1lo/FLD16—| Output port P1
P17/FLD23

« 8-bit output port. * FLD automatic display
« A pull-down resistor is built in between port P1 and the VEeE pin. pins

« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEE level.

P20/Buzo2/ | 1/O port P2
FLDo—
P27/FLD7

« 8-bit I/0O port with the same function as port PO. * FLD automatic display
« Low-voltage input level. pins

« High-breakdown-voltage P-channel open-drain output structure. » Buzzer output pin (P20)

P30/FLD24—| Output port P3
P37/FLD31

« 8-bit output port. * FLD automatic display
« A pull-down resistor is built in between port P3 and the VEeE pin. pins

« High-breakdown-voltage P-channel open-drain output structure.
« At reset, this port is set to VEE level.

P40/INTo, 1/O port P4 « 7-bit I/O port with the same function as port PO. « Interrupt input pins
P41/INTz, *« CMOS compatible input level In the mask option type P,
P42/INT3 « N-channel open-drain output structure. INT3 cannot be used.
P43/Buzo1 « Buzzer output pin
P44/PWM1 *« PWM output pin

(Timer output pin)
P4s/T10uT, « Timer output pin
P46/T30uT
P47/INT2 Input port P4 « 1-bit input port. « Interrupt input pin

« CMOS compatible input level.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Table 2 Pin description (2)

Pin Name

Function

Function except a port function

P50/SINg, 1/0 port P5
P51/SouTs,
P52/Scikis,
P53/ScLk12
P54/RxD,
P5s/TxD,
P5e/ScLk21,
P57/Srov2/
ScLk22

* 8-bit CMOS 1/O port with the same function as port PO.

* CMOS compatible input level.
* CMOS 3-state output structure.

« Serial 1/01 function pins

« Serial /02 function pins

P60/CNTR1 | I/O port P6

P61/CNTRo/
CNTR2
P62/Sroy1/
ANs
P63/ANg

P64/INT4/
SBUSY1/AN10,
P65/SstB1/
AN11

« 1-bit I/O port with the same function as port PO.
* CMOS compatible input level.
» N-channel open-drain output structure.

« Timer input pin
In the mask option type P,
CNTR1 cannot be used.

* 5-bit CMOS 1/O port with the same function as port PO.

* CMOS compatible input level.
* CMOS 3-state output structure.

« Timer 1/O pin

« Serial /01 function pin
« A-D conversion input pin

« A-D conversion input pin
« Dimmer signal output pin

« Serial /01 function pin
« A-D conversion input pin
« Interrupt input pin (P64)

P70/ANo— | I/O port P7
P77/AN7

* 8-bit CMOS 1/O port with the same function as port PO.

* CMOS compatible input level.
* CMOS 3-state output structure.

« A-D conversion input pin

P8o/FLD32—| 1/0O port P8
P83/FLDs35

P84/FLD36
P85/RTPo/
FLD37,
P86/RTP1/
FLD3s
P87/PWMo/
FLD39

* 4-bit I/O port with the same function as port PO.
* Low-voltage input level.

« High-breakdown-voltage P-channel open-drain output structure.

* 4-bit CMOS 1/O port with the same function as port PO.

 Low-voltage input level.
* CMOS 3-state output structure

+ FLD automatic display pins

+ FLD automatic display pins
« Real time port output

+* FLD automatic display pins
« 14-bit PWM output

P9o/XcIN, 1/0 port P9
P91/XcouTt

* 2-bit CMOS 1/O port with the same function as port PO.

* CMOS compatible input level.
* CMOS 3-state output structure.

* 1/O pins for sub-clock generating
circuit (connect a ceramic resona-

tor or a quarts-crystal oscillator)

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product M38B4 ¢

Package type
FP : 80P6N-A package

ROM number

High-breakdown voltage pull-down option
Regarding option contents, refer to section
“MASK OPTION OF PULL-DOWN
RESISTOR".

ROM size

1 4096 bytes

: 8192 bytes

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

TMUOW>O©ONOUNWNR

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
E : EPROM or One Time PROM version

RAM size

: 192 bytes

: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes
: 1536 bytes
: 2048 bytes

©CoOoO~NOOUA~AWNE O

Fig. 3 Part numbering

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the 38B4 group as follows:

Memory Type

Support for Mask ROM version.

Memory Size

Mask ROM SIZE........ueeiiiiiiiiie e 48K to 60K bytes

RAM size

Package
80P6N-A

1024 to 2048 bytes

0.8 mm-pitch plastic molded QFP

60K
56K
52K
48K
44K
40K
36K
32K
28K
24K
20K
16K
12K

8K

4K

ROM size (bytes)

Under development

Note : Products under development or planning :

””””” e e e =V

e Lo 1Under eVelOpMERE - - - - - - <<~ < << << d oo !

—————————— decmmmmmbooocccecccd o MBBBATMC ) - essoe oo
256 512 768 1,024 1536 2,048

RAM size (bytes)
the development schedule and specifications may be revised without notice.

Fig. 4 Memory exp

ansion plan

Currently supported products are listed below.

Table 3 List of supported products

As of Mar. 2000

ELECTRIC

Product ROM size (bytes) RAM size (bytes) Package Remarks
ROM size for User ()
M38B49MFH-XXXXFP 61440 2048 80P6N-A Mask ROM version
(61310)
M38B47MCH-XXXXFP 49152 1024 80P6N-A Mask ROM version
(49022)
MITSUBISHI




MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 38B4 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Family addressing modes and machine
instructions or the 740 Family Software Manual for details on the
instruction set.
Machine-resident 740 Family 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 (see Table 4).

[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)
L 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

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

|On-going Routine|

Interrupt request
(Note)

S

M (S)< (PCH)

O)«(5)-1

i

Execute JSR

[
[ M(S)«<(PCH) |

M (S) <« (PCL)

Execufe RTS

Push return address
on stack

) «®G)-1

M (S) «(PS)

S)«(S-1

Interrupt
Service Routine

Execute RTI

POP return
address from stack

|

|

Push return address
on stack

Push contents of processor
status register on stack

| Flag is set from “0” to “1”
Fetch the jump vector

)<« +1
(PS) <« M (S)

)« +1

(PCO< M (S)

S« +1

(PCH)<-M (S)

W

POP contents of
processor status
register from stack

POP return
address
from stack

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

Interrupt disable flag is “0”

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

Accumulator PHA PLA
Processor status register PHP PLP
MITSUBISHI
8 ELECTRIC




MITSUBISHI MICROCOMPUTERS

38B4 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 (Z)
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 CLVvV -
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

[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.

b0

[

l I CPU mode register
CPUM: address 003B16)

T “
Processor mode bits

bl b0
0 0: Single-chip mode

PRO

1:
0: | Not available
1:

Stack page selection bit
1:Pagel

Not available

Port Xc switch bit
0: 1/0 port function
1: XciN—XcouT oscillating function

Main clock (XIN-XouUT) 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

10
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

Special Function Register (SFR) Area

The special function register (SFR) area in the zero page contains
control registers such as I/O ports and timers.

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

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing, and the other areas are user areas for storing pro-
grams.

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

Zero Page

The 256 bytes from addresses 000016 to 00FF16 are called the zero
page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

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

Special Page

The 256 bytes from addresses FF0016 to FFFF16 are called the spe-
cial page area. 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 00FF16
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 777716
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

RAM

000016
SFR area 1
004016 Zero page
010016
HXXXKLE freeeemmmemmmmmmmmmmernreeeeccceeeeeeeed
Reserved area
04401¢
Not used (Note)
OEFO
OEFFig SFR area 2
0F0016 RAM area for Serial /0 automatic
transfer
ROM OFFF16 | RAM area for FLD automatic display
[CYYYYag [
Reserved ROM area
(common ROM area,128 byte)
277716
FFO0O16 T
FEDC1s Special page
Interrupt vector area
FFFEz1e
| FFFFus Reserved ROM area |
Note: When 1024 bytes or more are used as RAM area, this area can be used.

Fig. 8 Memory map diagram

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

000016 | Port PO (PO) 002016 | Timer 1 (T1)
000116 | Port PO direction register (POD) 002116 | Timer2 (T2)
000216 | Port P1 (P1) 002216 | Timer 3 (T3)
000316 002316 | Timer 4 (T4)
000416 | Port P2 (P2) 002416 | Timer5 (T5)
000516 | Port P2 direction register (P2D) 002516 | Timer 6 (T6)
000616 | Port P3 (P3) 002616 | PWM control register (PWMCON)
000716 002716 | Timer 6 PWM register (TEPWM)
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 | Watchdog timer control register (WDTCON)
000C16 | Port P6 (P6) 002C16 | Timer X (low-order) (TXL)
000D16 | Port P6 direction register (P6D) 002D16 | Timer X (high-order) (TXH)
000E16 | 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 (lIID)
001116 | Port P8 direction register (P8D) 003116 | Interrupt interval determination control register (IIDCON)
001216 | Port P9 (P9) 003216 | A-D control register (ADCON)
001316 | Port P9 direction register (P9D) 003316 | A-D conversion register (low-order) (ADL)
001416 | PWM register (high-order) (PWMH) 003416 | A-D conversion register (high-order) (ADH)
001516 | PWM register (low-order) (PWM L) 003516
001616 | Baud rate generator (BRG) 003616
001716 | UART control register (UARTCON) 003716
001816 | Serial /01 automatic transfer data pointer (SIO1DP) 003816
001916 | Serial /01 control register 1 (SIO1CON1) 003916 | Interrupt source switch register (IFR)
001A16 | Serial /01 control register 2 (SIO1CON2) 003A16 | Interrupt edge selection register (INTEDGE)
001B16 | Serial /01 register/Transfer counter (SIO1) 003B16 | CPU mode register (CPUM)
001C16 | Serial /01 control register 3 (SIO1CON3) 003C16 | Interrupt request register 1(IREQ1)
001D1s | Serial 1/02 control register (SIO2CON) 003D16 | Interrupt request register 2(IREQ2)
001E1e | Serial /02 status register (SIO2STS) 003Ez16 | Interrupt control register 1(ICON1)
001F16 | Serial I/0O2 transmit/receive buffer register (TB/RB) 003F16 | Interrupt control register 2(ICON2)
O0EF016 | Pull-up control register 1 (PULL1) 0EF816 | FLD data pointer (FLDDP)
0EF116 | Pull-up control register 2 (PULL2) 0EF916 | Port POFLD/port switch register (POFPR)
0EF216 OEFA16 | Port P2FLD/port switch register (P2FPR)
OEF316 OEFBz16 | Port P8FLD/port switch register (P8FPR)
0EF416 | FLDC mode register (FLDM) OEFC16 | Port P8FLD output control register (PSFLDCON)
OEF516 | Tdisp time set register (TDISP) OEFD16 | Buzzer output control register (BUZCON)
OEF616 | Toffl time set register (TOFF1) OEFE16
OEF716 | Toff2 time set register (TOFF2) OEFF16
Fig. 9 Memory map of special function register (SFR)
MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

I/O PORTS

[Direction Registers] PiD

The 38B4 group has 51 programmable 1/0 pins arranged in eight
individual I/O ports (PO, P2, P40—P4s, and P5—-P9). The I/O ports
have direction registers which determine the input/output direction of
each individual pin. Each bit in a direction register corresponds to
one pin, 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.

[High-Breakdown-Voltage Output Ports]

The 38B4 group has 5 ports with high-breakdown-voltage pins (ports
PO-P3 and P80-P83). The high-breakdown-voltage ports have P-
channel open-drain output with Vcc- 45 V of breakdown voltage. Each
pin in ports PO, P1, and P3 has an internal pull-down resistor con-
nected to VEe. At reset, the P-channel output transistor of each port
latch is turned off, so that it goes to VEeEe level (“L") by the pull-down
resistor.

Writing “1” (weak drivability) to bit 7 of the FLDC mode register (ad-
dress OEF416) shows the rising transition of the output transistors 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 P5, P61—P6s, P7, P84—P87 and P9 have built-in programmable
pull-up resistors. The pull-up resistors are valid only in the case that
the each control bit is set to “1” and the corresponding port direction
registers are set to input mode.

b7 b0 .
|_|_|_|_|_|_|_|_| Pull-up control register 1
|_(PULL1 : address OEFO0zs)
P50, P51 pull-up control bit

P52, P53 pull-up control bit

P54, P55 pull-up control bit

P56, P57 pull-up control bit 0: No pull-up

e 1: Pull-up

P61 pull-up control bit

P62, P63 pull-up control bit

P64, P65 pull-up control bit

Not used
(returns “0” when read)

b7 b0 )
]_|_|_|_|_| Pull-up control register 2
|_(PULL2 : address OEF11s)
P70, P71 pull-up control bit

P72, P73 pull-up control bit

P74, P75 pull-up control bit

P76, P77 pull-up control bit 0: No pull-up

e 1: Pull-up

P84, P85 pull-up control bit

P86, P87 pull-up control bit

P90, P91 pull-up control bit

Not used
(returns “0” when read)

Fig. 10 Structure of pull-up control registers
PULL2)

(PULL1 and

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

zPin Name | Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
POo/FLDs- | Port PO | Input/output, | CMOS compatible input level | FLD automatic display function | FLDC mode register 1)
P0O7/FLD15 individual bits | High-breakdown voltage P- Port POFLD/port switch register
channel open-drain output
with pull-down resistor
Plo/FLD16—| Port P1 | Output High-breakdown voltage P- FLDC mode register 2)
P17/FLD23 channel open-drain output
with pull-down resistor
P20/Buzoz2/ | Port P2 | Input/output, | Low-voltage input level Buzzer output (P20) FLDC mode register 3)
FLDo individual bits | High-breakdown voltage P- | FLD automatic display function | Port P2FLD/port switch register
P21/FLD1~ channel open-drain output FLD automatic display function | Buzzer output control registe (1)
P27/FLD7
P30/FLD24—| Port P3 | Output High-breakdown voltage P- FLDC mode register 2)
P37/FLD31 channel open-drain output
with pull-down resistor
P40/INTo, Port P4 | Input/output, | CMOS compatible input level | External interrupt input Interrupt edge selection register (5)
P41/INT1 individual bits | N-channel open-drain output | In the mask option type P, INT3
P42/INT3 cannot be used. (7-1) (7-2)
P43/Buzo1 Buzzer output Buzzer output control registe  (4)
P44/PWM1 PWM output Timer 56 mode register (6)
P4s/Tiout Timer output Timer 12 mode register (8-1)
P46/T3ouT Timer output Timer 34 mode register (8-2)
P47/INT2 Input CMOS compatible input level | External interrput input Interrupt edge selection register 9)
Interrupt interval determination
control register
P50/SiN1 Port P5 | Input/output, | CMOS compatible input level| Serial /01 function 1/O Serial /01 control register 1, 2 (10)
P51/Sourts, individual bits | CMOS 3-state output (11)
P52/Scikii,
P53/ScLk12
P54/RxD Serial 1/02 function 1/0 Serial 1/02 control register (20)
P5s5/TxD, UART control register (11)
P56/ScLk21
P57/SRDY2/ (12)
ScLk22
P60/CNTR1| Port P6 CMOS compatible input level | External count input Interrupt edge selection register (7-1)
N-channel open-drain output | In the mask option type P, (7-2)
P61/CNTRo CMOS compatible input level| CNTR1 cannot be used. (13)
CNTR2 CMOS 3-state output
P62/Sroy1/ Serial 1/01 function 1/O Serial /01 control register 1, 2 (14)
ANs A-D conversion input A-D control register
P63/AN9 A-D conversion input A-D control register (15)
Dimmer signal output P8FLD output control bit
P64/INT4/ Serial I/01 function /0 Serial 1/01 control register 1, 2 (16)
SBusY1/AN10 A-D conversion input A-D control register
External interrupt input Interrupt edge selection register
P6s/SstB1/ Serial I/01 function 1/0 Serial 1/01 control register 1, 2 a7
AN11 A-D conversion input A-D control register
P70/ANo- | Port P7 A-D conversion input A-D control register (15)
P77/AN7

14
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Table 7 List of I/O port functions (2)

Pin Name | Input/Output I/0 Format Non-Port Function Related SFRs Ref.No.
P8o/FLD32—| Port P8 |Input/output, | Low-voltage input level FLD automatic display function | FLDC mode register (1)
P83/FLDs3s individual bits | High-breakdown voltage P- Port P8FLD/port switch register

channel open-drain output
P84/FLDs3s Low-voltage input level (18)
P85/RTPo/ CMOS 3-state output FLD automatic display function | FLDC mode register (29)
FLD37, Real time port output Port P8FLD/port switch register
P86/RTP1/ Timer X mode register 2
FLD3s
P87/PWMo/ FLD automatic display function | FLDC mode register (20)
FLD39 PWM output Port P8FLD/port switch register
PWM control register
P9o/XcIN Port P9 CMOS compatible input level | Sub-clock generating circuit /0| CPU mode register (21)
P91/Xcout CMOS 3-state output (22)
Notes 1 : Make sure that the input level at each pin is either 0 V or VVcc 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.
2 : How to use double-function ports as function 1/O ports, refer to the applicable sections.
MITSUBISHI
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Local data
bus

Data bus

(1) Ports PO, P21—P27, P80—P83

FLD/Port
switch register
A
N .
Dimmer signal (Note 1) —#°

1 Direction register

e o

T

(2) Ports P1, P3

Dimmer signal (Note 1.
Local data gnal ( )

bus

—

—=
=] Portlatch 4{;}%
Data bus ——=L_Fortah |

*Tr
.

-
— e
read ~N
L
T¥L
<J O
VEE
(Note 2)
VEE
(3) Port P20 (4) Port P43
Buzzer control signal Buzzer contn.'JI signal
switch register . Buzzer signal output Buzzer signal output
—J—
Dimmer signal (Note 1) _po
bus 47 O
P Jx  Dambus — -
Data bus —4—s ort latch = j"
read
§ N\ ¥
(Note 2)
VEE
(5) Ports P4o, P41 (6) Port P44
Timer 6 output selection bit —
{7 —>‘Direction register
Data bus —t={ Portlach | M’»‘j’* Data bus —-={ Port latch S 4{3’#
read
\LJ H‘l? <l ¥
INTo,INT1 interrupt input Timer 6 output ——— >——
* High-breakdown-voltage P-channel transistor
# Middle-breakdown-voltage N-channel transistor
Notes 1: The dimmer signal sets the Toff timing.
2: A pull-down resistor is not built in to ports P2 and P8.
Fig. 11 Port block diagram (1)
16

ELECTRIC




MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(7-1) Ports P42, P60

B
Data bus —p=] Portlatch |}

Mw#

ﬁ @J_n
INT3 interrupt input J

CNTRu1 input

(8-1) Ports P45, P46

Timer 1 output bit
Timer 3 output bit

Direction register

wi
b

Data bus —-+| Portian_]

N

Timer 1 output D
Timer 3 output

(9) Port P47

Data bus

A

INT2 interrupt
input

PoN

(7-2) Ports P42, P60 (mask option type P)

Direction register|

Data bus —

(8-2) Ports P45, P46 (mask option type P)

Timer 1 output bit
Timer 3 output bit

J T
Data bus —-~{ Portch | i
read

Timer 1 output
Timer 3 output D

(10) Ports P50, P54

Pull-up control %

VT_TVch

™ Direction register
| >

Data bus—y=| _Portach | }

A1
~N J
Serial I/0 input

# Middle-breakdown-voltage N-channel transistor

Fig. 12 Port block diagram (2)
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(11) Ports P51—P53, P55, P56

P-channel output disable signal (P51,P55)—
Output OFF control signal
Serial /02 mode selection bit —

| Direction register
— R
+-=|  Port latch

Pull-up control % ﬁ
.

Data bus —1

TxD, SOUT or SCLK

P52,P53,P56

(13) Port P61

Timer X operating mode bit —

*« Direction register
Port latch

Data bus —e—=|

Ag
43
Eﬂaj}@

<!
Timer X output ———| >—
CNTRo,CNTRz input

Timer 2, Timer X external clock input

(15) Ports P63, P7

Pull-up control H

—

T

TVT_TVch

Dimmer output control bit (P63) —

*1 Direction register
Port latch l

-0

.

'

Data bus -

S

Dimmer signal output (P63)
A-D conversion input =~—o >—

Analog input pin selection bit

(12) Port P57

SRrpY2 output enable bit —

= Direction register
Data bus — Port latch

NS

ﬂm?}
!

A
N <]
Serial ready output ——— >——

Serial clock input <€—

(14) Port P62

Pull-up control %
P62/Srov1:-P64/SBuUsY1
pin control bit

*{ Direction register

Serial ready output

TVT_WL(b

She =Dy
Y

s_TW_T_WLq)
5

- o

Serial ready input
A-D conversion input<—°\°—
Analog input pin selection bit

(16) Port P64

Pull- up control ﬂ"
P62/SroY1.P64/SBUsY1
pin control bit

*-{ Direction register
Data bus —1 Port latch

®*ﬂ3%
K%

Analog input
pin selection
bit

¢ ,
Ssusvioutput — |~

INT4 interrupt input, Ssusy1 input

A-D conversion input <+———

Fig. 13 Port block diagram (3)
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(17) Port P65

P6s5/SsTB1 pin control bit —

A Direction register
= Port latch

Data bus —

Pull-up control %

SD g

]

Y

=) >

gmﬁv%

(19) Ports P85, P86

SsTe1 output %\)—

A-D conversion input -

<l

Dimmer signal
(Note)

Local data __|
bus

FLD/Port
switch reglster L
/0 Real time port

control bit

Pull-up control*{

[

Direction reglster % P?
Data bus —K’IW} %4

i

g
S

(21) Port P90

<d

RTP output — >

Port Xc switch bit

—= Direction register

Pull-up control

f@%

L
TFLIVLG)

TIf VL¢>
S

0

—O

? (18) Port P84
.

Dimmer signal

Local data

bus 7_l

Data bus —4—° "

1 Direction register
Port latch

Pull-up control

(Note)
FLI_I)IPorI .
switch register
g
~N

TVT_TVLq)

o L L

I
5

(20) Port P87

t
.

Dimmer signal

Local data __|
bus

Data bus 7L'@ i

"Pull-up control
P87/PWM

(Note)
FLD/Port
switch reglster o
bit

utput enable

L
T?T_TVT_CP

-

—

(22) Port P91

<d

PWMOo output —>—

Port Xc switch bit

Direction register

Pull-up control 4*’
.

|

i
T

~N

Sub-clock generating circuit input ——

Port P9o

Oscillator

Port Xc switch bit

* High-breakdown-voltage P-channel transistor
Note: The dimmer signal sets the Toff timing.

Fig. 14 Port block diagram (4)
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INTERRUPTS
Interrupts occur by twenty one sources: five external, fifteen internal,
and one software.

Interrupt Control

Each interrupt except the BRK instruction interrupt have both an
interrupt request bit and an interrupt enable bit, and is controlled by
the interrupt disable flag. An interrupt occurs if the corresponding
interrupt request and enable bits are “1” and the interrupt disable flag
is “0”. Interrupt enable bits can be set or cleared by software. Inter-
rupt request bits can be cleared by software, but cannot be set by
software. 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 occurs
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.

mNotes on Use
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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Table 8 Interrupt vector addresses and priority

Interrupt Source

Priority

Vector Addresses (Note 1)

Interrupt Request

Remarks

High Low Generating Conditions

Reset (Note 2) 1 FFFD16 FFFC1e At reset Non-maskable
INTo 2 FFFB16 FFFAz1e At detection of either rising or falling edge of | External interrupt

INTo input (active edge selectable)
INT1 3 FFF916 FFF816 At detection of either rising or falling edge of | External interrupt

INT1 input (active edge selectable)
INT2 4 FFF716 FFF616 At detection of either rising or falling edge of | External interrupt
_____ INT2 input (active edge selectable)
Remote control/ | At 8-bit counter overflow | V_alicﬂvrgnﬁter_rupt_inava_l T
counter overflow determination is operating
Serial /01 5 FFF516 FFF416 At completion of data transfer Valid when serial 1/0 ordinary
] . _|modeisselected _ _ _ _ _
Serial /0 auto- At completion of the last data transfer Valid when serial I/0 automatic
matic transfer transfer mode is selected
Timer X 6 FFF316 FFF216 At timer X underflow
Timer 1 7 FFFlie 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 (Note 3)
Timer 5 11 FFE916 FFEB816 At timer 5 underflow
Timer 6 12 FFE716 FFE616 At timer 6 underflow
Serial 1/02 receive 13 FFES516 FFE416 At completion of serial /02 data receive
INT3 14 FFE316 FFE216 At detection of either rising or falling edge of | External interrupt (Note 4)

INT3 input (active edge selectable)
Serial 1102 transmit | _AtE)m_pI etion of serial /02 data transmit | |
INT4 15 FFEl16 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 A-D 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_________| interruptis selected
FLD digit 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.
3 : In the mask option type P, timer 4 interrupt whose count source is CNTR1 input cannot be used.
4 : In the mask option type P, INT3 interrupt cannot be used.
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Interrupt request bit ——
Interrupt enable bit —

Interrupt disable flag | —¢

Interrupt request

Fig. 15 Interrupt control

b7 b0 |nterrupt source switch register

(IFR : address 003916)

0 : INTs interrupt

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

1: A-D conversion interrupt

Not used (return “0” when read)

(Do not write “1” to these bits.)

b7 b0 Interrupt edge selection register

(INTEDGE : address 003A16)

INTo interrupt edge selection bit
INT1 interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit (Note l)
INT4 interrupt edge selection bit
Not used (return “0” when read)

b7 b0 Interrupt request register 1

(IREQ1 : address 003Czs6)

INTo interrupt request bit
INT1 interrupt request bit

request bit

Timer X interrupt request bit
Timer 1 interrupt request bit
Timer 2 interrupt request bit
Timer 3 interrupt request bit

b7 b0 Interrupt control register 1

(ICONL1 : address 003Ezs)

INTo interrupt enable bit
INT1 interrupt enable bit
{INTZ interrupt enable bit

enable bit
Serial I/01 interrupt enable bit

Timer X interrupt enable bit
Timer 1 interrupt enable bit
Timer 2 interrupt enable bit
Timer 3 interrupt enable bit

INTs/serial I/02 transmit interrupt switch bit (Note 1)

CNTRo pin edge switch bit 0:
CNTR1 pin edge switch bit (Note 1) S 1:

INT2 interrupt request bit
Remote controller/counter overflow interrupt

{ Serial 1/01 interrupt request bit
Serial 1/0 automatic transfer interrupt request bit

Remote controller/counter overflow interrupt

Serial I/0 automatic transfer interrupt enable bit

Notes 1: In the mask option type P, these bits are not available because CNTR1 function and INT3 function cannot be used.
2: In the mask option type P, if timer 4 interrupt whose count source is CNTR1 input and INT3 interrupt are selected, these bits do not become “1”.
3: In the mask option type P, timer 4 interrupt whose count source is CNTR1 input and INT3 interrupt are not available.

[ 0 : Falling edge active
1: Rising edge active

Rising edge count
Falling edge count

b7 b0  Interrupt request register 2

(IREQ2 : address 003Dzs)

Timer 4 interrupt request bit (Note 2)

Timer 5 interrupt request bit

Timer 6 interrupt request bit

Serial I/02 receive interrupt request bit

INT3/serial /02 transmit interrupt request bit (Note 2)
INT4 interrupt request bit

AD conversion interrupt request bit

FLD blanking interrupt request bit

FLD digit interrupt request bit

Not used (returns “0” when read)

0 : No interrupt request issued
1: Interrupt request issued

b7 b0 Interrupt control register 2

(ICON2 : address 003F1s)

Timer 4 interrupt enable bit (Note 3)
Timer 5 interrupt enable bit
Timer 6 interrupt enable bit

Serial 1/02 receive interrupt enable bit
INT3/serial /02 transmit interrupt enable bit (Note 3)

INT4 interrupt enable bit

AD conversion interrupt enable bit
FLD blanking interrupt enable bit
FLD digit interrupt enable bit

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

0 : Interrupt disabled
1 : Interrupt enabled

Fig. 16 Structure of interrupt related registers
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TIMERS

8-Bit Timer

The 38B4 group has six built-in 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
setto “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,
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 P4s/Tiout 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 P46/T30out pin. The
active edge of the external clock CNTR1 (Note) can be switched with
the bit 7 of the interrupt edge selection register.

Note: In the mask option type P, CNTR1 function cannot be used.

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 P44/PWM1 pin.

(1) Timer 6 PWM 1 mode

Timer 6 can output a PWM rectangular waveform with “H” duty cycle
n/(n+m) from the P44/PWM1: pin by setting the timer 56 mode regis-
ter (refer to Figure 19). 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.

b7 b0
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 (P4s)
0 : 1/O 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 (Note)
11 : Not available

Timer 3 output selection bit (P4s)

0 : 1/O port

1: Timer 3 output

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

Timer 56 mode register
(T56M: address 002A16)

I— 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 (P44)
0 : I/O port

1: Timer 6 output

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

Note: In the mask option type P, CNTRu1 function cannot be used.

Fig. 17 Structure of timer related register
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Data bus

Timer 1 latch (8)

“01” Timer 1 count source
selection bits

RESET
<]:’\: STP instruction

—— = Timer 1 interrupt request

Internal system clock

selection bit Timer 1 (8)

00 Timer 1 count

stop bit
10"
“1”
P45/T10UT P4s latch
1/2 '

Timer 1 output selection bit

Timer 2 latch (8)

Timer 2 count source
|, selection bits

z
S

Timer 2 count
stop bit

“00”

—o
01"

——m= Timer 2 interrupt request
P4s direction register

Rising/Falling
P61/CNTRO/CNTR2 ( )—‘: >— active edge switch

“0

Timer 3 latch (8)

Timer 3 count source
selection bits

llio Timer 3 (8) — = Timer 3 interrupt request
00"
10" Timer 3 count
P46/T30UT P4e latch 10’ . stop bit
a1

Timer 3 output selection bit

Timer 4 latch (8)

“01” Timer 4 count source
selection bits

Timer 4 (8) I

P46 direction register 00" {———— Timer 4 interrupt request

“10" Timer 4 count
stop bit
Rising/Falling
PBO/CNTR1 active edge switch
(Note)
Timer 5 latch (8)
Timer 5 count source ‘
“1" | selection bit
Q > Timer 5 (8) [ Timer 5 interrupt request
L o
0" Timer 5 count d
stop bit
Timer 6 latch (8)
«gqr | Timer 6 count source *
o selection bits
HOO,,O Timer 6 (8) = Timer 6 interrupt request
“10” Timer 6 count ‘
stop bit
Timer 6 PWM register (8) S—
PaaPwM1 O P44 latch

‘0" o—|

Timer 6 output selection bit
Timer 6 operation
mode selection bit

P44 direction register Note: In the mask option type P, CNTR1 function cannot be used.

Fig. 18 Block diagram of timer
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ts
Timer 6 —>
countsource [ 1111 ...... .. n

Timer 6 PWM

mode

nots m O ts
(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. 19 Timing chart of timer 6 PWM 1 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 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
CNTRz2 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 CNTRz2 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 P8s and P86 each time the timer X underflows.
(However, if the real time port control bit is changed from “0” to “1”,
data are output without 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
aq

control bit
—&— P85 data for real time port

Data bus

<
“Qr Real time port
P85 direction Latch | | control bit (P8s) ‘0 Timer X mode register
register P8s latch “qn write signal
Real time port o
control bit  “1”
Q D | —<a— P86 data for real time port
<

Real time port
control bit (P86,

P86 direction Latch

register

“Qr

Timer X mode register
write signal

P8s6 latch

mode bits

C“l"
Internal system clock
selection bit
1/2
Count source selection bit
Timer X stop Timer X write
Timer X operating control bit L ll control bit

CNTR2 active
edge switch bit,

“007,"01",“11"

Timer X latch (low-order) (8) |Timer X latch (high-order) (8)

0

P6LCNTROCNTRz ()

Timer X (low-order) (8) | Timer X (high-order) (8) I

L Timer X

g

interrupt request

Pulse width

\/

measurement mode
CNTR2 active

5 Pulse output mode
edge switch bit “0"

nlu T
P61 direction Q
register

P61 latch

Pulse output mode
CNTRo

Fig. 20 Block diagram of timer X

b7 b0 b7

Timer X mode register 1
(TXM1 : address 002E16)

bo

Timer X mode register 2
(TXM2 : address 002F16)

L 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 b1
0 0 :f(XiN)/2 or f(Xcin)/4
0 1 :f(XiN)/8 or f(Xcin)/16
1 0 :f(XiNn)/64 or f(XcIN)/128

Real time port control bit (P85)
0 : Real time port function is invalid
1 : Real time port function is valid
Real time port control bit (P86)
0 : Real time port function is invalid
1 : Real time port function is valid
P85 data for real time port
P86 data for real time port

1 1 :Notavailable
Not used (returns “0” when read)
Timer X operating mode bits

b5 b4

Timer mode
Pulse output mode
Event counter mode
Pulse width measurement mode
CNTR2 active edge switch bit
0 : » Event counter mode ; counts rising edges
« 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

0:
1:
0:
1:

0
0
1
1

Not used (returns “0” when read)

Fig. 21 Structure of timer X related registers
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SERIAL I/O

Serial 1/01
Serial /01 is used as the clock synchronous serial I/O and has an
ordinary mode and an automatic transfer mode. In the automatic
transfer mode, serial transfer is performed through the serial I/0
automatic transfer RAM which has up to 256 bytes (addresses
0F0016 to OFFF16: addresses OF6016 to OFFF16 are also used as

FLD automatic display RAM).

The P62/SrRpY1/AN8, P64/INT4/SBUsY1/AN10, and P65/SsTB1/AN11
pins each have a handshake 1/O signal function and can select
either “H” active or “L” active for active logic.

XIN O‘EO/C

Main address Local address

bus

Internal system
clock selection bit

Main Local

bus

—

Serial I/0 automatic
transfer RAM
(OF0016—O0FFF16)

data bus data bus

::)M decoder |< : automatic transfer
data pointer

U'—~

Serial /01

Serial 1/01

automatic transfer
controller

1 L

Serial /01
control register 3

1/4

P6s latch

O

(P65/SsTB1 pin control bit)

P6s/Sster O

P62/SRDY1¢P64/SBUSY1

pin control bit

ap
P64 latch

o

P64/Ssusvi O

P62/SrRDY1¢P64/SBUSY1

pin control bit

P62/SRroYL

O

P62 latch
“gr

agn

Serial /01

synchronous clock
selection bit ~ «g”

1/8
1/16
1/32
1/64
1/128

1/256 o)

Internal synchronous
clock selection bits

Divider

Synchronous o _©
ircuit
g
ut
O
%]
0

Serial /01 clock

pin selection bit 17

oqr
(f Serial transfer
status flag

»-Serial /01
interrupt request

P52/Scikir O

P53/SciLki12

P51/Sout1

_—

‘1"o——o0.up»

P53 latch

‘0" P51 latch
e

O

Serial 1/01 clock
pin selection bits

| Serial /01 counter

“1" Serial transfer selection bits

Pso/Sin: O

- Serial /01 register (8)

f}

4

Fig. 22 Block diagram of serial /01
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b7 b0

b7 b0

Serial I/01 control register 1
(SIO1CON1 (SC11): address 001916)

Serial transfer selection bits
00: Serial I/0 disabled (pins P62,P64,P65,and P50—P53 are 1/0 ports)
01: 8-bit serial 110
10: Not available
11: Automatic transfer serial /0O (8-bits)

Serial 1/01 synchronous clock selection bits (P65/SSTB1 pin control bits)
00: Internal synchronous clock (P65 pin is an I/O port.)
01: External synchronous clock (P65 pin is an I/O port.)
10: Internal synchronous clock (P65 pin is an SSTB1 output.)
11: Internal synchronous clock (P65 pin is an SSTB1 output.)

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

Transfer mode selection bit
0: Full duplex (transmit and receive) mode (P50 pin is an SIN1 input.)
1: Transmit-only mode (P50 pin is an I/O port.)

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

Serial 1/01 clock pin selection bit
0:SCLK11 (P53/SCLK12 pin is an I/O port.)
1:SCLK12 (P52/SCLK11 pin is an I/O port.)

Serial I/01 control register 2
(SIO1CONZ2 (SC12): address 001Az16)

P62/SRDY1 « P64/SBUSY1 pin control bits
0000: Pins P62 and P64 are 1/0 ports
0001: Not used
0010: P62 pin is an SRDY1 output, P64 pin is an I/O port.
0011: P62 pin is an SRDY1 output, P64 pin is an I/O port.
0100: P62 pin is an I/O port, P64 pin is an SBUSY1 input.
0101: P62 pin is an 1/O port, P64 pin is an SBUSY1 input.
0110: P62 pin is an I/O port, P64 pin is an SBUSY1 output.
0111: P62 pin is an I/O port, P64 pin is an SBUSY1 output.
1000: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1001: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1010: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1011: P62 pin is an SRDY1 input, P64 pin is an SBUSY1 output.
1100: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1101: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1110: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.
1111: P62 pin is an SRDY1 output, P64 pin is an SBUSY1 input.

SBUSY1 output « SSTB1 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

P51/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. 23 Structure of serial I/01 control registers 1, 2
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e Serial /01 operation

Either the internal synchronous clock or external synchronous clock
can be selected by the serial I/O1 synchronous clock selection bits
(b2 and b3 of address 001916) of serial I/O1 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 001Czis) of serial 1/01
control register 3.

The P62/SrRpY1/ANS8, P64/INT4/SBusy1/AN10, and P65/SsTB1/AN11
pins each select either I/O port or handshake 1/O signal by the
serial I/01 synchronous clock selection bits (b2 and b3 of address
001916) of serial /01 control register 1 as well as the P62/Srpv1 ¢
P64/Ssusy1 pin control bits (b0 to b3 of address 001A1s) 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 P51/Sout1
P-channel output disable bit (b7 of address 001Az1e) of serial I/01
control register 2.

Either output active or high-impedance can be selected as a Sout1
pin state at serial non-transfer by the Sout1 pin control bit (b6 of
address 001Auze) of serial /01 control register 2. However, when
the external synchronous clock is selected, perform the following
setup to put the SouTz pin into a high-impedance state.

When the Scik1 input is “H” after completion of transfer, set the
SouT1 pin control bit to “1”.

When the Scik1 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 se-
lected 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 1/0 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 /01, first select either 8-bit serial I/O or auto-
matic transfer serial I/O by the serial transfer selection bits (b0 and
b1 of address 001916) of serial I/O1 control register 1, after comple-
tion of the above bit setup. Next, set the serial I/O initialization bit
(b4 of address 001916) of serial I/O1 control register 1 to “1” (Serial
I/0O 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 b0

Serial I/O1 control register 3
(SIO1CON3 (SC13): address 001Cz1s)

Automatic transfer interval set bits
00000: 2 cycles of transfer clocks
00001: 3 cycles of transfer clocks

1i110: 32 cycles of transfer clocks
11111: 33 cycles of transfer clocks

Data is written to a latch and read from a decrement counter.

Internal synchronous clock selection bits
000: f(XIN)/4 or f(XCIN)/8
001: f(XIN)/8 or f(XCIN)/16
010: f(XIN)/16 or f(XCIN)/32
011: f(XIN)/32 or f(XCIN)/64
100: f(XIN)/64 or f(XCIN)/128
101: f(XIN)/128 or f(XCIN)/256
110: f(XIN)/256 or f(XCIN)/512

Fig. 24 Structure of serial /01 control register 3
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(1) 8-hit serial I/0 mode

Address 001Bzs is assigned to the serial /01 register.

When the internal synchronous clock is selected, a serial transfer
of the 8-bit serial I/O is started by a write signal to the serial /01
register (address 001B1s).

The serial transfer status flag (b5 of address 001Au1s) of serial /01
control register 2 indicates the shift register status of serial /01,
and is set to “1” by writing into the serial I/O1 register, which be-
comes a transfer start trigger and reset to “0” after completion of 8-
bit transfer. At the same time, a serial /01 interrupt request occurs.
When the external synchronous clock is selected, the contents of
the serial I/O1 register are continuously shifted while transfer clocks
are input to Scik1. Therefore, the clock needs to be controlled ex-
ternally.

(2) Automatic transfer serial /0O mode

The serial I/01 automatic transfer controller controls the write and

read operations of the serial /01 register, so the function of ad-

dress 001B1s is used as a transfer counter (1-byte units).

When performing serial transfer through the serial I/O automatic

transfer RAM (addresses 0F0016 to OFFFu1s6), it is necessary to set

the serial 1/01 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 inter-

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

val set bits (b0 to b4 of address 001Czs) of serial I/O1 control regis-

ter 3 in the following cases:

1. When using no handshake signal

2. When using the Srpy1 output, Ssusy1 output, and SsTB1 output
of the handshake signal independently

3. When using a combination of Srpy1 output and SsTs1 output or a
combination of Ssusy1 output and SsTB1 output of the handshake
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 Ssusy1 output and selecting the Ssusy1 output ¢

SsTB1 output function selection bit (b4 of address 001A1e6) 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 Ssusy1 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 Ssusy1 output and SsTs1
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 001Bzs6).

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

As a transfer interval for each 1-byte data transfer, input an internal
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 001Au1s) 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 serial
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 001C1s) 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 auto-
matic transfer interval set bits (b0 to b4) are transferred to the
decrement counter.

b7 b0

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 /0O automatic
transfer RAM. Data is written into the latch and read from the decrement counter.

Fig. 25 Structure of serial /01 automatic transfer data pointer
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Automatic transfer
data pointer

Automatic transfer RAM

FFFi1e

5216

| —»F5216

F5116

Transfer counter

F5016

0416

FAF16

FAE1e

FOO16

Ty

SINT —) |

Serial 1/01 register

| —>» Sout1

Fig. 26 Automatic transfer serial I/O operation
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e 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 1/0
initialization bit (b4) is reset to “0”, the Ssts1 output goes to “L”, or
the SsTB1 output goes to “H”.

At the end of transmit/receive operation, when the data of the serial
1/01 register is all output from Sout1, pulses are output in the pe-
riod of 1 cycle of the transfer clock so as to cause the Ssts1 output
to go “H” or the SsTB1 output to go “L.” After that, each pulse is
returned to the initial status in which SsTs1 output goes to “L" or the
SsTB1 output goes to “H".

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

In the automatic transfer serial I/O mode, whether the SsTB1 output
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 Ssusy1 output » SsTB1
output function selection bit (b4 of address 001Az1s) of serial I/01
control register 2.

SsTB1 [ ]

Serial transfer
status flag _ (-

SCLK1

SouT1 VXXX XX XX

Fig. 27 SsTB1 output operation

2. SBusv1 input signal

The Ssusv1 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 Ssusy1 input and an “L” level signal into the Seusy1
input in the initial status in which transfer is stopped.

When starting a transmit/receive operation, input an “L” level signal
into the Seusy1 input and an “H” level signal into the Susy1 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 Ssusv1 input and an “L”
level signal into the Ssusy1 input after a transmit/receive operation
is started, this transmit/receive operation are not stopped immedi-
ately and the transfer clocks from the ScLk1 output is not stopped
until the specified number of bits are transmitted and received.
The handshake unit of the 8-bit serial I/O is 8 bits and that of the
automatic transfer serial I/O is 8 bits.

SBUSY1

Scut  UUuuyuuUUogw

XXX XXX

SouTt1

Fig. 28 SBusy1 input operation (internal synchronous clock)

When the external synchronous clock is selected, input an “H” level
signal into the Ssusy1 input and an “L” level signal into the Susy1
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 Scik1 be-
come valid, enabling a transmit/receive operation, while an “L” level
signal is input into the Ssusy1 input and an “H” level signal is input
into the Ssusv1 input.

When changing the input values in the Seusy1 input and the Ssusy1
input at these operations, change them when the Sciki inputis 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 ScLk1, while an
“L” level signal is input into the Ssusv1 input and an “H” level signal
is input into the Ssusy1 input.

SBUSY1

—

Sscx [ UUUUUUUU

Invalid

Sout1
(Output high-impedance)

XXX XYy xrxr —

Fig. 29 SBusy1 input operation (external synchronous clock)

3. Ssusy1 output signal

The Ssusy1 output is a signal which requests a stop of transmis-
sion/reception to the serial transfer destination. In the automatic
transfer serial /O mode, regardless of the internal or external syn-
chronous clock, whether the Seusy1 output is to be active at trans-
fer of each 1-byte data or during transfer of all data can be selected
by the Ssusv1 output » SsTB1 output function selection bit (b4).

In the initial status, the status in which the serial I/O initialization bit
(b4) is reset to “0”, the Ssusy1 output goes to “H” and the Seusy1
output goes to “L”".
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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 Ssusvy1 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 Ssusy1 output func-
tion outputs all transfer data), the Seusy1 output goes to “L” and the
'SBUSY1 output goes to “H” when the first transmit data is written into
the serial /01 register (address 001Bz1s).

When the external synchronous clock is selected, the Ssusy1 out-
put goes to “L” and the Ssusy1 output goes to “H” when transmit

data is written into the serial 1/0O1 register to start a transmit opera-
tion, regardless of the serial /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 I/O mode (Ssusv1 out-
put function outputs in 1-byte units), the Ssusv1 output goes to “H”
and the Seusy1 output goes to “L” each time 1-byte of receive data
is written into the automatic transfer RAM.

:

SBUSY1

T

Serial transfer
status flag —

SCLK1

CX XXX XXX

Sout1

SBUSY1

=

—
Serial transfer : :
status flag —‘ li
ScLK1 |

Write to Serial :
1/01 register |

Fig. 30 SBsusy1 output operation
(internal synchronous clock, 8-bits serial 1/0)

Fig. 31 Ssusy1 output operation
(external synchronous clock, 8-bits serial 1/0)

Serial I/0O1 register
- Automatic transfer RAM

Sciki L L L P

Automatic transfer
—>» interval -~

Automatic transfer RAM
- Serial /01 register H

SBUSY1

Serial transfer

status flag

L

Sout1

CX XX XX XX

XX XXX XXX

Fig. 32 SBusy1 output operation in automatic transfer serial I/O mode
BUSY1 output function outputs each 1-byte)

(internal synchronous clock, S
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4. SrRpY1 output signal

The SrbY1 output is a transmit/receive enable signal which informs
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 SrRpy1 output goes to “H”. After
transmitted data is stored in the serial I/O1 register (address 001B16)
and a transmit/receive operation becomes ready, the Srpby1 output
goes to “H” and the Srpy1 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 Srpy1 output goes to “H".

5. SRDY1 input signal

The Srpy1 input signal becomes valid only when the Sroy1 input
and the Ssusy1 output are used. The Srpv1 input is a signal for
receiving a transmit/receive ready completion signal from the serial
transfer destination.

When the internal synchronous clock is selected, input a low level
signal into the Srpbv1 input and a high level signal into the Srpy1
input in the initial status in which the transfer is stopped.

When an “H” level signal is input into the Srpy1 input and an “L”
level signal is input into the Srov1 input for a period of 1.5 cycles or
more of transfer clock, transfer clocks are output from the Scik1
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 Sroy1 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 Sciki1 output is stopped. The handshake
unit of the 8-bit serial I/O and that of the automatic transfer serial
1/0 are of 8 bits.

When the external synchronous clock is selected, the Srov1 input
becomes one of the triggers to output the Ssusyz signal.

To start a transmit/receive operation (Ssusy1 output: “L”, SBUSY1
output: “H"), input an “H” level signal into the Sroyz1 input and an “L”
level signal into the Srpy1 input, and also write transmit data into
the serial /01 register.

SRDY1 y—\
ScCLK1 |

Write to serial 3

1/01 register

Fig. 33 SrpY1 output operation

SRDY1

ScLK1

XXX XXX

SouT1

Fig. 34 Srby1 input operation (internal synchronous clock)
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A:

ScLK1

SRDY1

SBUSY1

Internal synchronous
clock selection

—— P SCLK1

L p» SRDYL

~fl—— SBUSY1

B:

External synchronous
clock selection

A: Write to serial H
I/01 register

Write to serial H
1/01 register

SRDY1 |

SBUSY1

Sets UMM

Fig. 35 Handshake operation at serial /01 mutual connecting (1)

A:

ScLK1

SRDY1

SBUSY1

Internal synchronous

clock selection

—— P SCLK1

-—— SRDY1

——®» SBUSY1

clock selection

B:

External synchronous

A Write to serial
’ 1/01 register

SRDY1 —
SBUSY1 ;
ScLK1

Write to serial
1/01 register

Fig. 36 Handshake operation at serial I/O1 mutual connecting (2)
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Serial 1/02
Serial 1/02 can be used as either clock synchronous or asynchro-
nous (UART) serial I/O. A dedicated timer (baud rate generator) is
also provided for baud rate generation during serial I/O2 operation.

(1) Clock synchronous serial I/0 mode
The clock synchronous serial /0 mode can be selected by setting
the serial 1/02 mode selection bit (b6) of the serial I/02 control reg-

ister (address 001D1s) to “1”. For clock synchronous serial I/O, the
transmitter and the receiver must use the same clock for serial I/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 001F1s).

When P57 (SciLk22) is selected as a clock I/O pin, SrRpy2 output
function is invalid, and P56 (ScLk21) is used as an |/O port.

Data bus

Address 001F16 l

Receive buffer register }74 Receive buffer full flag (RBF)

P54/RxD O

Receive shift register

Shift clock

Serial /02 control register ] Address 001D16

L————= Receive interrupt request (RI)

Clock control circuit

-
PS6/Scikat ngrial 1/02 clock /O pin selection bit

P57/Srov2/Scik22 Oug»

XIN O;Qternal system clock selection bit

XcIN
BRG clock

switch bit
P57/Srov2/Scikzz2 O—O —~O— F/IF Falling edge detector
Serial 1/102
clock I/O pin

selection bit
O

P5s5/TxD

Serial 1/02 synchronous clock selection bi

—— Clock control circuit

Shift clock

Transmit shift register

Address 001616

Transmit shift register shift
completion flag (TSC)

Transmit interrupt source selection bit

r—» Transmit interrupt request (TI)
Transmit buffer register } Transmit buffer empty flag (TBE)

H‘\Address 001F16

Serial I/O2 status register | Address 001E16
|2

Data bus

Fig. 37 Block diagram of clock synchronous serial 1/02

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

Serial 1/02 output TxD

control register.

data is output continuously from the TxD pin.

Serial 1/02 input RxD Do D1 D2 D3 D4 D5 D6 D7,
Receive enable signal SRDY2
Write-in signal to serial 1/02 transmit/receive I
buffer register (address 001Fz1s6)
Y \
_ \ RBF = 1
TBE=0 TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1 : The transmit interrupt (T1) 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. 38 Operation of clock synchronous serial I/O2 function
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(2) Asynchronous serial /0 (UART) mode

The asynchronous serial I/O (UART) mode can be selected by clear-
ing the serial /02 mode selection bit (b6) of the serial /02 control
register (address 001Dz1s) 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 receive buffer.
The transmit buffer can also hold the next data to be transmitted,
and the receive buffer can receive 2-byte data continuously.

Data bus

Address 001F16

[Serial 1/02 control register] Address 001D16

OE<—{ Receive buffer register

Character length selection bit F
° Receive shift register

P54/RxD O

}—T:ieceive buffer full flag (RBF)
eceive interrupt request (RI)

SP detector

PE FE

1/16
UART control register

Address 001716

P5e/ScLk21 Serial 1/02 clock 1/0 pin

selection bit

Serial I/02 synchronous
clock selection bit

P57/Srov2/Scik22 Quqn

XIN . X
Internal system clock selection bit
Oepr o BRG count source

Division ratio 1/(n+1)

K selection bit
” . N

Baud rate

generator

BRG clock

switch bit 1/4

[Transm

P5s/TxD O

Character length selection bit

ST/ISP/IPA éenerator Lr T

ransmit shift register

Address 001616

. Transmit shift register shift
completion flag (TSC)

Transmit interrupt source selection bit
L " e

Transmit buffer register}

(D—>Transmit interrupt request (TI)
Transmit buffer empty flag (TBE)

Address 001F16 W

| Address o01Ezs

Serial 1/02 status register
N

Data bus

Fig. 39 Block diagram of UART serial 1/02

Transmit or receive clock

Write-in signal to
transmit buffer register

\
TBE=0
TSC=0

Serial 1/02 output TXD

7 or 8 data bit

Read-out signal from receive

buffer register 1 or 2 stop bit

1 or 0 parity bit

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

Serial 1/02 input RxD

RBF=1

Fig. 40 Operation of UART serial 1/02 function
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[Serial I/02 Control Register] SIO2CON (001D 16)
The serial 1/02 control register contains eight control bits for serial
1/02 functions.

[UART Control Register] UARTCON (0017 16)
This is a 7 bit register containing four control bits, which are valid
when UART is selected, two control bits, which are valid when using
serial I/02, and one control bit, which is always valid.

Data format of serial data receive/transfer and the output structure of
the P55/TxD pin, etc. are set by this register.

[Serial 1102 Status Register] SIO2STS (001E 16)
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 transferred
from the receive shift register to the receive buffer register, and the
receive buffer full flag is set. A writing to the serial /02 status regis-

ter clears error flags OE, PE, FE, and SE (b3 to b6, respectively).
Writing “0” to the serial I/02 enable bit (SIOE : b7 of the serial 1/02
control register) also clears all the status flags, including the error
flags.

All bits of the serial I/O2 status register are initialized to “0” at reset,
but if the transmit enable bit (b4) of the serial /02 control register
has been set to “1”, the transmit shift register shift completion flag
(b2) and the transmit buffer empty flag (b0) become “1”.

[Serial 1/02 Transmit Buffer Register/Receive
Buffer Register] TB/RB (001F 16)

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 (0016 16)

The baud rate generator determines the baud rate for serial transfer.
With the 8-bit counter having a reload register, the baud rate genera-
tor divides the frequency of the count source by 1/(n+1), where n is
the value written to the baud rate generator.

b7 b0 Serial 1/02 status register
(SIO2STS : address 001Ez16)

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

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

Transmit shift register shift completion flag (TSC)
0: Transmit shift in progress
1: Transmit shift completed

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

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

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

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

Not used (returns “1” when read)

b0 UART control register

b7
[ITT] (UARTCON : address 001716)
Character length selection bit (CHAS)
0: 8 bits

1: 7 bits

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

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

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

P5s/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

1: XCIN

Serial 1/02 clock I/O pin selection bit

1: SCLK22 (P56/SCLK21 pin is used as I/0 port.)

Not used (return “1” when read)

0: XIN or XCIN/2 (depends on internal system clock)

0: SCLK21 (P57/SCLK22 pin is used as 1/0 port or SRDY2 output pin.)

b7 b0 - Serial I/02 control register
(SIO2CON : address 001D16)

BRG count source selection bit (CSS)
0: f(XiN) or f(XcIN)/2 or f(XcIN)
1: f(XiN)/4 or f(XcIN)/8 or f(XcIN)/4

Serial 1/02 synchronous clock selection bit (SCS)
0: BRG/ 4
(when clock synchronous serial I/O is selected)
BRG/16 (UART is selected)
1: External clock input
(when clock synchronous serial 1/O is selected)
External clock input/16 (UART is selected)

L——— Srobv2 output enable bit (SRDY)
0: P57 pin operates as ordinary 1/O pin
1: P57 pin operates as SRby2 output pin

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

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

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

Serial 1/02 mode selection bit (SIOM)
0: Asynchronous serial I/0 (UART)
1: Clock synchronous serial /0

Serial 1/02 enable bit (SIOE)
0: Serial /02 disabled

(pins P54 to P57 operate as ordinary I/O pins)
1: Serial 1/02 enabled

(pins P54 to P57 operate as serial I/0 pins)

Fig. 41 Structure of serial /02 related register
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FLD CONTROLLER

The 38B4 group has fluorescent display (FLD) drive and control cir-

cuits.

The FLD controller consists of the following components:

40 pins for FLD control pins
*FLDC mode register

*FLD data pointer

*FLD data pointer reload register
*Tdisp time set register

*Toffl time set register

*Toff2 time set register

*Port POFLD/port switch register
*Port P2FLD/port switch register
«Port P8FLD/port switch register
*Port P8 FLD output control register
*FLD automatic display RAM (max. 160 bytes)

A gradation display mode can be used for bright/dark display as a

display function.

Main address bus

O0F6016

Local address bus

OFFF16

FLD automatic display RAM

FLDC mode register
(OEF416)

FLD data pointer
reload register
(OEF816)

j‘> Address
decoder

FLD data pointer
(OEF816)

Timing generator

Main Local
data bus data bus

FLD/P| P20/FLDo

FLD/P| P21/FLD1

FLD/P| P22/FLD2

FLD/P| P23/FLD3

FLD/P| P24/FLD4

FLD/P| P25/FLDs

FLD/P| P26/FLDs

FLD/P| P27/FLD7

OEFA16 000416

FLD/P| P0o/FLDs

FLD/P|P01/FLD9

FLD/P|P02/FLD10

FLD/P

PO3/FLD11] &

FLD/P|P04/FLD12

FLD/P|P0s/FLD13

FLD/P|P0s/FLD14

FLD/P|P07/FLD1s

000016

P1o/FLD1e
P11/FLD17
P12/FLD18

OEF916

P13/FLD19

P14/FLD20o

P1s/FLD21

P1ls/FLD22
P17/FLD23
000216

P30/FLD24
P31/FLD2s
P32/FLD26
P33/FLD27

P34/FLD2s
P3s/FLD29
P36/FLD30
P37/FLD31

000616

P8o/FLD32
P81/FLD33
P82/FLD34

FLD/P
FLD/P
FLD/P
FLD/P

P83/FLD3s | &

P84/FLD3s
P85/FLD37
P86/FLD3s

FLD/P
FLD/P
FLD/P

FLD/P
OEFB16

P87/FLD3g
001016

FLD blanking interrupt
FLD digit interrupt

P

Fig. 42 Block diagram for FLD control circuit
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[FLDC Mode Register] FLDM

The FLDC mode register is a 8-bit register respectively which is used
to control the FLD automatic display and to set the blanking time
Tscan for key-scan.

b7 bo

FLDC mode register
(FLDM: address OEF416)

I— Automatic display control bit (PO, P1, P2, P3, P8)
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
00 : FLD digit interrupt (at rising edge of each digit)

01:10Tdisp | | p planking interrupt

10:2 0 Tdisp ¢ (¢ falling edge of the last digit
11:30 Tdisp J ( 9ed9 o1

Timing number control bit

0 : 16 timing mode

1: 32 timing mode

Gradation display mode selection control bit
0 : Not selecting

1: Selecting (Note 1)

Tdisp counter count source selection bit

0 : f(XIN)/16 or f(XCIN)/32

1 : f(XIN)/64 or f(XCIN)/128

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

1 : Drivability weak

Notes 1: When a gradation display mode is selected, a number of timing is max. 16
timing. (Set the timing number control bit to “0”.)
2: When changing bit 4 (timing number control bit) or bit 5 (gradation display
mode selection control bit), set “0” to bit 1 (display start bit) to perform at
display stop state.

Fig. 43 Structure of FLDC mode register
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FLD Automatic Display Pins

When the automatic display control bits of the FLDC mode register
(address OEF416) are set to “1,” the ports of PO, P1, P2, P3 and P8
are used as FLD automatic display pins.

When using the FLD automatic display mode, set each port to the
FLD pin or the general-purpose port using the respective switch reg-
ister in accordance with the number of segments and the number of
digits.

Table 9 Pins in FLD automatic display mode

This setting is performed by writing a value into the FLD/port switch
register (addresses OEF916 to OEFB16) of each port.

This setting can be performed in units of bit. When “0” is set, the port
is set to the general-purpose port. When “1” is set, the port is set to
the FLD pin. There is no restriction on whether the FLD pin is to be
used as a segment pin or a digit pin.

Port Name | Automatic Display Pins Setting Method
PO, P2, FLDo—-FLD1s The individual bits of the FLD/port switch register (addresses OEF916—0EFB16) can be set each pin
P80-P83 FLD32—FLD3s either FLD port (“1”) or general-purpose port (“0”).
P1, P3 FLD16—FLD31 None (FLD only)
P84—P87 FLD3se—FLD39 The individual bits of the FLD/port switch register (address OEFB16) can be set each pin to either
FLD port (“1") or general-purpose port (“0”).
The output can be reversed by the port P8 FLD output control register (address OEFC1s).
The port output format is the CMOS output format. When using the port as a display pin, a driver
must be installed externally.
Setting example 1 Setting example 2 Setting example 3 Setting example 4
Number of segments 15 25 18 16
Number of digits 8 15 20 10
Port P2 0| P20 1 |FLDo(SEG1) 0 |P20 0| P20
0| P21 1 [FLD1(SEG2) 0 [P21 0]P21
0| P22 1 |FLD2(SEG3) 1 |FLD2(SEG1) 0| P22
0| P23 1 |FLD3(SEG4) 1 |FLD3(SEG2) 0| P23
0| P24 1 |FLD4(SEGs) 1 |FLD4(SEG3) 0|P24
0| P25 1 |FLDs(SEGs) 1 |FLDs(SEG4) 0| P25
0| P26 1 |FLDs(SEG?7) 1 |FLD6(SEGS) 1| FLD4(SEG1)
0| P27 1|FLD7(SEGS) 1 |FLD7(SEGs) 1| FLD5(SEG2)
Port PO 1 | FLD8(SEG1) 1 |FLD8(SEGY) 1 |FLDs(DIG1) 1| FLD6(SEG3)
0| PO1 1 [FLD9(SEG10) 1 [FLD9(DIG2) 1| FLD7(SEGa)
0| P02 1 |FLD10(SEG11) 1 |FLD10(DIG3) 1 |FLD8(SEGS)
0 | PO3 1 |FLD11(SEG12) 1 |FLD11(DIG4) 1 |FLD9(SEGs)
0| P04 1 |FLD12(SEG13) 1 |FLD12(DIG5) 1 |FLD10(SEG?)
0| POs 1 |FLD13(SEG14) 1 |FLD13(DIGsé) 1 |FLD11(SEGs)
1 | FLD14(SEG2) 1 |FLD14(SEG15) 1 |FLD14(DIG7) 1 |FLD12(SEGY9)
1 | FLD15(SEG3) 1 | FLD15(SEG16) 1 |FLD15(DIGS8) 1 |FLD13(SEG10)
Port P1 FLD16(DIG1) |1 FLD16(DIG1) |1 FLD16(DIG9) |1 FLD16(DIG1) |1
FLD17(DIG2) |1 FLD17(DIG2) |1 FLD17(DIG10) |1 FLD17(DIG2) 1
FLD18(DIG3) |1 FLD18(DIG3) |1 FLD18(DIG11) |1 FLD18(DIG3) |1
FLD19(DIG4) |1 FLD19(DIG4) |1 FLD19(DIG12) |1 FLD19(DIG4) 1
FLD20(SEG4) |0 FLD20(DIGs) |1 FLD20(DIG13) |1 FLD20(DIG5) 1
FLD21(SEGs) |0 FLD21(DIGs) |1 FLD21(DIG14) |1 FLD21(DIGs) |1
FLD22(SEGs) |0 FLD22(DIG7) |1 FLD22(DIG15) |1 FLD22(DIG7) 1
FLD23(SEG7) |0 FLD23(DIGs) |1 FLD23(DIG16) |1 FLD23(DIG8) |1
Port P3 FLD24(SEG8) |0 FLD24(DIG9) |1 FLD24(DIG17) |1 FLD24(DIG9) |1
FLD25(SEG9) |0 FLD25(DIG10) |1 FLD25(DIG18) |1 FLD25(DIG10) |1
FLD26(SEG10) |0 FLD26(DIG11) |1 FLD26(DIG19) |1 FLD14(SEG11) |0
FLD27(SEG11) | 0 FLD27(DIG12) |1 FLD27(DIG20) |1 FLD15(SEG12) | 0
FLD28(DIGs) |1 FLD28(DIG13) |1 FLD28(SEG7) |0 FLD26(SEG13) | 0
FLD29(DIGs6) 1 FLD29(DIG14) |1 FLD29(SEG8) |0 FLD27(SEG14) |0
FLD30o(DIG7) |1 FLD30o(DIG15) |1 FLD30(SEG9) |0 FLD28(SEG15) |0
FLD31(DIGs) |1 FLD31(SEG17) |0 FLD31(SEG10) | o FLD29(SEG16) | 0
Port P8 1 | FLD32(SEG12) 1 |FLD32(SEG18) 1 |FLD32(SEG11) 0 |P8o *
1 | FLD33(SEG13) 1 |FLD33(SEG19) 1 |FLD33(SEG12) 0 |P81 Value of FLDRAM write disable register
1 | FLD34(SEG14) 1 |FLD34(SEG20) 1 |FLD34(SEG13) 0 P82 If data is set to “1", data is protected.
1 | FLD35(SEG15) 1 |FLD35(SEG21) 1 |FLD35(SEG14) 0 P83 This setting does not decide the FLD
0 |P8a 1 |FLD36(SEG22) 1 |FLD36(SEG15) 0 |P8a port function (SEG/DIG).
0|P8s 1 |FLD37(SEG23) 1 |FLD37(SEG1s) 0|Pss
0|P8s 1 [FLD38(SEG24) 1 [FLD38(SEG17) 0P8
0 | P87 1 |FLD39(SEG25) 1 |FLD39(SEG18) 0 |p87
4
Value of FLD/port switch register

Fig. 44 Segment/Digit setting example
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FLD Automatic Display RAM
The FLD automatic display RAM uses the 160 bytes of addresses
0F6016 to OFFF16. For FLD, the 3 modes of 16-timing ordinary mode,
16-timingegradation display mode and 32-timing mode are available
depending on the number of timings and the presence/absence of
gradation display.
The automatic display RAM in each mode is as follows:
(1) 16-timingeordinary mode
The 80 bytes of addresses 0FBO016 to OFFF16 are used as a FLD
display data store area. Because addresses OF6016 to OFAF16
are not used as the automatic display RAM, they can be the ordi-
nary RAM or serial 1/0 automatic transfer RAM.
(2) 16-timingegradation display mode
The 160 bytes of addresses 0F6016 to OFFF16 are used. The 80
bytes of addresses OFB016 to OFFF16 are used as an FLD dis-
play data store area, while the 80 bytes of addresses 0F6016 to
OFAF16 are used as a gradation display control data store area.
(3) 32-timing mode
The 160 bytes of addresses 0F6016 to OFFF16 are used as an
FLD display data store area.

[FLD Data Pointer and FLD Data Pointer Reload Register]
FLDDP (OEF816)

Both the FLD data pointer and FLD data pointer reload register are
8-bit registers assigned at address 0EF816. When writing data to this
address, the data is written to the FLD data pointer reload 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
OF6016 OF6016 OF6016
Gradation display
Not used control data stored
area
1 to 32 timing display
OFBO1s OFBO16 data stored area
1 to 16 timing display 1 to 16 timing display
data stored area data stored area
OFFF16 OFFF16 OFFF16

Fig. 45 FLD automatic display RAM assignment
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Data Setup
(1) 16-timingeordinary mode Number of FLD segments: 15
Number of timing: 8
The area of addresses 0FBO16 to OFFF16 are used as a (FLD data pointer reload register = 7)
FLD automatic display RAM. e T {05 1413121110 The last iming
When data is stored in the FLD automatic display RAM, OFB1i6 (The last data of FLDP2)
the last data of FLD port P2 is stored at address OFBOus, §EE§1§
the last data of FLD port PO is stored at address OFCOz1s, gEE‘;Z
the last data of FLD port P1 is stored at address OFDOus, OFB616
the last data of FLD port P3 is stored at address OFEO1s, gig;iz Crhe firt cate of ELDP2)
and the last data of FLD port P8 is stored at address OFFOus, OFB916 FLDP2 data area
to assign in sequence from the last data respectively. EEEQE
The first data of the FLD port P2, PO, P1, P3, and P8 is stored at gE:gig
an address which adds the value of (the timing number — 1) to the OFBE16
corresponding address 0FB016, OFC016, 0FDO16, OFEO16, and gEgziZ The last timing
OFFO1s6. OFCin (The last data of FLDPOQ)
Set the FLD data pointer reload register to the value given by the Eiiiii
timing number — 1. “1” is always written to bits 7, 6, and 5. Note giggii
that “0” is always read from bits 7, 6, and 5 when reading. “1” is OFC616
always set to bit 4, but this bit become written value when read- gig;iz (Thegirf:t":jgtfg’;‘,ﬁfopo)
ing‘ OFcote FLDPO data area
(2) 16-timingegradation display mode 3?;@12
Display data setting is performed in the same way as that of the gi‘égiz
16-timingeordinary mode. Gradation display control data is ar- OFCE16
ranged at an address resulting from subtracting 005016 from gigzi: The last timing
the display data store address of each timing and pin. Bright dis- OFD116 (The last data of FLDP1)
play is performed by setting “0”, and dark display is performed by ﬁiggii
setting “1”. OFD416
Set the FLD data pointer reload register to the value given by the Eigiii
timing number — 1. “1” is always written to bits 7, 6, and 5. Note o (The firet it or el bp1)
that “0” is always read from bits 7, 6, and 5 when reading. “1” is OFD916 FLDP1 data area
always set to bit 4, but this bit become written value when read- 3E3§1§
ing. OFDC16
— OFDD16
(3) 32-timing mode OFDE16
The area of addresses OF6016 to OFFF16 are used as a FLD au- OFDF15

The last timing
(The last data of FLDP3)

tomatic display RAM. When data is stored in the FLD automatic
display RAM, the last data of FLD port P2 is stored at address
0F601s, the last data of FLD port PO is stored at address OF801s,
the last data of FLD port P1 is stored at address OFAOus,
the last data of FLD port P3 is stored at address OFCOz1s, o jﬁhem&%{g’;‘,ﬁft,%)
and the last data of FLD port P8 is stored at address OFEOus, OFE916

FLDP3 data area
. . . OFEA16
to assign in sequence from the last data respectively. OFEBIs

The first data of the FLD port P2, PO, P1, P3, and P8 is stored OFEC16

OFED16
at an address which adds the value of (the timing number — 1) OFEEis
to the corresponding address 0F6016, 0F8016, 0FAO16, OFCO16, oFEfe
and OFEO1e. OFF116

Set the FLD data pointer reload register to the value given by gEEiiz

the timing number —1. “1” is always written to bits 7, 6, and 5. gEEglﬁ
16
Note that “0” is always read from bits 7, 6, and 5 when reading. OFF616
OFF716 Timing for start
OFF816 (The first data of FLDP8)
OFF916
OFFA16
OFFB16
OFFC16
OFFD16
OFFE16
OFFF16

Note: []shaded area is used for segment.
[ shaded area is used for digit.

The last timing
(The last data of FLDP8)

FLDP8 data area

Fig. 46 Example of using FLD automatic display RAM in
16-timingeordinary mode
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Number of FLD segments: 25
Number of timing: 15
(FLD data pointer reload register = 14)

hosess | 7 | 6 |5 |43 ]2 ]1]|0 hoes— | 7 | 6 | 5[4 |3 ]2 ]1]0
0FBO16 The last timing OF6016 The last timing
OFB1l16 (The last data of FLDP2) OF6116 (The last data of FLDP2)
OFB216 OF6216
OFB316 0F6316
OFB416 OF6416
OFB516 0F6516
OFB616 0F6616
OFB716 FLDP2 data area 0F6716 FLDP2 gradation
OFB816 OF6816 display data area
OFB916 0F6916
OFBA16 OF6A16
OFBB16 0F6B16
OFBC16 OF6C16
OFBD16 OF6D16
OFBE16 Timing for start OF6E16 Timing for start
OFBF16 J (The first data of FLDP2) OF6F16 4 (The first data of FLDP2)
OFCO16 The last timing OF7016 The last timing
OFC1i6 (The last data of FLDPO) OF7116 (The last data of FLDPO)
OFC216 0F7216
OFC316 0F7316
OFC416 0F7416
OFC516 OF7516
OFC616 0F7616 .
O0FC716 FLDPO data area OF7716 FLDPO gradation
OFC81s OF7816 display data area
OFCO16 OF7916
OFCA16 OF7A16
OFCB16 OF7B16
OFCC16 OF7C16
OFCD16 OF7D16
OFCE16 Timing for start OF7E16 imi
OFCF16 (The %S; Itfastte\ti%:iEIéDPO) OF7F16 / (The}—ill'?llr:flga\tf:ro?g[tDPO)
A The last timin
(The last data of FLDP1) giggiz (The last data of FEDPl)
0F8216
OF8316
0F8416
0F8516
OF8616 .
FLDP1 data area 0F8716 By Jmoanon
0F8816
0F8916
0F8A16
0F8B16
0F8C16
O0F8D16
Timing for start OF8E16 Timing for start
OFDF16 (The first data of FLDP1) OF8F16 j (The first data of FLDP1)
OFEO16 N\ The last timing 0F9016 The last timing
OFELic (The last data of FLDP3) OF9116 (The last data of FLDP3)
OFE216 0F9216
OFE316 0F9316
OFE416 0F9416
OFE516 0F9516
OFE616 0F9616 .
OFE716 FLDP3 data area 0F9716 ElLs?)ES/ ?jraatga;'g;
OFE816 0F9816
OFE916 0F9916
OFEA16 0F9A16
OFEB16 0F9B16
OFEC16 OF9C16
OFED16 0F9D16
OFEE16 Timing for start OF9E16 Timing for start
OFEF16 (The first data of FLDP3) OF9F16 (The 2;}5‘; Titf\lfmf ;;DP@
The last timin
giigﬁ (The last data of FEDPB) giigii (The last data of FLDP8)
OFF216 0FA216
OFF316 0FA316
OFF416 OFA416
OFF516 O0FA516
OFF616 O0FA616 .
OFF716 FLDPS data area OFA716 E:_s[;))r;\?/ %raaigaat\lroer;
OFF816 0FA816
OFF916 0FA916
OFFA16 O0FAA16
OFFB16 O0FAB16
OFFC16 OFAC16
OFFD16 OFAD16
OFFE16 Timing for start OFAE16 Timing for start
OFEF16 } (The first data of FLDP8) OFAF16 j (The first data of FLDP8)
Note: [] shaded area is used for segment. Note: [Ishaded area is used for gradation display data.

[ shaded area is used for digit.

Fig. 47 Example of using FLD automatic display RAM in 16-timingegradation display mode
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Number of FLD segments: 18
Number of timing: 20
(FLD data pointer reload reaister = 19)

The last timing
(The last data of FLDP2)

+—  Timing for start
OFB416 (The first data of FLDP1)
OFB516
OFB616
OFB716
OFB816
OFB916
OFBA16
OFBB16
OFBC16
OFBD16
OFBE16
OFBF16
OFCO016
OFC116
OFC216
OFC316
OFC416
OFC516
OFC616
OFC716
OFC816
OFC916
OFCA16
OFCB16
OFCCi6
OFCD16
OFCE16
OFCF16
O0FDO16
OFD116
OFD216
OFD316 —  Timing for start
OFD416 (The first data of FLDP3)
OFD516
OFD616
OFD716
OFD816
OFD916
OFDA16
OFDB16
OFDC16
OFDD16
OFDE16
OFDF16
OFEO16 The last timing
OFEl16 (The last data of FLDP8)
OFE216
OFE316
OFE416
OFE516
OFE616
OFE716
OFEB816
OFE916
OFEA16
OFEB16
OFEC16
OFED16
OFEE16
OFEF16
OFF016
OFF116
OFF216
OFF316 Timing for start
OFF416 (The first data of FLDP8)
OFF516
OFF616
OFF716
OFF816
OFF916
OFFA16
OFFB16
OFFC16
OFFD16
OFFE16
OFFF16
Note: L1 shaded area is used for segment.
shaded area is used for diait.

FLDP2 data area

——  The last timing
(The last data of FLDP3)

Timing for start
(The first data of FLDP2)

FLDP3 data area

—— The last timing

(The last data of FLDPOQ)

FLDPO data area

— Timing for start
(The first data of FLDPO)

FLDP8 data area

The last timing
(The last data of FLDP1)

FLDP1 data area

Fig. 48 Example of using FLD automatic display RAM in 32-timing mode
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Setting Method When Using Grid Scan Type FLD
When using the grid scan type FLD, set “1” in the RAM area corre-

sponding to the digit ports that output “1” at each timing. Set “0” in Number of FLD segments: 16

. .. Numbe f timing: 10
the RAM area corresponding to the other digit ports. (FLD tiata pointer refoad register = 9)

naess > | 7 | 6|5 4|3 ]2 10
OFBO16 The last timing

OFB116 (The last data of FLDP2)
OFB216
OFB316
- OFB416
Number of timing: 10 e
OFB616

The first second  third............cco........ oth  10th OFB716 FLDP?2 data area
OFB816

0FB916 T '}'imir(\jg for ?tglr-lez)
OFBA16 e first data o
DIG10 (P31) OFBBI6
OFBC16
OFBD16
OFBE16
DIG9 (P30) OFBF16
OFCO016 The last timing
OFC116 (The last data of FLDPO)

’—‘ OFC216
0FC316

DIG8 (P17) e
. OFC516

N OFC616

" OFC716 FLDPO data area

N OFC816
N OFC916 Timing for start

D OFCA16 (The first data of FLDPO)

’—‘ OFCB16
OFCCi6
DIG2 (P11) grccie

OFCE16
OFCF16

The last timing
(The last data of FLDP1)

DIG1 (P10) ’—L
Segment output HHH ----- HH

Fig. 49 Example of digit timing using grid scan type

FLDP1 data area

—  Timing for start
(The first data of FLDP1)

The last timing
(The last data of FLDP3)

OFE716 FLDP3 data area
OFE816
OFE916 —  Timing for start

OFEA16 (The first data of FLDP3)
OFEB16
OFEC16
OFED16
OFEE16
OFEF16
OFFO016 l«—\  The last timing

OFF116 (The last data of FLDP8)
OFF216
OFF316
OFF416
OFF516
OFF616
OFF716 FLDP8 data area
OFF816
O0FF916 Timing for start

OFFA16 (The first data of FLDP8)
OFFB16
OFFC16
OFFD16
OFFE16
OFFF16
Note: [ shaded area is used for segment.
[ shaded area is used for digit.

Fig. 50 Example of using FLD automatic display RAM
using grid scan type
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Timing Setting

Each timing is set by the FLDC mode register, Tdisp time set regis-
ter, Toffl time set register, and Toff2 time set register.

e Tdisp time setting

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
synchronization).

When the Tdisp counter count source selection bit of the FLDC mode
register is “0” and the value of the Tdisp time set register is 200
(C81s), the Tdisp time is: Tdisp = (200+1) O 4 (at XiINn= 4 MHz) = 804
us. When reading the Tdisp time set register, the value in the
counter is read out.

e Toffl time setting

Set the Toffl time by the Toffl time set register.

Supposing that the value of the Toffl time set register is n1, the
Toffl time is represented as Toffl =nl [ t.

When the Tdisp counter count source selection bit of the FLDC mode
register is “0” and the value of the Toff1 time set register is 30
(1Ez1s), Toffl =30 O 4 (at XIN = 4 MHz) = 120 ps.

Set a value of 0316 or more to the Toffl time set register (address
OEF616).

e Toff2 time setting

Set the Toff2 time by the Toff2 time set register.

Supposing that the value of the Toff2 time set register is n2, the
Toff2 time is represented as Toff2=n2 [ 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 U 4 (at XiN = 4 MHz) = 720 ps.

This Toff2 time setting is valid only for FLD ports which are in the
gradation display mode and whose gradation display control RAM
value is “1”.

When setting “1” to bit 7 of the P8FLD output control register (ad-
dress OEFCu16), set a value of 0316 or more to the Toff2 time set
register (address OEF716).

FLD Automatic Display Start

To perform FLD automatic display, set the following registers.
*Port POFLD/port switch register

*Port P2FLD/port switch register

*Port P8FLD/port switch register

*FLDC mode register

*Tdisp time set register

*Toffl time set register

*Toff2 time set register

*FLD data pointer

FLD automatic display mode is selected by writing “1” to the bit O of
the FLDC mode register (address 0EF416), and the automatic dis-
play is started by writing “1” to bit 1. During FLD automatic display,
bit 1 of the FLDC mode register (address OEF416) always keeps “1”,
and FLD automatic display can be interrupted by writing “0” to bit 1.

Key-scan

When a key-scan is performed with the segment during key-scan

blanking period Tscan, take the following sequence:

1. Write “0” to bit 0 of the FLDC mode register (address 0EF41s).

2. Set the port corresponding to the segment for key-scan to the
output port.

3. Perform the key-scan.

4. After the key-scan is performed, write “1” to bit 0 of FLDC mode
register (address OEF416).

m Note

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

1. Do not set “0” in bit 1 of the FLDC mode register (address OEF41s).
2. Do not set “1” in the ports corresponding to digits.
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Repeat synchronous

Tdisp

Tscan

T2 T1

Segment Tn | Tn-1 Tn-2 T4 T3
S oV Ve Ve VoY Y Ve Ve Y < Y Y e Y e Y

1

edge of digit (each timing).

FLD digit interrupt request occurs at the rising

—
Segment setting by software

FLD blanking interrupt request occurs
at the falling edge of the last timing.

FLDC mode register is “1”, and the
corresponding gradation display control

( Pin under the condition that bit 5 of the
data value is “1”.

Segment
Digit
Toffl
Tdisp
Segment
Digit
Toffl
Toff2
Tdisp
n: Number of timing

When a gradation display mode is selected

|

Fig. 51 FLDC timing
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P84 to P87 FLD Output Reverse Function

P84 to P87 are provided with a function to reverse the polarity of the
FLD output. This function is useful in adjusting the polarity when
using an externally installed driver.

The output polarity can be reversed by setting “1” to bit O of the port
P8 FLD output control register.

P84 to P87 Toff Invalid Function

P84 to P87 can output waveform in which Toff is invalid, when P84 to
P87 is selected FLD ports (See Figure 52).

The function is useful when using a 4 bits - 16 bits decoder. The Toff
can be invalid by setting “1” to bit 2 of the port P8FLD output control
register (address OEFC1s).

P84 to P87 Output Delay Function

P84 to P87 can output waveform in which is delayed for 16 ps, when
selecting FLD port and selecting Toff invalid function (See Figure
52). When using a 4 bits - 16 bits decoder, the function can be use-
ful for prevention of leak radiation caused by phase discrepancy be-
tween segment output waveform and digit output waveform. This func-
tion can be set by setting “1” to bit 3 of the port P8FLD output control
register (address OEFC16).

Dimmer Signal Output Function

P63 can output the dimmer signal. When using a 4 bits - 16 bits
decoder, the dimmer signal can be used as a control signal for a 4
bits - 16 bits decoder. When using M35501FP, the dimmer signal
can be used as the CLK signal. The dimmer signal can be output by
setting “1” to bit 4 of the port P8FLD output control register (address
OEFC1s6).

Segment
Digit

At Toff2 control bit = “0” in
gradation display mode
(at gradation display
control data= “1")

At Toff2 control bit = “1" in
gradation display mode { >
(at gradation display

control data= “1")

Toffl

Toff2

Tdisp

Dimmer signal

P84—P87 \

Toff invalid

P84—P87
Toff invalid ><

Delay

el

16 ps

Fig. 52 P84 to P87 FLD output waveform

Toff2 Control Bit

The value of the Toff2 time set register is valid when gradation dis-
play mode is selected. The FLD ports output (set) the data of display
RAM at the end of the Toff1 time and output “0” (reset) at the end of
the Toff2 time, when bit 7 of the port P8FLD output control register is
‘0"

The FLD ports output (set) the data of display RAM at the end of the
Toff2 time and output “0” (reset) at the end of Tdisp time, when bit 7
of the port P8FLD output control register is “1".

b7 b0

(PBFLDCON: address OEFCze6)

’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Port PSFLD output control register

L P84—P87 FLD output reverse bit
0: Output normally
1: Reverse output

Not used (“0” at reading)

P84—P87 Toff invalid bit
0: Operating normally
1: Toff invalid

P84—P87 delay control bit (Note)
0: No delay
1: Delay

P63/AN9 dimmer output control bit
0: Ordinary port
1: Dimmer output

Not used (“0” at reading)

Toff2 control bit

0: Gradation display data is reset at Toff2
(set at Toff1)

1: Gradation display data is set at Toff2
(reset at Tdisp)

Note: Valid only when selecting FLD port and P84—P87 Toff invalid function

Fig. 53 Structure of port P8 FLD output control register
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A-D CONVERTER
The 38B4 group has a 10-bit A-D converter. The A-D converter per-
forms successive approximation conversion.

[A-D Conversion Register] AD

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 00331s).
During A-D conversion, do not read these registers.

[A-D 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 conver-
sion.

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

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

[Channel Selector]

The channel selector selects one of the input ports P77/AN7—P70/
ANo, and P6s/SsTB1/AN11—P62/SrDY1/ANS and inputs it to the com-
parator.

When port P64 is selected as an analog input pin, an external inter-
rupt function (INT4) is invalid.

[Comparator and Control Circuit]

The comparator and control circuit compares an analog input
voltage with the comparison voltage and stores the result in the A-D
conversion register. When an A-D conversion is completed, 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 set
f(XIN) to at least 250 kHz during A-D conversion. Use a CPU system
clock dividing the main clock Xin as the internal system clock.

A-D control register
(ADCON: address 003216)

u—LL Analog input pin selection bits

0000: P70/ANO

0001: P71/AN1

0010: P72/AN2

0011: P73/AN3

0100: P74/AN4

0101: P75/AN5

0110: P76/AN6

1 P77/AN7

: P62/SRDY1/AN8
: P63/AN9

. P64/INT4/SBUSY1/AN10
: P65/SSTB1/AN11

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

Not used (returns “0” when read)

b7 b0
A-D conversion register (high-order)
(ADH: address 003416)

‘ ‘ ‘ ‘ ‘ ‘ ‘ ’ AD conversion result stored bits

b7 b0

A-D conversion register (low-order)
(ADL: address 003316)

Not used (returns “0” when read)

AD conversion result stored bits

Fig. 54 Structure of A-D control register

Data bus

b7

b0

A-D control register [ | [ |

[T T T
t) ) ) )

I
vy

P70/AN0 O—»]

A-D control circuit |

= A-D interrupt request

P71/AN1 O—»
P72/AN2 O—»
P73/AN3 O—»|
P74/AN4 O—»
P75/AN5 O—»
P76/AN6 O—»|

Comparator

A

Y

Y

A-D conversion register (H)

A-D conversion register (L) |

(Address 003416) (Address 003316)

A A

Resistor ladder

P77/IAN7 O—»
P62/SRDY1/AN8 O—»]
P63/AN9 O—»]
P64/INT4/SBUSY1/AN10 O—»|
P65/SsTB1/AN11 O—»]

Channel selector

AVsSs VREF

Fig. 55 Block diagram of A-D converter
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PULSE WIDTH MODULATION (PWM)

The 38B4 group has a PWM function with a 14-bit resolution. When
the oscillation frequency XiN 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

PWM register (low-order)

( Itis setto “1” ) (address 001516)
When write. \ bit7 bits bit0
N
Y
—(F
bit7 bit0

PWM register (high-order)
Y (address 001416)

o
PWM latch (14-bit) y \
MSB LSB
Z _
+14 =
P87 latch
P87/PWMo
. L PWM
14-bit PWM circuit >0
P87/PWM output
When an internal A selection bit
Sylste{n Clgt;tK . P87/PWM output
N tsoe‘%(':' lon bitis se Timing (64 ps cycle) selection bit
O generating P87 direction
XIN O—» unit for PWM[ (4096 ps cycle) register

Fig. 56 PWM block diagram
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Data Setup

The PWM output pin also function as port P87. Set port P87 to be the
PWM output pin by setting bit O 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 001416) and the low-order
6 bits are set in the low-order PWM register PWML (address 00151s).

PWM Operation

The timing of the 14-bit PWM function is shown in Figure 57.

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 signal
is output during each sub-period. There are 64 sub-periods in each
period, and each sub-period tis 256 [0 T (= 64 ps) long. The signal's
“H” has a length equal to N times T, and its minimum resolution = 250
ns.

The last bit of the sub-period becomes the ADD bit which is specified
either “H” or “L”", by the contents of PWML. As shown in Table 10, the
ADD bit is decided either “H” or “L".

That is, only in the sub-period tm shown in Table 10 in the PWM
cycle period T = 64t, the “H” duration is lengthened during the mini-
mum resolution width T period in comparison with the other 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 ts, t24, t32, t40 and tse is 4 1, and its length 3 T in all
other sub-periods.

Time at the “H” level of each sub-period almost becomes equal be-
cause the time becomes length set in the high-order 8 bits or be-
comes the value plus t, and this sub-period t (= 64 us, approximate
15.6 kHz) becomes cycle period approximately.

Transfer From Register To Latch

Data written to the PWML register is transferred to the PWM latch
once in each PWM period (every 4096 ps), and data written to the
PWMH register is transferred to the PWM latch once in each sub-
period (every 64 ps). 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”.

Table 10 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)

100000 [M=1,3,57, ccooovriericineiesiieeeenisienienny 57,59, 61, 63

4096 ps

64 us - 64 s

64
- s

>l 64 us 64 us

m=0 m=7

m=28

m =63

( L

m=9

N

N
| o S -
15.75 ps 15.75 ps

- P

15.75 ps

- P

16.0 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

)

- e -
15.75 ps 15.75 pys 15.75 pys

Fig. 57 PWM timing
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b7

b0

PWM control register
(PWMCON: address 002615)

P87/PWM output selection bit
0: I/O port
1: PWM output

Not used (return “0” when read)

Fig. 58 Structure of PWM control register

Data 6A16 stored at address 001416

Data 7B16 stored at address 001416

PWM register

(high-order) BAe

5916

B

\ 7B16

Data 2416 stored at address 001516

Bit 7 cleared after transfer Data 3516 stored at address 001516

PWM register <

[

(low-order) 1316 Adie 3\ 2416 3516
\ Transfer from register to latch B516J Transfer from register to latch
g ‘165316 L1n03s N ‘ 1AAds | N 1EE4ss q 1EFS16
T=4 LWhen bit 7 of PWML is “0", transfer
= 4096 ps | from register to latch is disabled.
(640 64 ps) ‘
T t=64 s Q“\’\\~\\\\§‘
(Example 1) 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B [6B 6B 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 2.5 5 5 5 5 5 5 5 5
H=6A16
L = 2416 6B16............ 36 times BA16............ 28 times ————— 106 [1 64 + 36
(107) (106)
(Example 2) 6A BA 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B PA 6A
PWM output
Low-order 6 bits 4 3 4
output
H = 6A16
L=1816
Minimum bit width T=025ps
PWM output . 6A 169 |68 67 | e 02 |01 6A 69 |68 |67 02 {01
@ ADD ADD
8-bit counter 02 01 00 |FF FE FD FC | .o 97 (96 |95 e 02 01 00 |FF FE FD FC 97 96 95 .

The ADD portions with /
additional T are determined
either “H” or “L" by low-order
6-bit data.

“H" period length specified by PWMH

256 T (64 ps), fixed

Fig. 59 14-bit PWM timing
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INTERRUPT INTERVAL DETERMINATION

FUNCTION

The 38B4 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 P47/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 003E16). Select the rising interval or falling
interval by setting bit 2 of the interrupt edge selection register
(address 003A1s).

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. When
writing “0”, f(XIN)/128 is selected (the sampling interval: 32 ps at
f(XiN) = 4.19 MHz); when “1”, f(XiIN)/256 is selected (the sampling
interval: 64 ps at f(XiN) = 4.19 MHz).

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 counting up
of the selected counter sampling clock.

5. When the signal of polarity above 4 is input again, the value of the
8-bit binary up counter is transferred to the interrupt 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 sam-
pling clock is input, the counter sets value “FF16” to the interrupt
interval determination register to generate the counter overflow
interrupt request.

Noise Filter

The P47/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 “00”.

2. The P47/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 interrupt signal,
and the interrupt request occurs.

When setting bit 4 of interrupt interval determination control
register 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.

Note: In the low-speed mode (CM7 = 1), the interrupt interval deter-
mination function cannot operate.

Counter sampling
clock selection bit  f(XiN)/256 —

INT2 interrupt input —e—» Noise filter

Noise filter sampling

clock selection bit 1/128

1/32T 1 |64

s

Divider

|

fOXIN)

fXIN/128 ——a |

One-sided/both-sided
detection selection bit

8-bit binary up
counter

&

Interrupt interval
determination register

Counter overflow
interrupt request
or remote control
interrupt request

address 003016

Data bus

Fig. 60 Interrupt interval determination circuit block diagram
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b7 b0
Interrupt interval determination control register
(IIDCON: address 003116)
I— Interrupt interval determination circuit operating selection bit

0 : Stopped
1: Operating

Counter sampling clock selection bit
0 : f(Xin)/128
1 : f(Xin)/256

Noise filter sampling clock selection bits (INT2)
00 : Filter stop

01 : f(Xin)/32

10 : f(Xin)/64

11 : f(Xin)/128

One-sided/both-sided edge detection selection bit
0 : One-sided edge detection
1 : Both-sided edge detection (can be used when using a noise filter)

Not used (return “0” when read)

Fig. 61 Structure of interrupt interval determination control register

(When IIDCON4 = “0")
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

Interrupt interval
determination

register value Remote control Remote control Counter overflow
interrupt request interrupt request interrupt request

Fig. 62 Interrupt interval determination operation example (at rising edge active)

(When IIDCONa4 = “17)
Noise filter f f f f f f f f f f f f f f f f f f f f
sampling clock

INT2 pin

Acceptance of
interrupt

Counter sampling
clock

8-bit binary up
counter value

[

2 3 2 FF
Interrupt interval # j + ‘
determination N ? 2 \ 3 \ 2 \ FF
register value
Remote control  Remote control Remote control  Remote control Counter overflow
interrupt request  interrupt request  interrupt request  interrupt request interrupt request

Fig. 63 Interrupt interval determination operation example (at both-sided edge active)
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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, because
of a software runaway). The watchdog timer consists of an 8-bit watch-
dog timer L and a 12-bit watchdog timer H.

Standard Operation Of Watchdog Timer

When any data is not written into the watchdog timer control register
(address 002B1s6) after resetting, 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 (address 002B16) and
an internal reset occurs at an underflow of the watchdog timer H.
Accordingly, programming is usually performed so that writing to the
watchdog timer control register (address 002B16) may be started
before an underflow. When the watchdog timer control register
(address 002B1s) is read, the values of the high-order 6 bits of the
watchdog timer H, STP instruction disable bit, and watchdog timer H
count source selection bit are read.

e |nitial value of watchdog timer

At reset or writing to the watchdog timer control register (address
002B16), a watchdog timer H is set to “FFF16” and a watchdog timer
L to “FF1s”.

e Watchdog timer H count source selection bit operation
Bit 7 of the watchdog timer control register (address 002B16) permits
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 then to f(XIN) = 2.1 s at 4 MHz
frequency and f(XcIN) = 512 s at 32 kHz frequency.

When this bit is set to “1”, the count source becomes the signal
divided by 8 for f(XiN) (or divided by 16 for f(XcIN)). The detection
time in this case is set to f(XIN) = 8.2 ms at 4 MHz frequency and
f(XcIN) = 2 s at 32 KHz frequency. This bit is cleared to “0” after
resetting.

e Operation of STP instruction disable bit

Bit 6 of the watchdog timer control register (address 002B16) permits
disabling the STP instruction when the watchdog timer is in opera-
tion.

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

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

Once 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 resetting.

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 data in the watchdog timer control reg-
ister (address 002B16) before executing the STP instruction.

“FF16" is set when
watchdog timer

control register is
written to. ‘

Data bus

“FFF16” is set
when watchdog
timer control

Internal system clock©

Watchdog timer L (8)

register is written

selection bit
(Note)

“0” H
p— !
an | Watchdog timer H (12) to.

1
Watchdog timer H count

source selection bit

STP instruction disable bit :D_
STP instruction

Reset [—— Internal reset

) circuit

RESET O—O{ZZ

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

Fig. 64 Block diagram of watchdog timer

b7 b0

Watchdog timer control register
(WDTCON : address 002B1¢)

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

STP instruction disable bit
0: STP instruction enabled
1: STP instruction disabled

Watchdog timer H count source selection bit
0: Watchdog timer L underflow
1: f(XiN)/8 or f(XcIN)/16

Fig. 65 Structure of watchdog timer control register
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BUZZER OUTPUT CIRCUIT

The 38B4 group has a buzzer output circuit. One of 1 kHz, 2 kHz and
4 kHz (at XINn = 4.19 MHz) frequencies can be selected by the buzzer
output control register (address OEFDz1s). Either P43/Buzo1 or P20/
Buzo2/FLDo can be selected as a buzzer output port by the output
port selection bits (b2 and b3 of address OEFDzs).

The buzzer output is controlled by the buzzer output ON/OFF bit
(b4).

Port latch

1/1024 o

f(XIN) —— Divider ﬁggg o o ) Buzzer output
—O ’7

Buzzer output ON/OFF bit

Output port control signal
Port direction register

Fig. 66 Block diagram of buzzer output circuit

b7 b0

Buzzer output control register
(BUZCON: address OEFD16)

LI

Output frequency selection bits (Xin = 4.19 MHZz)
00 : 1 kHz (f(XiN)/4096)

01 : 2 kHz (f(Xin)/2048)

10 : 4 kHz (f(XiN)/1024)

11 : Not available

Output port selection bits

00 : P20 and P43 function as ordinary ports.

01 : P43/Buzo1 functions as a buzzer output.

10 : P20/Buzo2/FLDo functions as a buzzer output.
11 : Not available

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

Not used (return “0” when read)

Fig. 67 Structure of buzzer output control register
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RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an “L”
level for 2 pus 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 FFFCze6 (low-order byte). Make
sure that the reset input voltage is less than 0.5 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).

L Poweron

Power source
voltage

RESET Vce

ov

Reset input
voltage

T E

Note : Reset release voltage ; Vcc=2.7 V

A 4

; Power source
1 voltage detection
circuit

,,,,,,,,,,,,,,,,,,,,

Fig. 68 Reset circuit example

XiN: about 4000 cycles

w UL UL

’ | N S O i O e
e )

Addess X 7 X7 X7 X 2 Xrrre XFrro Yeom X
X XXX X X XA X
svne _ I

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

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

Fig. 69 Reset sequence
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(1) Port PO
(2) Port PO direction register
(3) PortP1
(4) PortP2
(5) Port P2 direction register
(6) Port P3
(7) Port P4
(8) Port P4 direction register
(9) Port P5
(10) Port P5 direction register
(11) Port P6
(12) Port P6 direction register
(13) Port P7
(14) Port P7 direction register
(15) Port P8
(16) Port P8 direction register
(17) Port P9
(18) Port P9 direction register

(19) UART control register

(23) Serial 1/02 control register
(24) Serial 1/02 status register
(25) Timer 1

(26) Timer 2

(27) Timer 3

(28) Timer 4

(29) Timer 5

(30) Timer 6

(31) PWM control register

(32) Timer 12 mode register

0: Not fixed

(20) Serial I/01 control register 1
(21) Serial I/01 control register 2

(22) Serial 1/01 control register 3

Address Register contents

000016
000116
o0021s
000420
000816
000616
000816
000916
000
0008
N B Ta—
o e Ta—
000
000F:s
001015
01138
001228
001318
001726
001910
oot
O v T—
O Ta—
011
002016
02116
02216
002310
o02as
002511
002615
o02e:s

(33) Timer 34 mode register

(34) Timer 56 mode register

(35) Watchdog timer control register

(36) Timer X (low-order)

(37) Timer X (high-order)

(38) Timer X mode register 1

(39) Timer X mode register 2

(40) Interrupt interval determination
control register

(41) A-D control register

(42) Interrupt source switch register

(43) Interrupt edge selection register

(44) CPU mode register

(45) Interrupt request register 1

(46) Interrupt request register 2

(47) Interrupt control register 1

(48) Interrupt control register 2

(49) Pull-up control register 1

(50) Pull-up control register 2

(51) FLDC mode register

(52) Tdisp time set register

(53) Toff1 time set register

(54) Toff2 time set register

(55) Port POFLD/port switch register

(56) Port P2FLD/port switch register

(57) Port PSFLD/port switch register

(58) Port P8FLD output control register

(59) Buzzer output control register

(60) Processor status register

(61) Program counter

Address Register contents

002916
002
028
N e =r—
o - r—
02
o0zFs
00310
o0z21s
003910
003As
0038
e B ra—
O e ra—
03
ooaFs
O S r—
T Ta—
= e ra—
S B Ta—
N S =r—
e =T
= S Ta—
= I Ta—
S e T—
S N TR—
S I T—

®s)
o)
oy

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

Fig. 70 Internal status at reset
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CLOCK GENERATING CIRCUIT

The 38B4 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between XiNn and
Xout (Xcin and XcouT). Use the circuit constants in accordance with
the resonator manufacturer’'s recommended values. No
external resistor is needed between Xin and Xout since a feedback
resistor exists on-chip. However, an external feedback resistor is
needed between Xcin and Xcour.

Immediately after power on, only the XiN oscillation circuit starts
oscillating, and Xcin and XcouTt pins function as I/O ports.

Frequency Control

(1) Middle-speed mode

The internal system clock is the frequency of XiN divided by 4. After
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 after power on
and at returning from stop mode. When switching the mode between
middle/high-speed and low-speed, set the frequency on condition
that f(XiN) > 3f(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 bit
5 of the CPU mode register to “1”. When the main clock XIN is re-
started (by setting the main clock stop bit to “0"), set enough time for
oscillation to stabilize.

By clearing furthermore the Xcour drivability selection bit (b3) of CPU
mode register to “0”, low power consumption operation of less than
200 pA (f(XcIN) = 32 kHz) can be realized by reducing the drivability
between Xcin and XcouT. At reset or during STP instruction execu-
tion this bit is set to “1” and a strong drivability that has an easy
oscillation start is set.

Oscillation Control

(1) Stop mode

If the STP instruction is executed, the internal system clock stops at
an “H” level, and XiNn and XciN oscillators stop. Timer 1 is set to “FFi16”
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”) before execut-
ing the STP instruction. Oscillator restarts when an external interrupt
is received or reset, but the internal system clock is not supplied to
the CPU until timer 1 underflows. This allows time for the clock cir-
cuit 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 re-
starts at reset or when an interrupt is received. Since the oscillator
does not stop, normal operation can be started immediately after the
clock is restarted.

XCIN  XcouTt XIN XouT

A Lo

;Ccm ;CCOUT iCm iCOUT

Fig. 71 Ceramic resonator circuit

XCIN__ XcouTt XIN _ Xout

open T open
External oscillation circuit
External oscillation circuit
or external pulse

Vcc Vcc
Vss I—, I—, Vss —| |—| |—| |—| |—|

Fig. 72 External clock input circuit
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XCIN XcouTt

Port Xc

:)c l switch bit (Note 3)

12 Timer 1 count source Timer 2 count source
selection bit (Note 2) selection bit (Note 2)

Internal system clock
selection bit (Notes 1, 3)

- “0"
‘Irltzw speed mode | Timer 1 .
_ o/o—_ 172 0" o Timer 2
oy °u1,,

High-speed or
middle-speed
mode

Main clock division ratio
selection bit (Note 3)

Middle-speed mode
e

L o]
o Timing ¢ (internal clock)

High-speed or

—oﬂ— 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. 73 Clock generating circuit block diagram
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High-speed mode
(=4 MHz)

CM7=0(4 MHz selected)
CMe=0(high-speed)
CMs=0(XIn oscillating)
CMa4=0(32 kHz stopped)

Middle-speed mode
(=1 MHz)

CM7=0(4 MHz selected)
CMs=1(middle-speed)
CMs=0(XIN oscillating)
CMa4=0(32 kHz stopped)

CMs
61" emPQ"

High-speed mode
(Q=4 MHz)

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

Middle-speed mode
(¢=1 MHz)
CM7=0(4 MHz selected)
CMe=1(middle-speed)
CMs=0(XIN oscillating)
CM4=1(32 kHz oscillating)

417 == Q"

Low-speed mode
(=16 kHz)

Low-speed mode
(@=16 kHz)

CM7=1(32 kHz selected)
CMe=1(middle-speed)
CMs=0(XIN oscillating)
CM4=1(32 kHz oscillating)

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

CPU mode register
(CPUM : address 003B16)

\~ CMa4 : Port Xc switch bit

=} =)
© T - T 0: 1/0 port function )
= > 1: Xcin-Xcout oscillating function
oy o¥ CMs : Main clock (Xin- Xout) stop bit
o o 0: Oscillating
z : 1: Stopped

CMe: Main clock division ratio selection bit
0: f(Xiv) (High-speed mode)
1: f(XiN)/4 (Middle-speed mode)
CM7: Internal system clock selection bit
0: Xin—Xourt selected (Middle-/High-speed mode)
1: Xcin—Xcour selected (Low-speed mode)

Low-power dissipation mode
(=16 kHz)
CM7=1(32 kHz selected)
CMe=0(high-speed)
CMs=1(XIN stopped)
CM4=1(32 kHz oscillating)

Low-power dissipation mode
(=16 kHz)
CM7=1(32 kHz selected)
CMe=1(middle-speed)
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.

o hw

Fig. 74 State transitions of system clock
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (I) which is “1”. After 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 immediately
after they have been written. After writing to an interrupt request reg-
ister, execute at least one instruction before performing a BBC or
BBS instruction.

Decimal Calculations

*To calculate in decimal notation, set the decimal mode flag (D) to
“1", then execute an ADC or SBC instruction. Only the ADC and
SBC instructions yield proper decimal results. After executing an
ADC or SBC instruction, execute at least one instruction before ex-
ecuting 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-
guency division ratio is 1/(n+1).

Multiplication and Division Instructions

*The index X mode (T) and the decimal mode (D) flags do not affect
the MUL and DIV instruction.

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

Ports

The contents of the port direction registers cannot be read. The
following cannot be used:

*The data transfer instruction (LDA, etc.)

*The operation instruction when the index X mode flag (T) is “1”
*The addressing mode which uses the value of a direction 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 direction
registers.

Automatic Transfer Serial 1/0

When using the automatic transfer serial /O mode of the serial /01,
set an automatic transfer interval as the following.

Otherwise the serial data might be incorrectly transmitted/received.

*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 12 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 18 cycles or more of internal system clock
from clock rising of the last bit of 1-byte data.

A-D Converter

The comparator uses internal capacitors 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.

Instruction Execution Time

The instruction execution time is obtained by multiplying the frequency
of the internal system clock by the number of cycles needed to ex-
ecute an instruction.

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

The frequency of the internal system clock is the same of the Xin
frequency in high-speed mode.

At STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode register
are cleared.

The Xcourt drivability selection bit (the CPU mode register) is set to
“1” (high drive) in order to start oscillating.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-
tion:

(1) Mask ROM Order Confirmation Form

Serial I/0 (2) Mark Specification Form
*Using an external clock (3) Data to be written to ROM, in EPROM form (three identical cop-
When using an external clock, input “H” to the external clock input ies)
pin and clear the serial I/O interrupt request bit before executing
serial I/O transfer and serial /0O 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 ex-
ecuting a serial I/O transfer and serial I/O automatic transfer.
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MASK OPTION OF PULL-DOWN RESISTOR
(object product: M38B4AXMXH-XXXXFP)

Whether built-in pull-down resistors are connected or not to high-
breakdown voltage ports P20 to P27 and P8o to P83 can be specified
in ordering mask ROM. The option type can be specified from among
8 types; A to G, P as shown Table 11.

Table 11 Mask option type of pull-down resistor

Connective port of pull-down resistor

Ot?/ggn (connected at “1” writing) Restriction
P20|P21|P22|P23|P24|P25|P26|P27|P80|P81|P82|P83

A ($41) e —

B ($42) —

C ($43) 1| 1

D ($44) l—r 1|1 [1[1[1]1 I

E@®45)[ 1 (11|21 f1]1|1]12

FG46) [ T4 T |1 |11 1] 11—

G| 111111111

P ($50) [+ +r11]1[a1[21]1 ——] (Note 4)

Notes 1: The electrical characteristics of high-breakdown voltage ports
P20 to P27 and P8o to P83’s built-in pull-down resistors are the
same as that of high-breakdown voltage ports POo to PO7.

2: The absolute maximum ratings of power dissipation may be
exceed owing to the number of built-in pull-down resistor. After
calculating the power dissipation, specify the option type.

3: One time PROM version and EPROM version cannot be
specified whether built-in pull-down resistors are connected or not
likewise option type A.

4: INT3 function and CNTR1 function cannot be used in the option
type P.

Power Dissipation Calculating Method

e 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 pA = 48 kQ (min.)

« Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [
15 mA =75 mW

e Fixed number depending on use condition

* Apply voltage to VEE pin: Vcc — 45V

» Timing number a; digit number b; segment number c

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

» Turn ON segment number during repeat cycle: d

« All segment number during repeat cycle: e (=a [ ¢)

« Total number of built-in resistor: for digit; f, for segment; g
* Digit pin current value h (mA)

* Segment pin current value i (MA)

(1) Digit pin power dissipation

{h O b O (1-Toff/Tdisp) O voltage} / a
(2) Segment pin power dissipation

{i0d0O (1-Toff/Tdisp) O voltage} / a
(3) Pull-down resistor power dissipation (digit)

{power dissipation per 1 digit O (b O f/ b) O (1-Toff/Tdisp) } / a
(4) Pull-down resistor power dissipation (segment)

{power dissipation per 1 segment 00 (d 0 g / ¢) O (1-Toff/Tdisp) } / a
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

D)+ @+ @)+ 4+ (5) = XmW

Power Dissipation Calculating Example 1

e 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 VV / 900 pA = 48 kQ (min.)

« Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [J
15 mA =75 mW

e 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
{18 0 16 O (1-1/16) 0 2}/ 17 = 31.77 mW
(2) Segment pin power dissipation
{30310 (1-1/16) O 2} /17 = 10.26 mW
(3) Pull-down resistor power dissipation (digit)
(45 -2)2 /48 0 (16 0 16/16) O (1 — 1/16) / 17 = 33.99 mW
(4) Pull-down resistor power dissipation (segment)
(45— 2)2 /48 0 (31 0 20/20) O (1 — 1/16) / 17 = 65.86 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

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

DIGO r
DIG1 ’7
DIG2 ’7
DIG3 ’—‘

T

DIG14
DIG15
DIG16 /

Timing number 1 2 3

L Repeat cycle | |

Tscan

Fig. 75 Digit timing waveform (1)
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Power Dissipation Calculating Example 2
(when 2 or more digit is turned ON at same
time)

e 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 pA = 48 kQ (min.)

» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V [
15 mA =75 mW

e Fixed number depending on use condition

 Apply voltage to VEE pin: Vcc — 45 V

 Timing number 11; digit number 12; segment number 24

« 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)

(1) Digit pin power dissipation
{18 0 12 0 (1-1/16) O 2}/ 11 = 36.82 mW
(2) Segment pin power dissipation
{30114 0 (1-1/16) O 2}/ 11 = 58.30 mW
(3) Pull-down resistor power dissipation (digit)
(45-2)2/48 0 (12 0 10/12) O (1 — 1/16) / 11 = 32.84 mW
(4) Pull-down resistor power dissipation (segment)
(45-2)2 /48 0 (114 O 22/24) O (1 — 1/16) / 11 = 343.08 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 75 mW

(1) + )+ (3) + (4) + (5) = 547 mW

DIGO 7r ’7
DIG1 ﬁj—’
’7

DIG2

DIG3

DIG4 ’7
DIGS
DIG6 ’7
DIG7 ’7
DIG8 ’7
DIGY ’—’

Timing number 1 2 3 4 5 6 7 8 9 10 i 11

17

L Repeat cycle | |

Fig. 76 Digit timing waveform (2)
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ABSOLUTE MAXIMUM RATINGS

Table 12 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t06.5 \%
VEE Pull-down power source voltage Vcc - 45 to Vee +0.3 (Note 1)

Vcc - 42 to Vece +0.3 (Note 2) \%
Vi Input voltage P47, P50-P57, P61-P65, P70— —0.3 to Vcc +0.3 \Y
P77, P84—P87, P90, P91
Vi Input voltage P40-P4s, P60 -0.3t0 13 \%
Vi Input voltage P00—P07, P20-P27, P80—P83 All voltages are Vce — 45 to Vec +0.3 (Note 1) v
based on Vss.
Output transistors Vcec - 42 to Vee +0.3 (Note 2) \%
Vi Input voltage RESET, XIN are cut off. —0.3to Vcc +0.3 Y,
Vi Input voltage XCIN —0.3to Vcc +0.3 \%
Vo Output voltage P0O0-P0O7, P10-P17, P20-P27, Vcc - 45 to Vee +0.3 (Note 1) \%
P30-P37, P80-P83 Vcc - 42 to Vee +0.3 (Note 2) \%
Vo Output voltage P50-P57, P61-P65, P70-P77, —0.3to Vcc +0.3 \Y
P84—P87, P90, P91, Xour,
Xcout
Vo Qutput voltage P40—-P4s, P60 -0.3t0 13 \Y
Pd Power dissipation Ta=-20to 65 °C 800 mw
Ta=65t085°C 800-12.50 (Ta-65) mw
Topr Operating temperature —20to 85 °C
Tsty Storage temperature -40to 125 °C
Notes 1: When Vccis 4.0to 5.5 V.
2: When Vccis 2.7t0 4.0 V.
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RECOMMENDED OPERATING CONDITIONS

Table 13 Recommended operating conditions (1)
(Vec =2.7t0 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
Vcc Power source voltage | |n high-speed mode 4.0 5.0 55 \%
In middle-/low-speed mode, 2 MHz or less in high-speed mode 2.7 5.0 5.5 V
Vss Power source voltage 0 V
VEE Pull-down power source voltage| Vcc =4.0t0 5.5 V Vce—43 Vce vV
Vcc=27t04.0V Vcc—-40 Vcc \%
VREF Analog reference voltage (when A-D converter is used) 2.0 \V/ele} vV
AVss Analog power source voltage 0 \Y
VIA Analog input voltage AN0—AN11 0 Vcc \
VIH “H” input voltage P40—-P47, P50-P57, P60-P65, |[Vcc =4.0to 5.5V | 0.75Vcc Vcc \%
P70—P77, P90, P91 Vcc=2.7t04.0V | 0.8Vcc Vcc \Y
VIH “H” input voltage P84—P87 Vcc=4.0to 5.5V | 0.4Vcc Vcc \
Vcc=27t04.0V | 0.5Vcc Vce \'
VIH “H” input voltage P00—-PO0O7 0.8Vcc Vcc \%
VIH “H” input voltage P20-P27, P80—P83 Vcc=4.0t05.5V | 0.52Vcc Vcc V
Vcc=27t04.0V | 0.75Vcc Vcc V
VIH “H” input voltage RESET 0.8Vcc Vcc V
VIH “H” input voltage XIN, XCIN 0.8Vcc Vcc \%
ViL “L” input voltage P40—-P47, P50-P57, P60—P65, |[Vcc=4.0t0 5.5V 0 0.25Vcc \%
P70-P77, P90, P91 Vcc=27t04.0V 0 0.2vVce \%
ViL “L” input voltage P84—P87 0 0.16Vcc V
ViL “L” input voltage P00—-P07, P20-P27, P80—P83 0 0.2Vce vV
VIL “L” input voltage RESET 0 0.2vce \%
ViL “L” input voltage XIN, XCIN 0 0.2Vce V
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Table 14 Recommended operating conditions (2)
(Veec =2.7to 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) -240 mA
P0o-P07, P1o-P17, P20-P27, P30-P37, P80—-P83
ZloH(peak) | “H” total peak output current (Note 1) —60 mA
P50-P57, P61—P65, P70-P77, P90, P91
2|0L(peak) “L” total peak output current (Note 1) 100 mA
P50-P57, P60—P65, P70-P77, P90, P91
>|OL(peak) “L” total peak output current (Note 1) 60 mA
P40—-P46, P84—P87
2 |0H(avg) “H” total average output current (Note 1) -120 mA
P0Oo-PO07, P1o-P17, P20-P27, P30-P37, P80-P87
>|OH(avg) “H” total average output current (Note 1) -30 mA
P50-P57, P61-P65, P70-P77, P90, P91
2l0oL(avg) “L” total average output current (Note 1) 50 mA
P50-P57, P60—P65, P70-P77, P90, P91
>loL(avg) “L” total average output current (Note 1) 30 mA
P40—-P46, P84—P87
|0H(peak) “H” peak output current (Note 2) -40 mA
P0o-P07, P10-P17, P20-P27, P30-P37, P80—P83
IOH(peak) “H” peak output current (Note 2) ~10 mA
P50-P57, P61—P65, P70-P77, P84—P87, P90, P91
|OL(peak) “L” peak output current (Note 2) 10 mA
P50-P57, P61-P65, P70-P77, P84—P87, P90, P91
|OL(peak) “L” peak output current (Note 2) 30 mA
P40-P4s, P60
|0H(avg) “H” average output current (Note 3) -18 mA
P0o-P07, P1o-P17, P20-P27, P30-P37, P80—-P83
|OH(avg) “H” average output current (Note 3) -5 mA
P50-P57, P60—P65, P70-P77, P84—P87, P90, P91
|0L(avg) “L” average output current (Note 3) 5 mA
P50-P57, P61-P65, P70-P77, P84—P87, P90, P91
|0L(avg) “L” average output current (Note 3) 15 mA
P40-P4s, P60
f(CNTRO0) Clock input frequency for timers 2, 4, and X Vcc=4.0t0 55V 250 kHz
f(CNTR1) (duty cycle 50 %) Vcec=2.7t04.0V 100 kHz
f(XIN) Main clock input oscillation frequency (Note 4) Vcc=4.0t055V 4.2 MHz
Vcc=2.7t04.0V 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
average value measured over 100 ms. The total peak current is the peak value of all the currents.
2: The peak output current is the peak current flowing in each port.

3: The average output current loL (avg), IoH(avg) in an average value measured over 100 ms.
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.
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ELECTRICAL CHARACTERISTICS

Table 15 Electrical characteristics (1)
(Vcc =2.710 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

" Limits )
Symbol Parameter Test conditions i, Tvp. Max. Unit
VOH “H” output voltage ~ P00—P07, P10-P17, P20 |VcC =4.0to 5.5 V| IOH = -18 mA \Vce—2.0 \%
P27, P30—P37, P80—P83 |VcCc=2.71t0 4.0 V|IoH =-10 mA \Vcc—1.5 v
VOH “H” output voltage ~ P50-P57, P60-P65, P70 |VCC = 4.0 t0 5.5 V| IOH = —-10 mA \Vce—2.0 \%
P77, P84—P87, P90, P91 |VcCc=2.7t0 4.0 V|IoH =-10 mA \VVcc—1.0 v
VoL “L” output voltage P50-P57, P61-P65, P84— |VCC = 4.0 t0 5.5 V| loL = 10 mA 2.0 \Y
P87, P90, P91 Vcec=2.7t04.0V|loL=1.6 mA 0.4 \V;
VoL “L” output voltage P40-P4s, P60 Vcc=4.0t05.5V|loL=15mA 0.6 2.0 \Y
Vce =2.7t0 4.0 V[loL=5 mA 0.3 1.0 \Y
VT+-VT- | Hysteresis = P40-P42, P45-P47, P5, P60, P61,P64 (Note 1) 0.4 \%
VT+-VT- | Hysteresis RESET, XIN 0.5 \%
VT+-VT- | Hysteresis  XCIN 0.5 HA
IIH “H” input current P47, P50-P57, P61-P65, P70-P77, P84-P87 | Vi =Vcc 5.0 A
IIH “H” input current P40-P4s, P60 Vi=12V 10.0 A
liH “H” input current P0O0-P07, P20-P27, P80—P83 (Note 2) Vi =Vcc 5.0 A
IH “H” input current ~ RESET, XCIN Vi = Vce 50 | pA
IH “H” input current XIN Vi=Vcc 4.0 UA
e “L” input current P40-P47, P60 Vi =Vss -5.0 pA
I “L” input current P50-P57, P61-P65, P70-P77, P84—P87, P90,| VI = Vss -5.0 pA
P91 Pull-up “off”
Vcc =5V,VIi=Vss -70 HA
Pull-up “on”
Vcc =3V,VIi=Vss -25 HA
Pull-up “on”
liL “L” input current P0O0-PO07, P20-P27, P80—P83 (Note 2) Vi =Vss -5.0 A
e “L” input current RESET, XCIN Vi =Vss -5.0 WA
I “L” input current XIN VI =Vss -4.0 HA
RPULLD Pull-down resistor ~ P0o—P07, P1o-P17, P30-P37 VEE =Vcc-43V, 143 72 47 kQ
(P20-P27, P80—P83 at option) VoL =Vcc
Output transistors “off”
ILEAK Output leak current  P0o-P07, P10-P17, P20-P27, P30-P37, VEE = VcCc-43V, -10 pA
P80-P83 VoL =Vcc-43 'V
Output transistors “off”
IREADH “H” read current P00-P07, P20-P27, P80-P83 Vi=5V 1 UA
VRAM RAM hold voltage When clock is stopped 2 Vce \%

Notes 1: P42, P45, P4s, and P60 of the mask option type P do not have hysteresis characteristics.

2: Except when reading ports PO, P2, or P8.
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Table 16 Electrical characteristics (2)

(Vcec =2.7t0 5.5V, Ta = —20 to 85 °C, unless otherwise noted)

- Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
Icc Power source current High-speed mode 7.5 mA
f(XIN) = 4.2 MHz
f(XcIN) = 32 kHz
Output transistors “off”
High-speed mode 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XcIN) = 32 kHz
Output transistors “off”
Middle-speed mode 3 mA
f(XIN) = 4.2 MHz
f(XcIN) = stopped
Qutput transistors “off”
Middle-speed mode 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XcIN) = stopped
Output transistors “off”
Low-speed mode 60 HA
f(XIN) = stopped
f(XcIN) = 32 kHz
Low-power dissipation mode (CM3 = 0)
QOutput transistors “off”
Low-speed mode 20 HA
f(XIN) = stopped
f(XcIN) = 32 kHz (in WIT state)
Low-power dissipation mode (CM3 = 0)
Qutput transistors “off”
Increment when A-D conversion is executed 0.6 mA
All oscillation stopped (in STP state) | Ta=25°C 0.1 1 HA
Output transistors “off Ta =85 °C 10 HA
A-D converter characteristics
Table 17 A-D converter characteristics (1)
(Vcc =4.0t05.5V,Vss =0V, Ta =-20 to 85 °C, f(XIN) = 250 kHz to 4.2 MHz in high-speed mode, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - mt Unit
Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy (excluding quantization error) Vcc = VREF=5.12V +1 +2.5 LSB
TCONV Conversion time 61 62 tc(@
IVREF Reference input current VREF =5.0V 50 150 200 HA
A Analog port input current 0.5 5.0 HA
RLADDER Ladder resistor 35 kQ
Table 18 A-D converter characteristics (2)
(Vcc =2.7t04.0V, Vss =0V, Ta = —-20 to 85 °C, f(XIN) = 250 kHz to 2 MHz in high-speed mode, unless otherwise noted)
. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy (excluding quantization error) Vcc =VREF=3.3V +3 6 LSB
Tconv Conversion time 61 62 tc(9)
IVREF Reference input current VREF = 3.3V 30 95 120 HA
[I7: Analog port input current 0.5 5.0 HA
RLADDER | Ladder resistor 35 kQ
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TIMING REQUIREMENTS

Table 19 Timing requirements (1)
(Vcc=4.0t0 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)

Symbol Parameter - Limits Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2.0 s
tC(XIN) Main clock input cycle time (XN 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) CNTRo, CNTR1input cycle time 4.0 us
tWH(CNTR) CNTRo, CNTR1input “H” pulse width 1.6 us
tWL(CNTR) CNTRo, CNTR1input “L” pulse width 1.6 us
tWH(INT) INToto INT4input “H” pulse width 80 ns
tWL(INT) INToto INT4input “L” pulse width 80 ns
tc(ScCLK) Serial 1/0 clock input cycle time 0.95 us
tWH(SCLK) Serial I/0 clock input “H” pulse width 400 ns
tWL(SCLK) Serial /0 clock input “L” pulse width 400 ns
tsu(SCLK—SIN) Serial I/O input set up time 200 ns
th(SCLK—SIN) Serial /O input hold time 200 ns
Table 20 Timing requirements (2)
(Vcc =2.7t05.5V,Vss =0V, Ta = —20 to 85 °C, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max.

tw(RESET) Reset input “L" pulse width 2.0 ps
tC(XIN) Main clock input cycle time (XiN input) 500 ns
tWH(XIN) Main clock input “H” pulse width 120 ns
tWL(XIN) Main clock input “L” pulse width 120 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) CNTRo, CNTR1 input cycle time 10 us
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 4.0 Hs
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 4.0 us
tWH(INT) INTo to INT4 input “H” pulse width 230 ns
tWL(INT) INTo to INT4 input “L” pulse width 230 ns
tc(ScLK) Serial I/O clock input cycle time 2.0 us
tWH(SCLK) Serial I/0 clock input “H” pulse width 950 ns
tWL(SCLK) Serial 1/0 clock input “L” pulse width 950 ns
tsu(SCLK—SIN) Serial I/0 input set up time 400 ns
th(SCLK—SIN) Serial /O input hold time 300 ns
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SWITCHING CHARACTERISTICS

Table 21 Switching characteristics (1)
(Vcc=4.0t0 5.5V, Vss =0V, Ta = —20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tWH(SCLK) Serial I/O clock output “H” pulse width CL=100 pF tc(ScLk)/2—-160 ns
tWL(SCLK) Serial I/0 clock output “L” pulse width CL=100 pF tc(ScLK)/2—-160 ns
td(ScLK—SouT) Serial /O output delay time 0.2tc ns
tv(ScLk—SouT) Serial /O output valid time 0 ns
tr(SCLK) Serial I/0 clock output rising time CL=100 pF 40 ns
tf(SCLK) Serial I/O clock output falling time CL=100 pF 40 ns
tr(Pch—strg) P-channel high-breakdown voltage CL=100 pF 55 ns
output rising time (Note 1) VEE=Vcc-43 V
tr(Pch—weak) P-channel high-breakdown voltage CL=100 pF 18 us
output rising time (Note 2) VEE=Vcc-43V
Notes 1: When bit 7 of the FLDC mode register (address 0EF416) is at “0”.
2: When bit 7 of the FLDC mode register (address 0EF416) is at “1”.
Table 22 Switching characteristics (2)
(Vcc =2.7t04.0V,Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tWH(SCLK) Serial I/0 clock output “H” pulse width CL=100 pF tc(ScLK)/2—240 ns
tWL(SCLK) Serial I/0 clock output “L” pulse width CL=100 pF tc(ScLK)/2—240 ns
td(ScLK—SouT) Serial I/O output delay time 0.41tc ns
tv(SCLK=SouT) Serial /O output valid time 0 ns
tr(SCLK) Serial I/0 clock output rising time CL=100 pF 60 ns
tf(SCLK) Serial I/O clock output falling time CL=100 pF 60 ns
tr(Pch-strg) P-channel high-breakdown voltage CL=100 pF 140 ns
output rising time (Note 1) VEE= Vcc-40 V
tr(Pch—weak) P-channel high-breakdown voltage CL=100 pF 3.6 us
output rising time (Note 2) VEE = Vcc—-40 V
Notes 1: When bit 7 of the FLDC mode register (address 0EF41s) is at “0”.
2: When bit 7 of the FLDC mode register (address 0EF416) is at “1”".
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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Serial I/O clock P53jSCLK12, El(g:ﬂaarﬁakgsg]n -
P56/ScLk21, - h
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1" I
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Note: Ports P2 and P8 need external resistors.

Fig. 77 Circuit for measuring output switching characteristics
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timing Diagram
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Fig. 78 Timing diagram
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MITSUBISHI MICROCOMPUTERS

38B4 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PACKAGE OUTLINE

80P6N-A Plastic 80pin 14020mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material M
QFP80-P-1420-0.80 - 1.58 Alloy 42 D
‘ Hp
D
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o == Symbol Dimension in Millimeters
o e owl ¥ Min Nom Max
= = A - - 3.05
e o AL 0 0.1 0.2
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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 such as (i) 1t 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.

Allir ion i in these ials, 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 information published by Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.com).

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total system before making a final decision
on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained herein.

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

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

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

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

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