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Keep safety first in your circuit designs!

¢ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts 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 ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

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

¢ Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement
of any third-party's rights, originating in the use of any product data, $iagrams, charts,
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grams 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).

e 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 informa-
tion 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 Semicon-
ductor 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 repro-
duce in whole or in part these materials.

¢ |f 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 im-
ported 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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Preface

This user’'s manual describes Mitsubishi's CMOS 8-
bit microcomputers 38B7 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 38B7 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 Family
Software Manual.”

For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Homepage (http://www.tool-spt.mesc.co.jp/index_e.htm).



BEFORE USING THIS USER’'S MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development.

1. Organization
e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX
This chapter includes a list of registers, and necessary information for systems development using
the microcomputer.

2. Structure of Register
The figure of each register structure describes its functions, contents at reset, and attributes as follows:

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Contents immediately after reset release
..n ... CPU mode register (CPUM) [Address : 3B 16]
b Name Functions At reSEQ R:IW
00 0 00 97 |Processor mode bits 00 : Single-chip mode o |[ot8
A T 01: .
e 10: pNotavailable ;
I 1 11 v |@©
o 2 |Stack page selection bit 110 o |oio
e 3 | Nothing arranged for these bits. These are write disabled 0 O: 0
A 4 |bits. When these bits are read out, the contents are “0.” 0 |[oio
R 5 _|Fix this bit to *0.” 0 |oio
R 6 |Main clock division ratio selection 00 : = Xw/2 (High-speed mode) 1 o o)
! bits 01: ¢= Xn/8 (Middle-speed mode) .
! 10 : g= Xn/8 (Middle-speed mode) '
Tt TTT T 7 11: ¢=Xn (Double-speed mode) 0 ®) E o
-: Bit in which nothing is arranged |:|: Bit that is not used for control of the corresponding function

Notes 1: Contents immediately after reset release
Qeseees“Q” at reset release
Leeeses“]1” at reset release
UndefinedeseessUndefined or reset release
UeeesseContents determined by option at reset release

2: Bit attributeseeseeeThe attributes of control register bits are classified into 3 bytes : read-only, write-only
and read and write. In the figure, these attributes are represented as follows :

ReeeeceRead Weeeeoe\\/rite

QeeseecRead enabled O eeeees\\rite enabled
[JeeeessRead disabled [ eeeese\\/rite disabled
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HARDWARE
DESCRIPTION/FEATURES

DESCRIPTION

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

The 38B7 group has six 8-bit timers, one 16-bit timer, a fluorescent
display automatic display circuit, 16-channel 10-bit A-D converter, a
serial 1/0 with automatic transfer function, which are available for
controlling musical instruments and household appliances.
The 38B7 group has variations of internal memory type. For details,
refer to the section on part numbering.

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

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

FEATURES

<Microcomputer mode>

® Basic machine-language inStructions ............ccccoeveveeiiiieeennnen.

® The minimum instruction execution time
(at 4.19 MHz oscillation frequency)

® Memory size

ROM it 60K bytes

RAM Lo 2048 bytes

® Programmable input/output POMtS ........cccovveriiiiiiniiiie e 75

® High-breakdown-voltage output POrts ..........ccoceevcvveniieieennennns 52

e Software pull-up resistors. (Ports P64 to P67, P7, P8o to P83, P9,

PA, PB)

O [NLEITUPLS ..oeeiieeiiiiiiieeeee e 22 sources, 16 vectors

® TIMEIS .ot 8-bit 0 6, 16-bit 0 1

e Serial /01 (Clock-synchronized) ..........ccccooevieiiiiieeninne. 8-bit 0 1

(max. 256-byte automatic transfer function)

e Serial /02 (UART or Clock-synchronized) ..........cc.c...... 8-bit 0 1

e Serial /03 (Clock-synchronized) .........cccccocveviiineennen. 8-bit 0 1

® PWM Lo 14-bit O 1

8-bit O 1 (also functions as timer 6)

® A-D CONVEIET ..o 10-bit O 16 channels

® D-A CONVEMET ..ot 1 channel

e Fluorescent display function Total 56 control pins

o Interrupt interval determination function ............cccccceeviiiienienns 1

(Serviceable even in low-speed mode)

e Watchdog timer 16-bit 01

® BUZZEI OUIPUL ...t 1
e Two clock generating circuits

Main clock (XIN=XOUT) ....eeevrvrreniiirannns Internal feedback resistor

Sub-clock (Xcin—-XcouT) Without internal feedback resistor
(connect to external ceramic resonator or quartz-crystal oscillator)
e Power source voltage

In high-speed mode ...........ccocveiiiiiiiniciiceeee, 40to55V
(at 4.19 MHz oscillation frequency and high-speed selected)

In middle-speed Mmode ..........ccccevcieiieiiicnieiiiee 2.7t055V (*
(at 4.19 MHz oscillation frequency and middle-speed selected)

In low-speed MOde ........ccceeeviiiiiiiiiieiee e 27t055V (¥
(at 32 kHz oscillation frequency)

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

e Power dissipation

In high-speed mode ...........coceiiiiiiniii 35 mwW
(at 4.19 MHz oscillation frequency)
In low-speed MOde .........c.coeviiiiiiiiciiiec e 60 pw
(at 32 kHz oscillation frequency, at 3 V power source voltage)
® Operating temperature range ...........ccoeceeeeseeeeesenenn. —-201t0 85 °C

<Flash memory mode>

® Supply VORAGE ..o Vee=5V+10%
e Program/Erase voltage Vpp=11.7t012.6 V
e Programming method...................... Programming in unit of byte
e Erasing method
Batch erasing ......ccccocoeveiiiiiiiiniiieeeen Parallel/Serial /0 mode
BIOCK €rasing .......cccceevveeeenieeeniieeenne CPU reprogramming mode
e Program/Erase control by software command
o Number of times for programming/erasing ..........cccccoeeveeennnee 100

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

mNotes
1. The flash memory version cannot be used for application em-
bedded in the MCU card.
2. Power source voltage Vcc of the flash memory version is 4.0
to 5.5 V.

APPLICATION

Musical instruments, VCR, household appliances, etc.
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HARDWARE

PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)
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O
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[92] < 1n0g1/9/d
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*High-breakdown-voltage output port: Totaling 52

Package type: 100P6S-A

Fig. 1 Pin configuration of M38B79MFH-XXXXFP
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HARDWARE

FUNCTIONAL BLOCK
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Fig. 2 Functional block diagram
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Table 1 Pin description (1)

HARDWARE
PIN DESCRIPTION

Pin Name Function | Function except a port function
Vcc, Vss Power source » Apply voltage of 4.0-5.5 V to Vcc, and 0 V to Vss.
CNVss CNVss * Connect to Vss.
« VPP power input pin in flash memory mode.
VEE Pull-down * Apply voltage supplied to pull-down resistors of ports PO, P1, P2 and P3.
power source
VREF Reference voltage | Reference voltage input pin for A-D converter.
AVss Analog power « Analog power source input pin for A-D converter.
source « Connect to Vss.
RESET Reset input * Reset input pin for active “L".
XIN Clock input * Input and output pins for the main clock generating circuit.
» Feedback resistor is built in between Xin pin and XouT pin.
« Connect a ceramic resonator or quartz-crystal oscillator between the Xin and Xout pins to set the
Xout Clock output oscillation frequency.
* When an external clock is used, connect the clock source to the XN pin and leave the XouT pin open.
 The clock is used as the oscillating source of system clock.
POo/FLDs- | Output port PO « 8-bit output port. * FLD automatic display
P0O7/FLD1s « High-breakdown-voltage P-channel open-drain output structure. pins
« A pull-down resistor is built in between port PO and the VEE pin.
« At reset, this port is set to VEE level.
P1lo/FLD16—| I/O port P1 « 8-bit I/O port. » FLD automatic display
P17/FLD23 « 1/O direction register allows each pin to be individually programmed as either| pins
input or output.
« At reset, this port is set to input mode.
» Low-voltage input level.
« High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is built in between port P1 and the VEE pin.
« At reset, this port is set to VEE level.
P20/FLDo- | Output port P2 « 8-bit output port with the same function as port PO. * FLD automatic display
P27/FLD7 « High-breakdown-voltage P-channel open-drain output structure. pins
« A pull-down resistor is built in between port P2 and the VEE pin.
« At reset, this port is set to VEE level.
P30/FLD24—| 1/O port P3 « 8-bit I/O port with the same function as port P1. * FLD automatic display
P37/FLD31 » Low-voltage input level. pins
« High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is built in between port P3 and the VEE pin.
« At reset, this port is set to VEE level.
P40o/FLD32—| 1/O port P4 « 8-bit I/O port with the same function as port P1. » FLD automatic display
P47/FLD39 » Low-voltage input level. pins
« High-breakdown-voltage P-channel open-drain output structure.
* A pull-down resistor is not built in between port P4 and the VEE pin.
P50/FLD4o—| 1/O port P5 « 8-bit I/0O port with the same function as port P1. » FLD automatic display
P57/FLD47 » Low-voltage input level. pins
 High-breakdown-voltage P-channel open-drain output structure.
« A pull-down resistor is not built in between port P5 and the VEE pin.
P60/FLD4s—| 1/0 port P6 * 4-bit I/O port with the same function as port P1. * FLD automatic display
P63/FLDs1 * Low-voltage input level. pins

» High-breakdown-voltage P-channel open-drain output structure.
« A pull-down resistor is not built in between port P6 and the VEE pin.
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HARDWARE
PIN DESCRIPTION

Table 2 Pin description (2)

Pin Name Function Function except a port function
P64/RxD/FLDs2, |1/O port P6 * 4-hit I/O port . * FLD automatic display
P65/TxD/FLDs3, « Low-voltage input level for input ports. pins
P66/ScLk21/FLDs4, *« CMOS compatible input level for RxD, ScLk21, ScLk22. « Serial 1/02 function pins
P67/SRDY2/SCLK22/ *« CMOS 3-state output structure.

FLDss,
P70/INTo, 1/0O port P7 « 8-hit I/O port. « Interrupt input pins
P71/INT1, * CMOS compatible input level.
P72/INT2, ¢« CMOS 3-state output structure.
P73/INT3/DIMouT, « Interrupt input pin
» Dimmer signal output pin
P74/PWM1 * PWM output pin
P7s/T1lour, « Timer output pins
P76/T30urT,
P77/INT4/Buzo1 « Interrupt input pin
» Buzzer output pin
P8o/XcIN, I/O port P8 |« 4-bit I/O port with the same function as port P7. * /0 pins for sub-clock generating
P81/Xcout * CMOS compatible input level. circuit (connect a ceramic resonator
*« CMOS 3-state output structure. or a quarts-crystal oscillator)
P82/CNTRu, « Timer input pin
P83/CNTR0/CNTR2 * Timer 1/O pin
P90/SIN3/ANS, I/O port P9 « 8-bit 1/0O port with the same function as port P7. « Serial 1/03 function pins
P91/SouTa/ANg, * CMOS compatible input level.  A-D converter input pins
P92/ScLk3/AN1o, * CMOS 3-state output structure.
P93/W/AN11,
P94/RTP1/AN12, « Real time port output pins
P95/RTPo/AN13 * A-D converter input pins
P9s/PWM0o/AN14 | + 14-bit PWM output pin
* A-D converter input pin
P97/Buzo2/AN15 * Buzzer output pin
* A-D converter input pin
PAo/ANo-PA7/AN7|1/O port PA |« 8-bit I/O port with the same function as port P7. * A-D converter input pin
* CMOS compatible input level.
* CMOS 3-state output structure.
PBo/ScLk12/DA I/O port PB « 7-bit I/O port with the same function as port P7. « Serial 1/01 function pin
* CMOS compatible input level. * D-A converter output pin
* CMOS 3-state output structure.
PB1/SrpY1, « Serial 1/01 function pins
PB2/Ssusy1,
PB3/SsTB1,
PB4/ScLk11,
PBs/SouTi,
PB6/SiN1
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HARDWARE
PART NUMBERING

Product M38B7 9 M -

‘><
x

X

E
L Package type

FP : 100P6S-A package

—— ROM number
Omitted in Flash memory version

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

— ROM/Flash memory size
: 4096 bytes

: 8192 bytes

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

TMUOWP>POONOUTA WN -

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

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

RAM size
1192 bytes

: 256 bytes

: 384 bytes

: 512 bytes

: 640 bytes

: 768 bytes

: 896 bytes

: 1024 bytes
: 1536 bytes
: 2048 bytes

©oo~NOUITR~WNEFO

Fig. 3 Part numbering
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HARDWARE
GROUP EXPANSION

GROUP EXPANSION

Mitsubishi plans to expand the 38B7 group as follows.

Memory Type

Support for Mask ROM and Flash memory versions.

Memory Size

Flash memory Size ........cooceiiiiiiiiiie e 60K bytes
MasSk ROM SIZE ......ccooiiiiiiiiie et 60K bytes
RAM SIZE ..o 2048 bytes

Package
100P6S-A ..ot 0.65 mme-pitch plastic molded QFP

Under development

ROM size (bytes)
60 Kp=-mmmmmmm oy e T

S e — R |
e s e S |
T S e S s
e H>bL |
N s |
.
32K| - T E N s
K| |
S |
R e e |
T N S — s
K| |
e e |

M38B79FF
M38B79MFH

Under development

4Kp--mmme e et EEREREREPE R PR :

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

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

Fig. 4 Memory expansion plan

Currently supported products are listed below.

Table 3 List of supported products As of July 2000
ROM size (bytes) RAM size (bvt Pack R K
Product ROM size for User ( ) size (bytes) ackage emarks
M38B79MFH-XXXXFP 61440 2048 100PES-A Mask ROM version
M38B79FFFP (61310) Flash memory version
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FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 38B7 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Series addressing modes and machine
instructions or the 740 Series Software Manual for details on the
instruction set.
Machine-resident 740 Series instructions are as follows:

The FST and SLW instructions cannot be used.

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

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

[Index Register X (X)]

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

[Index RegisterY (Y)]

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

HARDWARE
FUNCTIONAL DESCRIPTION

[Stack Pointer (S)]

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

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

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

[Program Counter (PC)]

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

b7 b0
A Accumulator
b7 b0
X Index register X
b7 b0
Y Index register Y
b7 b0
S Stack pointer
b15 b7 b0
PCH PCL Program counter
b7 b0
N|V|T|B|D|1|Z|C| Processor status register (PS)
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

38B7 Group User’s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

|On-going Routine|

Interrupt request ——» ,
(Note)

F

M (S)< (PCH)
S« -1
M (S)« (PCy)

Push return address
on stack

[
[ M (S)« (PCH) |

S)«(5-1

Push return address S)€«(5)-1
on stack Push contents of processor
M (S)< (PCu) M (S) < (PS) status register on stack
S) <€ (S)-1
(S) <) <O -1
|r.]terrupt )
! Service Routine | Flag is set from “0” to “1”
E te RTS j
xecute Execute RTI Fetch the jump vector
POP return (5) < (S) )« +1
address from stack POP contents of

processor status
register from stack

(PCL< M (S)
S« +1
(PCH)<M (S)

(PS) <« M (S)
)« +1

| (PCO< M (S) |

(PCUC M (S) POP return
address

(S)«<(S)*+1]| from stack

(PCH)CM (S)

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

1-10
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[Processor status register (PS)]

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

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

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

Bit 2: Interrupt disable flag (I)
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.

HARDWARE
FUNCTIONAL DESCRIPTION

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

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

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

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

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

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC — SEI SED — SET — -
Clear instruction CLC — CLI CLD - CLT CLv -
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HARDWARE

FUNCTIONAL DESCRIPTION

[CPU Mode Register (CPUM)] 003B16

The CPU mode register contains the stack page selection bit and

the internal system clock selection bit etc.
The CPU mode register is allocated at address 003B16.

b7

b0

CPU mode register

(CPUM: address 003B16)

I—I— Processor mode bits

b1b0

0 0: Single-chip mode
01:

1 0:} Notavailable
11:

Stack page selection bit
0:Page0
1:Pagel

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

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

Main clock (XIN—XouT) stop bit

0 : Oscillating
1: Stopped

Main clock division ratio selection bit

0 : f(XIN) (high-speed mode)
1: f(XiN)/4 (middle-speed mode)

Internal system clock selection bit

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

Fig. 7 Structure of CPU mode register
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MEMORY

Special Function Register (SFR) Area

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

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

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

HARDWARE
FUNCTIONAL DESCRIPTION

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

Zero Page

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

Special Page

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

RAM area
RAM size Address
(byte) XXXX16

192 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 2272716
4096 FO0016 FO08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016
40960 600016 608016
45056 500016 508016
49152 400016 408016
53248 300016 308016
57344 200016 208016
61440 100016 108016

000016
SFR area 1
004016 Zero page
010016
L XXXXg [rermmrmmrmmsrmmsrmesmmsrnesnneene
Reserved area
044016
Not used (Note)
(?IE[C))IQJ]:S RAM area for FLD automatic display
OEEO16
OEFF1s SFR area 2
OF0016| RAM area for Serial /O
ROM  OFFF1s automatic transfer
VY Yy [
Reserved ROM area
(common ROM area,128 bytes)
777716
FFOO16 7
FFDC16 Special page
Interrupt vector area
FFFE16 R d ROM
| FFFF16 eserve area )
Note: When 1024 bytes or more are used as RAM area, this area can be used.

Fig. 8 Memory map diagram
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HARDWARE
FUNCTIONAL DESCRIPTION

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s
001C16
001D16
001E1s
001F16

OEEC1s6
OEED16
OEEE1s
OEEF16
OEFO16
OEF116
OEF216
OEF316
OEF416
OEFb516

Port PO (P0)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P3 (P3)

Port P3 direction register (P3D)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)

Port P8 direction register (P8D)

Port P9 (P9)

Port P9 direction register (P9D)

Port PA (PA)

Port PA direction register (PAD)

Port PB (PB)

Port PB direction register (PBD)

Serial /01 automatic transfer data pointer (SIO1DP)

Serial I/01 control register 1 (SIO1CON1)

Serial I/01 control register 2 (SIO1CON2)

Serial /01 register/Transfer counter (SIO1)

Serial I/01 control register 3 (SIO1CONS3)

Serial 1/02 control register (SIO2CON)

Serial I/02 status register (SIO2STS)

Serial /02 transmit/receive buffer register (TB/RB)

Serial 1/03 control register (SIO3CON)

Serial 1/03 register (SIO3)

Watchdog timer control register (WDTCON)

Pull-up control register 3 (PULL3)

Pull-up control register 1 (PULL1)

Pull-up control register 2 (PULL2)

Port PO digit output set switch register (PODOR)

Port P2 digit output set switch register (P2DOR)

FLDC mode register (FLDM)

Tdisp time set register (TDISP)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

OEF616
OEF716
OEF816
OEF916
OEFA16
OEFB16
OEFC16
OEFD1s
OEFE16
OEFF16

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

Timer 5 (T5)

Timer 6 (T6)

PWM control register (PWMCON)

Timer 6 PWM register (T6PWM)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 56 mode register (T56M)

D-A conversion register (DA)

Timer X (low-order) (TXL)

Timer X (high-order) (TXH)

Timer X mode register 1 (TXM1)

Timer X mode register 2 (TXM2)

Interrupt interval determination register (11D)

Interrupt interval determination control register (IIDCON)

AD/DA control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

PWAM register (high-order) (PWMH)

PWAM register (low-order) (PWML)

Baud rate generator (BRG)

UART control register (UARTCON)

Interrupt source switch register (IFR)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1(IREQ1)

Interrupt request register 2(IREQ2)

Interrupt control register 1(ICON1)

Interrupt control register 2(ICON2)

Toffl time set register (TOFF1)

Toff2 time set register (TOFF2)

FLD data pointer (FLDDP)

Port P4 FLD/Port switch register (P4FPR)

Port P5 FLD/Port switch register (P5FPR)

Port P6 FLD/Port switch register (P6FPR)

FLD output control register (FLDCON)

Buzzer output control register (BUZCON)

Flash memory control register (FCON)

Flash command register (FCMD)

Note: Flash memory version only.

(Note)
(Note)

Fig. 9 Memory map of special function register (SFR)
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I/O PORTS

[Direction Registers] PiD

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

HARDWARE
FUNCTIONAL DESCRIPTION

[High-Breakdown-Voltage Output Ports]

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

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

[Pull-up Control Register] PULL

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

b7 b0
Pull-up control register 1

(PULL1 : address OEFOzs)

P64, P65 pull-up control bit

—— P66, P67 pull-up control bit

P70, P71 pull-up control bit

P72, P73 pull-up control bit

P74, P75 pull-up control bit

P76, P77 pull-up control bit

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

b7 b0
Pull-up control register 3

(PULL3 : address OEEFs)

PAo, PA1 pull-up control bit )
— PAZ2, PA3 pull-up control bit

PA4, PAs pull-up control bit

PBo, PB1 pull-up control bit

PB2, PB3 pull-up control bit

PB4, PBs pull-up control bit

PBs pull-up control bit J

0: No pull-up
1: Pull-up

PAs, PA7 pull-up control bit > 0: No pull-up
1: Pull-up

b7 b0
Pull-up control register 2

(PULL2 : address OEF11s)

P80, P81 pull-up control bit

— P82, P83 pull-up control bit

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

P90, P91 pull-up control bit

P92, P93 pull-up control bit

P94, P95 pull-up control bit

P96, P97 pull-up control bit

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

0: No pull-up

1: Pull-up

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

FUNCTIONAL DESCRIPTION

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

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

output with pull-down register
resistor
Plo/FLD16— | Port P1 Input/output, | Low-voltage input level FLDC mode register 2)
P17/FLD23 |nd|V|dua| High-breakdown voltage
bits P-channel open-drain
output with pull-down
resistor
P20/FLDo- Port P2 Output High-breakdown voltage FLDC mode register 1)
P27/FLD7 P-channel open-drain P2 digit output set switch
output with pull-down register
resistor
P30/FLD24— | Port P3 Input/output, | Low-voltage input level FLDC mode register 2)
P37/FLD31 |n_d|V|dua| High-breakdown voltage
bits P-channel open-drain
output with pull-down
resistor
P40/FLD32— | Port P4 Input/output, | Low-voltage input level FLDC mode register (2)
P47/FLD39 individual High-breakdown voltage Port P4 FLD/Port switch
bits P-channel open-drain register
output
P50/FLD40— | Port P5 Input/output, | Low-voltage input level FLDC mode register 2)
P57/FLD47 individual High-breakdown voltage Port P5 FLD/Port switch
bits P-channel open-drain register
output
P60/FLD4s— | Port P6 Input/output, | Low-voltage input level FLDC mode register 2)
P63/FLDs1 individual High-breakdown voltage Port P6 FLD/Port switch
bits P-channel open-drain register
output
P64/RxD/ Low-voltage input level FLD automatic display | FLDC mode register 3)
FLDs2 (port input) function Serial 1/02 control
P65/TxD/ CMOS compatible input Serial 1/02 function I/O | register 4)
FLDs53, level (RxD, ScLk21, UART control register
P66/ScLK21/ ScLk22)
FLDs4 CMOS 3-state output
P67/SRDY2/ (5)
ScLk22/
FLDs5
P70/INTo, Port P7 Input/output, CMOS compatible input External interrput input | Interrupt edge selection (6)
P71/INT1 individual level register
—_— bits
P72/INT2 CMOS 3-state output Interrupt edge selection
register
Interrupt interval determi-
nation control register
P73/INT3/ External interrput input | Interrupt edge selection )
DIMout Dimmer signal output | "€9Ister
FLD output control register
P74/PWM1 PWM output Timer 56 mode register (8)
P7s/T1louT Timer output Timer 12 mode register
P76/T30UT Timer output Timer 34 mode register
P77/INT4/ Buzzer output Buzzer output control 9)
Buzoi External interrput input | "€9Ister
Interrupt edge selection
register
P8o/XCIN Port P8 Input/output, | CMOS compatible input Sub-clock generating CPU mode register (20)
P81/XCOUT individual level circuit 1/0 a1)
T —— bits
P82/CNTR1 CMOS 3-state output External count input Interrupt edge selection (6)
P83/CNTRo/ register 12)
CNTR2
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Table 7 List of I/O port functions (2)

HARDWARE
FUNCTIONAL DESCRIPTION

Pin Nama Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
P9o/SIN3/ Port P9 Input/output, CMOS compatible input Serial 1/03 function I/O | Serial /03 control (6)
ANs8 in_dividual level A-D conversion input register
P91/Sout3s/ bits CMOS 3-state output AD/DA control register (13)
ANp,

P92/ScLk3/
AN10
P93/SRrDY3/ (14)
AN11
P94/RTP1/ Real time port output Timer X mode register 2 (15)
AN12, A-D conversion input AD/DA control register
P9s/RTPo/
AN13
P9e/PWMo/ PWM output PWM control register (16)
AN14 A-D conversion input AD/DA control register
P97/Buzo2/ Buzzer output Buzzer output control register (16)
AN15 A-D conversion input AD/DA control register
PAo/ANo0- Port PA Input/output, | CMOS compatible input A-D conversion input AD/DA control register a7)
PA7/AN7 individual level

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

bits CMOS 3-state output AD/DA control register
PB1/SRDY1 Serial 1/01 function I/O | Serial /01 control (19)
PB2/SBUSY1 registers 1, 2 (18)
PB3/SsTB1 (20)
PB4/ScLk11 (22)
PBs/SouT1
PB6/SINL (6)

Notes 1 : How to use double-function ports as function 1/O ports, refer to the applicable sections.
2 : Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.

38B7 Group User’s Manual
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(1) Ports PO, P2

(Note 1)
Local data

bus Output

(3) Port P64

Dimmer signal

(Note 1)
FLD/Port
switch register

Dimmer signal —s—o

o

VEE

Pull-up control #

TJ{T_TV%

Data busif’lm

bus _l [
I

Y Y
S
5

(5) Port P67

Dimmer signal

(Note 1)
FLD/Port
switch register

RxD input 4—@7

Pull-up control %

g
.

s

bus

Data bus H@
21

e
o

N

Serial ready output N

SRDY2 output enable bit
Serial 1/02 enable bit

Serial clock output

Clock 1/0 pin selection bit
Synchronous clock —

selection bit

Serial clock

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

input 4—@—

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

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

FLD/Port
switch register

Dimmer signal —mo
(Note 1)

P4, P5, P6o to P63

Local data 'W
bus l ?
Data bus ——¢—=" o

jr
read
L
O

(Note 2)

<
m
m

(4) Ports P65, P66

Pull-up control
P-channel output disable signal (P65) —
Output OFF control signal

Dimmer signal
(Note 1)

T

|

g
-

Local data __|
bus

Data bus —

N
TxD or SCLK21 output

Serial clock input

P66

(6) Ports P70 to P72, P82, P9o, PB6

Pull-up control %

—=(Direction register|
Data bus —=| Portlach |

<l
INTO, INTZ1, INT2 interrupt input
CNTR1 input

Serial I/0 input

i A-D conversion input --——o ~>— i
Analog input pin selection bit |
P9

Fig. 11 Port block diagram (1)
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(7) Port P73

Pull-up control %
Dimmer output ___

control bit

= Direction register E

Data bus —-=|  Port latch
~N
Dimmer signal output ﬁf

INT3 interrupt input J

Pull-up control %

Direction register| % i
5

\[ \{J
Buzzer signal output %\)

INT4 interrupt input

.
.

Q_TIT_T_TV%
S

(9) Port P77

TVT_TVLd)

Buzzer control signal —

Lf
o

=]
o

Data bus —

(11) Port P81

Pull-up control

Port Xc switch bit
Direction register iD—{ g
3 O

1

Oscillator

TVT_TVT_¢

Port latch %

Port P8o

Port Xc switch bit

(13) Ports P91, P92

Output OFF control signal
Serial 1/03 selection signal —

Direction register|
Port latch

Pull-up control ?
P-channel output disable signal (P91) — 5
% -
=

o

@

N
Sourt or ScLk +

Serial clock input

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

3_TIT_I_TVL¢
)

(8) Ports P74 to P76

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

—(Direction register| ]
Data bus —¢=  Port latch —

Pull-up control %

VT_WL¢>

T %J

~N

Timer 1 output —] >

Timer 3 output
Timer 6 output

(10) Port P8o

Pull-up control {

Port Xc switch bit
@ﬁj
._O
1

3
.

= >

Data bus —

Port latch

Sub-clock generating circuit input

(12) Port P83

TVT_WLq)

Timer X operating mode bits —

Pull-up control %
—==Direction register

ﬂ_\f
oatas o o |- ﬁ

<] .
Timer X output ﬁf
CNTRo, CNTR2 input

(14) Port P93

|

Q_TILT_TV%
5

A

Pull-up control %

TVUV%

SRDY3 output enable bit —

—ﬁ Direction register| |
Data bus —¢ Port latch —

3_TIT_I_TVL¢
5

N

Serial ready output ——— >——

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

Fig. 12 Port block diagram (2)
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(15) Ports P94, P95

Real time port control bit

Direction register|
Port latch

Pull-up control —4

g
.

g_TILIﬁLq;
o

(17) Port PA

RTP output

r=|Direction register|

A-D conversion input -0 o
Analog input pin selection bits

Pull-up control —’

YADH

WT_WT_(b

Databus—«ﬂ Portlatch | ) 4‘

gquj
)

(19) Port PB1

Data bus —¢-—

PB1/SRDY1°PB2/SBUSY1 pin ___
control bit

ﬂDirection register|
Port latch

~N

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

Pull-up control —‘

TW_TW_¢)

g_m_ij_q)
5

(21) Ports PB4, PBs

Serial ready output

Serial ready input <—€]—

Pull-up control ?

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

Direction register|
Port latch

~N
SouT or SCLK

Serial clock input

PB4

(16) Ports P9s, P97

Pull-up control 4’

PWM output selection bit
Buzzer control signal

_Port latch

WT—TW—CP

Data bus —¢-|

Q_Tmljw_qj
o

N
PWM output E
Buzzer signal output
A-D conversion input —--——o ~o—
Analog input pin selection bits

(18) Ports PBo, PB2

Pull-up control 4{ it
Serial I/01 selection signal ::[
»
it

PB1/SRDY1+PB2/SBUSY1 pin |
o
o

control bit

ﬂDirection register|

‘ch

T

<

ScLk12 output
Ssusy1 output 4{>
Serial clock input
SBUSY1 input

D-A converter output —— o ~o—!
D-A output enable bit

PBo

(20) Port PB3

Pull-up control —’

WT_TW_(b

PB3/SsTB1 pin control bit —

ﬂDirecxion register
Port latch

\1
SsTBL output

Data bus —t|

Q_TW_T_TW_CP
b

Fig. 13 Port block diagram (3)
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INTERRUPTS
Interrupts occur by twenty two sources: five external, sixteen inter-
nal, and one software.

Interrupt Control

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

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

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

1. INT1 or Serial I/03

2. INT3 or Serial I/02 transmit

3. INT4 or A-D conversion

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

(1) Disable the external interrupt which is selected.

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

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

(4) Enable the external interrupt which is selected.

HARDWARE
FUNCTIONAL DESCRIPTION
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Table 8 Interrupt vector addresses and priority

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source | Priority Remarks
High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo FFFB16 FFFA16 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)
] . _ _| vaidwhenNT:interuptis selected
Serial 1/03 At completion of data transfer Valid when serial /03 is selected
INT2 4 FFF716 FFF616 At detection of either rising or falling edge of External interrupt
. | NTeinput | (activecdgeselectable)
Remote control/ At 8-bit counter overflow Valid when interrupt interval
counter overflow determination is operating
Serial I/01 5 FFF516 FFF416 At completion of data transfer Valid when serial I/0O ordinary
mode is selected
“Serial I/0 auto- | | At completion of the last data transfer | Valid when serial I/O automatic
matic transfer transfer mode is selected
Timer X 6 FFF316 FFF216 At timer X underflow
Timer 1 7 FFF11e FFFO16 At timer 1 underflow
Timer 2 8 FFEF16 FFEE16 At timer 2 underflow STP release timer underflow
Timer 3 9 FFED16 FFEC16 At timer 3 underflow
Timer 4 10 FFEB16 FFEA16 At timer 4 underflow
Timer 5 11 FFE916 FFE816 At timer 5 underflow
Timer 6 12 FFE716 FFEG616 At timer 6 underflow
Serial /02 receive 13 FFE516 FFE416 At completion of serial I/02 data receive
INT3 14 FFE316 FFE216 At detection of either rising or falling edge of External interrupt
INT3 input (active edge selectable)
_ | validwhenINTsinterrupts selected _
Serial /02 transmit At completion of serial I/02 data transmit
INT4 15 FFE116 FFEO16 At detection of either rising or falling edge of External interrupt
INT4 input (active edge selectable)
Valid when INTa4 interrupt is selected
“A-D conversion | | At completion of A-D conversion | Valid when A-D conversion is selected
FLD blanking 16 FFDF16 FFDEz16 At falling edge of the last timing immediately | Valid when FLD blanking
| before blanking period starts_________| interruptis selected
?LlijigT T At rising edge of digit (each timing) Valid when FLD digit interrupt is selected
BRK instruction 17 FFDDz16 FFDCas6 At BRK instruction execution Non-maskable software interrupt

Notes 1 : Vector addresses contain interrupt jump destination addresses.
2 : Reset function in the same way as an interrupt with the highest priority.
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Interrupt request bit
Interrupt enable bit

Interrupt disable flag |

BRK instruction
Reset

Interrupt request

Fig. 14 Interrupt control

b7 b0 ' |nterrupt source switch register

(IFR : address 003916)

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

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

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

0 : INTz interrupt

1: Serial I/0O3 interrupt

Not used (return “0” when read)

(Do not write “1” to these bits.)

b7 b0 Interrupt edge selection register
(INTEDGE : address 003A16)

INT1 interrupt edge selection bit
INT2 interrupt edge selection bit
INT3 interrupt edge selection bit
INT4 interrupt edge selection bit
Not used (return “0” when read)
CNTRo pin edge switch bit

CNTR1 pin edge switch bit

Falling edge active
Rising edge active

: Rising edge count
: Falling edge count

INTo interrupt edge selection bit
0:
1:
} 0
1

b7 b0 |nterrupt request register 1 b7 b0 Interrupt request register 2
(IREQ1 : address 003Cze) (IREQ2 : address 003Dz6)
INTo interrupt request bit Timer 4 interrupt request bit
INT1 interrupt request bit ) Timer 5 interrupt request bit
Serial /03 interrupt request bit ——— Timer 6 interrupt request bit
INT2 interrupt request bit . — Serial 1/02 receive interrupt request bit
Remote controller/counter overflow interrupt ————  INT3/serial /02 transmit interrupt request bit
request bit ) INT4 interrupt request bit
{Senal 1/01 interrupt request bit AD conversion interrupt request bit
Serial I/0 automatic transfer interrupt request bit FLD blanking interrupt request bit
Timer X interrupt request bit FLD digit interrupt request bit
Timer 1 interrupt request bit Not used (returns “0” when read)
Timer 2 interrupt request bit 0 : No interrupt request issued

Timer 3 interrupt request bit 1+ Interrupt request issued

b7 b0 Interrupt control register 1 b7 b0 Interrupt control register 2
(ICONL1 : address 003Ez6) (ICON2 : address 003F1s)
INTo interrupt enable bit Timer 4 interrupt enable bit
{'NTl interrupt enable bit —— Timer 5 interrupt enable bit
Serial /03 interrupt enable bit —— Timer 6 interrupt enable bit
INT2 interrupt enable bit —— Serial /02 receive interrupt enable bit
{Remote controller/counter overflow interrupt L———— INT3/serial /02 transmit interrupt enable bit
enable bit INT4 interrupt enable bit
Serial /01 interrupt enable bit AD conversion interrupt enable bit
Serial I/O automatic transfer interrupt enable bit FLD blanking interrupt enable bit
Timer X interrupt enable bit FLD digit interrupt enable bit
Timer 1 interrupt enable bit Not used (returns “0” when read)
Timer 2 interrupt enable bit (Do not write “1” to this bit.)

Timer 3 interrupt enable bit 0 : Interrupt disabled

1: Interrupt enabled

Fig. 15 Structure of interrupt related registers
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TIMERS

8-Bit Timer

The 38B7 group has six built-in 8-bit timers : Timer 1, Timer 2, Timer
3, Timer 4, Timer 5, and Timer 6.

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

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

e Timer 1, Timer 2

The count sources of timer 1 and timer 2 can be selected by setting
the timer 12 mode register. A rectangular waveform of timer 1 under-
flow signal divided by 2 can be output from the P7s/T1out pin. The
active edge of the external clock CNTRo can be switched with the bit
6 of the interrupt edge selection register.

At reset or when executing the STP instruction, all bits of the timer 12
mode register are cleared to “0”, timer 1 is set to “FF16”", and timer 2
is set to “0l16”.

eTimer 3, Timer 4

The count sources of timer 3 and timer 4 can be selected by setting
the timer 34 mode register. A rectangular waveform of timer 3 under-
flow signal divided by 2 can be output from the P76/T3out pin. The
active edge of the external clock CNTR1 can be switched with the bit
7 of the interrupt edge selection register.

e Timer 5, Timer 6

The count sources of timer 5 and timer 6 can be selected by setting
the timer 56 mode register. A rectangular waveform of timer 6 under-
flow signal divided by 2 can be output from the P74/PWM1 pin.

e Timer 6 PWM1 Mode

Timer 6 can output a PWM rectangular waveform with “H” duty cycle
n/(n+m) from the P74/PWMz1 pin by setting the timer 56 mode regis-
ter (refer to Figure 18). The n is the value set in timer 6 latch (address
002516) and m is the value in the timer 6 PWM register (address
002716). If n is “0,” the PWM output is “L”, if m is “0”, the PWM output
is “H” (n = 0 is prior than m = 0). In the PWM mode, interrupts occur
at the rising edge of the PWM output.

Timer 12 mode register
(T12M: address 002816)

Timer 1 count stop bit

0 : Count operation

1: Count stop

Timer 2 count stop bit

0 : Count operation

1: Count stop

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

01 : f(Xcin)

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

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

01 : f(Xcin)

10 : External count input CNTRO
11 : Not available

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

1: Timer 1 output

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

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

Timer 3 count stop bit

0 : Count operation

1 : Count stop

Timer 4 count stop bit

0 : Count operation

1: Count stop

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

01 : Underflow of Timer 2

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

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

01 : Underflow of Timer 3

10 : External count input CNTR1
11 : Not available

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

1: Timer 3 output

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

b7 b0
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 (P74)
0 : I/O port

1: Timer 6 output

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

Fig. 16 Structure of timer related registers
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P75/T10UT

P83/CNTRO/CNTR2

P76/T30UT

p7aiPwM1 O

Rising/Falling

Q1" Timer 1 count source
selection bits

Internal system clock
selection bit

00 Timer 1 count

stop bit
“10” P
“11n
P75 latch
1/2 >

Timer 1 latch (8)

Timer 1 (8)

Data bus

RESET
<]:’\: STP instruction

—— = Timer 1 interrupt request

Timer 1 output selection bit

Timer 2 count source
L, selection bits

“00”

—o
“01”

“07

P75 direction register
Timer 2 count
stop bit

Rising/Falling
active edge switch

Sk

0116
(——m Timer 2 interrupt request

CNTR2

Timer 3 count source
0178 selection bits
00"
P76 latch “10”

nlluo

Timer 3 count
stop bit

Timer 3 latch (8)

Timer 3 (8)

—— Timer 3 interrupt request

Timer 3 output selection bit

01 O selection bits

) ] $—— o
P76 direction register “00"

“10” Timer 4 count
stop bit

Timer 4 latch (8)

Timer 4 count source l

A e -

— = Timer 4 interrupt request

“1" | selection bit
Q

0 Timer 5 count

stop bit

Timer 5 latch (8)
Timer 5 count source

Timer 5 (8) l

[ g Timer 5interrupt request

“01”

o selection bits

—o
“00”
“10 Timer 6 count
stop bit

P74 latch

g

Timer 6 output selection bit
Timer 6 operation
mode selection bit

P74 direction register

Timer 6 latch (8)

Timer 6 count source

Timer 6 PWM register (8) —

Timer 6 (8)

— = Timer 6 interrupt request

Fig. 17 Block diagram of timer
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ts
Timer 6 —>
countsource [ 1T ...... .t nr o
Timer 6 PWM
mode |
noOts mOts
(n+m) Ots
Timer 6 interrupt request Timer 6 interrupt request

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

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

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

e Timer X

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

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

(2) Pulse output mode

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

(3) Event counter mode

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

(4) Pulse width measurement mode

A count source can be selected by setting the Timer X count source
selection bits (bits 1 and 2) of the Timer X mode register 1. When
CNTR2 active edge switch bit is “0”, the timer counts while the input
signal of the CNTRz2 pin is at “H”. When it is “1”, the timer counts
while the input signal of the CNTRz2 pin is at “L”. When using a timer
in this mode, set the port shared with the CNTR2 pin to input.

HARDWARE
FUNCTIONAL DESCRIPTION

m Note

*Timer X Write Control

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

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

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

*Real Time Port Control

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

Before using this function, set the corresponding port direction regis-
ters to output mode.
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P8IICNTRCNTR2 ()

Real time port
control bit «q»

P94 direction
register P94 latch
Real time port
control bit  “1 QD

P95 direction ‘0 Latch
register P95 latch

Internal system clock

selection bit

1/2
Count source selection bit

Timer X operating
mode bits

Real time port
control bit (P94)

Real time port
control bit (P95,

Timer X stop
control bit
AN

Q D |« P9 data for real time port

«qr

Timer X mode register

aqn write signal
[¢}

Data bus

—— P95 data for real time port

0" Timer X mode register
“q write signal
¢!

Timer X write
control bit

CNTR2 active
edge switch bit,

007, 01”11

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

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

I Timer X

aqn
Pulse width
measurement mode
CNTR2 active

edge switch bit “0”

interrupt request

5 Pulse output mode

uln T
P83 direction Q
register

P83 latch

Pulse output mode
CNTRo

Fig. 19 Block diagram of timer X

b7 b6 bS5 b4 b3 b2 bl bO

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

Timer X write control bit
0 : Write data to both timer latch and timer
1 : Write data to timer latch only
Timer X count source selection bits
b2 bl
0 0:f(Xin)/2 or f(Xcin)/4
0 1:f(Xin)/8 or f(Xcin)/16
1 0:f(XiN)/64 or f(Xcin)/128
1 1:Notavailable
Not used (returns “0” when read)

Timer X operating mode bits

b5 b4

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

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

b7 b6 b5 b4 b3 b2 bl b0

0: e 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

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

Real time port control bit (P94)
0 : Real time port function is invalid
1: Real time port function is valid
Real time port control bit (P9s)
0 : Real time port function is invalid
1 : Real time port function is valid
P94 data for real time port
P9s data for real time port
Not used (returns “0” when read)

Fig. 20 Structure of timer X related registers
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SERIAL I/O OF0016 to OFFF16).
Serial 1101 The PB1/SRDY1, PB2/SBUSY1, and PB3/SsTB1 pins each have a

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

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

Main address Local address Main Local
bus bus Serial I/O automatic data bus data bus

] E transfer RAM

(OF0016 to OFFFa1s)

(=

Serial 1/01

/‘\: automatic transfer
W decoder data pointer

L Serial 1/01
automatic transfer
controller

) e
Serial I/01
control register 3

Xen O

Internal system
clock selection bit

wgr
O 1/4
w
xn O—=0 1/8
PBslatch 1/16
1/32
1/64

PB3/Sste1 O O 1/128
1/256

PB1/SrpY1ePB2/SBUSY1 PB2 |atch O
pin control bit

(PB3/SsTB1 pin control bit)

Divider

“«” ) Internal synchronous
Serial 1/01 clock selection bits

o synchronous clock
PB2/Ssusyr O agn selection bit .y

PB1/SrRpY1°PB2/SBUSY1
pin control bit PB1latch Synchronous
circuit
X

PB1/Srov1

wqn
Serial 1/01 clock
pin selection bit

:o
ScLKL

wqn

»-Serial [/01

o wpr
(f Serial transfer

status flag interrupt request
PBa4latch
o
PBa/Scikir O “0”
1 I Serial /01 counter
O—O0.y»
PBo/Scikiz O Serial /01 clock

pin selection bits

P

PBo latch

00w PBs latch
PBs/SouT1
O

“1" Serial transfer selection bits

PBe/SIN1 O l Serial I/01 register (8)

T}

Fig. 21 Block diagram of serial /01
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b7 b6 bS5 b4 b3 b2 bl bo

[ 1]
L

b7 b6 b5 b4 b3 b2 bl bo

Serial 1/01 control register 1
(SIO1CONL1 (SC11): address 001916)

Serial transfer selection bits

b1 b0

0 0 : Serial I/O disabled (pins PBo to PBe are 1/O ports)
01 : 8-bit serial I/O

10 : Not available

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

Serial I/01 synchronous clock selection bits (PB3/Sste1 pin control bit)
b3 b2

0 0 : Internal synchronous clock (PBs3 pin is an 1/O port.)

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

10 : Internal synchronous clock (PBs3 pin is an Ssts1 output.)

11 : Internal synchronous clock (PB3 pin is an Ssts1 output.)

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

Transfer mode selection bit
0: Full duplex (transmit and receive) mode (PBs pin is an Sin1 input.)
1: Transmit-only mode (PBs pin is an I/O port.)

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

Serial I/01 clock pin selection bit
0:Sciki1 (PBo/ScLki2 pin is an 1/O port.)
1:Scik12 (PB4/Sciki1 pin is an I/O port.)

Serial I/01 control register 2
(SIO1CON2 (SC12): address 001A16)

PB1/Srpy1 * PB2/Ssusy1 pin control bits
b3b2b1b0
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011
1100:
1101:
1110:
1111

Pins PB1 and PBz2 are 1/O ports

Not used

PB1 pin is an Srovi output, PB2 pin is an I/O port.

PB1 pin is an Srov1 output, PB2 pin is an I/O port.

PB1 pin is an 1/O port, PB2 pin is an Seusvi input.

PB1 pin is an 1/O port, PB2 pin is an Seusvi input.

PB1 pin is an 1/O port, PB2 pin is an Seusy1 output.
PB1 pin is an 1/O port, PB2 pin is an Seusy1 output.
PB1 pin is an Srovi input, PB2 pin is an Ssusy1 output.
PB1 pin is an Srovi input, PB2 pin is an Ssusy1 output.
PB1 pin is an Srovi input, PB2 pin is an Ssusy1 output.
PB1 pin is an Srovi input, PB2 pin is an Ssusy1 output.
PBz1 pin is an Srov1 output, PB2 pin is an Ssusy1 input.
PB1 pin is an Srov1 output, PB2 pin is an Ssusy1 input.
PB1 pin is an Srov1 output, PB2 pin is an Ssusy1 input.
PB1 pin is an Srov1 output, PB2 pin is an Ssusy1 input.

Seusy1 output « Sste1 output function selection bit
(Valid in automatic transfer mode)

0: Functions as each 1-byte signal

1: Functions as signal for all transfer data

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

SourT1 pin control bit (at no-transfer serial data)
0: Output active
1: Output high-impedance

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

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

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

The internal synchronous clock has a built-in dedicated divider
where 7 different clocks are selected by the internal synchronous
clock selection bits (b5, b6 and b7 of address 001C1s) of serial
1/01 control register 3.

The PB1/SRDY1, PB2/SBUSY1, and PB3/SsTB1 pins each select ei-
ther 1/O port or handshake I/O signal by the serial 1/01
synchronous clock selection bits (b2 and b3 of address 001916) of
serial 1/01 control register 1 as well as the PB1/SRDY1 « PB2/
SBuUSY1 pin control bits (b0 to b3 of address 001A16) of serial
1/01 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 PB5/SouT1 P-
channel output disable bit (b7 of address 001A16) of serial 1/01
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 001A16) of serial 1/01 control register 2. However,
when the external synchronous clock is selected, perform the fol-
lowing setup to put the SouT1 pin into a high-impedance state:
When the ScLk1 input is “H” after completion of transfer, set the
SouT1 pin control bit to “1”.

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

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

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

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

b7 b6 b5 b4 b3 b2 bl b0

b4b3b2b1b0

b7b6b5

| | | | | Serial I/01 control register 3
(SIO1CONS3 (SC13): address 001Czs)

Automatic transfer interval set bits

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

111 1 0: 32 cycles of transfer clocks
1111 1: 33 cycles of transfer clocks

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

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

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

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

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

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

Address 001B1s6 is assigned to the serial /01 register.

When the internal synchronous clock is selected, a serial transfer
of the 8-bit serial 1/O is started by a write signal to the serial /01
register (address 001B1s).

The serial transfer status flag (b5 of address 001A16) of serial /01
control register 2 indicates the shift register status of serial 1/01,
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 oc-
curs.

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

(3) Automatic transfer serial /0 mode

The serial /01 automatic transfer controller controls the write and

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

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

When performing serial transfer through the serial /0 automatic

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

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

beforehand.

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

ally transferred to the automatic transfer data pointer set bits.

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

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

interval set bits (b0 to b4 of address 001Cz16) of serial /01 control

register 3 in the following cases:

1. When using no handshake signal

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

3. When using a combination of SRDY1 output and SsSTB1 output or
a combination of SBuUsY1 output and SsTB1 output of the hand-
shake signal.

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

cycles of the transfer clock, as a setting value.

When using the SBusY1 output and selecting the SBusY1 output «

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

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

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

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

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

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

Regardless of whether the internal or external synchronous clock
is selected, the automatic transfer data pointer and the transfer
counter are decremented after each 1-byte data is received and
then written into the automatic transfer RAM. The serial transfer
status flag (b5 of address 001A1s) is set to “1” by writing data into
the transfer counter. Writing data becomes a transfer start trigger,
and the serial transfer status flag is reset to “0” after the last data
is written into the automatic transfer RAM. At the same time, a se-
rial 1/01 interrupt request occurs.

The values written in the automatic transfer data pointer set bits
(b0 to b7 of address 001816) and the automatic transfer interval
set bits (b0 to b4 of address 001Cz1s6) are held in the latch.

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

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

Fig. 24 Structure of serial /01 automatic transfer data pointer
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Automatic transfer
data pointer

\ 5216

| —»F5216

SINL —) |

Automatic transfer RAM
FFFie

F5116
F5016
F4F16 v
FAE16

FOO16

Ty

Serial I/O1 register

Transfer counter

0416

| —» SouT1

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

1. SsTB1 output signal

The SSTB1 output is a signal to inform an end of transmission/re-
ception to the serial transfer destination . The SsTB1 output signal
can be used only when the internal synchronous clock is selected.
In the initial status, namely, in the status in which the serial I/O ini-
tialization bit (b4) is reset to “0”, the SsTB1 output goes to “L”, or
the SsTB1 output goes to “H”.

At the end of transmit/receive operation, when the data of the se-
rial 1/01 register is all output from SouTi, pulses are output in the
period of 1 cycle of the transfer clock so as to cause the SsTB1
output to go “H” or the SsTB1 output to go “L". After that, each
pulse is returned to the initial status in which SSTB1 output goes to
“L” or the 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 out-
put is to be active at an end of each 1-byte data or after
completion of transfer of all data can be selected by the SBusy1
output « SSTB1 output function selection bit (b4 of address 001A16)
of serial /01 control register 2.

2. SBusY1input signal

The SBusy1 input is a signal which receives a request for a stop of
transmission/reception from the serial transfer destination.

When the internal synchronous clock is selected, input an “H”
level signal into the SBusY1 input and an “L” level signal into the
SBUSY1 input in the initial status in which transfer is stopped.
When starting a transmit/receive operation, input an “L” level sig-
nal into the SBusY1 input and an “H” level signal into the SBusY1
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 SBUSY1 input and an “L”
level signal into the SBuUsY1 input after a transmit/receive opera-
tion is started, this transmit/receive operation are not stopped
immediately and the transfer clocks from the ScLk1 output is not
stopped until the specified number of bits are transmitted and re-
ceived.

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

When the external synchronous clock is selected, input an “H”
level signal into the SBusY1 input and an “L” level signal into the
SBUSY1 input in the initial status in which transfer is stopped. At
this time, the transfer clocks to be input in ScLk1 become invalid.
During serial transfer, the transfer clocks to be input in ScLk1 be-
come valid, enabling a transmit/receive operation, while an “L”
level signal is input into the SBusY1 input and an “H” level signal is
input into the SBUSY1 input.

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

When the high impedance of the SouT1 output is selected by the
SouT1 pin control bit (b6), the SouT1 output becomes active, en-
abling serial transfer by inputting a transfer clock to ScLk1, while
an “L” level signal is input into the SBusY1 input and an “H” level
signal is input into the SBUSY1 input.

SsTB1 [

Serial transfeu

status flag

ScLK1

X XXX

SouT1 |

Fig. 26 SsTB1 Output operation

SBUSY1 L
SCLK1 EREREANRERERERE
SouT1 \ X X X X X

Fig. 27 Seusy1 input operation (internal synchronous clock)

SBUSY1
sext UL Uududuuy
Invalid
SouT1 CXX XXX
(Output high-impedance)

Fig. 28 Seusy1 input operation (external synchronous clock)

3. SBUSY1 output signal

The SBuUSY1 output is a signal which requests a stop of transmis-
sion/reception to the serial transfer destination. In the automatic
transfer serial I/O mode, regardless of the internal or external syn-
chronous clock, whether the SBusY1 output is to be active at
transfer of each 1-byte data or during transfer of all data can be
selected by the SBUSY1 output « SSTB1 output function selection bit
(b4).

In the initial status, the status in which the serial 1/O initialization
bit (b4) is reset to “0”, the SBUSY1 output goes to “H” and the
SBUSY1 output goes to “L”".
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When the internal synchronous clock is selected, in the 8-bit serial
1/0 mode and the automatic transfer serial /0O mode (SBusY1 out-
put function outputs in 1-byte units), the SBusY1 output goes to “L”
and the SBusY1 output goes to “H” before 0.5 cycle (transfer clock)
of the timing at which the transfer clock from the ScLk1 output
goes to “L” at a start of transmit/receive operation.

In the automatic transfer serial /0 mode (the SBUSY1 output func-
tion outputs all transfer data), the SBusY1 output goes to “L” and
the SBUSY1 output goes to “H” when the first transmit data is writ-
ten into the serial I/O1 register (address 001B1s6).

When the external synchronous clock is selected, the SBusy1 out-
put goes to “L” and the SBuUSY1 output goes to “H” when transmit

data is written into the serial 1/01 register to start a transmit opera-
tion, regardless of the serial 1/0O 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 (SBuUSY1
output function outputs in 1-byte units), the SBUSY1 output goes to
“H” and the SBUSY1 output goes to “L” each time 1-byte of receive
data is written into the automatic transfer RAM.

SBUSY1 |
Serial transfer |
status flag — \7
SCLK1

CXX XXX XX

SouT1

SBUSY1 ‘

Serial transfer

status flag

-
I

SCLK1 HUUUUUUU‘

Write to Serial H:
1/01 register

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

Fig. 30 SBusy1 output operation
(external synchronous clock, 8-bit serial 1/0)

Serial I/01 register

—:

Automatic transfer
interval

Sciki i L L

- Automatic transfer RAM

Automatic transfer RAM
- Serial 1/01 register 1

SBusY1

Serial transfer
status flag

I

.

X XXX

Soutt X

CX X XXX

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

The SRDY1 output is a transmit/receive enable signal which in-
forms the serial transfer destination that transmit/receive is ready.
In the initial status, when the serial I/O initialization bit (b4) is reset
to “0”, the SRDY1 output goes to “L” and the SRDY1 output goes to
“H”. After transmitted data is stored in the serial /01 register (ad-
dress 001B16) and a transmit/receive operation becomes ready,
the SRDY1 output goes to “H” and the SRDY1 output goes to “L".
When a transmit/receive operation is started and the transfer clock
goes to “L”, the SRDY1 output goes to “L” and the SRDY1 output
goes to “H".

5. SRDY1 input signal

The SRDY1 input signal becomes valid only when the SrDY1 input
and the SBusY1 output are used. The SRDY1 input is a signal for
receiving a transmit/receive ready completion signal from the se-
rial transfer destination.

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

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

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

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

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

To start a transmit/receive operation (SBUSY1 output: “L’, SBUSY1
output: “H"), input an “H” level signal into the SRDY1 input and an
“L” level signal into the SRDY1 input, and also write transmit data
into the serial 1/01 register.

SRDY1 [—1
SCLK1 UUUUUUUU

Write to serial :

1/01 register

Fig. 32 Srpv1 output operation

SRDY1

ScLK1 ERERNRNRNRREREE

Soutt DESEEe

Fig. 33 Srpv1 input operation (internal synchronous clock)
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A: Write to serial ‘
Sclki | Scik1 ) 1/01 register

1 :
SrRDY1 — B SRDV1 SRDY1 4]—‘

Spusy1 @ Spusv1

SBUSY1 |

B:

Internal synchronous External synchronous Write to serial
clock selection clock selection - |/O1 register

A sewa LU

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

A: Wit to serial I
ScLkl —— B ScLK1 ' I/01 register

Lo
SRDY1 |~-—— SRDY1 SRDVY1 ﬁ

SBusyr — P Spusy1

SBUSY1 L

A: B : SCLK1

Internal synghronous External syr.lchronous . Write to serial ]|
clock selection clock selection B: I/01 register

Fig. 35 Handshake operation at serial /01 mutual connecting (2)
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Serial 1102

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

(1) Clock synchronous serial I/O mode

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

register (address 001D16) to “1". For clock synchronous serial 1/0,
the transmitter and the receiver must use the same clock for serial
1/02 operation. If an internal clock is used, transmit/receive is
started by a write signal to the serial 1/02 transmit/receive buffer
register (TB/RB) (address 001F16).

When P67 (ScLk22) is selected as a clock I/0O pin, SRDY2 output
function is invalid, and P66 (ScLk21) is used as an /O port.

Data bus

Address 001F16

| Serial /02 control register | Address 001D16

Receive buffer register | =~ Receive buffer full flag (RBF)

P64/RxD O

| Receive shift register |

——— = Receive interrupt request (RI)

w0
PBs/Scikat KOSerial 1/02 clock 1/O pin selection bit

Shift clock

Clock control circuit |————=—

P67/Sroy2/Scik2z Qg

“yr

0 . .
XN O—Q Internal system clock selection bit
Serial /02 synchronous clock selection bi

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

o O o Baud rate generator
BRG clock 14 Address 003716
switch bit

—— Clock control circuit

Shift clock

XcIN
P67/SROYZIScLk22 O—0) EIE Falling edge detector |—
Serial I/OZ
clock /0 pin

Transmit shift register shift
completion flag (TSC)

— -

Transmit interrupt source selection bit

Transmit buffer register |

selection bit — -
P6s/TXD O {Transmit shift register I——Nr-—> Transmit interrupt request (TI)
| T

ransmit buffer empty flag (TBE)

IAddress 001F16 |

Serial /02 status register | Address 001E1s
I

Data bus

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

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

Serial 1/02 output TxD

control register.

Serial 1/02 input RxD Do D2 D3 D4 D5 D6 D7
Receive enable signal SRDY2
Write-in signal to serial I/02 transmit/receive J_l ;
buffer register (address 001F16)
v - \
tBE=0 _" RBF=1
TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1 : The transmit interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the
transmit shift operation has ended (TSC=1), by setting 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
data is output continuously from the TxD pin.
3 : The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1”.

Fig. 37 Operation of clock synchronous serial /02 function

1-38 38B7 Group User's Manual



HARDWARE
FUNCTIONAL DESCRIPTION

(2) Asynchronous serial I/O (UART) mode

The asynchronous serial /0 (UART) mode can be selected by
clearing the serial /02 mode selection bit (b6) of the serial 1/02
control register (address 001Dz16) to “0”. Eight serial data transfer
formats can be selected and the transfer formats used by the
transmitter and receiver must be identical.

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

Data bus

Address 001F16

OE
Character length selection bit

Receive shift register

P64/RxD O

Receive buffer register

Serial 1/02 control register]Address 001D16

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

1/16
UART control register

»|Clock control circuif

Address 003816

Serial /02 synchronous
clock selection bit

0
P66/ScLk21 Serial 1/02 clock I/O pin
selection bit

P67/Srov2/Scik2z  Qupn

X ! :
N Internal system clock selection bit
“Q
Os1» K BRG count source
O

selection bit

Division ratio 1/(n+1)

Address 003716

ST/SP/PA generator ™

BRG clock
switch bit

» Transmit shift register shift
completion flag (TSC)

Transmit interrupt source selection bit
= o Transmit interrupt request (TI1)

Transmit shift register

Transmit buffer register

Address 001F16

P6s/TxD O

Character length selection bit
9 Transmit buffer empty flag (TBE)

[ Serial /02 status register Address 001E16
|2

Data bus

Fig. 38 Block diagram of UART serial 1/02

Transmit or receive clock

Write-in signal to
transmit buffer register

_ 1
TBvE=0

TSC=0
TBE=1

Serial 1/02 output TXD

1 start bit
- 7or8data bit

_

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

1 or O parity bit

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

buffer register

RBF=1

XY s

Fig. 39 Operation of UART serial 1/02 function
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[Serial I/02 Control Register] SIO2CON (001D16)
The serial 1/02 control register contains eight control bits for serial
1/02 functions.

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

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

[Serial /02 Status Register] SIO2STS (001E16)

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

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

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

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

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

[Baud Rate Generator] BRG (003716)

The baud rate generator determines the baud rate for serial trans-
fer. With the 8-bit counter having a reload register, the baud rate
generator divides the frequency of the count source by 1/(n+1),
where n is the value written to the baud rate generator.
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b7 b%

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

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)

UART control register
(UARTCON : address 003816)

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

Transmit shift register shift completion flag (TSC)

b7 bo

P6s5/TxD P-channel output disable bit (POFF)

0: CMOS output (in output mode)

1: N-channel open-drain output (in output mode)

BRG clock switch bit

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

1: XCIN

Serial /02 clock I/O pin selection bit

0: SCLK21 (P67/SCLK22 pin is used as /O port or SRDY2 output pin.)
1: SCLK22 (P66/SCLK21 pin is used as I/O port.)

Not used (return “1” when read)

Serial I/0O2 control register
(SIO2CON : address 001D16)

—— SRrbY2 output enable bit (SRDY)

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 I/O is selected)
External clock input/16 (UART is selected)

0: P67 pin operates as ordinary /O pin
1: P67 pin operates as SRDY2 output pin

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

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

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

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

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

(pins P64 to P67 operate as ordinary 1/O pins)
1: Serial 1/02 enabled

(pins P64 to P67 operate as serial /0 pins)

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

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

All serial 1/0 pins are shared with port P9, which can be set with
the serial 1/03 control register (address OEEC16).

[Serial /03 Control Register (SIO3CON)] OEEC16

The serial 1/03 control register contains eight bits which control
various serial /O functions.

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

The internal clock can use a built-in dedicated divider where 6 dif-

ferent clocks are selected. In the case of the internal clock used,

transfer is started by a write signal to the serial 1/03 register (ad-

dress OEED16). When 8-bit data has been transferred, the SouTs
pin goes to high impedance state.

In the case of the external clock used, the clock must be externally
controlled. It is because the contents of serial I/03 register is kept

shifted while the clock is being input. Additionally, the function to

put the SouTs pin high impedance state at completion of data

transfer is not available.

The serial 1/03 interrupt request bit is set at completion of 8-bit

data transfer, regardless of use of the internal clock or external
clock.

b7 b0
Serial 1/03 control register
[LLLL] (SIO3CON : address OEEC16)
Internal synchronous clock selection bits
b2 bl bo
0 0 O: f(XIN)/4 (f(XcIN)/8)
0 0 1: f(XIN)/8 (f(XcIn)/16)
1 0: f(XIN)/16 (f(XcIN)/32)
1 1: f(XiN)/32 (f(XcIN)/64)
1 0: f(XiN)/64 (f(XcIN)/128)
1 1: f(Xin)/128 (f(XcIN)/256)

0
0
1
1

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

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

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

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

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

Fig. 42 Structure of serial I/0O3 control register

Xein ()

Internal system clock
selection bit

Internal synchronous
clock selection bits

1/4

Data bus

Divider

O

Serial /103

[ .
! Serial /03 counter (3) li

interrupt request

Xn(O——0
“Q
P93 latch
Serial I/03 synchronous
‘0" clock selection bit «q»
P9a/Srovs SRDY3 _ [Synchronization
“1” circuit
SRDY3 output selection bit o “0”
3
9| External cIockT
P92 latch
“g
P92/ScLka (O)—
wpn©
Serial I/03 port selection bit
P91 latch
ugr
P91/Souts
[e}
wqr
Serial 1/03 port selection bit
P90/Sinz (O

Serial 1/03 shift register (8)

fl k

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

Serial I/gstéesgiigs:; |‘| \ 3
\ ‘ i (Note)
X Do X D1 X D2/ Ds X Da X Ds X Ds X D7/
/ 1
f i

Serial /03 output  Souts

A
X X A X XX
Receive enable signal Srova I_I

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

Serial I/03 input Sin3

i

Serial 1/03 interrupt request bit set

Fig. 43 Timing of serial I/03 (LSB first)
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FLD CONTROLLER
The M38B7 group has fluorescent display (FLD) drive and control

circuits.

Table 9 shows the FLD controller specifications.

Table 9 FLD controller specifications

Item

Specifications

FLD
controller
port

High-breakdown-
voltage output port

» 52 pins (20 pins can be switched to general-purpose ports)

CMOS port

* 4 pins (all 4 pins can be switched to general-purpose ports)
(A driver IC must be installed externally)

Display pixel number

» Used FLD output

28 segment O 28 digit (segment number + digit number < 56)
* Used digit output

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

56 segment O (connected number of M35501) digit

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

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

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

» Key-scan using segment

Expanded function

* Digit pulse output function
This function automatically outputs digit pulses.
» M35501 connection function
The number of digits can be increased easily by using the output of DIMouT(P73) as CLK for the
M35501.
« Toff section generating/nothing function
This function does not generate Toff1 section when the connected outputs are the same.
» Gradation display function
This function allows each segment to be set for dark or bright display.
*» P64 to P67 expansion function
This function provides 16 lines of digit outputs from four ports by attaching the decoder converting
4-bit data to 16-bit data.
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e gAe:inb I&0t08|b Digit output set switch register
ain address bus atabus  data bus P20/FLDo | DIG/FLD

P21/FLD1 | DIG/FLD
P22/FLD2 | DIG/FLD
P23/FLDs | DIG/FLD | 8
P24/FLD4 | DIG/FLD |
P2s/FLDs | DIG/FLD
P26/FLDs | DIG/FLD
P27/FLD7 | DIG/FLD
000416 OEF316

POo/FLDs | DIG/FLD
PO1/FLDs | DIG/FLD
PO2/FLD1o| DIG/FLD
PO3/FLD11| DIG/FLD | 8
P04/FLD12| DIG/FLD |
POs/FLD13| DIG/FLD
P0s/FLD14| DIG/FLD
PO7/FLD15| DIG/FLD
000016 OEF216

P1o/FLD16
P11/FLD17
P12/FLD1s
P13/FLD19
P14/FLD20
P1s/FLD21
OEDF16 P1s/FLDz22
P17/FLD23
000216

P30/FLD24
P31/FLD2s
P32/FLD26
P3s/FLDz7| 8
P34/FLD2s| *
P3s/FLD29
P36/FLD30
P37/FLD31
000616

FLD/P | P40/FLD32

Fl_rlgg(;:isrtg?de FLD/P|P41/FLD33
(OEF416) FLD/P|P42/FLDs34

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

FLD/P| P50/FLD4o
FLD/P|P51/FLD41
j‘> Address A_IT@ pointer FLD/P|P52/FLDa42
decoder (OEF816) FLD/P | P53/FLD43
FLD/P|P54/FLD44|
FLD/P | P5s5/FLD45
FLD/P| P56/FLD46
FLD/P|P57/FLD47
OEFA16 000A16
FLD blanking interrupt
FLD digit interrupt

OEOQO16

Local address bus

1

FLD automatic display RAM

0O

[e)

—[Timing generator

FLD/P| P60/FLD4s
FLD/P|P61/FLD49
FLD/P| P62/FLDso
FLD/P|P63/FLDs1
FLD/P| P64/FLDs2
FLD/P | P65/FLDs3
FLD/P | P66/FLDs4
L FLD/P| P67/FLDss

OEFB16 000C16

A4 ™

FLD/Port switch register

Fig. 44 Block diagram of FLD control circuit
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b7 b6 b5 b4 b3 b2 bl b0

| | FLDC mode register

|_ (FLDM: address OEF416)

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

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

0 : 16 timing mode

1: 32 timing mode

Gradation display mode selection control bit

0 : Not selecting

1: Selecting (Note)

Tdisp counter count source selection bit

0 : f(XiN)/16

1: f(XiIN)/64

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

1 : Drivability weak

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

b7 b6 b5 b4 b3 b2 bl b0

| FLD output control register

|_ (FLDCON: address OEFCu1s6)

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

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

| | | Port P4 FLD/Port switch register

|_ (PAFPR: address OEF91s)

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

Port P46 FLD/Port switch bit
0 : Normal port

1: FLD output port

Port P47 FLD/Port switch bit

0 : Normal port
1: FLD output port

b7 b6 b5 b4 b3 b2 bl b0

| | | Port P5 FLD/Port switch register

|_ (P5FPR: address OEFA16)

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

Port P56 FLD/Port switch bit
0 : Normal port
1: FLD output port

Port P57 FLD/Port switch bit
0 : Normal port
1: FLD output port

Fig. 46 Structure of FLDC related registers (2)
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b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Port P6 FLD/Port switch register
|_ (P6FPR: address OEFB16)

Port P60 FLD/Port switch bit
0 : Normal port
1: FLD output port
— Port P61 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P62 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P63 FLD/Port switch bit
0 : Normal port
1 : FLD output port
Port P64 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P65 FLD/Port switch bit
0 : Normal port
1: FLD output port
Port P66 FLD/Port switch bit
0 : Normal port
1: FLD output Port
Port P67 FLD/Port switch bit
0 : Normal port
1: FLD output port

Fig. 47 Structure of FLDC related registers (3)
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b7 b6 b5 b4 b3 b2 bl b0

| | | Port PO digit output set switch register

B

b7 b6 b5 b4 b3 b2 bl b0

| | | Port P2 digit output set switch register

B

(PODOR: address OEF216)

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

(P2DOR: address OEF316)

Port P20 FLD/Digit switch bit
0 : FLD output
1 : Digit output

— Port P21 FLD/Digit switch bit

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

Fig. 48 Structure of FLDC related registers (4)
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FLD Automatic Display Pins

PO to P6 are the pins capable of automatic display output for the
FLD. The FLD starts operating by setting the automatic display
control bit (bit 0 at address OEF416) to “1”. There is the FLD output
function that outputs the RAM contents from the port every timing
or the digit output function that drives the port high with a digit tim-

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

Table 10 Pins in FLD automatic display mode

Port Automatic display pin Setting method

PO, P2 FLDo to FLD15 The individual bits of the digit output set switch registers (addresses OEF216, 0EF316) can
set each pin to either an FLD port (“0”) or a digit port (“1").

When the pins are set for the digit port, the digit pulse output function is enabled, so that the
digit pulses can always be output regardless the value of FLD automatic display RAM.

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

P4, P5, FLD32 to FLDs1 The individual bits of the FLD/Port switch register (addresses 0EF916 to OEFB16) can set

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

P64 to P67 FLDs2 to FLDss The individual bits of the port P6 FLD/Port switch register (address OEFB16) can set each
pin to either FLD port (“1"”) or general-purpose port (“0”). A variety of output pulses can be
available by setting of the FLD output control register (address OEFC16). The port output
structure is the CMOS output. When using the port as a display pin, a driver IC must be in-
stalled externally.

Setting example 1

This is a register setup example where only FLD output is used.

In this case, the digit display output pattern must be set in the FLD automatic
display RAM in advance.

The contents of digit output set switch registers
(OEF216, OEF316)

Number of segments 36
Number of digits 16

FLDo (DIG output)

FLD1 (DIG output)
FLD2 (DIG output)
FLD3 (DIG output)
FLD4 (DIG output)
FLDs (DIG output)
FLDs (DIG output)

Port P2

FLD/Port switch registers
(OEF916 to OEFBu16)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

FLD7 (DIG output) ¢

Port PO FLDs (DIG output) Port P4 1 |FLD32 (SEG output)
FLD9 (DIG output) 1 |FLD33 (SEG output)
FLD10 (DIG output) 1 |FLD34 (SEG output)
FLD11 (DIG output) 1 |FLD3s5 (SEG output)
FLD12 (DIG output) 1 |FLD36 (SEG output)
FLD13 (DIG output) | 1 |FLD37 (SEG output)
FLD14 (DIG output) 1 |FLD38 (SEG output)
FLD15 (DIG output) 1 |FLD39(SEG output)

Port P1 FLD16 (SEG output) Port P5 1 |FLD4o (SEG output)
FLD17 (SEG output) 1 |FLD41 (SEG output)
FLD18 (SEG output) 1 |FLD42 (SEG output)
FLD19 (SEG output) 1 |FLD43 (SEG output)
FLD20 (SEG output) 1 |FLD44 (SEG output)
FLD21 (SEG output) 1 |FLD4s (SEG output)
FLD22 (SEG output) 1 |FLD4s (SEG output)
FLD23 (SEG output) 1 |FLD47 (SEG output)
FLD24 (SEG output) 1 |FLD48 (SEG output)

PortP3 FLD25 (SEG output) Port P6 1 |FLD49 (SEG output)
FLD26 (SEG output) Tm
FLD27 (SEG output) 1 |FLDs1 (SEG output)
FLD28 (SEG output) 0 |FLDs2 (port output)
FLD29 (SEG output) 0 |FLDss3 (port output)
FLD30 (SEG output) 0 |FLDs4 (port output)
FLD31 (SEG output) 0 |FLDss (port_output)

DIG output : This output is connected to digit of the FLD.
SEG output : This output is connected to segment of the FLD.
Port output : This output is general-purpose port (used by program).

Setting example 2

This is a register setup example where both FLD output and digit waveform output are
used. In this case, because the digit display output is automatically generated, there is
no need to set the display pattern in the FLD automatic display RAM.

Number of segments 28 The contents of digit output set switch registers

Number of digits 12 (i)EFZle, 0EF316)

Port P2 FLDo (DIG output) |1
FLD1 (DIG output) |1
FLD2 (DIG output) |1
FLD3 (DIG output) |1
FLD4 (DIG output) |1 . )
FLDs (DIG outpu) | 1 FLD/Port switch registers
FLDs (DIG outpu) | 1 (OEF916 to OEFBu1s)
FLD7 (DIG output) |1 L

Port PO FLDs (DIG output) |1 Port P4 1 |FLD32 (SEG output)
FLD9 (DIG output) |1 1 |FLD33 (SEG output)
FLD10 (DIG output) | 1 1 |FLD34 (SEG output)
FLD11 (DIG output) | 1 1 |FLD3s (SEG output)
FLD12 (SEG output) | 0 1 |FLD3s (SEG output)
FLD13 (SEG output) | 0 1 |FLD37 (SEG output)
FLD14 (SEG output) | 0 [1|FLD3s (SEG output)
FLD15 (SEG output) | 0 1 |FLD39 (SEG output)

port p1  |FLD16 (SEG output) Port p5 | L |FLD40 (SEG output)
FLD17 (SEG output) 1 |FLD41 (SEG output)
FLD18 (SEG output) 1 |FLD42 (SEG output)
FLD19 (SEG output) 1 |FLD43 (SEG output)
FLD20 (SEG output) 0 |FLDaa (port output)
FLD21 (SEG output) 0 |FLD45 (port output)
FLD22 (SEG output) 0 |FLD4s (port output)
FLD23 (SEG output) 0 |FLD47 (port output)

Port P3 FLD24 (SEG output) Port P6 0 |FLDasg (port output)
FLD25 (SEG output) 0 |FLDag (port output)
FLD26 (SEG output) 0 |FLDso (port output)
FLD27 (SEG output) 0 |FLDs1 (port output)
FLD2s (SEG output) 0 |FLDs2 (port output)
FLD29 (SEG output) 0 |FLDs3 (port output)
FLD30 (SEG output) 0 |FLDs4 (port output)
FLD31 (SEG output) 0 |FLDss (port output)

DIG output : This output is connected to digit of the FLD.
SEG output : This output is connected to segment of the FLD.
Port output : This output is general-purpose port (used by program).

Fig. 49 Segment/Digit setting example
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FLD Automatic Display RAM

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

The automatic display RAM in each mode is as follows:

(1) 16-timingeordinary mode

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

(2) 16-timingegradation display mode

This mode is used when the display timing is 16 or less, in which
mode each segment can be set for dark or bright display. The 224
bytes of addresses OE0016 to OEDF16 are used. The 112 bytes of
addresses OE7016 to OEDF16 are used as an FLD display data
store area, while the 112 bytes of addresses OE0016 to OE6F16 are
used as a gradation display control data store area.

HARDWARE
FUNCTIONAL DESCRIPTION

(3) 32-timing mode

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

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

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

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

0EOQ016 OEO0016

Not used

OEO0016

Gradation display
control data stored
area

1 to 32 timing display

OE7016 OE7016

1 to 16 timing display
data stored area

OEDF16 OEDF16

data stored area

1 to 16 timing display
data stored area

OEDF16

Fig. 50 FLD automatic display RAM assignment
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HARDWARE
FUNCTIONAL DESCRIPTION

Data Setup

(1) 16-timingeordinary mode

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

When data is stored in the FLD automatic display RAM, the last
data of FLD port P6 is stored at address OE7016, the last data of
FLD port P5 is stored at address 0E8016, the last data of FLD port
P4 is stored at address OE901s6, the last data of FLD port P3 is
stored at address OEAO1s6, the last data of FLD port P1 is stored at
address OEBO1s6, the last data of FLD port PO is stored at address
0ECO016, and the last data of FLD port P2 is stored at address
O0EDO1s, to assign in sequence from the last data respectively.
The first data of the FLD port P6, P5, P4, P3, P1, PO, and P2 is
stored at an address which adds the value of (the timing number —
1) to the corresponding addresses OE7016, OE8016, OE901s6,
OEAOQ16, OEBO16, 0EC016 and OEDO16.

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

(2) 16-timingegradation display mode

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

(3) 32-timing Mode

The area of addresses OE0016 to OEDF1s6 is used as a FLD auto-
matic display RAM.

When data is stored in the FLD automatic display RAM, the last
data of FLD port P6 is stored at address OE0016, the last data of
FLD port P5 is stored at address 0E2016, the last data of FLD port
P4 is stored at address OE401s, the last data of FLD port P3 is
stored at address OE6016, the last data of FLD port P1 is stored at
address OE801s, the last data of FLD port PO is stored at address
OEAO16, and the last data of FLD port P2 is stored at address
0ECOz1s, to assign in sequence from the last data respectively.
The first data of the FLD port P6, P5, P4, P3, P1, PO, and P2 is
stored at an address which adds the value of (the timing number —
1) to the corresponding addresses OE0O16, 0E2016, 0E401s,
O0E6016, 0E8016, 0EAQO16 and OECO16.

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

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

\\\\\\ “|7]e[s5]4a]3][2]1 o

0E701 The last timing
0E7116 (The last data of FLDP6)
0E7216

0ET316

0E7416

0E7516

0E7616

0ET716 Timing for start
0E7816 (The first data of FLDPG)
0E7916 FLDPG data area
OE7AIs

0E7B16

0E7C10

0E7D10

OE7E1s

OE7F16

0E8016 The last timing
0E8L1s (The last data of FLDPS)
0EB216

0E8316

0EB416

0E8516

0E8616

0E8716 Timing for start
08816 (The first data of FLDPS5)
0E8916 FLDPS data area
0EBAIs

0E8B1s

OE8C1c

OE8D1s

OE8E1s

0E8F16

0E9016 The last timing

OE9116 (The last data of FLDP4)
0E9216

0E9316

0E9416

OE9516

0E9616

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

0E9916
OE9A16
OE9B16
OE9C16

FLDP4 data area

0E9D16
OE9E16
OE9F16

0EAO16 The last timing
0EAl16 (The last data of FLDP3)
0EA216

0EA316

0EA416

0EAS16

0EA616

OEAT16 Timing for start
0EA816 (The first data of FLDP3)
OEA91E FLDP3 data area
O0EAA16

O0EAB16

OEAC16

OEAD16

OEAE16

O0EAF16

— 7 6 5 4 3 2 1 0

OEBOX The last timing
OEB11s (The last data of FLDP1)
0EB215

OEB316

OEB416

OEB516

OEB615

OEB716 Timing for start
OEBB1s (The first data of FLDP1)
QEB91E FLDP1 data area
OEBA16

OEBB16

OEBC16

OEBD1s

OEBE1s

OEBF1s

OECO16 The last timing
OEC1Lio (The last data of FLDPO)
0EC216

0EC316

OEC415

OEC51s

OEC61s

0ECT1s Timing for start
OECBIe (The first data of FLDPO)
0ECI16 FLDPO data area
OECA16

OECB16

0ECCis

OECD1s

OECE1s

OECF16

OEDO1s The last timing
0ED116 (The last data of FLDP2)
OED216

OED316

OED41s

OED51s

OEDG1s

OED716 Timing for start
OED816 (The first data of FLDP2)
0ED916 FLDP2 data area
OEDA16

OEDB16

OEDC1s

OEDD1s

OEDE1s

OEDF16

Fig. 51 Example of using FLD automatic display RAM in 16-timingeordinary mode
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Number of timing: 15
(FLD data pointer reload register = 14)
hoses~2" | 7 | 6 |5 |4 |3 |2 ]|1]|0 b~ | 7 | 6 |5 | 4|3 ]2 |10
0E7016 The last timing 0E0016 The last timing
OE7116 (The last data of FLDP6) 0EOL16 (The last data of FLDP6)
0E7216 0E0216
OE7316 0E0316
OE7416 0E0416
OE7516 OE0516
OE7616 0E0616
0E7716 OE0716
OE7816 0E0816
OE7916 FLDP6 data area OE0915 FLDP6 gradation
OE7A16 OE0A16 display data area
OE7B16 OE0B16
OE7C1s OEOC16
OE7D16 Timing for sart OEOD16 ]
iming for start OEOE Timing for start
g;i: (The first data of FLDP6) DEDFi: (The first data of FLDP6)
0E8016 e last timing 0E1016 - The last timing
0ES11s (The \ast data of FLDP5) OE1l1s (The last data of FLDP5)
0E8216 OE1216
OE8316 0E1316
OE8416 OE1416
OE8516 OE1516
OE8616 OE1616
OE8716 0E1716
OE8816 0E1816
OE8916 OE1916
OEBA16 FLDPS data area OE1ALs FLDPS gradation
OE8B1s o016 displav data area
16
OE8C16 OE1Ci6
OE8D16 OE1D16
OE8E16 Timing for start OE1E16 el Timing for start
OE8F16 (The first data of FLDP5) OE1F16 (The first data of FLDP5)
The last timing The last timing
O0E9016 0E2016 o
OE911s (The last data of FLDP4) OE21ie (The last data of FLDP4)
0E9216 0E2216
0E9316 OE2316
OE9416 OE2416
0E9516 OE2516
OE9616 OE2616
O0E9716 OE2716
0E9816 0E2816
0E9916 FLDP4 data area 0E2916 FLDP4 gradation
0E9ALs OE2A16 display data area
OE9B16 OE2B16
OESCi6 0E2C16
OE9D16 OE2D16
0E9E16 Timing for start OE2E16 Timing for start
OEOF16 (The first data of FLDP4) OE2F16 (he first data of FLDP4)
OEAOQ16 The last timing 0E3016 The last timing
OEAL1s (The last data of FLDP3) OES116 (The last data of FLDP3)
OEA216 0E3216
OEA316 OE3316
OEA416 OE3416
OEA516 OE3516
OEA616 OE3616
OEAT16 0E3716
OEA816 0E3816
0EA916 FLDP3 data area gigile FLDP3 gradation
8&:@12 0E3512 display data area
1
OEAC16 OE3Ci6
OEAD16 OE3D16
Timing for start Timing for start
OEAE16 9 OE3E1s g for star
OEAFI6 (The first data of FLDP3) OE3F1s (The first data of FLDP3)
OEBO16 The last timing 0E4016 The last timing
OEB1s (The last data of FLDP1) OEa116 (The last data of FLDP1)
OEB216 OE4216
OEB316 OE4316
OEB416 OE4416
OEBS516 OE4516
OEB616 OE4616
OEB716 OE4716
OEB816 0E4816
SESZE FLDP1 data area 04916 FLDP1 gradation
oome gzgm display data area
16
OEBC16 0E4C16
OEBD16 . OE4D16
OEBE16 Timing for start OE4E16 Timing for start
OEBF1c (The first data of FLDP1) OEdrie (The first data of FLDP1)
OECO016 The last timing 0E5016 The last timing
OECl16 (The last data of FLDPO) 0ES5116 (The last data of FLDPO)
OEC216 0E5215
OEC316 OE5316
OEC416 OE5415
OEC516 OES5516
OEC616 OE5616
OECT716 OE5716
OEC816 OES5816
fEco1s FLDPO data area g;:i‘i FLDPO gradation
giggm DESB:G display data area
16
OECC16 OE5Ci6
OECD16 OE5D16
Timing for start Timing for start
ESE:
e The first data of FLDPO) o (The first data of FLDPO)
0EDO16 The last timing 0E6016 The last timing
OED116 (The last data of FLDP2) 0E6116 (The last data of FLDP2)
0ED216 0E6216
OED316 OE6316
OED416 OE6416
OED516 OE6516
OED616 OE6616
OED716 OE6716
OEDB16 OE6816
g;gi‘e FLDP2 data area gigi‘s FLDP2 gradation
10 16 display data area
OEDB16 OE6B16
0EDC16 0E6C16
OEDD16 OE6D16
OEDE16 Timing for start OE6E1s Timing for start
OEDF16 (The first data of FLDP2) OE6F16 (The first data of FLDP2)

Fig. 52 Example of using FLD automatic display RAM in 16-timingegradation display mode
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Number of timing: 20 | 7 |6 [543 ]2 1]0
(FLD data pointer reload register = 19) 0E0016 [ The last timing
o716 543 ]2]1]0 0EO116 (The last data of FLDP6)
0E7016 0E0216
O0E7116 0EO0316
0E7216 N for st 0EO0416
iming for stan
ggijz (The firs data of FLDP3) gig:z
OE7516 0EO0716
0E7616 0E0816
0E7716 0E0916
0E7816 OEOA16
0E7916 OEOB16
OE7A16 0EOC16
OE7B16 0EOD16
0E7C16 OEOE16
OE7D16 OEOF16 FLDP6 data area
OE7E16 0E1016
OE7F16 OE1116
0E8016 o The last timing 0E1216 Timing for start
0ES8116 (The last data of FLDP1) 0E1316 (The first data of FLDP6)
0E8216 0E1416
0E8316 0E1516
O0E8416 0E1616
0E8516 0E1716
OE8616 OE1816
0E8716 0E1916
OE8816 OE1A16
0E8916 OE1B16
OE8A16 OE1C16
OE8B16 0E1D16
OE8C16 OE1E16
oceDLe OEIFRLs The last timin
oesEe DE2015 I (e last data of FLOPS)
g;g;‘: FLDP1 data area g;g;z
0E9116 0E2316
0E9216 Timing for start OE2dss
0E9316 (The first data of FLDP1) QE2516
0E9416 0E2616
0E9516 0E2716
0E9616 OE2816
0E9716 0E2916
O0E9816 OE2A16
0E9916 0E2B16
OE9A16 0E2C16
OE9B16 0E2D16
OE9C16 OE2E16
OE9D16 OE2F16 FLDPS data area
OE9E16 0E3016
OE9F16 0E3116
0EAO016 Iy The last timing 0E3216
0EAl16 (The last data of FLDPO) 0E3316 Timing for start
OEA216 OE3416 (The first data of FLDP5)
OEA316 0E3516
0EA416 0E3616
OEAS516 0E3716
OEA616 O0E3816
OEAT716 0E3916
OEA816 OE3A16
OEA916 0E3B16
OEAA16 0E3C16
OEAB16 0E3D16
OEAC16 OE3E16
OEAD16 OE3F16
OEAE16 0E4016 o o IThe[ Lastz U’;“SEDPA)
e last data of
giggjz FLDPO data area 853;:
OEB116 0E4316
OEB216 . for sart OE4416
iming for sta
s (The firs data of FLDPO) e
OEB516 0E4716
OEB616 OE4816
OEB716 0E4916
OEB816 OE4A16
OEB916 OE4B16
OEBA16 0E4C16
OEBB16 0E4D16
OEBC16 OE4E16
OEBD16 OE4F16 FLDP4 data area
OEBE16 OE5016
OEBF16 OE5116
0ECO16 o The last timing 0E5216
OEC116 (The last data of FLDP2) 05316 Ll Timing for start
OEC216 OE5416 (The first data of FLDP4)
0EC316 OE5516
0EC416 OE5616
0EC516 0E5716
0EC616 OE5816
0ECT716 0E5916
0EC816 OE5A16
0EC916 OE5B16
OECA15 OE5C16
OECB16 0E5D16
0ECC16 OE5E16
0ECD16 OESF16
OECE1s OE6016 o The last timing
gégg: FLDP2 data area gEZ;Z (The last data of FLDP3)
OED116 0E6316
0ED216 OE6416
OED316 Timing for start 0E6516
OED416 (The first data of FLDP2) 0E6616
OED516 0E6716
0ED616 OE6816
0ED716 0E6916
OED816 OE6A16
0ED916 OE6B16
OEDA1s OE6C16
OEDB16 0E6D16 FLDP3 data area
OEDC16 OE6E16
OEDD16 OE6F16
OEDE1s
OEDF16

Fig. 53 Example of using FLD automatic display RAM in 32-timing mode
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Timing Setting
Each timing is set by the FLDC mode register, Tdisp time set reg-
ister, Toffl time set register, and Toff2 time set register.

(1) Tdisp time setting

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

(2) Toffl time setting

The Toffl time means a non-output (low signal output) time to pre-
vent blurring of FLD and for dimmer display. Use the Toffl time set
register to set this Toffl time. Make sure the value set to Toffl is
smaller than Tdisp and Toff2. Supposing that the value of the Toffl
time set register is nl, the Toffl time is represented as Toffl =
nl O t. When the Tdisp counter count source selection bit of the
FLDC mode register is “0” and the value of the Toffl time set reg-
ister is 30 (1Ez6), Toffl = 30 [0 4.0 us (at XIN = 4 MHz) = 120 ps.
Be sure to set the value of 0316 or more to the Toffl time set reg-
ister (address OEF616).

HARDWARE
FUNCTIONAL DESCRIPTION

(3) Toff2 time setting

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

Set the Toff2 time by the Toff2 time set register. Make sure the
value set to Toff2 is smaller than Tdisp but larger than Toff1. Sup-
posing that the value of the Toff2 time set register is n2, the Toff2
time is represented as Toff2 = n2 0 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 0
4.0 ps (at XIN = 4 MHz) = 720 ps.

When bit 7 of the FLD output control register (address OEFC16) is
set to “1”, be sure to set the value of 0316 or more to the Toff2 time
set register (address OEF716).

«Gradation display mode is not selected

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

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

>

Low output term for

blurring prevention Display output term

Low output term for
blurring prevention  Display output term  dark display

Toffl

Tdisp

Low output term for

Toffl

Toff2
Tdisp

Fig. 54 FLD and digit output timing
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FLD Automatic Display Start

Automatic display starts by setting both the automatic display con-
trol bit (bit O of address 0EF416) and the display start bit (bit 1 of
address OEF416) to “1”. The RAM contents at a location apart from
the start address of the automatic display RAM for each port by
(FLD data pointer (address 0EF816) — 1) are output to each port.
The FLD data pointer (address OEF816) counts down in the Tdisp
interval. When the count results in “FF16”, the pointer is reloaded
and starts counting over again. Before setting the display start bit
(bit 1 of address OEF416) to “1”, be sure to set the FLD/port switch
registers, digit output set switch registers, FLDC mode register,
Tdisp time set register, Toffl time set register, Toff2 time set regis-
ter, and FLD data pointer.

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

Key-scan and Interrupt

Either the FLD digit interrupt or FLD blanking interrupt can be se-
lected using the Tscan control bits (bits 2, 3 of address OEF416).
The FLD digit interrupt is generated when the Toffl time in each
timing expires (at rising edge of digit output). Key scanning that
makes use of FLD digits can be achieved using each FLD digit in-
terrupt. To use FLD digit interrupts for key scanning, follow the
procedure described below:

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

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

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

Repeat cycle

Tdisp

Toffl —m

Tn 1 Tn 2 ﬁ)_)\,(-m

’(TZ MTl ’(Tn \ Tnl Tn2 H)_)‘

n
FLD digit output _d)_)
\

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

Fig. 55 Timing using digit interrupt
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The FLD blanking interrupt is generated when the FLD data

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

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

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

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

When the key scanning is performed with the segment during

key-scan blanking time Tscan, follow the procedure described

below:

(1) Write “0” to the automatic display control bit (bit O of address
OEF416).

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

(3) Perform key scanning.

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

HARDWARE
FUNCTIONAL DESCRIPTION

m Note

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

1. Do not set the display start bit (bit 1 of address OEF416) to “0”.
2. Do not set “1” in the ports corresponding to digits.

Repeat cycle

Tdisp

Tscan

Tn | Tn-1 Tn-2 T4 T3 T2 T1 Tn Tn-1 Tn-2
FLD digit output _d\)_H M )\d\)_\,( M AL M

(=TMC MM M)

H_J
t Segment setting by software

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

Fig. 56 Timing using FLD blanking interrupt
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P64 to P67 Expansion Function

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

(1) P64 to P67 Toff invalid function

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

(2) Dimmer signal output function

This function allows a dimmer signal creation signal to be output
from DIMourT (P73). The dimmer function can be achieved by con-
trolling the decoder with this signal. (See Figure 57.) This function
can be set by setting P73 dimmer output control bit (bit 4 of ad-
dress OEFCu1s6) to “1”.

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

(3) P64 to P67 FLD output reverse function

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

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

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

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

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

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

Output selecting P64 to P67
Toff invalid

For dimmer signal
DIMourT (P73)

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

*Gradation display mode is selected and

*Gradation display mode is selected and

Toffl

Toff2

Tdisp

Fig. 57 P64to P67 FLD output pulses
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Toff Section Generate/Nothing Function

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

If it needs Toffl section on FLD pulses, set the generating /not of
CMOS port Toff section selection bit (bit 5 of address 0EFC16) to
“1” and set the generating /not of high-breakdown-voltage port Toff
section selection bit to “1”.

High-breakdown-voltage ports (P2, PO, P1, P3, P4, P5, P63 to
P60, total 52 pins) generate Toff1 section by setting the generating
/not of high-breakdown-voltage port Toff section selection bit to
“1n,

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

H i Tdisp i
L i
Toff1 re—» !
1 1
Lo -
! i “H”output | “L” output “H” output “H” output
PIX i
Output waveform when —
. . 1
generating/not of high-breakdown ' “H” output “H” output “L" output “H” output
voltage port Toff section selection Pox !
bit (bit 6 of address OEFCi1s) is “1". H
1
i
i “H” output “L" output “H” output “H” output
P1X | : :
Output waveform when — I '
generating/not of high-breakdown ! Section of Toff1 is not generated because of output is the same.
voltage port Toff section selection ! o r “” outout
bit (bit 6 of address OEFCis) is “0”. : output output outpu H" output
p2x ! !
. U
| /
H Section of Toffl is not generated because of output is the same.
1

Fig. 58 Toff section generating/nothing function

Toff2 SET/RESET Switch Function

In gradation display mode, the values set by the Toff2 time set reg-
ister (TOFF2) are effective. When the Toff2 SET/RESET switch bit
of FLD output control register (bit 7 of address OEFC1s) is “0”,
RAM data is output to the FLD output ports (SET) at the time that
is set by TOFF1 and it is turned to “0” (RESET) at the time that is
set by TOFF2.

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

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

P0o to P07 and P20 to P27 can output digit pulses by using the
digit output set switch registers. Set the digit output set switch reg-
isters by setting as many consecutive 1s as the timing count from
P20. The contents of FLD automatic display RAM for the ports that
have been selected for digit output are disabled, and the pulse
shown in Figure 59 is output automatically.

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

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

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

Low-order 4bits F E D [} B A 9
of the data pointer

Fig. 59 Digit pulses output function
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A-D CONVERTER
The 38B7 group has a 10-bit A-D converter. The A-D converter
performs successive approximation conversion.

[A-D Conversion Register] ADH, ADL

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

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

[AD/DA Control Register] ADCON

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

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

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

[Channel Selector]

The channel selector selects one of the input ports PA7/AN7—PAo/
ANo, and P97/Buz02/AN15 to P90/SIN3/AN8 and inputs it to the
comparator.

[Comparator and Control Circuit]

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

HARDWARE
FUNCTIONAL DESCRIPTION

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

b7 b6 b5 b4 b3 b2 bl bo

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

Analoginput pin selection bits
b3b2b1b0

0000 : PAo/ANo

000 1:PA1/ANL
0010:PA2/AN2
0011:PA3/AN3

00 : PA4/AN4

01: PAs/ANs

10: PAes/AN6
11:PA7/AN7

0 0 : P9o/SiN3/ANS

100 1: P91/Souts/AN9
1010: P92/ScLk3/AN10
1011:P93/SrRpY3/AN11
1100: P94/RTP1/AN12
1101:P95/RTPo/AN13
1110:P9/PWMo/AN14
1111:P97/Buzo2/AN1s

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

0 : DA output disabled

1 : DA output enabled

Not used (returns “0” when read)

AD conversion register (high-order) =~ bo
(ADH: address 003416) L] o [o7 oe [os [oe  s] v2]
b7 b0

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

e T

Note: When reading the low-order 6 bits at address 003316,
“0” is read out.

Fig. 60 Structure of AD/DA control register

Data bus

PA3/AN3 O—
PA4/AN4 O—
PA5/AN5s O—»
PA6/ANe O—

A\
b7 b0
AD/DAcontrolregister [ [ [ [ | [ [ T ]
)
JJJ )
{
Y
PAo/ANo O—> A-D control circuit | # A-D interrupt request
PA1/AN1 O—
PA2/AN2 O— Y

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

(Address 003416) (Address 003316)

PA7/AN7 O—>
P90/SIN3/ANg O—>
P91/SouTts/ANg O—>
P92/ScLk3/AN10 O—
P93/SrRDY3/AN11 O—
P94/RTP1/AN12 O—>
P95/RTPo/AN13 O—*
P9s/PWMo/AN14 O—>
P97/Buz02/AN15 O—

Channel selector

AVsSs VREF

Fig. 61 Block diagram of A-D converter
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D-A CONVERTER

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

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

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

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

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

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

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

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

Data bus

|D-A conversion register (8) |

DA output enable bit
[R-2R resistor ladder | -o~o—O PBo/DA

Fig. 62 Block diagram of D-A converter

«g» DA output enable bit

o R R
PBo/DA (O—0 O
wpn
2R 2R
MSB
D-A conversion register o P e o S

2R

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

Fig. 63 Equivalent connection circuit of D-A converter
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PWM (Pulse Width Modulation)
The 38B7 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 us. 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.

HARDWARE

FUNCTIONAL DESCRIPTION

Data bus

It is set to “1”
when write.

J

PWM register (low-order)
(address 003616)

bit7 bit5

bit0

~
Ei(—C—
bit0
PWM register (high-order)
Y (address 003516)
. Q -
PWM latch (14-bit) '
MSB LsB
—
- W,
P96 latch
P9s/PWMo
14-bit PWM circuit PWM -
P96/PWM output
i selection bit
XcIN O When th(T |n|£erna|
system clock P9s/PWM output
¥ tsoe !%ft'on bitis set Timing (64 ps cycle) selection bit
enerating —
XINO—c 0 | ger P9s direction
(4MHz) unit for PWM['(4096 ps cycle)  register

Fig. 64 PWM block diagram
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Data Setup

The PWM output pin also function as port P96. Set port P96 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 003516) and
the low-order 6 bits are set in the low-order PWM register PWML
(address 003616).

PWM Operation

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

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

The high-order 8 bits of data determine how long an “H” level sig-

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). Pulses output from the PWM output pin
correspond to this latch contents.

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

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

nal is output during each sub-period. There are 64 sub-periods in Tow-order -
each period, and each sub-period tis 256 O 1 (= 64 ps) long. The 6-bit data Sub-periods tm lengthened (m = 0 to 63)
signal’'s “H” has a length equal to N times t, and its minimum reso- 0000 OL(S)B None
Iution=2§0ns. - - o - 000001 |m=32
:hg Ia}sr: b|t“01:the“st’1’t;-perr]|0d becomesfthe ADD bit V\r/1hICh |§ speg:ll- 000010 | m=16 48
ied either “H -or. L, .yt e(‘:ontentso PWML. As shown in Table 000100 | m=8, 24 40,56
11, the ADD bit is decided either “H” or “L.”
. ) . . . 001000 | m=4,12, 20, 28, 36, 44, 52, 60
That is, only in the sub-period tm shown in Table 11 in the PWM 010000 —
cycle period T = 64 t, the “H” duration is lengthened during the m=2,6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
minimum resolution width T period in comparison with the other 100000 m=1357 vy 57,59, 61, 63
period.
For example, if the high-order eight bits of the 14-bit data are
“0316” and the low-order six bits are “0516,” the length of the “H”
level output in sub-periods t8, t24, t32, t40 and t56 is 4 T, and its
length 3 tin all other sub-periods.
Time at the “H” level of each sub-period almost becomes equal
because the time becomes length set in the high-order 8 bits or
becomes the value plus t, and this sub-period t (= 64 ps, approxi-
mate 15.6 kHz) becomes cycle period approximately.
4096 ps
| 64ps _ 64ps ~_ 64pus | 64ps __ 64ps
m=0 m=7 m=8 m=29 m =63
- - E - - - E -
15.75 ps 15.75 ps 15.75 ps 16.0 ps 15.75 ps 15.75 ps 15.75 ps

Pulse width modulation register H: 00111111

Pulse width modulation register L: 000101

Sub-periods where “H” pulse width is 16.0 ps: m = 8, 24, 32, 40, 56

Sub-periods where “H” pulse width is 15.75 ps: m = all other values

Fig. 65 PWM timing
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b7 b0

PWM control register
(PWMCON: address 002616)

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

Not used (return “0” when read)

Fig. 66 Structure of PWM control register

Data 6A16 stored at address 003516 Data 7B16 stored at address 003516
PWM register
(high-order) 5916 -\ 6A16 Y 7B16
Data 2416 stored at address 003616 Bit 7 cleared after transfer Data 3516 stored at address 003616
PWM register » |
(low-order) 1316 Adis \ 2416 N\ 3516
‘ Transfer from register to latch 5516/‘ \Transfer from register to latch
a\f‘v_’\élitl)amh ‘ 165316 ‘ \\1A9316 \\ 1AA416 ‘ 1AA416 ‘ \\ 1EE416 L‘ 1EF516
_ - When bit 7 of PWML is “0," transfer
T = 4096 ps | from register to latch is disabled.
(640 64 pis) W
T t=64ps I ——
(Example 1) 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6B BB 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A
PWM output
Low-order 6-bits ;
output 5 2 5 5 5 5 5
H = 6A16
L = 2416 ....28 times ———— 106 [ 64 + 36
(Example 2) A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B
PWM output

Low-order 6 bits

output
H = 6A16
L-1816 | 6Bi6....24tmes  BAIG.....

""" e =64 s T —— ]

(256 0 0.25 us)
Minimum bit width T=025ps
—
PWM output BB'{6A | 69 68 |67 | o 102 01 | 6A |69 (68 67 | e 02 01
@ ADD ADD
8-bit counter 10201 :00 |FF . FE FD FC | oo 197 196 |95 | e 10201 :00 [FF.FE FD FC | " 97 196 95 @ oo
The ADD portions with /
additional T are determined w“ neri .
either "H" or L by low-order H" period length specified by PWMH
6-bit data.
%/—/

256 T (64 ps), fixed

Fig. 67 14-bit PWM timing
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INTERRUPT INTERVAL DETERMINATION FUNCTION
The 38B7 group has an interrupt interval determination circuit.
This interrupt interval determination circuit has an 8-bit binary up
counter. Using this counter, it determines a duration of time from
the rising edge (falling edge) of an input signal pulse on the P72/
INT2 pin to the rising edge (falling edge) of the signal pulse that is
input next.

How to determine the interrupt interval is described below.

1.

Enable the INT2 interrupt by setting bit 2 of the interrupt control
register 1 (address 003E16). Select the rising interval or falling
interval by setting bit 2 of the interrupt edge selection register
(address 003A16).

. Set bit 0 of the interrupt interval determination control register

(address 003116) to “1” (interrupt interval determination operat-
ing).

. Select the sampling clock of 8-bit binary up counter by setting

bit 1 of the interrupt interval determination control register.

. When the signal of polarity which is set on the INT2 pin (rising

or falling edge) is input, the 8-bit binary up counter starts count-
ing up of the selected counter sampling clock.

. When the signal of polarity selected above is input again, the

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

. When count value reaches “FF16”, the 8-bit binary up counter

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

Noise Filter
The P72/INT2 pin builds in the noise filter.
The noise filter operation is described below.

1.

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

. The P72/INT2 input signal is sampled in synchronization with

the selected clock. When sampling the same level signal in a
series of three sampling, the signal is recognized as the inter-
rupt signal, and the interrupt request occurs.

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

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

Internal system
clock selection bit

f(Xin)/128 RCES
f(XCIN) o> Divider [ 8-bit binary up Counter overflow
12 counter interrupt request
or remote control
J} @ interrupt request
INT2 interrupt input Noise filter Interrupt interval
determination register

edge detection
selection bit

OT
1/4
11 T 1’f

Noise filter sampling
clock selection bit

/1]

Divider

Internal system

f(XIN)/32 t .
° clock selection bit

f(XcIN)

One-sided/both-sided

Counter sampling
clock selection bit

address 003016

Data bus

Fig. 68 Interrupt interval determination circuit block diagram
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b7 bo
Interrupt interval determination control register
(IIDCON: address 003116)

L

Interrupt interval determination circuit operating selection bit
0 : Stopped
1: Operating

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

Noise filter sampling clock selection bits (INT2)
b3b2

0 0 : Filter stop

0 1: f(Xin)/32 or f(Xcin)

1 0: f(XiN)/64 or f(XciN)/2

11:f(XiN)/128 or f(Xcin)/4

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)
(Do not write “1" to these bits.)

Fig. 69 Structure of interrupt interval determination control register

(When IDCON4 = “0”)

Noise filter
sampling clock

INT2 pin

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

(When IIDCON4 = “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 o 1
counter value ‘
N 2 3 2 FF
Interrupt interval ; + + *
determination \ N \ 2 \ 3 \ 2 w FF s
register value
Remote control Remote control Remote control  Remote control Counter overflow
interrupt request  interrupt request  interrupt request  interrupt request interrupt request

Fig. 71 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, be-
cause of a software runaway). The watchdog timer consists of an
8-bit watchdog timer L and a 8-bit watchdog timer H.

Standard Operation Of Watchdog Timer

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

(1) Initial value of watchdog timer

At reset or writing to the watchdog timer control register (address
OEEE1s6), a watchdog timer H is set to “FF16” and a watchdog
timer L to “FF16".

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

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

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

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

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

m Note

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

STP instruction disable bit
STP instruction

—1

“FF16” is set when Data bus
XCIN O watchdog timer ... : “FF16” is set
control register is :
written to. V prTT V_Vhen watchdog
“o" ' timer control
Internal system clock© Watchdog timer L (8) QL _»l - register is written
selection bit ‘1" Watchdog timer H (8) to.
(Note) ’—WZtchdog timer H count
XIN O source selection bit

] Reset ® |nternal reset

RESET H Yl

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

circuit

Fig. 72 Block diagram of watchdog timer

Watchdog timer control register
(WDTCON : address OEEE:¢)

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

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. 73 Structure of watchdog timer control register
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FUNCTIONAL DESCRIPTION

BUZZER OUTPUT CIRCUIT

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

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

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

(b4).

1/1024
1/2048

Port latch

f(XIN) — Divider —70g6

o o

i

Buzzer output ON/OFF bit

Output port control signal
Port direction register

Buzzer output

Fig. 74 Block diagram of buzzer output circuit

b7 bo

Buzzer output control register

(BUZCON: address OEFD16)

Output frequency selection bits (Xin = 4.19 MHz)
b1b0

0 0 : 1 kHz (f(XiN)/4096)
01 : 2 kHz (f(XiN)/2048)
1 0: 4 kHz (f(Xin)/1024)
11 : Not available

Output port selection bits
b3b2

00 : P77 and P97 function as ordinary ports.
01 : P77/Buzo1 functions as a buzzer output.

1 0 : P97/Buzo2/AN1s functions as a buzzer output.

11 : Not available

L——— Buzzer output ON/OFF bit
b4

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

Not used (returns “0” when read)

Fig. 75 Structure of buzzer output control register
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RESET CIRCUIT

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

Poweron
/ H

Power source
RESET Vcc |voltage
ov

Reset input
j— voltage

; ov

Note : Reset release voltage ; Vcc=2.7 V

A 4

RESET Vcc

Power source
. voltage detection
circuit

Fig. 76 Reset circuit example

RESET |

Internal \
reset

|
Address >< ? >< ? >< ? >< ? XFFFCXFFFD ADH,AD|_><

Data X XXX X X X Aps X

SYNC |

|

«~>

I
Xin: about 4000 cycles

Notes 1: The frequency relation of f(Xin) and f(¢g) is f(Xin)=4 « f(¢).
2: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 77 Reset sequence
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HARDWARE

FUNCTIONAL DESCRIPTION

(1) Port PO

(2) PortP1

(3) Port P1 direction register
(4) PortP2

(5) PortP3

(6) Port P3 direction register
(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) Port PA

(20) Port PA direction register
(21) Port PB

(22) Port PB direction register
(23) Serial I/O1 control register 1
(24) Serial 1/01 control register 2
(25) Serial /01 control register 3
(26) Serial 1/02 control register
(27) Serial 1/02 status register
(28) Timer 1

(29) Timer 2

(30) Timer 3

(31) Timer 4

(32) Timer 5

(33) Timer 6

(34) PWM control register

(35) Timer 12 mode register
(36) Timer 34 mode register

(37) Timer 56 mode register
O: Not fixed

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

Address Register contents

000015
000216
000316
o004ss
000610
000726
000816
000910
000
0008:s
S T
N R
o00E:s
000Fs
001015
001115
01225
01316
01416
001515

001610
001726

001016
o1
S S r—
L e ra—
01
002010
002110
002210
02316
02410
02516
02616
02815
02916
02As

(38) D-A conversion register

(39) Timer X (low-order)

(40) Timer X (high-order)

(41) Timer X mode register 1

(42) Timer X mode register 2

(43) Interrupt interval determination
register

(44) Interrupt interval determination
control register

(45) AD/DA control register

(46) UART control register

(47) Interrupt source switch register

(48) Interrupt edge selection register

(49) CPU mode register

(50) Interrupt request register 1

(51) Interrupt request register 2

(52) Interrupt control register 1

(53) Interrupt control register 2

(54) Serial 1/03 control register

(55) Watchdog timer control register

(56) Pull-up control register 3

(57) Pull-up control register 1

(58) Pull-up control register 2

(59) Port PO digit output set switch
register

(60) Port P2 digit output set switch
register

(61) FLDC mode register

(62) Tdisp time set register

(63) Toffl time set register

(64) Toff2 time set register

(65) Port P4 FLD/Port switch register

(66) Port P5 FLD/Port switch register

(67) Port P6 FLD/Port switch register

(68) FLD output control register

(69) Buzzer output control register

(70) Flash memory control register

(71) Flash command register

(72) Processor status register

(73) Program counter

Address Register contents

002810
o02cs
002015
00zes
002Fs

003016
003116
003216
003816
003915
003A1s
003B1s
003Cis
003D16
003Es
003F6
OEEC16
OEEE1s
OEEF1s
OEFO16
OEF116
OEF216
OEF31s
OEF416
OEF51s
OEF616
OEF716
OEF916
OEFAwl[ 0016 |
OEFBis[ 0016 |
OEFC[ 00 |
OEFDis[ 0016 |
OEFE1s
OEFFs
(PS)
(PCH)
(PCy)

Fig. 78 Internal status at reset
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FUNCTIONAL DESCRIPTION

CLOCK GENERATING CIRCUIT

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

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

Frequency Control

(1) Middle-speed mode

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

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

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

m Note

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

(4) Low power consumption mode

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

Oscillation Control

(1) Stop mode

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

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

(2) Wait mode

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

XCIN  XcouTt XIN  Xout

hE e DJ
I

7;|;_CCIN7;|'TCCOUT ;_CIN

Fig. 79 Ceramic resonator circuit

XCIN__ XcouTt XIN _ Xout

open open
External oscillation circuit

External oscillation circuit

or external pulse

ve LI o T
Vss Vss

Fig. 80 External clock input circuit
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XCIN XcouTt

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

selection bit (Notes 1, 3) wqn

Low-speed mod ,
14 {1242 °

o
High-speed or
middle-speed
mode

Main clock division ratio
selection bits (Note 3)

Middle-speed mode
apy

L o
o Timing @ (internal clock)

High-speed or

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

R ——sTP instruction WIT instructon——{ R R [— STP instruction

Reset
Interrupt disable flag |
Interrupt request

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

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

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

Middle-speed mode
(@=1 MHz)

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

CMe
“1"€=—>»"0"

CM4

“1" €=—>»"0"

CM4

417 g——PH0”

High-speed mode
(Q=4 MHz)

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

Middle-speed mode
(@=1 MHz)

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

17 =P 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)

CMe
“1"€=—»"0"

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

b7 b4

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

=) =) LCM‘t : Port Xc switch bit
0 ]r o 'T 0: 1/0 port function
= = 1: Xcin-Xcour oscillating function
oy o¥ CMs : Main clock (Xin- Xout) stop bit

“ ” “ 0: Oscillating

h h 1: Stopped

e CMs: Main clock division ratio selection bit
Low-power dissipation mode Low-power dissipation mode 0: f(Xiv) (High-speed mode)
(@=16 kHz) oM (@=16kHz) 1: f(Xi)/4 (Middle-speed mode)
CM7=1(32 kHz selected) wan 6 wn CM7=1(32 kHz selected) CM7: Internal system clock selection bit
1"€=—>"0 CMs=0(high-speed) 0: Xin—Xour selected (Middle-/High-speed mode)

CMe=1(middle-speed)
CMs=1(XIN stopped)
CMa=1(32 kHz oscillating)

CMs=! 1: Xein—Xcourt selected (Low-speed mode)

CMa=

1(XIN stopped)
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 XcCIN pin. @ indicates the internal system clock.

ooUhwW

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

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

HARDWARE
FUNCTIONAL DESCRIPTION

P4o P41 P42 P43 P44 P4s P4s P47 P50 P51 P52 P53 P54 P5s P56 P57 P60 P61 P62 P63
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C 1 1 1 1 1 1 1 1 0 0 0 0 o] 0 0 0 0 0 0 0
D 1 1 1 1 1 1 1 1 1 1 1 1 o] 0 0 0 0 0 0 0
E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Notes 1: The electrical characteristics of high-breakdown voltage ports P4o to P47, P50 to P57, and P60 to P63’s built-in pull-down resistors

are the same as that of high-breakdown voltage ports P0Oo to PO7.

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

lating the power dissipation, specify the option type.

3: The flash memory version cannot select whether built-in pull-down resistors are connected or not. This is the same as option type

A.

Power Dissipation Calculating Method
(Fixed number depending on microcomputer’s standard)
« VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
 Resistor value = 48 kQ (min.)
« Power dissipation of internal circuit (CPU, ROM, RAM etc.)
=5V 0O15mA=75mW

(Fixed number depending on use condition)

« Apply voltage to VEE pin: Vcc — 45V

« Timing number a; digit number b; segment number ¢

« 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 [ c)

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

« Segment pin current value i (mA)

(1) Digit pin power dissipation
{h Ob0O (1-Toff / Tdisp) O voltage} / a
(2) Segment pin power dissipation
{i O d O (1-Toff / Tdisp) O voltage} / a
(3) Pull-down resistor power dissipation (digit)
{power dissipation per 1 digit 00 (b O f/ b) O (1-Toff / Tdisp) }/ a
(4) Pull-down resistor power dissipation (segment)
{power dissipation per 1 segment U (d O g / ¢) O (1-Toff /
Tdisp) }/ a
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.)
=190 mW

D+ @+ )+ (4 +(5) =XmW
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Power Dissipation Calculating Example 1 (1) Digit pin power dissipation
(Fixed number depending on microcomputer’s standard) {18 0160 (1—-1/16)0 2}/17 = 31.77 mW

« VOH output fall voltage of high-breakdown port (2) Segment pin power dissipation

2V (maX.); | Current value | =at 18 mA {3 0310 (l— 1/ 16) 0 2} /17 = 10.26 mW
* Resistor value 43 V /900 pis = 48 kQ (min.) (3) Pull-down resistor power dissipation (digit)
« Power dissipation of internal circuit (CPU, ROM, RAM etc.) [{45 — 2}2/ 480 (16 016/16) 0 (1—-1/16)] /17 =33.94 mW

=5VI15mA=75mW (4) Pull-down resistor power dissipation (segment)

[{45-2}2/48 0 (31 020/20) O (1—1/16)] /17 = 65.86 mW

(Fixed number depending on use condition) (5) Internal circuit power dissipation (CPU, ROM, RAM etc.)
« Apply voltage to VEE pin: Vcc — 45V =75 mW

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

« Ratio of Toff time corresponding Tdisp time: 1/16 (1) + (2)+ (3) + (4) + (5) = 217 mW

« 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)

DIGO ;’7: // : L
oo ———1 | |
N I \/\/
oes ——+——+— | \
o3 | 1| ;
oo ) L
Timing B N — 140 150 16 17 |
number ' ' ' ' ' : ! ' '
< Repeat cycle -
’ T|-SC<'51I’1

Fig. 83 Digit timing waveform (1)
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Power Dissipation Calculating Example 2 (1) Digit pin power dissipation
(2 or more digits turned ON at the same time) {180120 (1-1/16)02}/11 = 36.82 mW
(Fixed number depending on microcomputer’s standard) (2) Segment pin power dissipation
« VOH output fall voltage of high-breakdown port {301140(1-1/16) 0O 2}/11 =58.30 mW
2V (max.); | Current value | = at 18 mA (3) Pull-down resistor power dissipation (digit)
* Resistor value 43 VV / 900 ps = 48 kQ (min.) [{45-2y4480(12010/12)0(1—-1/16)] /11 =32.84 mW
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) (4) Pull-down resistor power dissipation (segment)
=5V 0O15mA=75mW [(45—2/% 48 0 (114 022/24) 0 (1 —1/16)] /11 = 343.08 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.)
(Fixed number depending on use condition) =75 mW
» Apply voltage to VEE pin: Vcc — 45V
« Timing number 11; digit number 12; segment number 24 1) + (2)+ (3) + (4) + (5) =547 mW

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

« Turn ON segment number during repeat cycle: 114

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

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

* Segment pin current value 3 (mA)

DIGO ’7: ’—L

pigl ——

-
l

-

DIG2

DIG3

DIG4 : ’—U—‘

DIG5

]

-

DIG6

-

DIG7

-

DIG8

.

DIGY :

Timing b1 21 3! 4756 ! 7! 8
number ' : -
Repeat cycle

Y
Yy

Fig. 84 Digit timing waveform (2)
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FLASH MEMORY MODE

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

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

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

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

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

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

Table 13 Assignment states of control input and each state

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

o Read

The microcomputer enters the read state by driving the CE, and
OE pins low and the WE pin high; and the contents of memory
corresponding to the address to be input to address input pins
(Ao—A1e6) are output to the data input/output pins (Do-D7).

e Qutput disable

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

e Standby

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

o Write

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

ware command.

Mode State Fin CE OE WE Vep Data I/O
Read ViL ViL VIH VPPL Output
Read-only Output disable ViL VIH VIH VPPL Floating
Standby VIH X X VPPL Floating
Read ViL ViL VIH VpPH Output
Read/MWrite Output disable ViL VIH VIH VPPH Floating
Standby VIH X X VPPH Floating
Write VIL VIH VIL VPPH Input

Note: x can be VIL or VIH.
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Table 14 Pin description (flash memory parallel /O mode)

Pin Name /énu‘:ght Functions

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

CNVss VPP input Input | Connectto5 V + 10 % in read-only mode, connect to 11.7 V to 12.6 V in read/write mode.

RESET Reset input Input | Connect to Vss.

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

Xout Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Connect to Vss.

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

Plo-P17 Address input (As—A15) Input | Port P1 functions as 8-bit address input (As8—A15).

P20-P27 Data I/O (Do-D7) 11O Function as 8-bit data’s I/O pins (Do-D7).

Connect them to Vss through each resistor of 6.8 kQ.

P30-P37 Control signal input Input | P37, P36 and P33 function as the OE, CE and WE input pins respectively. P31 functions as
the A16 input pin. Connect P30 and P32 to Vss. Input “H” or “L’ to P34, P35, or keep
them open.

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

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

P6o-P67 Input port P6 Input | Connect P64 and P66 to Vss. Input “H” or “L” to P60—P63, P65, P67, or keep them
open.

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

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

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

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

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

VEE Pull-down power supply Keep this open.
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6.8 kQ

)

[78]—®» *P02/FLD10
[77]—= *PO3/FLD11
[76]—m= *PO4/FLD12
[ 75]— *P0s/FLD13
| 72] <3 *P10/FLD16
[71] - *P11/FLD17
[ 70|~ *P12/FLD1s
[ 69|~ *P13/FLD19
[67] -3 *P1s/FLD21
[66]-= *P16/FLD22
| 65| <t~ *P17/FLD23
| 64 ]t *P30/FLD24
| 63] < *P31/FLD2s
[ 62] <t *P32/FLD26
[61] < *P33/FLD27
| 60|~ *P34/FLD2s
[ 50|~ *P35/FLD29
| 58]~ *P36/FLD30
[57] = *P37/FLDs1
[56] <3 *P4o/FLD32
| 55|~ *P41/FLD33
| 54|~ *P42/FLD34
[ 53]~ *P43/FLD3s
[ 52] - *P44/FLD3s
[ 51|~ *P4s/FLD37

© o
[alya)
e
Lo
S =
S o
aa
* %
o)
~]
EIE

*P27/FLD7 ~a—]81] [50] == +P46/F|D3s
*P26/FLDs ~t—I[82] [49] < P47/FLD3g
*P25/FLDs ——[g3] [48] <& *P50/FLD40
*P24/FLD4+ ~—[84] [47] <> *P51/FLDa1
| Coa>—e— *P23/FLDs <&—g5] [46] <-® *P5,/FLD42
*P22/FLD2 4—% %0*P53/FLD43
*P21/FLD1 ~a—(87 44|~ *P54/F| Daa
*P20/FLDo 4—% %0 *P55/FLD4s
Vee —»[39 42|~ *P56/FDas
PB6/SiNy ~a-=[q0 | [41] <= *P57/FLD47
PBs/Sout1 ~a-=[91| M 38 B79 F FF P [40 | == *PGo/FLDas
PB4/Scik11 —at-=—{92] [39] ~-® *P61/FLD4g
PB3/SsTB1 4—»% %Q*PGZ/FLDW
PB2/Sgusy1 |94 37 | =t *P63/FLDs1
PB1/SRoY1 ~e[05 | [36] <&-® P64/RXD/FLDs2 ——————@
PB0/ScLK12/SVIN/DA =[5 | |35 < P65/TxD/FLDs3
AVss —m=[o7] [34] - P66/SciLr21/FLDs4 ————&
Vrer —=[98] |33] <@ pg/Srova/Scikaa/FLDss
PA7/AN7 <399 O O [32] <& p70/INTo
PAG/ANG =3 [100] [31] <3 p7/INT,
6|0k R 6 EEEEEEEEEEEEEEEREERERE
LT O NS OW LT ON Ao OO N AN EZ W ZE O E S E N
ZZZZZZ"‘"F‘F‘"ﬂzzccn:mm::aw)—<303:>:§3|—
zzzzzz
SS5S35S255853555529887 7 R7g835:¢
232323225128 225860|8% 8 sEEQL 3R
aooaoaaSR=223%530sw 3 o [
ASEEIER 85 @8 2 ZEEEﬁ’l
Qg LLino $ gE® = z
N S =
ggeeged o & 2
£ o
o
@ ° S
[u]
0:Connect to the ceramic oscillation circuit.
+: High-breakdown-voltage output port: Totaling 52
Package type: 100P6S-A  Dindicates the flash memory pin.

Fig. 85 Pin connection of M38B79FF when operating in parallel input/output mode
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Read-only Mode

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

shown in Figure 86, and the M38B79FF will output the contents of
the user’s specified address from data 1/0 pin to the external. In
this mode, the user cannot perform any operation other than read.

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

Fig. 86 Read timing

Read/Write Mode

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

Table 15 Software command (parallel input/output mode)

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

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

Symbol First cycle Second cycle
Address input Data input Address input Data I/O
Read X 0016 Read address Read data (Output)
Program X 4016 Program address Program data (Input)
Program verify X CO16 x Verify data (Output)
Erase X 2016 x 2016 (Input)
Erase verify Verify address AO16 x Verify data (Output)
Reset X FFi16 x FF16 (Input)
Device identification X 9016 ADI DDI (Output)

Note: ADI = Device identification address : manufacturer’'s code 0000016, device code 0000116
DDI = Device identification data : manufacturer’s code 1Cis, device code D016

X can be VIL or VIH.
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e Read command

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

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

VIH
Address Valid address <><><><><><><
ViL
twc tRC
[
VIH
CE / [ \
ViL
tCH
ta(CE)
tcs
VIH
OE
ViL —
tRRW twp tWRR tDF
[
VIH
WE /
ViL —
ta(OE)
tDs
ViH torzff
Data 0016 \ Dout
ViL tcLz
tDH tDH
tvsc ta(AD)
VpPPH
VPP
VppPL

Fig. 87 Timings during reading

1-82

38B7 Group User’s Manual



e Program command

The microcomputer enters the program mode by inputting com-

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

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

When the address which indicates a program location and data is

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

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

Programming is performed in units of bytes.

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

HARDWARE
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e Program verify command

The microcomputer enters the program verify mode by inputting
command code “CO016” in the first cycle. This command is used to
verify the programmed data after executing the program com-
mand. The command code is latched into the internal command
latch at the rising edge of the WE input. When control signals are
input in the second cycle at the timing shown in Figure 88, the
M38B79FF outputs the programmed address’s contents to the ex-
ternal. Since the address is internally latched when the program
command is executed, there is no need to input it in the second
cycle.

Program verify
VIH ===t A A A AAAAA AT
Address Program Program
address
ViL e Y A
twe tas tAH
[
VIH ————— ===
CE / \ / \
ViL
tcs tcs tcs
e e
tCH tCcH tCcH
‘ —=
VIH —_———— -
OE / \
ViL
tRRW
twp twPH twp tbP twp tWRR
VIH —\ — ———— | |-
WE / \
ViL — — —
tbs tbs tDS!
VIH
bata 4016 {1 S ) S— ({( oo )
ViL -
DH DH DH Verify data output
tvsc
VPPH R
Vep \
VpPPL

Fig. 88 Input/output timings during programming (Verify data is output at the same timing as for read.)
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e Erase command
The erase command is executed by inputting command code 2016
in the first cycle and command code 2016 again in the second
cycle. The command code is latched into the internal command
latch at the rising edges of the WE input in the first cycle and in
the second cycle, respectively. The erase operation is initiated at
the rising edge of the WE input in the second cycle, and the
memory contents are collectively erased within 9.5 ms as mea-
sured by the internal timer. Note that data 0016 must be written to
all memory locations before executing the erase command.

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

e Erase verify command

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

ing the erase command. The microcomputer enters the erase

verify mode by inputting the verify address and command code

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

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

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

M38B79FF outputs the contents of the specified address to the

external.

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

Erase verify
VIH -—-= Vori
Address Erase erify
address
ViL -—-=
twe
VIH -——— | |-
CE / \ / \
ViL
tcs tcs tcs
~— -
tCH tCH tCH
— —
VIH ——— -~
OE / \
ViL
tRRW
twp tWPH twp tDE twp tWRR
VIH — ———\ |-
WE / \
ViL — — —
tDs tDs tDS
VIH
Data 2016 2016 >—————— AO16 >— ----- ((( Dout )))
ViL -
Verify data output
tvsc tDH tDH tDH
VPPH _—
VPP \
VpPL

Fig. 89 Input/output timings during erasing (verify data is output at the same timing as for read.)
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e Reset command

The reset command provides a means of stopping execution of
the erase or program command safely. If the user inputs command
code FF1s6 in the second cycle after inputting the erase or program
command in the first cycle and again input command code FF16 in
the third cycle, the erase or program command is disabled (i.e.,
reset), and the M38B79FF is placed in the read mode. If the reset
command is executed, the contents of the memory does not
change.

e Device identification code command

By inputting command code 9016 in the first cycle, the user can
read out the device identification code. The command code is
latched into the internal command latch at the rising edge of the
'WE input. At this time, the user can read out manufacture’s code
1Cz1s6 (i.e., MITSUBISHI) by inputting 000016 to the address input
pins in the second cycle; the user can read out device code D016
(i. e., 1M-bit flash memory) by inputting 000116.

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

HARDWARE
FUNCTIONAL DESCRIPTION
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Program

START

( Vcc =5V, VPP = VPPH )

!

( ADRS = first location )

!

VPP = VPPL

!

C )

( WRITE READ COMMAND ) 0016

Erase

START

( Vcec =5V, Vpp = VPPH )

ALL

YES

1 BYTES = 0016 ?
(D
! PROGRAM
WRITE PROGRAM 016 ALL BYTES = 0016
COMMAND ;
H( ADRS = first location )
WRITE PROGRAM on
DATA {
| ( X=0 )
( DURATION = 10 ps ) |
7 ( WRITE ERASE )
COMMAND
( X=X+1 ) 7
! WRITE ERASE
WRITE PROGRAM-VERIFY ) COMMAND
COMMAND 7
( DURATION = 9.5 ms )
( DURATION = 6 pis ) T
( X=X+1 )
WRITE ERASE-VERIFY
COMMAND
FAIL VERIEY BYTE 2 ( DURATION = 6 s )
INC ADRS LAST ADRS ?
FAIL

LAST ADRS ?

( INC ADRS

DEVICE
PASSED

DEVICE
FAILED

( WRITE READ COMMAND ) 0016

y

VPP = VPPL

y

DEVICE
PASSED

C )

2016

2016

) A016

VERIFY BYTE ?

DEVICE
FAILED

Fig. 90 Programming/Erasing algorithm flow chart
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Table 16 DC ELECTRICAL CHARACTERISTICS (Ta = 25 °C,Vcc =5V £ 10 %, unless otherwise noted)

HARDWARE
FUNCTIONAL DESCRIPTION

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
IsB1 Vcc =5.5V, CE=VIH 1 mA
IsB2 Vcc supply current (at standby) Vcc =5.5V, 100 LA
CE=Vcc+0.2V
Icci Vcc supply current (at read) :/RCCC:lES,gr\]/s,,(I:(I)EU? \:/”(‘) mA 15 mA
Icc2 Vcc supply current (at program) VPP = VPPH 15 mA
Iccs Vcc supply current (at erase) VPP = VPPH 15 mA
O<VppsVce 10 HA
IPP1 VPP supply current (at read) Vce<vppsVee + 1.0 V 100 MA
VPP = VPPH 100 HA
IPP2 VPP supply current (at program) VPP = VPPH 30 mA
IPP3 VPP supply current (at erase) VPP = VPPH 30 mA
VIL “L” input voltage 0 0.2Vce \%
VIH “H” input voltage 0.52Vcce Vce \%
VOH1 “H” output voltage loH =—-400 pA 2.4 \%
VOoH2 IoH = —100 pA Vcc-0.4 \
VPPL VPP supply voltage (read only) Vcc vce + 1.0 \%
VPPH VPP supply voltage (read/write) 11.7 12.0 12.6 \%
AC ELECTRICAL CHARACTERISTICS (Ta =25 °C,Vcc =5V + 10 %, unless otherwise noted)
Table 17 Read-only mode
Limits .
Symbol Parameter - Unit
Min. Max.
tRC Read cycle time 500 ns
ta(AD) Address access time 500 ns
ta(CE) CE access time 500 ns
ta(OF) OE access time 200 ns
tcLz Output enable time (after CE) 0 ns
toLz Output enable time (after OE) 0 ns
tDF Output floating time (after OE) 70 ns
tDH Output valid time (after CE, OE, address) 0 ns
tWRR Write recovery time (before read) 6 Us
Table 18 Read/Write mode
Symbol Parameter - Limits Unit
Min. Max.
twc Write cycle time 300 ns
tas Address set up time 0 ns
tAH Address hold time 120 ns
tDs Data setup time 100 ns
tDH Data hold time 20 ns
tWRR Write recovery time (before read) 6 us
tRRW Read recovery time (before write) 0 us
tcs CE setup time 40 ns
tcH CE hold time 0 ns
twp Write pulse width 120 ns
twPH Write pulse waiting time 40 ns
tDP Program time 10 us
tDE Erase time 9.5 ms
tvsc VPP setup time 1 us
Note: Read timing of Read/Write mode is same as Read-only mode.
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(2) Flash memory mode 2 (serial I/O mode) wires as shown in Figures 91 and powering on the Vcc pin and
The M38B79FF has a function to serially input/output the software then applying VPPH to the VPP pin.

commands, addresses, and data required for operation on the in- In the serial I/O mode, the user can use six types of software com-
ternal flash memory (e. g., read, program, and erase) using only a mands: read, program, program verify, erase, erase verify and
few pins. This is called the serial 1/0 (input/output) mode. This error check.

mode can be selected by driving the SDA (serial data input/out- Serial input/output is accomplished synchronously with the clock,
put), SCLK (serial clock input ), and OE pins high after connecting beginning from the LSB (LSB first).

GO

*P27/FLD7 «@
*P26/FLD6 —ag— [82]
*P2s/FLDs —-— 53]
*P24/FLD4 ~— [84]
*P23/FLD3 w— [85]
*P22/FLD2 ~a— 56
*P21/FLD1 4*@
*P20/FLD0 ~t— 58]
VEE — [89]
PBe/SIN1 0|
PB5/SOUTL g [o1]
PB4/SCLK11 g [92]
PB3/SSTB1 gt @
PB2/SBUSY1 - [94]
PB1/SRDY1 g [95]
PB0/ScLk12/SVIN/DA - [96 |
AVss —- @

VREF —f= @
PA7/AN7 ~[99|
PA6/AN6 i fioo]

5 o 2 3 3AIL S22 INRILENRIRBIIBIBLE

[aNaYaNaNaNaNaNaNaNaNaNaNalalalalalaNaNalalalalalalalalfalfalfal

o

o e L e e e A A L L

S A P I PP RO IB I D ON O IIBDIDOEOIIDID

00000000 ddddddddMMNHOMOHOHOOMOHOOITITIT T IS

[ W Y Y W Y T« < e« W W M W o o Y« Yo Y« Y« Y« Y« Y W W W W s W

o S S S aaaal

BRERIEFFRRFREEEEE]EERERBEEEEE]E]EE
[50 | - *P4e/FLD3s
E‘—» *P47/FLD39
[48] - *P50/FLD4o
[47] <& *P51/FLDa1
Eq—» *P52/FLD42
[45 ] <8 *P53/FLD43
[44 | <9 *P54/FLD44

O
O

[43] <t *P55/FLD4s

[42 ] <t *P56/FLD4s

E g *P57/FLD47
M38B79FFFP [25] &+ *Po/FLDas

[39 | <t~ *P61/FLD49

[38] - *P62/FLDso

[37 ] - *P63/FLDs1

[36] - P64/RXD/FLDs2
[35 ] - P65/TxD/FLDs3

[32 |~ P66/ScLk21/FLDs4 4@
[33] = P67/Srov2/ScLk22/FLDss
[32] =3 P70/INTo

[31 ]~ p71/INT1

PAS/ANS g 1]
PAYAN <t [ 2]
PAS/ANS - [ 3]
PA2/AN2 - [ 4]
PAL/AN1 - 5]
PA0/ANo - 6|

P97/BUZ02/AN15 g 7]

PIS/PWMO/AN1: i [ 5]

PI5/RTPO/AN13 g [9]
P94/RTP1/AN12 ~agt-- [10]

— > [17]
P81/XcouT - [19 |

T
Vss —»[21 |
Xin ——[22]

Xout -a—[23]
Vee —[24]

SE

CNVss —m[17]

E:

P8o/XcIN ~-[20 |

R

P93/SRDY3/AN11 - [11
P92/ScLK3/AN10 - [12 |
P91/SouTs/ANg - [13
P0/SiN3/ANg - [14 |
P82/CNTR1 ~at-[16]
P76/T30UT - [26 |
P75/T10UT et 27|
P74/PWM1 - [28]
P73/INT3/DIMoUT - [29 |
P72/INT2 ~a-[30]

P83/CNTR0/CNTR2 i [E
P77/INT4/Buzo1 - [25 |

@
D(o—

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

Package type: 100P6S-A (Dindicates the flash memory pin.

Fig. 91 Pin connection of M38B79FF when operating in serial /O mode
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Table 19 Pin description (flash memory serial I/O mode)

Pin Name /énu‘:ght Functions

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

CNVss VPP input Input | Connectto 11.7 Vto 12.6 V.

RESET Reset input Input | Connect to Vss.

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

Xout Clock output Output

AVss Analog supply input — Connect to Vss.

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

P0o—-PO7 Input port PO Input | Input “H” or “L”, or keep them open.

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

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

P30-P3s InputportP3_ _Input_| Input “H” or "L", or keep themopen. ]
i Control signal input Input | OE input pin

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

P50-P57 Input port P5 Input | Input “H” or “L", or keep them open.
| P60-P63, P6s| Inputport P6_ _Input_ | Input "H” or L" to P60-P63, P6s, or keep themopen. _ ]
P64 | SDANO_ _ _ _ _ ___ _ Vo _|Thispinisforserialdata llO. _ _ _ _ _ _ _ __ ________________|
[P6s | SCLKinput _ _ _ _ _ _ Input _| This pin is for serial clock input. ______ __________________|
P67 BUSY output Output | This pin is for BUSY signal output.

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

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

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

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

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

VEE Pull-down power supply Keep this open.
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Functional Outline (serial I/O mode)

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

Table 20 Software command (serial I/O mode)

Data is transferred in units of eight bits.

In the first transfer, the user inputs the command code. This is fol-
lowed by address input and data input/output according to the
contents of the command. Table 20 shows the software com-
mands used in the serial /0O mode. The following explains each
software command.

umber of transfers| First command .
. Second Third Fourth

Command code input

Read 0016 Read address L (Input) Read address H (Input) Read data (Output)
Program 4016 Program address L (Input) Program address H (Input) Program data (Input)
Program verify C016 Verify data (Output)

Erase 2016 2016 (Input)

Erase verify AO16 Verify address L (Input) Verify address H (Input) Verify data (Output)
Error check 8016 Error code (Output)

e Read command

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

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

tcH tCH
SCLK
Ao A7 A15 Do D7
SDA  -====- 1000000007 T\ AAMANAN T UANANAMANTTTTTTTTTTT T T T UMMM AT
Command code input (0016) Read address input (L) Read address input (H) Read data output
|_ Icr tWR tRC
<
OE
Read
BUSY “L"

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

Fig. 92 Timings during reading
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e Program
Input comm

the low-order 8 bits and the high-order 8 bits of the address and
then program data. Programming is initiated at the last rising edge

of the serial

driven high during program operation. Programming is completed

HARDWARE
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command Note : A programming operation is not completed by executing the
and code 4016 in the first transfer. Proceed and input program command once. Always be sure to execute a pro-

gram verify command after executing the program command.
When the failure is found in the verification, the user must re-

clock during program data transfer. The BUSY pin is peatedly execute the program command until the pass in the

within 10 ps as measured by the internal timer, and the BUSY pin

verification. Refer to Figure 90 for the programming flowchart.

is pulled low.
tcH tcH tcH
SCLK
trc
Ao A7 As A15 Do D7
oA 10,0 00 0 ofslos=~- 0000000~ 00000000) 000000 -1~
Command code input (4016) Program address input (L) Program address input (H) ~ Program data input
OE twp
Program
BUSY
Fig. 93 Timings during programming
e Program verify command ternal data latch. When the OE pin is released back high and se-

Input command code CO016 in the first transfer. Proceed and drive

the OE pin

the programmed address’s contents, and then latchs it into the in-

rial clock is input to the SCLK pin, the verify data that has been
low. When this is done, The M38B79FF verify-reads latched into the data latch is serially output from the SDA pin.

SCLK
Do D7
SDA 000000[11 0000000
Command code input (CO16) Verify data output
|_ICRPV_ _tWR tRC
<
OE
Verify read
BUSY ..

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

Fig. 94 Timings during program verify
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e Erase command

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

executing the erase command.

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

tcH
SCLK
tEC
SDA ====700000f1[0 0p==--70 000 0f1]|0 Oy==========-===-----Too oo
Command code input (2016) Command code input (2016)
__ "W
OE
twe
BUSY Erase

Fig. 95 Timings at erasing

e Erase verify command

The user must verify the contents of all addresses after complet-
ing the erase command. Input command code AO016 in the first
transfer. Proceed and input the low-order 8 bits and the high-order
8 bits of the address and pull the OE pin low. When this is done,
the M38B79FF reads out the contents of the specified address,
and then latchs it into the internal data latch. When the OE pin is
released back high and serial clock is input to the SCLK pin, the

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

put from the SDA pin.

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

tCH tcH
SCLK
Ao A7 As A1s Do D7
SDA  -m—=-- 100000101l """""""""""""""""""
Command code input (A016) Verify address input (L)  Verify address input (H) Verify data output
|_ICREV tWR tRC
=
OE
Verify read
BUSY “L"

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

Fig. 96 Timings during erase verify
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e Error check command

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

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

HARDWARE
FUNCTIONAL DESCRIPTION

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

tCH
SCLK
EO
SDA  ------ 100000 0 oft -~}
Command code input (8016) Error flag output

r
OE
BUSY «»

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

Fig. 97 Timings at error checking
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DC ELECTRICAL CHARACTERISTICS (Ta=25°C,Vcc =5V + 10 %, VPP = 11.7 to 12.6 V, unless otherwise noted)
Icc, Ipp-relevant standards during read, program, and erase are the same as in the parallel input/output mode. ViH, ViL, VOH, VoL, liH, and
IiL for the SCLK, SDA, BUSY, OE pins conform to the microcomputer modes.

Table 21 AC Electrical characteristics
(Ta=25°C,Vcc =5V + 10 %,Vrp = 11.7 to 12.6 V, f(XIN) = 4 MHz, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Max.
tcH Serial transmission interval 625(Note 1) ns
tcrR Read waiting time after transmission 625(Note 1) ns
tWR Read pulse width 500(Note 2) ns
tRC Transfer waiting time after read 625(Note 1) ns
tCRPV Waiting time before program verify 6 us
twp Programming time 10 us
tPC Transfer waiting time after programming 625(Note 1) ns
tCREV Waiting time before erase verify 6 us
tWE Erase time 9.5 ms
teC Transfer waiting time after erase 625(Note 1) ns
te(CK) SCLK input cycle time 250 ns
tw(CKH) SCLK high-level pulse width 100 ns
tw(CKL) SCLK low-level pulse width 100 ns
tr(CK) SCLK rise time 20 ns
tf(CK) SCLK fall time 20 ns
td(C-Q) SDA output delay time 0 90 ns
th(C-Q) SDA output hold time 0 ns
th(C-E) SDA output hold time (only the 8th bit) ng7.5MNote 3)j312 5(Note 4)| g
tsu(D-C) SDA input set up time 30 ns
th(C-D) SDA input hold time 90 ns
Notes 1: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 1.
Formula 1 ; 2200 106
f(XIN)
2: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 2.
Formula 2 : 2900 106
f(XIN)
3: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 3.
. _750 6
Formula 3 : ) X
4: When f(XIN) = 4 MHz or less, calculate the minimum value according to formula 4
Formula 4 : =220 106
f(XIN)
AC waveforms
tc(CK)
t(CK) tw(CKL) (CK) tw(CKH)
SCLK
th(Cc-Q)
th(C-E) <>
Test conditions for AC characteristics
SDA output >— ------
« Output timing voltage : VoL =0.8 V, VOH =2.0 V
tsud-C) | th(C-D) - Input timing voltage : ViL = 0.2 Vcc, VIH = 0.8 Vcc
SDAinput  -—=-==-==--=-----------—--< | emmemmem————————— oo
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(3) Flash memory mode 3 (CPU reprogramming
mode)

The M38B79FF has the CPU reprogramming mode where a built-

in flash memory is handled by the central processing unit (CPU).

In CPU reprogramming mode, the flash memory is handled by

writing and reading to/from the flash memory control register (see

Figure 98) and the flash command register (see Figure 99).

The CNVss pin is used as the VPp power supply pin in CPU repro-

gramming mode. It is necessary to apply the power-supply voltage

of VpPH from the external to this pin.

Functional Outline (CPU reprogramming mode)
Figure 98 shows the flash memory control register bit configura-
tion. Figure 99 shows the flash command register bit
configuration.

Bit O of the flash memory control register is the CPU reprogram-
ming mode select bit. When this bit is set to “1” and VPPH is
applied to the CNVss/VPP pin, the CPU reprogramming mode is
selected. Whether the CPU reprogramming mode is realized or
not is judged by reading the CPU reprogramming mode monitor
flag (bit 2 of the flash memory control register).

Bit 1 is a busy flag which becomes “1” during erase and program
execution.

Whether these operations have been completed or not is judged

HARDWARE
FUNCTIONAL DESCRIPTION

by checking this flag after each command of erase and the pro-
gram is executed.

Bits 4, 5 of the flash memory control register are the erase/pro-
gram area select bits. These bits specify an area where erase and
program is operated. When the erase command is executed after
an area is specified by these bits, only the specified area is
erased. Only for the specified area, programming is enabled; for
the other areas, programming is disabled.

Figure 100 shows the CPU mode register bit configuration in the
CPU reprogramming mode.

7 6 5 4

[ lo] |

1 0

3 2
o] [ ]]

Flash memory control regsiter
(FCON : address OEFEtzs)

CPU reprogramming mode select bit (Note)
0 : CPU reprogramming mode is invalid. (Normal operation mode)
1 : When applying 0 V or VrrL to CNVss/Vep pin, CPU reprogramming mode is
invalid. When applying VrpH to CNVss/Vep pin, CPU reprogramming mode is valid.

Erase/Program busy flag
0 : Erase and program are completed or not have been executed.
1: Erase/program is being executed.

CPU reprogramming mode monitor flag
0 : CPU reprogramming mode is invalid.
1 : CPU reprogramming mode is valid.
Fix this bit to “0”.

Erase/Program area select bits
0 0: Addresses 100016 to FFFF1s (total 60 Kbytes)
0 1:Addresses 100016 to 7FFFs (total 28 Kbytes)
1 0: Addresses 800016 to FFFFs (total 32 Kbytes)
1 1: Not available

Fix this bit to “0”.

Not used (returns “0” when read)

Note: Bit 0 can be reprogrammed only when 0V is applied to the CNVss/Vep pin.

Fig. 98 Flash memory control register bit configuration
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e CPU reprogramming mode operation procedure
The operation procedure in CPU reprogramming mode is de-
scribed below.

< Beginning procedure >

O Apply 0 V to the CNVss/VPP pin for reset release.

[ Set the CPU mode register. (see Figure 100)

O After CPU reprogramming mode control program is transferred to
internal RAM, jump to this control program on RAM. (The follow-
ing operations are controlled by this control program).

[0 Set “1” to the CPU reprogramming mode select bit.

O Apply VPPH to the CNVss/VPP pin.

O Wait till CNVss/VPP pin becomes 12 V.

0 Read the CPU reprogramming mode monitor flag to confirm
whether the CPU reprogramming mode is valid.

[0 The operation of the flash memory is executed by software-com-
mand-writing to the flash command register .

Note: The following are necessary other than this:

«Control for data which is input from the external (serial I/O
etc.) and to be programmed to the flash memory

«Initial setting for ports etc.

*Writing to the watchdog timer

7 6 5 4 3 2 1 0
| | | | | | | | | Flash command register

(FCMD : address OEFF16)

Writing of software command

<Software command name> <Command code>

* Read command “0016”
* Program command “4016”
* Program verify command “C016”
 Erase command “2016” + “2016”
« Erase verify command “A016"
* Reset command “FF16” + “FF16”

Note: The flash command register is write-only register.

Fig. 99 Flash command register bit configuration

< Release procedure >

0 Apply OV to the CNVss/VPP pin.

0 Wait till CNVss/VPP pin becomes 0OV.

0 Set the CPU reprogramming mode select bit to “0”.

Each software command is explained as follows.

e Read command

When “0016” is written to the flash command register, the
M38B79FF enters the read mode. The contents of the corre-
sponding address can be read by reading the flash memory (For
instance, with the LDA instruction etc.) under this condition.

The read mode is maintained until another command code is written
to the flash command register. Accordingly, after setting the read
mode once, the contents of the flash memory can continuously be
read.

After reset and after the reset command is executed, the read
mode is set.

b7 b0
| | | | | | |0 | Ol CPU mode register

(CPUM : address 003B16)

Processor mode bits
b1l bo

0 0 :Single-chip mode
0 1 :Notavailable
1 X :Notavailable

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

Reserved
(Do not write “0” to this bit when using
XcIN-XcouT oscillation function.)

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

Main clock (XIN-X0UT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bits
b6

0 : @=f(XIN) (high-speed mode)

1 : @=f(XIN)/4 (middle-speed mode)
0 : @=f(XcIN)/2 (low-speed mode)
1

7
0
0
1
1 : Not available

Fig. 100 CPU mode register bit configuration in CPU rewriting
mode
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e Program command

When “4016” is written to the flash command register, the

M38B79FF enters the program mode.

Subsequently to this, if the instruction (for instance, STA

instruction) for writing byte data in the address to be programmed

is executed, the control circuit of the flash memory executes the

program. The erase/program busy flag of the flash memory control

register is set to “1” when the program starts, and becomes “0”

when the program is completed. Accordingly, after the write in-

struction is executed, CPU can recognize the completion of the

program by polling this bit.

The programmed area must be specified beforehand by the erase/

program area select bits.

During programming, watchdog timer stops with “FFFF16” set.

Note: A programming operation is hot completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 101 for the flow chart of the programming.

e Program verify command

When “C016” is written to the flash command register, the
M38B79FF enters the program verify mode. Subsequently to this,
if the instruction (for instance, LDA instruction) for reading byte
data from the address to be verified (i.e., previously programmed
address), the contents which has been written to the address ac-
tually is read.

CPU compares this read data with data which has been written by
the previous program command. In consequence of the compari-
son, if not agreeing, the operation of “program - program verify”
must be executed again.

e Erase command

When writing “2016” twice continuously to the flash command reg-

ister, the flash memory control circuit performs erase to the area

specified beforehand by the erase/program area select bits.

Erase/program busy flag of the flash memory control register be-

comes “1” when erase begins, and it becomes “0” when erase

completes. Accordingly, CPU can recognize the completion of
erase by polling this bit.

Data “0016” must be written to all areas to be erased by the pro-

gram and the program verify commands before the erase

command is executed.

During erasing, watchdog timer stops with “FFFF16” set.

Note: The erasing operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 101
for the erasing flowchart.

HARDWARE
FUNCTIONAL DESCRIPTION

e Erase verify command

When “A016” is written to the flash command register, the

M38B79FF enters the erase verify mode. Subsequently to this, if

the instruction (for instance, LDA instruction) for reading byte data

from the address to be verified, the contents of the address is

read.

CPU must erase and verify to all erased areas in a unit of ad-

dress.

If the address of which data is not “FF16” (i.e., data is not erased)

is found, it is necessary to discontinue erasure verification there,

and execute the operation of “erase — erase verify” again.

Note: By executing the operation of “erase - erase verify” again
when the memory not erased is found. It is unnecessary to
write data “0016” before erasing in this case.

o Reset command

The reset command is a command to discontinue the program or
erase command on the way. When “FF16” is written to the command
register two times continuously after “4016” or “2016" is written to the
flash command register, the program, or erase command becomes
invalid (reset), and the M38B79FF enters the reset mode.

The contents of the memory does not change even if the reset com-
mand is executed.

DC Electric Characteristics
Note: The characteristic concerning the flash memory part are the
same as the characteristic of the parallel /O mode.

AC Electric Characteristics
Note: The characteristics are the same as the characteristic of the
microcomputer mode.
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Program

ADRS = first location

v
X=0

WRITE PROGRAM
COMMAND

v

WRITE PROGRAM
DATA

v

C

<
—
C

C

4016

O U U

WAIT 1pus

ERASE PROGRA
BUSY FLAG =0

C )

X=X+1
WRITE PROGRAM-VERIFY CO16
COMMAND

( DURATION =6 ps )

FAIL

INC ADRS LAST ADRS ?

C WRITE READ COMMAND ) 0016

v

VERIFY BYTE ?

DEVICE
PASSED

DEVICE
FAILED

Erase

YES

C

—
O

{

C

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

v

ADRS = first location

v

0

WRITE ERASE
COMMAND

v

WRITE ERASE
COMMAND

!

2016

2016

O U U\

WAIT 1pus

ERASE PROGRAI
BUSY FLAG =0

INC ADRS

FAIL

( X=X+1 )
WRITE ERASE-VERIFY AO16
COMMAND

( DURATION =6 us )

VERIFY BYTE ?

LAST ADRS ?

( WRITE READ COMMAND ) 0016
DEVICE DEVICE
PASSED FAILED

Fig. 101 Flowchart of program/erase operation at CPU reprogramming mode
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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.” Af-
ter a reset, initialize flags which affect program execution. In
particular, it is essential to initialize the index X mode (T) and the
decimal mode (D) flags because of their effect on calculations.

Interrupts

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

Decimal Calculations

To calculate in decimal notation, set the decimal mode flag (D)
to “1”, then execute an ADC or SBC instruction. After executing
an ADC or SBC instruction, execute at least one instruction be-
fore executing a SEC, CLC, or CLD instruction.

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

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

Multiplication and Division Instructions

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

« The execution of these instructions does not change the con-
tents of the processor status register.

Ports

The contents of the port direction registers cannot be read. The

following cannot be used:

« The data transfer instruction (LDA, etc.)

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

¢ The instruction with the addressing mode which uses the value
of a direction register as an index

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

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

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

tion registers.

HARDWARE
NOTES ON PROGRAMMING

Serial 1/0

*Using an external clock

When using an external clock, input “H” to the external clock input
pin and clear the serial I/O interrupt request bit before executing
serial 1/O transfer and serial 1/0 automatic transfer.

*Using an internal clock

When using an internal clock, set the synchronous clock to the in-
ternal clock, then clear the serial I/O interrupt request bit before
executing serial 1/O transfer and serial /0O automatic transfer.

Automatic Transfer Serial 1/0

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

Otherwise the serial data might be incorrectly transmitted/re-
ceived.

*Set an automatic transfer interval for each 1-byte data transfer as
the following:
(1) Not using FLD controller
Keep the interval for 5 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

(2) Using FLD controller

(a) Not using gradation display
Keep the interval for 17 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

(b) Using gradation display
Keep the interval for 27 cycles or more of internal system
clock from clock rising of the last bit of 1-byte data.

A-D Converter

The comparator uses capacitive coupling amplifier whose charge
will be lost if the clock frequency is too low.

Therefore, make sure that f(XIN) is at least on 250 kHz during an
A-D conversion.

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

D-A Converter

The accuracy of the D-A converter becomes rapidly poor under
the Vcc = 4.0 V or less condition; a supply voltage of Vcc 24.0 V
is recommended. When a D-A converter is not used, set the value
of D-A conversion register to “0016”.

Instruction Execution Time

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

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

The period of the internal clock @is half of the XIN period in high-
speed mode.
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HARDWARE
NOTES ON USAGE/DATA REQUIRED FOR MASK ORDERS

NOTES ON USAGE

Handling of Power Source Pins

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin), between power
source pin (Vcc pin) and analog power source input pin (AVss
pin), and between program power source pin (CNVss/VpPP) and
GND pin for flash memory version when on-board reprogramming
is executed. Besides, connect the capacitor to as close as pos-
sible. For bypass capacitor which should not be located too far
from the pins to be connected, a ceramic capacitor of 0.01 pF-0.1
UF is recommended.

Flash Memory Version

The CNVss pin is connected to the internal memory circuit block
by a low-ohmic resistance, since it has the multiplexed function to
be a programmable power source pin (VPP pin) as well.

To improve the noise reduction, connect a track between CNVss
pin and Vss pin or Vcc pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational in-
terference even if it is connected to Vss pin or Vcc pin via a
resistor.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

1.Mask ROM Confirmation Form

2.Mark Specification Form

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or in one floppy disk.
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APPLICATION
2.1 1/0 port

2.1 1/0 port

This paragraph describes the setting method of 1/O port relevant registers, notes etc.

2.1.1 Memory assignment

Address

000016 | Port PO (PO)
000116
000216 | Port P1 (P1)
000316 | Port P1 direction register (POD)
000416 | Port P2 (P2)
000516
000616 | Port P3 (P3)
000716 | Port P3 direction register (P2D)
000816 | Port P4 (P4)
000916 | Port P4 direction register (P4D)
000A16 | Port P5 (P5)
000B16 | Port P5 direction register (P5D)
000Cz16 | Port P6 (P6)
000Dz16 | Port P6 direction register (P6D)
000Ez16 | Port P7 (P7)
000F16 | Port P7 direction register (P7D)
001016 | Port P8 (P8)
001116 | Port P8 direction register (P8D)
001216 | Port P9 (P9)
001316 | Port P9 direction register (P9D)
001416 | Port PA (PA)
001516 | Port PA direction register (PAD)
001616 | Port PB (PB)
001716 | Port PB direction register (PBD)

A~
~

)2
€

)
N

OEEF16 | Pull-up control register 3 (PULL3)
OEFO016 | Pull-up control register 1 (PULL1)
OEF116 | Pull-up control register 2 (PULL2)

~y

/TI

2

Fig. 2.1.1 Memory assignment of I/O port relevant registers
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2.1.2 Relevant registers

APPLICATION

2.1 1/0 port

Port Pi

b7 b6 b5 b4 b3 b2 bl b0

PortPi(i=0t0 7,9, A)

(Pi: addresses 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1216, 1416)

A b Name Functions Atreset|R W
b1 L0 Port Pio e In output mode 0100
S A R 1| Port Pi1 Wit «eeeeess Port latch o ]0:0
I R R 2 | Port Pi2 Read «+eseee- Port latch 0 010
N o 3 | Port Pi3 e In input mode 0 oi0
O — 4 | Port Pia WIite eeeeeees Port latch 0 00
i i e ] 5 | Port Pis Read «+++---- Value of pin 0 00
P emeeeemeeeeceeeee 6 | Port Pis 0 00
Rmmmmmmmm oo 7 | Port Piz 0 00
Fig. 2.1.2 Structure of port Pi (i=0to 7, 9, A)
Port P8
b7 b6 b5 b4 b3 b2 bl b0
BERRRRRRpESs

L1 11 1 | (P8 address 1016)

E E E E E E i ) Name Functions At reset|R IW
ol i__| 0 |Port P8o e In output mode 0 OEO
A Write eeeeeees Port latch .
EEEEEE 1 |Port P81 Read - Port latch 0 |00
S SR 2 [ Port P82 e In input mode o [oio
T A Write «eeee... Port latch -
e 3 [Port P83 Read «veeve Value of pin| 0 |O|O
e | 4 [Nothing is arranged for these bits. When these 0 [X:iXx
R | 5 | bits are read out, the contents are undefined. 0 X 1%
. 6 | 0 [xix
Iommmmm oo 7 0 |Xix

Fig. 2.1.3 Structure of
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APPLICATION
2.1 1/0 port

Port PB

b7 b6 b5 b4 b3 b2 bl b0

| | Port PB
1 111 1 1 | (PB:address 1616)
A AL Name Functions At reset|R iW
bbb T Port PBo e In output mode 0100
oo s 1| Port PB1 WHtE «eeeeees Port latch 0 O EO
A 2 | Port PB2 Read «ceeeeee Port latch 0 0:0
i i i i [ 3 | Port PB3 e In input mode 0 0:i0
A T R O 4 | Port PB4 Write «eeeeee. Port latch 0 00
i i o] 5 | Port PBs Read -«++---. Value of pin 0 00
P hommmmmmommnoee 6 | Port PBe 0o |00
o 7 | Nothing is arranged for this bit. When this bit is 0 XX
read out, the contents are undefined. i
Fig. 2.1.4 Structure of port PB
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
| Port Pi direction register (PiD) (i=1,3t07,9, A)
L1 L1 1 | [Addresses 0316, 0716, 0916, 0B16, OD16, OF16, 1316, 1516]
A A L Name Functions At reset|R IW
bbb b1 o[ Port Pidirection 0 : Port Pio input mode 0o [XiO
A register 1 : Port Pio output mode |
Pl 1 0 : Port Pi1 input mode 0 |[XiO
A ] 1: Port Pi1 output mode ;
e 2 0 : Port Pi2 input mode 0 Xi0
oo 1 : Port Pi2 output mode !
A 3 0 : Port Pi3 input mode 0 [XxiO
Pl || 1 : Port Pis output mode |
A 4 0 : Port Pi4 input mode 0 X0
oo ] 1 : Port Pi4 output mode i
I 5 0 : Port Pis input mode 0 Xi0
Do | 1 : Port Pis output mode '
e 6 0 : Port Pis input mode 0 X110
i . 1 : Port Pis output mode i
G 7 0 : Port Pi7 input mode 0 X1i0
1 : Port Pi7 output mode i

Fig. 2.1.5 Structure of port Pi (i = 1, 3to 7, 9, A) direction register
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APPLICATION

2.1 1/0 port
Port P8 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P8 direction register

b1 111 | (P8D: address 1116)

A A Name Functions At reset|R W
i1t i1 11 [ o]|PortP8direction [0 : Port P8 input mode 0 X1i0
A | | register 1: Port P8o output mode '
A 1 0 : Port P81 input mode 0 X0
I R I | 1 : Port P81 output mode |
A 2 0 : Port P82 input mode 0 X0
Polor o || 1 : Port P82 output mode |
A 3 0 : Port P83 input mode 0 Xi0
i i i i 1 : Port P83 output mode !
e | 4 | Nothing is arranged for these bits. When these 0 |XiX
|4 e | 5 | bits are read out, the contents are undefined. 0 X1 X
|l 1 6 | 0 X1 X
bemmoeme e e 7 0 |[XiX

Fig. 2.1.6 Structure of port P8 direction register
Port PB direction register
b7 b6 b5 b4 b3 b2 bl b0
Port PB direction register

Attt I (PBD: address 1716)

A Name Functions At reset|R iW
i i i i i i i i___ 0 | Port PB direction 0 : Port PBo input mode 0 X110
A R register 1 : Port PBo output mode |
A N 1 0 : Port PB1 input mode 0 |X:O
I T T R R ] 1: Port PB1 output mode i
T A N 2 0 : Port PB2 input mode 0 Xi0
AR N 1 : Port PB2 output mode !
A 3 0 : Port PB3 input mode 0 X0
Py . 1 : Port PB3 output mode |
A 4 0 : Port PB4 input mode 0 X0
P | 1 : Port PB4 output mode ;
A 5 0 : Port PBs input mode 0 Xi0
o . 1: Port PBs output mode !

i i 6 0 : Port PBs input mode 0 0:0
P 1 : Port PB6 output mode i

i 7 | Nothing is arranged for this bit. When this bit is 0 [l E]
"""""""""""" read out, the contents are undefined. '

Fig. 2.1.7 Structure of port PB direction register
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APPLICATION

2.1 1/0 port

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl b0

Pull-up control register 1
(PULL1: address OEFO16)

A L) Name Functions At reset|R iW
i b b1 i _| o |Ports P6a, P6s 0: No pull-up o [O'O
oo pull-up control 1: Pull-up i
{10141 L___]1[Ports Pes, P67 |0: No pull-up o [Oi0
T B A pull-up control 1: Pull-up !
- A 2 | Ports P70, P71 0: No pull-up 0 00
oo pull-up control 1: Pull-up :
A 3 [Ports P72, P73 0: No pull-up o |00
Pl pull-up control 1: Pull-up |
A 4 | Ports P74, P75 0: No pull-up 0 00
P pull-up control 1: Pull-up ;
I 5 |Ports P7e, P77 0: No pull-up 0 0:0
i i pull-up control 1: Pull-up :
S S 6 |Nothing is arranged for these bits. These are 0 O!X
i —] write disabled bits. When these bits are read OE
S — 7 | out, the contents are “0". 0 : X
Note: The pin set to output port is cut off from pull-up control.
Fig. 2.1.8 Structure of pull-up control register 1
Pull-up control register 2
b7 b6 b5 b4 b3 b2 bl b0
Pull-up control register 2
(PULL2: address OEF116)
Pl bbb Name Functions At reset|R W
i1 11 1 11 1| o|Ports P8o, P81 pull- [0: No pull-up 0 1O
A up control 1: Pull-up !
A T A S 1 | Ports P82, P83 pull- |0: No pull-up 0 0'0
I T T B up control 1: Pull-up i
A 2 [ Nothing is arranged for this bit. This is a write 0 O X
i disabled bit. When this bit is read out, the i
oo contents are “0". '
oo 3 | Ports P90, P91 pull- |0: No pull-up 0 0:0
A up control 1: Pull-up !
A 4 | Ports P92, P93 pull- | 0: No pull-up 0 0:0
bl up control 1. Pull-up !
S 5 | Ports P94, P95 pull- [0: No pull-up 0 00
P up control 1: Pull-up i
o 6 | Ports P9s, P97 pull- [0: No pull-up 0 0.0
o up control 1: Pull-up !
i 7 | Nothing is arranged for this bit. This is a write 0 OIX
e disabled bit. When this bit is read out, the |
contents are “0”. i

Note: The pin set to output port is cut off from pull-up control.

Fig. 2.1.9 Structure

of pull-up co

ntrol register 2
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APPLICATION

2.1 1/0 port
Pull-up control register 3
b7 b6 b5 b4 b3 b2 bl b0
| Pull-up control register 3

AL bbb 1| (PULLS: address OEEF16)
A ) Name Functions Atreset|R {W
i b 1| o|Ports PAo, PA1 0: No pull-up 0 }e)
A pull-up control 1: Pull-up i
{11111 L___[1[PortsPA2 PAs  |0: No pull-up 0o [O{O
T R R pull-up control 1: Pull-up !
I 2 | Ports PA4, PAs 0: No pull-up 0 0:0
oo pull-up control 1: Pull-up :
A 3 [ Ports PAs, PA7 0: No pull-up o [oOiOo
Pl pull-up control 1: Pull-up |
oo ] 4 | Ports PBo, PB1 0: No pull-up 0 0:0
P pull-up control 1: Pull-up |
T R — 5 | Ports PB2, PB3 0: No pull-up 0 0i0
ol pull-up control 1: Pull-up !
A 6 | Ports PB4, PBs 0: No pull-up 0 0:0
i pull-up control 1: Pull-up i
e 7 | Ports PBe 0: No pull-up o |00

pull-up control 1: Pull-up i

Note: The pin set to output port is cut off from pull-up control.

Fig. 2.1.10 Structure of pull-up control register 3
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APPLICATION

2.1 1/0 port

2.1.3 Terminate unused pins

Table 2.1.1 Termination of unused pins

Pins

Termination

PO, P2

Open at “H” output state.

P1, P3—P5, P6o—
P63

« Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
« Set to the output mode and open at “H” output state.

P64s—P67, P7, P8o—
P8s, P9, PA, PBo—
PBs

« Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
e Set to the output mode and open at “L” or “H” output state.

VRer Open.

Xout Open (only when using external clock).

AVss Connect to Vss (GND).

Vee Connect to Vss (GND).

CNVss Connect to Vss through a resistor of 1 kQ to 10 kQ.

2-8
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APPLICATION
2.1 1/0 port

2.1.4 Notes on 1/O port

(1)

(2)

3)

Notes in standby state

In standby state™ for low-power dissipation, do not make input levels of an input port and an 1/O port
“undefined”.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

» External circuit

» Variation of output levels during the ordinary operation

When using an optional built-in pull-up resistor, note on varied current values:
e When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external

e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of a input port and an I/O port are “undefined”. This may cause power source current.

01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction

Modifying port latch of I/O port with bit managing instruction
When the port latch of an 1/O port is modified with the bit managing instruction™, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
*As for bit which is set for input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
*As for bit which is set for output port:
The bit value is read in the CPU, and is written to this bit after bit managing.

Note the following:

*Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.

02 Bit managing instructions: SEB and CLB instructions

Pull-up/Pull-down control
When each port which has built-in pull-up/pull-down resistor is set to output port, pull-up/pull-down
control of corresponding port becomes invalid. (Pull-up/pull-down cannot be set.)
e Reason
Pull-up/pull-down control is valid only when each direction register is set to the input mode.
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2.1 1/0 port

2.1.5 Termination of unused pins

(1) Terminate unused pins

O Output ports : Open

O Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ.
As for pins whose potential affects to operation modes such as pin INT or others, select the Vcc
pin or the Vss pin according to their operation mode.

O I/O ports :

» Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the
I/0 ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and I/O ports :
Do not open in the input mode.
e Reason
* The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

« At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.

2-10
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APPLICATION

2.2 Timer

2.2 Timer

This paragraph explains the registers setting method and the notes relevant to the timers.

2.2.1 Memory map

~

002016

Timer 1 (T1)

002116

Timer 2 (T2)

002216

Timer 3 (T3)

002316

Timer 4 (T4)

002416

Timer 5 (T5)

002516

Timer 6 (T6)

002616

(PWM control register (PWMCON))

002716

Timer 6 PWM register (T6PWM)

002816

Timer 12 mode register (T12M)

002916

Timer 34 mode register (T34M)

002A16

Timer 56 mode register (T56M)

002B16

(D-A conversion register (DA))

002C1s6

Timer X (low-order) (TXL)

002D16

Timer X (high-order) (TXH)

002Eu1s6

Timer X mode register 1 (TXM1)

002F16

Timer X mode register 2 (TXM2)

2
N7

¢

003Cz1s

Interrupt request register 1 (IREQ1)

003D16

Interrupt request register 2 (IREQ2)

0O03Eu1s

Interrupt ontrol register 1 (ICON1)

003F16

Interrupt control register 2 (ICON2)

A

i

—«

Fig. 2.2.1 Memory map of

registers relevant to timers

38B7 Group User's Manua
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APPLICATION

2.2 Timer

2.2.2 Relevant registers

(1) 8-bit timer

Timer i

b7 b6 b5 b4 b3 b2 bl b0

Timeri(i=1, 3to 6)

AL 11 1 | (Ti: addresses 2016, 2216, 2316, 2416, 2516)
Pbobr bbb Functions At reset| R iW
i i i i i i i i__1 0 | set timer i count value. 1 @) EO
A S | 1 |« The value set in this register is written to both 1 0:0
A N | 2 | the timer i and the timer i latch at one time. 1 |00
T T | 3 [+ When the timer i is read out, the count value 1 0.0
R | 4 | of the timer i is read out. 1 (OX©)
T T VN | 5 | 1 0.0
R | 6 | 1 00
b e 7 1 oo
Fig. 2.2.2 Structure of Timer i (i=1, 3 to 6)
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
| Timer 2
SN NN N N N S S (T2: address 2116)
A A ¢ Functions At reset|R iW
i i i i i i i i__1 0|+ Set timer 2 count value. 1 |0 EO
T T A | 1 [+ The value set in this register is written to both 0 00
A N 2| the timer 2 and the timer 2 latch at one time. 0 0:0
A T T | 3 [+ When the timer 2 is read out, the count value 0 00
T T N —— | 4 | of the timer 2 is read out. 0 (OX{©)
Do e | S | 0 ) io
R N | 6 | 0 00
b 7 0o |00
Fig. 2.2.3 Structure of Timer 2
Timer 6 PWM register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 6 PWM register
A L 111 1 (T6PWM: address 2716)
A A L Functions Atreset|R EW
bbb bbb | o |+ Intimer 6 PWM1 mode Undefined| O O
i i i i i i i "“"1— “L” level width of PWM rectangular waveform is set. . !
I T T S N S 1 |+ Duty of PWM rectangular waveform: n/(n + m) Undefined| O1 O
i i i i i i 1 Period: (n+m) xts ) T
A e 2 | (n = timer 6 set value Undefined) O : O
i i i i i 3 [ §m = timer 6 PWM register set value Undefinedl 01 O
Py T —] [ts = timer 6 count source period :
A S 4 Atn=0, al PWM output “L”". Undefined| O O
oo —1 Atm =0, all PWM output “H”. : E
P hemmmmmmmeoes i (However, n = 0 has priority.) Undefined O: o
i e 6 | * Selection of timer 6 PWM1 mode _ . Undefined Oi 0O
: | | Set“1” to the timer 6 operation mode selection bit. H
e 7 Undefined| O O

Fig. 2.2.4 Structure

Timer 6 PWM register
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2.2 Timer
Timer 12 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 12 mode register

1t 111 (T12M: address 2816)

Pl bbb Name Functions Atreset|R iW
i 111 1 1 1 1__[o[Timer1countstop [0: Count operation 0 [o}{e)
Pl bit 1: Count stop i
bbb ] 1 | Timer 2 count stop |0: Count operation 0 |

T T R bit 1: Count stop !
I i b3 b2 T
T — 2 | Timer 1 count 0 8% f(xiny/8 or f(XCIN)/16 0 :
T A A source selection 0 1+ f(X i
T A — bits - f(XciN) !
R I R I 3 1 0: f(XIN)/16 or f(XcIN)/32 !
Pl 1 1: f(XIN)/64 or f(XCIN)/128 i
Pl Timer 2 count bSbd i

T S T S 4 source selection 0 0: Timer 1 underflow 0 O: ©
o bits 0 1: f(XciN) ;
o 5| 1 0: External count input 0 O'0
T T CNTRo i
P 1 1: Not available |
o] 6 | Timer 1 output 0: 1/0 port 0 00
! selection bit (P75) |1: Timer 1 output :

i 7 [Nothing is arranged for this bit. This is a write 0 O X
ommmmmmm e mm e disabled bit. When this bit is read out, the |

contents are “0”". i
Fig. 2.2.5 Structure of Timer 12 mode register
Timer 34 mode register
b7 b6 b5 b4 b3 b2 bl b0
| Timer 34 mode register

1t 1| (T34M: address 2916)

A ) Name Functions Atreset|R EW
i1 11 1 1 1 i__[o]|Timer3countstop |0: Count operation 0 00
A bit 1: Count stop '
A T T R 1 | Timer 4 count stop |0: Count operation 0 0:0
oo bit 1: Count stop i
T A A i b3 b2 T
L1 ? | source seledtion [0 i orfoxemyns | 0 OO
oronon — bits 0 1: Timer 2 underflow |
I N 3 1 0: f(XIN)/16 or f(XcIN)/32 !
Pl 1 1: f(XIN)/64 or f(XCIN)/128 :
oo 4 | Timer 4 count b5 b4 0 0:0
R source selection 0o: f(X|N)/8 or f(XC|N)/16 !

i i i bits 0 1: Timer 3 underflow !
o 5| 1 0: External count input 0 o)Ie)
o] emmmmmmmeemeeeo CNTR1 !
P 1 1: Not available i

A 6 [ Timer 3 output 0: 1/0 port 0 00
I selection bit (P76)  [1: Timer 3 output |

i 7 | Nothing is arranged for this bit. This is a write 0 O X
R disabled bit. When this bit is read out, the i

contents are “0”. i

Fig. 2.2.6 Structure of Timer 34 mode register
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2.2 Timer

Timer 56 mode register

b7 b6 b5 b4 b3 b2 bl bo

Timer 56 mode register
(T56M: address 2A16)

m——————

b Name Functions Atreset|R W
0 | Timer 5 count stop [0: Count operation 0 Oi0
bit 1: Count stop i
1 | Timer 6 count stop [0: Count operation 0 Oi O
bit 1: Count stop !

2 [ Timer 5 count 0: f(XIN)/8 or f(XCIN)/16 0 0:0
source selection bit [1: Timer 4 underflow i
3 | Timer 6 operation  [0: Timer mode 0 00
mode selection bit |1: PWM mode '

. b b 1
4 | Timer 6 count 8 61: f(XIN)/8 or f(XCIN)/16 0 Oi O
|__|source selection 1 3: Timer 5 underflow :
5 | bits 1 0: Timer 4 underflow 0 O:0
1 1: Not available !
6 |Timer 6 (PWM) 0: 1/0 port o |O:iO
output selection bit [1: Timer 6 output
(P74)
7 [Nothing is arranged for this bit. This is a write 0

disabled bit. When this bit is read out, the

contents are “0".

Fig. 2.2.7 Structure of Timer 56 mode register
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2.2 Timer
(2) 16-bit timer
Timer X (low-order, high-order)
b7 b6 b5 b4 b3 b2 bl bo
| | Timer X (low-order, high-order)
—~ (TXL, TXH: addresses 2C16, 2D16)
A A Functions At reset|R {W
i i i i i i i i___ 0 | * Set timer X count value. 1 O EO
A 1 | * When the timer X write control bit of the timer 1 |olo
ol T —1 X mode register 1 is “0”, the value is written to 1 00
i i i i i oo 2| timer X and the latch at one time. |
R | 3| When the timer X write control bit of the timer 1 |00
A 4| X mode register 1 is “17, the value is written 1 |oio
P —1 only to the latch. '
I S 5 . . . 1 :
o —{ ¢ The timer X count value is read out by reading O ;O
R | 6| this register. 1 |00
b e 7 1 |oio
Notes 1: When reading and writing, perform them to both the high-
order and low-order bytes.

2: Read both registers in order of TXH and TXL following.

3: Write both registers in order of TXL and TXH following.

4: Do not read both registers during a write, and do not write to

both registers during a read.
Fig. 2.2.8 Structure of Timer X (low-order, high-order)
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2.2 Timer

Timer X mode register 1

b7 b6 b5 b4 b3 b2 bl b0

_______________________

Timer X mode register 1
(TXM1: address 2Eze6)

b Name

Functions

At reset

0 | Timer X write
control bit

0 : Write value in latch and
counter

1 : Write value in latch only

0

1 | Timer X count
source selection bits

b2 b1
0 O: f(XIN)/2 or f(XcIN)/4

0 1: f(XIN)/8 or f(XcIN)/16

1 0: f(XiN)/64 or f(XcIN)/128

1 1: Not available

ol ©

3 | Nothing is arranged for this bit. This is a write

contents are “0".

disabled bit. When this bit is read out, the

X

4 | Timer X operating
mode bits

b5 b4
00:
01:
10:
11:

Timer mode

Pulse output mode
Event counter mode
Pulse width
measurement mode

6 [ CNTR2 active edge
switch bit

0 : «Start from “H” output in

pulse output mode
«Count at rising edge in
event counter mode
*Measure “H” pulse
width in pulse width
measurement mode
1 : «Start from “L” output in
pulse output mode

«Count at falling edge in

event counter mode
*Measure “L” pulse
width in pulse width
measurement mode

7 | Timer X stop
control bit

0 : Count operating
1: Count stop

Fig. 2.2.9 Structure of Timer X mode register 1
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2.2 Timer
Timer X mode register 2
b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register 2
L1 (TXM2: address 2F16)
1 1 1 1 1 1 1 1
[ A H
A A L Name Functions At reset| R 1W
i1 b b1 111 |0 |Realtime port control |0: Real time port function is 0 0i0
Pl | |bit(Pea) invalid :
T T S S 1: Real time port function is i
T S R R valid !
T S R R 0
e 1 |Real time port control | 0: Real time port function is 0 o0
AR bit (P9s) invalid |
A 1: Real time port function is |
T T R R valid !
T R R ;
A 2 |P94 data for real time | 0: “L” output 0 00
I port 1: “H” output i
i i i i i_ ___________ 3 [P9s data for real time | 0: “L” output 0 0i0
i i i i port 1: “H” output i
Dol e | 4 | Nothing is arranged for these bits. These are 0 |OiX
I | 5 | write disabled bits. When these bits are read 0 01X
T S 6 | out, the contents are “0". 0 O' X
1 — T
D GGRGCEEEEEE R, 7 0 01X
Fig. 2.2.10 Structure of Timer X mode register 2
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2.2 Timer

(3) 8-bit timer, 16-bit timer

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl bo

Interrupt request register 1
(IREQL1 : address 3C1s6)

S ————

request bit

b Name Functions At reset|R iW
0 [INTo interrupt 0 : No interrupt request 0 v
request bit issued i

1 : Interrupt request issued l

1 |INTw/serial I/O3 10 : No interrupt request 0 0
interrupt request bit issued !
1 : Interrupt request issued i

2 | INT2 interrupt 0 : No interrupt request 0 i o
request bit issued !
Remote controller |1 : Interrupt request issued |
/counter overflow !
interrupt request bit |

3 | Serial /01 interrupt | O : No interrupt request 0 1 O
request bit issued |
Serial I/0 automatic| 1 : Interrupt request issued !
transfer interrupt |
request bit !

4 | Timer X interrupt [0 : No interrupt request 0 10
request bit issued :
1 : Interrupt request issued !

5 | Timer Linterrupt |0 : No interrupt request 0 p U
request bit issued !
1: Interrupt request issued ;

6 [ Timer 2 interrupt [0 : No interrupt request 0 10
request bit issued :
1 : Interrupt request issued !

7 | Timer 3 interrupt |0 : No interrupt request 0 10

1:

issued
Interrupt request issued

[: “0” can be set by software, but “1” cannot be set.

Fig. 2.2.11 Structure of Interrupt request register 1
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2.2 Timer
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| Interrupt request register 2

1 111 1 1 | (IREQ2:address 3D16)
A A L Name Functions Atreset|R W
i b b1 [ o |Timer 4 interrupt 0 : No interrupt request issued 0 o0
A request bit 1: Interrupt request issued !
A 1 [Timer 5interrupt [0 : No interrupt request issued| 0 oD
T A request bit 1: Interrupt request issued |
i i i i i i _________ 2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi ad
Pl request bit 1 : Interrupt request issued |
Pl 3 | Serial 1102 receive |0 : No interrupt requestissued] 0[O} [
A interrupt request bit [ 1 : Interrupt request issued [
Pl 4 | INT3/Serial 1/02 0 : No interrupt request issued 0 o0
A bt transmit interrupt |1 : Interrupt request issued |
P request bit |
i i i 5 | INT4 interrupt 0 : No interrupt request issued 0 Oi a
P request bit 1 : Interrupt request issued |
o A-D converter |
i i interrupt request bit !
P 6 | FLD blanking 0 : No interrupt request issued 0 o'
P interrupt request bit |1 : Interrupt request issued i
poTTTTTTTTTTTTTTT FLD digit interrupt |
i request bit :
i 7 | Nothing is arranged for this bit. This is a write 0 OiX
oo disabled bit. When this bit is read out, the contents :

are “0". !

[: “0” can be set by software, but “1” cannot be set.

Fig. 2.2.12 Structure of Interrupt request register 2
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2.2 Timer

Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl bo

Interrupt control register 1
(ICONL1 : address 3Ez1s)

A A L Name Functions At reset| R 'W
toob bbb il o |INTo interrupt 0 : Interrupt disabled 0 O i O
i i i i i i i enable bit 1 : Interrupt enabled i
A A S 1 | INT1/serial /03 0 : Interrupt disabled 0 0:0
bbb interrupt enable bit |1 : Interrupt enabled i
A O A 2 [ INT2 interrupt 0 : Interrupt disabled 0 0:0
P enable bit 1 : Interrupt enabled '
T Remote controller |
pororon /counter overflow i
P interrupt enable bit |
AR 3 | serial /01 interrupt | 0 : Interrupt disabled S CHE
oo enable bit 1 : Interrupt enabled |
A T —— Serial 1/0 automatic i
Pl transfer interrupt |
P enable bit i
oo 4 | Timer X interrupt 0 : Interrupt disabled 0 010
P T enable bit 1 : Interrupt enabled ;
Pey 5 [Timer Linterrupt [0 : Interrupt disabled 0o |0:0
o enable bit 1 : Interrupt enabled '
R 6 | Timer 2 interrupt |0 : Interrupt disabled 0 00
i enable bit 1 : Interrupt enabled i
b e 7 | Timer 3interrupt [0 : Interrupt disabled o |Oi0
enable bit 1 : Interrupt enabled i
Fig. 2.2.13 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 | Interrupt control register 2
AL L L 11 1 | (ICON2:address 3Fis)
Pl bbb Name Functions Atreset| R iW
toiob bbb i Jo|Timerdinterrupt [0 : interrupt disabled 0 0:0
A enable bit 1 : Interrupt enabled i
A O A 1 [ Timer 5 interrupt 0 : interrupt disabled 0 00
bbb enable bit 1 : Interrupt enabled i
A T R S— 2 | Timer 6 interrupt | 0 : interrupt disabled 0 Oi0
P enable bit 1 : Interrupt enabled ;
S 3 | Serial /02 receive |0 : interrupt disabled o |00
ool interrupt enable bit |1 : Interrupt enabled i
Pl 4 | INTs/Serial /02 0 : interrupt disabled 0 0:0
T transmit interrupt 1 : Interrupt enabled |
oo enable bit i
ol 5 | INT4 interrupt 0 : interrupt disabled 0 0:0
o enable bit 1 : Interrupt enabled !
P A-D converter |
Do interrupt enable bit i
P 6 | FLD blanking 0 : interrupt disabled 0 0:i0
R interrupt enable bit |1 : Interrupt enabled |
i FLD digit interrupt :
i enable bit i
B EGGGEEEEEE R R 7 | Fix “0” to this bit. 0 0:0

Fig. 2.2.14 Structure of Interrupt control register 2
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APPLICATION

2.2 Timer

2.2.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of event interval (Timer 1 to Timer 6, Timer X: timer mode)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request occurs.
<Use>
*Generating of an output signal timing
*Generating of a wait time

[Function 2] Control of cyclic operation (Timer 1 to Timer 6, Timer X: timer mode)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
*Generating of cyclic interrupts
*Clock function (measurement of 1 s); see “(2) Timer application example 1"
«Control of a main routine cycle

[Function 3] Output of rectangular waveform
(Timer 1, Timer 3, Timer 6, Timer X: pulse output mode)
The output level of the Tiour pin, Tsour pin, PWM: pin or CNTR:z pin is inverted each time the timer
underflows.
<Use>
*Piezoelectric buzzer output; see “(3) Timer application example 2"
*Generating of the remote control carrier waveforms

[Function 4] Count of external pulses (Timer 2, Timer 4, Timer X: event counter mode)
External pulses input to the CNTRo pin, CNTR: pin, CNTR2 pin are counted as the timer count
source (in the event counter mode).
<Use>
*Frequency measurement; see “(4) Timer application example 3"

*Division of external pulses
*Generating of interrupts due to a cycle using external pulses as the count source; count of a reel pulse

[Function 5] Output of PWM signal (Timer 6)
“H” interval and “L” interval are specified, respectively, and the output of pulses from P74/PWM:
pin is repeated.
<Use>
«Control of electric volume

[Function 6] Measurement of external pulse width (Timer X: pulse width measurement mode)
The “H” or “L” level width of external pulses input to CNTRz pin is measured.
<Use>
*Measurement of external pulse frequency (measurement of pulse width of FG pulse® for a motor);
see “(5) Timer application example 4"
Measurement of external pulse duty (when the frequency is fixed)
FG pulse™ Pulse used for detecting the motor speed to control the motor speed.

[Function 7] Control of real time port (Timer X: real time port function)
The data for real time is output from the P94 pin or P9s pin each time the timer underflows.
<Use>
*Stepping motor control; see “(6) Timer application example 5”
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2.2 Timer

(2) Timer application example 1: Clock function (measurement of 1 s)

Outline: The input clock is divided by the timer so that the clock can count up at 1 s intervals.
Specifications: ¢The clock f(Xin) = 4.19 MHz (22 Hz) is divided by the timer.

*The timer 3 interrupt request bit is checked in main routine, and if the interrupt
request is issued, the clock is counted up.

e The timer 1 interrupt occurs every 244 ps to execute processing of other interrupts.

Figure 2.2.15 shows the timers connection and setting of division ratios; Figure 2.2.16 shows the
relevant registers setting; Figure 2.2.17 shows the control procedure.

Timer 1 Timer 2 Timer 3 Timer 3 interrupt request bit

f(XIN) ’__)| |
4.19 MHz ’|1’16}—>| 1/64 1/256 ’—>| 1/16 }—>| o
1ls

Y

0/1 | 244 pus
0 : No interrupt request issued
Timer 1 interrupt 1 : Interrupt request issued
request bit

Fig. 2.2.15 Timers connection and setting of division ratios
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2.2 Timer

T12M |0|0|0|0|1|0|0|1|

.
>

>
>

b7
T34M |0|0| |

b0
Jo]1] [o]

=

>
>

Timer 1 (address 201s6)

Timer 12 mode register (address 281s)

Timer 1 count: Stop; Clear to “0” when starting count.
Timer 2 count: In progress

Timer 1 count source: f(Xin)/16

Timer 2 count source: Timer 1's underflow

Timer 1 output selection: 1/0 port

Timer 34 mode register (address 2916)

Timer 3 count: In progress
Timer 3 count source: Timer 2’'s underflow
Timer 3 output selection: 1/0O port

b7 b0
T1 | 3F16 |
Timer 2 (address 2116)
b7 b0
- | FFi | Set “division ratio — 1",
[ T1 =63 (3F1s6), T2 = 255 (FF16), T3 = 15 (OF1s) ]
Timer 3 (address 2216)
b7 b0
T3 | OF16 |
Interrupt control register 1 (address 3Eus)
b7 bo
conn fofofa] [ [ ][]
‘ > Timer 1 interrupt: Enabled
> Timer 2 interrupt: Disabled
> Timer 3 interrupt: Disabled
Interrupt request register 1 (address 3Cis)
b7 b0
reor | [ [ [ [ ][]
‘ > Timer 1 interrupt request (becomes “1” at 244 ps intervals)
» Timer 2 interrupt request
» Timer 3 interrupt request (becomes “1” at 1 s intervals)
Fig. 2.2.16 Relevant registers setting
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2.2 Timer
( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SEI *All interrupts disabled
T:I:2M (address 2816) <— 000010012 *Connection of Timers 1 to 3
T34M  (address 2916) <— 00XX01X02
IREQ1 (address 3C16) <€— 000XXXXX2 «Setting of Interrupt request bits of Timers 1 to 3 to “0”
ICON1 (address 3E16) <€— O0L1XXXXX2 *Timer 1 interrupt enabled, Timers 2 and 3 interrupts disabled
T1 (address 2016) <— 3F16 «Setting “Division ratio — 1" to Timers 1 to 3
T2 (address 2116) <— FFie
T3 (address 2216) <— OF16
T12M (address 2816), bit0 <— 0 *Timer count start
cLl sInterrupts enabled
Clock is stopped ? «Judgment whether time is not set or time is being set
*Confirmation that 1 s has passed
(Check of Timer 3 interrupt request bit)
IREQ1 (address 3Cz6), bit7 <— 0 sInterrupt request bit cleared ) )
(Clear it by software when not using the interrupt.)
0 l

Clock count up
Second to Year

Main processing

<Procedure for end of clock setting> (Note)

T2 (address 2116) <— FF16
T3 (address 2216) <— OF16
IREQ1  (address 3Cz16), bit7 <«— 0

Clock count up

*Adjust the main processing so that all processing in the loop O will
be processed within 1 s interval.

*Set Timers again when starting clock from 0 s after end of
clcok setting.

The procedure is Timer 2 setting followed by Timer 3 setting.
*Do not set Timer 1 again because Timer 1 is used to
generate the interrupt at 244 ps intervals.

Note : Perform procedure for end of clock setting only when end of
clock setting.

Fig. 2.2.17 Control procedure
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2.2 Timer

(3) Timer application example 2: Piezoelectric buzzer output
Outline: The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications: *The rectangular waveform, dividing the clock f(Xin) = 4.19 MHz (2% Hz) into about
2 kHz (2048 Hz), is output from the P7s/Tsour pin.
*The level of the P7¢/Tsout pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.2.18 shows a peripheral circuit example, and Figure 2.2.19 shows the timers connection and
setting of division ratios. Figure 2.2.20 shows the relevant registers setting, and Figure 2.2.21 shows
the control procedure.

The “H” level is output while a piezoelectric buzzer output stops.

/—/%

T3ouT output

Tsout PiPiPi.....

244 ps 244 ps

Set a division ratio so that the underflow

output period of the timer 3 can be 244 ps. 38B7 Group
Fig. 2.2.18 Peripheral circuit example
Timer 3 Fixed
f(XiN)
419 MHz —>{1/16 1/64 1/2 ——» Tsout

Fig. 2.2.19 Timers connection and setting of division ratios
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Timer 34 mode register (address 2916)
b7

b0
ram [of1] | [1]o] [o]

\—> Timer 3 count: In progress
Timer 3 count source: f(Xin)/16

> Timer 3 output selection: Buzzer output in progress = “1”
Buzzer output stopped = “0”

Timer 3 (address 2216)
b7 b0

13 | 316 | Set “division ratio — 1”; 63 (3Fus).

Interrupt control register 1 (address 3Eus)
b7 b0

cons o [ [ ][]}

> Timer 3 interrupt: Disabled

Fig. 2.2.20 Relevant registers setting

C RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SEI «All interrupts disabled
P7D (address OF16), bit6 <«— 1 «Port state setting at buzzer output stopped; “H” level output
P7 (address OEz1s), bit6 <— 1
ICON1 (address 3Euzs), bit7 «— 0 «Timer 3 interrupt disabled
T34M (address 2916) <€— 00XX10X02 «T30uUT output stopped; Buzzer output stopped
T3 (address 2216) <— 3F16
CLI «Interrupts enabled
Main processing

*Processing buzzer request, generated during main

Output unit T ”
processing, in output unit

Yes

Piezoelectric buzzer request ?

T34M (address 2916), bit6 <— 0

T3 (address 2216) < 3F16 T34M (address 2916), bit6 <— 1

‘ Start of piezoelectric buzzer output

Stop of piezoelectric buzzer
output

Fig. 2.2.21 Control procedure
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2.2 Timer

4)

Timer application example 3: Frequency measurement
Outline: The following two values are compared to judge whether the frequency is within a valid
range.
*A value by counting pulses input to P82/CNTR: pin with the timer.
*A reference value
Specifications: *The pulse is input to the P82/CNTR: pin and counted by the timer 4. (Note 1)
A count value of timer 4 is read out at about 2 ms intervals, the timer 1 interrupt
interval. When the count value is 28 to 40, it is judged that the input pulse is valid.

*Because the timer is a down-counter, the count value is compared with 227 to 215
(Note 2).

Notes 1: In the mask option type P, use the CNTRo pin and timer 2.

2: 227 to 215 = {255 (initial value of counter) — 28} to {255 — 40}; 28 to 40 means the number
of valid value.

Figure 2.2.22 shows the judgment method of valid/invalid of input pulses; Figure 2.2.23 shows the
relevant registers setting; Figure 2.2.24 shows the control procedure.

T - o>
71.4 ps or more 71.4 ps 50 ps 50 ps or less
(14 kHz or less) | (14 kHz) (20 kHz) (20 kHz or more)

Invalid —— b Valid e Invalid
2ms 2ms
—=—>__ =28 counts —=">__ =40 counts
71.4 ys 50 ps

Fig. 2.2.22 Judgment method of valid/invalid of input pulses
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Timer 12 mode register (address 2816)
b7

b0
miam [ofo] | [1]o] [1]

L>Timer 1 count: Stop; Clear to “0” when starting count.
Timer 1 count source: f(Xin)/16

> Timer 1 output selection: I/O port

Timer 34 mode register (address 2916)
b7

b0
raa [o] [a]o] | Jo] |

‘ ‘ l—>Timer 4 count: In progress

> Timer 4 count source: External count input CNTR1

Timer 1 (address 201s6)
b7 b0
T1 | 3F16 | Set “division ratio — 1”; 63 (3Fus).

Timer 4 (address 2316)
b7 b0
T4 | EE16 | Set 255 (FFis) just before counting pulses.
(After a certain time has passed, the number of
input pulses is decreased from this value.)

Interrupt control register 1 (address 3Eus)
b7 bo

cons | | o] [ []]]
|

> Timer 1 interrupt: Enabled

Interrupt control register 2 (address 3Fi6)

b0
conz || [ || ]]]o]

L>Timer 4 interrupt: Disabled

Interrupt request register 2 (address 3Dzs)

b0
reoz [ | | [ [ ][] ]o]

L’Timer 4 interrupt request
(“1" of this bit when reading the count value
indicates the 256 or more pulses input in the
condition of Timer 4 = 255)

Fig. 2.2.23 Relevant registers setting
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2.2 Timer
( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrary.
Initialization *All interrupts disabled
SEI
T1:2M (address 2816) <— 00XX10X12 *Set division ratio so that Timer 1 interrupt will occur at 244 ps intervals.
T1 (address 2016) <— 3F16
T34M (address 2916) <— 0X10XX0X2 *External pulses input from CNTRu pin selected as Timer 4’s count source
T4 (address 2316) <— FFi16 *Setting Timer 4 count value
ICON1 (address 3Ez1s),bits5 <— 1 Timer 1 interrupt enabled
ICON2 (address 3F16),bit0 <— 0 *Timer 4 interrupt disabled
T12M (address 2816), bit0O <—0 *Timer 1 count start
cLI «Interrupts enabled
L
N
( Timer 1 interrupt process routine ) *Set so that pulse judgment process will be performed once each time
178 Timer 1 interrupt occurs 8 times, at 2 ms intervals.
CLT (Note 1) Note 1: When using Index X mode flag (T)
CLD (Note 2) Note 2: When using Decimal mode flag (D)
Push registers to stack «Pushing registers used in interrupt process routine

IREQ2 (address 3Daus), bit0 ? *Processing as out of range when the count value is 256 or more

+Count value read
(A) < T4 (address 2310) *Storing count value into Accumulator (A)

In range
214 < (A)< 228
«Compare the read value with
reference value.
Out of range *Store the comparison result to flag Fpulse.
Fpulse <« 0 | | Fpulse <« 1
le |
"
T4 (address 2316) <— FF16 eInitialization of counter value
IREQ2 (address 3Dz16), bitO «— 0O *Timer 4 interrupt request bit cleared
| Process judgment result |
| Pop registers | *Popping registers pushed to stack

C RTI )

Fig. 2.2.24 Control procedure
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2.2 Timer

(5) Timer application example 4: Measurement of FG pulse width for motor
Outline: The timer X counts the “H” level width of the pulses input to the P8s/CNTRo/CNTR:z pin. An
underflow is detected by the timer X interrupt and an end of the input pulse “H” level is
detected by the timer 2 interrupt of which count source is the input to P8/CNTRo/CNTR:2

pin.
Specifications: *The timer X counts the “H” level width of the FG pulse input to the P8s/CNTRo/
CNTR:z pin.
<Example>

When f(Xiw) = 4.19 MHz, the count source is 15.2 us, which is obtained by dividing the clock
frequency by 64. Measurement can be made up to 1 s in the range of FFFFis to 0000ze.

Figure 2.2.25 shows the timers connection and setting of division ratio; Figure 2.2.26 shows the
relevant registers setting; Figure 2.2.27 shows the control procedure.

Timer X count source Timer X Timer X interrupt
selection bit request bit
f(XIN) = 4.19 MHz 1/64 J’I 1/65536 > 0/1
1s

Fig. 2.2.25 Timers connection and setting of division ratios
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Port P8 direction register (address 1116)
b7 b0

P8D 0

‘—> P83/CNTRo/CNTR2: Input mode

Timer X mode register 1 (address 2Eis)
b7 bo

TXM1 |1(0|1]|1 1(0]0

‘—> Write value in latch and counter
Timer X count source: f(Xin)/64

> Timer X operating mode: Pulse width measurement mode
> CNTR:2 active edge: Measuring “H” pulse width in pulse width measurement mode
> Timer X count: Stop; Clear to “0” when starting count.

Timer X mode register 2 (address 2Fi6)
b7 b0

TXM2 010

i—» Real time port function (P94): Invalid

Real time port function (P9s): Invalid
Timer X (low-order) (address 2Cais)
b7 b0

TXL FFie |

Set “65535 (FFFF16)” before stat of pulse width

Timer X (high-order) (address 2Dzs)
b7 b0 measurement.

TXH FFie6

Interrupt edge selection register (address 3Ais)
b0

b7
wreoce | Jof [ []]]]

» CNTRo pin edge: Falling edge count

Timer 12 mode register (address 281s)
b7 b0

Ti2™M |0 1|0 0

‘—» Timer 2 count: Stop

» Timer 2 count source: External count input CNTRo

Timer 2 (address 211s)
b7 b0
Set “0".

T2 | 0 | ) i ) ) .
- Timer 2 interrupt request occurs due to falling edge input to CNTRo pin.
Interrupt control register 1 (address 3Eus)
0

b7 b
cont | uf Jaf []]]

% Timer X interrupt: Enabled

> Timer 2 interrupt: Enabled

Interrupt request register 1 (address 3Cas)
b7 b0

IREQ1

% Timer X interrupt request (becomes “1” when Timer X underflows)
> Timer 2 interrupt request (becomes “1” when “H” level input ends)

Fig. 2.2.26 Relevant registers setting
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2.2 Timer

( RESET )

Initialization
SEI

P8D (address 1116),bit3 €«<— 0

TXM1 (address 2E16) <— 1011X1002
TXM2 (address 2F16) <€— XXXXXX002
TXL (address 2C16) <— FFi6

TXH (address 2D16) <€— FFis
INTEDGE (address 3A16),bit6 <— 1

T12M (address 2816) <— 0X10XX1X2
T2 (address 2116) <«— 0

ICON1 (address 3E16) <— XXXX1X1X2

TXM1 (address 2Ezie),bit7 <— 0
T12M (address 2816),bitl <— 0

CLI

I

(Timer X interrupt process routine (Note 1))

CLT (Note 2)
CLD (Note 3)
Push registers to stack

| Error processing

| Pop registers

( RTI )

e X: This bit is not used here. Set it to “0” or “1” arbitrary.

«All interrupts disabled

«Setting P83/CNTR0o/CNTR2 pin to input mode

*Timer X: Pulse width measurement mode

(Measuring “H” pulse width of input pulses from CNTR2 pin)
«Setting Timer X count value

*CNTRo pin edge: Falling edge count
*External pulses input from CNTRo pin selected as Timer 2’s count source

«Setting “0” to Timer 2
*Timers X and 2 interrupts: Enabled

*Timers X and 2 count start

eInterrupts enabled

Notes 1: Timer X interrupt also occurs owing to factors other than

measurement level.(CNTR2 input = “L” in this application)
Process it by software as error proccesing is performed for
measurement level as necessary . CNTR2 input level can be
checked by reading the contents of sharing port P83 register.
2: When using Index X mode flag (T)
3: When using Decimal mode flag (D)
*Pushing registers used in interrupt process routine

*Popping registers pushed to stack

Fig. 2.2.27 Control procedure
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2.2 Timer
( Timer 2 interrupt process routine (Note 1) )
CLT (Note 2) Notes 2: When using Index X mode flag (T)
CLD (Note 3) 3: When using Decimal mode flag (D)
Push registers to stack *Pushing registers used in interrupt process routine
(A) <— TXH *Count value read and storing it to RAM
Measurement result (high-order 8 bits) <— (A)
A < TXL
Measurement result (low-order 8 bits) <— (A)
TXL (address 2Cz1s) <— FFi1e
TXH (address 2D1s) <— FFi16
| Pop registers | «Popping registers pushed to stack

( RTI )

Note 1: The first value becomes invalid depending on start timing of Time X count
shown by the following figure.
Process it by software as necessary.

[ Example 1]  Start Timer X count when CNTR2 input level is “L".
(CNTR2 input level can be checked by reading the contents of sharing port P83 register.

FFFF16

T1 -
T2 —

| | | |

000016 } : : :

T1 value: Valid T2 value: Valid

CNTR2

Count start of ) * ) *

Timer X Timer 2 interrupt Timer 2 interrupt

[ Example 2] « Start Timer X count when CNTRz2 input level is “H".
Invalidate the first Timer 2 interrupt after start of Timer X count.

FFFF16 ‘
| | |
| | |
| | |
LR e B [ |
| | | |
| | | |
L e A - |
I I I I |
I I I I |
000016 ‘ ‘ : : ‘
T1 value: Invalid T2 value: Valid ‘
[
CNTR2 +
+
Count start of ) ) )
Timer X Timer 2 interrupt Timer 2 interrupt
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2.2 Timer

(6) Timer application example 5: Control of stepping motor
Outline: The rotating of stepping motor is controlled by using real time output ports.

Specifications: «The motor is controlled by using 2 real time output ports.
*The count source is f(Xin) = 4.19 MHz divided by 8.
*Values of Timer X and real time output are updated in the timer X interrupt routine

Figure 2.2.28 shows the timers connection and the table example of timer X/RTP setting values;
Figure 2.2.29 shows the RTP output example; Figure 2.2.30 shows the relevant registers setting;

Figure 2.2.31 shows the control procedure.

RTP P94 -
TXL g
™H [ TXM2 RTP P95 R Motor
T T
Timer X RTP
table table
38B7 group

Timer X setting table example RTP setting table example

RTP . RTP output RTP value
. Timer X value
output time pattern | TXM2,b2 [ TXM2,b3
T1 2FDO01s (1) 0 0
T2 2B7116 2) 0 1
T3 208116 3) 1 0
T4 186916 4) 1 1
Ts 13C916
Te 13A916
T7 122116
Ts 11Cl1e RTP: Real Time Port

Fig. 2.2.28 Timers connection and table example of timer X/RTP setting values

(1

@)

©)

4

T1 | T2 | T3 | Ta | Ts Tz | T8
RTP output time [ N N N - ; ;
RTP P94 !
RTP P9s
RTP RTP RTP RTP )] (3) @)
output output output output ' '
pattern pattern pattern pattern

RTP: Real Time Port

Fig. 2.2.29 RTP output example
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2.2 Timer

Timer X mode register 1 (address 2Eis)
b7 b0

man |2 Jofo] Jofa]o]

> Write value in latch and counter
Timer X count source: f(Xin)/8

Timer X operating mode: Timer mode
Timer X count: Stop; Clear to “0” when starting count.

vy

Timer X mode register 2 (address 2Fze)
b7 bo
v | ][] [a]

i—> Real time port function (P94): Valid

Real time port function (P9s): Valid
P94 data for real time port
P94 data for real time port

Timer X (low-order) (address 2Cais)

b7 b0

TXL | |
Timer X (high-order) (address 2Dis) Update the valug from the ta_ble each time Timer X underflows.
b7 bo (When accelerating or reducing speed.)

TXH | |
Interrupt control register 1 (address 3Eus)
b7 b0

cons | || [of []]]

\—> Timer X interrupt: Enabled

Fig. 2.2.30 Relevant registers setting
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2.2 Timer

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrary.
Initialization
«All interrupts disabled

SEI

TXM1 (address 2E1e) <— 1X00X0102
TXM2 (address 2F16) <— XXXX00112
TXL (address 2Ci6) <— D016

TXH (address 2D16) <— 2F16
IREQ1 (address 3C1s),bit4 <— 0

ICON1 (address 3E16),bit4 <— 1

T>2M1 (address 2E1s6), hit7 «<— 0

cL

\ 4

Main processing

( Timer X interrupt process routine )

CLT (Note 1)
CLD (Note 2)
Push registers to stack

Transfer the next underflow time of Timer X
from internal ROM table and store it to TXL
(address 2C16) and TXH (address 2D16)

Transfer RTP output data from internal
ROM table next underflow of Timer X and
store it to bits 2 and 3 of TXM2 (address

2F16)
|

Pop registers

( RTI )

«Setting Timer X
«Setting RTP function, “002” data from table
«Setting Timer X initial value, “2FD016” data from table

*Timer X interrupt request cleared
*Timer X interrupt enabled

*Timer X count start

eInterrupts enabled

RTP: Real Time Port

Notes 1: When using Index X mode flag (T)
2: When using Decimal mode flag (D)
*Pushing registers used in interrupt process routine

*Popping registers pushed to stack

Fig. 2.2.31 Control procedure
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2.3 Serial 1/0

2.3 Serial 1/0O

This paragraph explains the registers setting method and the notes relevant to the serial 1/O.

2.3.1 Memory map

AL
001816 |Serial I/01 automatic transfer data pointer (SIO1DP)
001916 [Serial I/01 control register 1 (SIO1CON1,SC11)

001A16 | Serial I/01 control register 2 (SIO1LCON2,SC12)
001B16 | Serial /01 register/Transfer counter (SIO1)
001Cz16 | Serial I/01 control register 3 (SIO1CON3,SC13)
001Dz16 | Serial 1/02 control register (SIO2CON)

001E16 | Serial I/02 status register (SIO2STS)

001F16 | Serial /02 transmit/receive buffer register (TB/RB)

2

A
~

¢

7
g

003716 |Baud rate generator (BRG)
003816 |UART control register (ULARTCON)
003916 |Interrupt source switch register (IFR)

~
o

ds

003Cazs | Interrupt request register 1 (IREQ1)
003Dus | Interrupt request register 2 (IREQ2)
003Eu1s6 |Interrupt control register 1 (ICON1)
003F1s6 |Interrupt control register 2 (ICON2)

~
"

CC

OEEC1s |Serial /03 control register (SIO3CON)

OEED16 |Serial I/O3 register (S103)

T ¥

Fig. 2.3.1 Memory map of registers relevant to Serial I/O
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2.3 Serial 1/0

2.3.2 Relevant registers
(1) Serial 1/O1

Serial I/01 automatic transfer data pointer

b7 b6 b5 b4 b3 b2 bl bo

| | Serial I/01 automatic transfer data pointer
(SIO1DP: address 1816)

E E i i i i P | b Functions Atreset|R W
14111 -0« Indicates the low-order 8 bits (0016 to FF16) of [Undefined| O 1O
A | 1| the address storing the start data on the serial |Undefined| O 0
A | 2 | 1/O automatic transfer RAM. Undefined| O 1 O
A R | 3 | » Data is written into the latch and read from the |Undefined| O 1O
bbb e | 4 | decrement counter. Undefined| O 1 O
bl e 15 | Undefined| O | O
| bememmemeeeceoeeeee | 6 | Undefined| O : O
b 7 Undefined[ O 1O

Fig. 2.3.2 Structure of Serial 1/01 automatic transfer data pointer
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2.3 Serial 1/0

Serial 1/01 control register 1

b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/0O1 control register 1
(SIO1CON1+SC11: address 1916)

Pl bbb Name Functions Atreset|R W
it 1 10 0 1 | o] serial transf blb0 ) 0 0!0
bbb | [Selectionbits | 00: Serial O disabled |
Tyl T (Pins PBo—PBs pins !
I R A R are 1/O ports.) |
S - 0 1: 8-bit serial I/O |
Poro 1 1 0: Not available 0 O | O
A T —— 1 1: Automatic transfer !
I A B serial I/O (8 bits) |
A 2 | Serial /01 b3b2 . 0 |00
P synchronous clock |9 0 lcq:)?:rl??PsB);nCinriosnlcl)gs !
S selection bits port.) P |
oo (PB3/S|SE.31 pin 0 1: External synchronous !
Py control bits) clock (PB3 pin is /O ;
T A - port.) 5
oo 3 1 0: Internal synchronous 0 0i0
T clock (PB3pin is |
T SsTB1 output.) :
T T A S 1 1: Internal synchronous !
T clock (PB3pin is |
Pl SsTB1 output.) !
A S 4 | Serial I/0 0: Serial /O initialization o |00
b initialization bit 1: Serial I/O enabled i
P 5 | Transfer mode 0: Full-duplex 0 (O}©)
P selection bit (transmit/receive) mode i
S (PB6 pin is SIN1 input.) |
o 1: Transmit-only mode |
Do (PBe pin is I/O port.) !
i i 6 | Transfer direction | 0: LSB first 0 0i0
I selection bit 1: MSB first |
i 7 | Serial 1/01 clock pin|0: Scik11 (PBo/ScLki2 pin 0 ) E )
! selection bit is /O port.) i
______________________ 1: Scik12 (PB4/ScLk11 pin |

is /O port.) !

Fig. 2.3.3 Structure of Serial 1/01 control register 1
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2.3 Serial 1/0

Serial 1/01 control register 2

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/01 control register 2
(SIO1CONZ2 « SC12: addres

s 1A16)

b Name

Functions

At reset

RiW

Fe———————————

0 [PB1/SRDY1 *
PB2/SBusY1 pin
control bits
b3b2b1b0
000 0: PB1, PB2
000 1: Not used

I/O port.

1 1/O port.

pins are 1/O ports.

001 0: PB1 pin is SRDY1 output; PB2 pin is
00 1 1: PB1 pin is SRDY1 output; PB2 pin is

010 0: PB1pinis I/O port; PB2 pinis
SBUSY1 input.

010 1: PB1 pinis I/O port; PB2 pin is
SBUSY1 input.

0110:PB1pinis I/O port; PB2 pin is
SBUSY1 output.

0111:PB1pinis I/O port; PB2 pin is

2 SBUSY1 output.

1 00 0: PB1 pin is SRDY1 input; PB2 pin is
SBUSY1 output.

100 1: PB1 pin is SRDY1 input; PB2 pin is
SBUSY1 output.

101 0: PB1 pin is SRDY1 input; PB2 pin is
SBUSY1 output.

101 1: PB1 pin is SRDY1 input; PB2 pin is
SBuUSY1 output.

3 11 0 0: PB1 pin is SRDY1 output; PB2 pin is
SBUSY1 input.

110 1: PB1 pin is SRDY1 output; PB2 pin is
SBUSY1 input.

111 0: PB1 pin is SRDY1 output; PB2 pin is
‘SBUSY1 input.

111 1: PB1 pin is SRDY1 output; PB2 pin is
SBUSY1 input.

0

0'0

4 |SBusY1 output
SsTB1 output
function selection bit
(Valid in serial 1/01
automatic transfer
mode)

0: Functions as signal for
each 1-byte

1: Functions as signal for
each transfer data set

5 |Serial transfer
status flag

0: Serial transfer
completed

1: Serial transfer in-
progress

6 |Sour1 pin control
bit (when serial data
is not transferred)

0: Output active
1: Output high-impedance

output disable bit

7 |PBs/Souti1 P-channel [0

: CMOS 3 state (P-
channel output is valid.)

1: N-channel open-drain

output (P-channel output
is invalid.)

Fig. 2.3.4 Structure of Serial I/0O1 control register 2
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Serial 1/01 register/Transfer counter

b7 b6 b5 b4 b3 b2 bl b0
| Serial I/0O1 register/Transfer counter
(SIO1: address 1Bue)

b Name Functions Atreset|R W

0 |+In 8-bit serial 1/0 *At f_unction as serial 1/101 Undefined Oi 'e)
_— mode: register:
|| Serial /01 register This register becomes the
1 shift register to perform Undefined| O
[ «In automatic transfer | serial transmit/reception.
serial /0 mode: Set transmit data to this
> | register. .
L 2| Transfer counter The serial transfer is started Undefined| O
by writing the transmit data.

Pm————————]

At function as transfer Undefined| O

counter:

1 | Set (transfer byte number — - :
4 1) to this register. Undefined Oi ©)

When selecting an internal

— clock, the automatic

5 transfer is started by writing |Undefined| O

bommmmmm e the transmit data.

|| (When selecting an external
6 clock, after writing a value  |Undefined| O

ittt to this register, wait for 5 or

| more cycles of the internal
7 system clock before Undefined| O

D b L L LI LD L E P EL inputting the transfer clock

to the Scik1 pin.)

Fig. 2.3.5 Structure of Serial I/O1 register/Transfer counter
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Serial 1/01 control register 3

b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 control register 3

(SIO1CONS3 » SC13: address 1C1s6)

b

Name

Functions

At reset

0

Automatic transfer
interval set bits

— (valid only when

selecting internal
synchronous clock)

b4b3b2b1b0
00000: 2cycles of

transfer clock

0000 1:3cycles of

transfer clock
to

11110:32cycles of

transfer clock

11111:33cycles of

transfer clock

Data is written into the
latch and read from the
decrement counter.

0

Internal
synchronous clock
selection bits

b7b6b5
000:

001:

010:

011

100:

101

110:

111:

f(XiNn)/4 or f(XcIN)/8
f(XIN)/8 or
f(XcIN)/16

f(XIN)/16 or
f(XciNn)/32

: f(XIN)/32 or

f(XcIN)/64
f(XiN)/64 or
f(XcIN)/128

: f(XIN)/128 or

f(XCIN)/256
f(XiN)/256 or
f(XcIN)/512
Not used

Fig. 2.3.6 Structure of Serial I/0O1 control register 3
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(2) Serial I/02

Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator
(BRG: address 3716)

contents are “1”.

disabled bit. When this bit is read out, the

A b Functions At reset|R W
i i i i i i i “--| 0 | * Bit rate of the serial transfer is determined. Undefined| O i O
A N A I~ * This is the 8-bit counter and has the reload - i
A A [ 1] register. Undefined| O E O
e 2 | The count source is divided by n+1 owing to  |yndefined| O | O
T T — specifying a value n. '
R 3 Undefined| O { O
e 4 Undefined| O {O
P hemmmmmemeee ] 5 Undefined| O | O
oo 6 Undefined| © 1O
B aaa e e, 7 Undefined| O }O
Fig. 2.3.7 Structure of Baud rate generator
UART control register
b7 b6 b5 b4 b3 b2 bl b0
| UART control register
1L L I 1 1 1 1 (UARTCON: address 3816)
P bbb Name Functions At reset|R W
i1t 11111 o |character length  |0: 8 bits o |OiO
A selection bit (CHAS)[1: 7 bits !
A 1 | Parity enable bit  |0: Parity checking disabled 0 0.0
b (PARE) 1: Parity checking enabled i
I 2 | Parity selection bit [0: Even parity 0 010
bbb (PARS) 1: Odd parity |
N 3 [Stop bit length 0: 1 stop bit o [OiO
AR selection bit (STPS) |1: 2 stop bits |
bbb 4 [P65/TxD P-channel |0: CMOS output (in output o [oi0
ool ] output disable bit mode) !
oo (POFF) 1: N-channel open-drain i
Pl output (in output mode) !
ol 5 [BRG clock switch bit| 0: Xin or Xcin/2 (depending 0 00
o] hemmmmmmmmmeoeo on internal system clock) |
P 1: Xcin !
P 6 | Serial 1/02 clock 0: Scik21 (P67/Scik22 pin is 0 0:0
b /0 pin selection bit [ used as /O port or Srov2 i
L E—— output pin.) i
! 1: Scik22 (P66/ScLk21 pin is E
i used as I/0 port.) |
i 7 | Nothing is arranged for this bit. This is a write 1 O i X

Fig. 2.3.8 Structure of UART control register
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Serial 1/02 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 control register
(SIO2CON: address 1D1s)

bit (SIOE)

(pins P64—P67 operate
as normal 1/O pins)

1: Serial 1/02 enabled
(pins P64—P67 operate

b Name Functions At reset|R iW
0 | BRG count source |0: f(XIN) or f(XcIN)/2 or 0 @) i @)
selection bit (CSS) f(XCIN) |
1: f(XiN)/4 or f(XcIN)/8 or |

f(XCIN)/4 |

1 [Serial 1/02 «In clock synchronous 0 |0Oi0
synchronous clock | mode i
selection bit 0: BRG output/4 |
(SCS) 1: External clock input i

*In UART mode |
0: BRG output/16 i
1: External clock input/16 |

2 | SRDY2 output 0: P67 pin operates as 0 @) | ®)

enable bit (SRDY) normal 1/O pin !
1: P67 pin operates as i
SRDY2 output pin !

3 [Transmit interrupt | 0: When transmit buffer 0 0i0
source selection bit has emptied |
(TIC) 1: When transmit shift !

operation is completed :

4 | Transmit enable bit | 0: Transmit disabled o |O:0
(TE) 1: Transmit enabled i

5 | Receive enable bit |0: Receive disabled 0 0:0
(RE) 1: Receive enabled i

6 | Serial I/O2 mode | 0: Clock asynchronous o 0.0
selection bit (SIOM) [  serial /O (UART) mode '

1: Clock synchronous |
serial /0 mode i
7 | Serial 1102 enable | 0: Serial /02 disabled o |[O:i0

as serial 1/0 pins)

Fig. 2.3.9 Structure of Serial 1/02 control register
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Serial 1/02 status register

b7 b6 b5 b4 b3 b2 bl b0

| Serial /02 status register

(SIO2STS: address 1Eze)

A A L Name Functions At reset|R W
tiobb b1 1 [ o | Transmit buffer 0: Buffer full 0 00
bbb empty flag (TBE)  |1: Buffer empty |
A 1 | Receive buffer full |0: Buffer empty 0 0.0
A R R flag (RBF) 1: Buffer full i
A 2 |Transmit shift 0: Transmit shift in progressf 0 [O!O
A register shift 1: Transmit shift completed :
Pobor o e completion flag !
{111 (TSC) |

i i i i i 3 | Overrun error flag  [0: No error 0 00
T (CE) 1: Overrun error |
A 4 |Parity error flag 0: No error o |[oO!0
Pl (PE) 1: Parity error |
I 5 |Framing error flag |0: No error o |O:i0
i i (FE) 1: Framing error i

A 6 |Summing error flag [0: (OE) U (PE) U (FE)=0 0 0:0
! (SE) 1: (OE)U (PE)U (FE) =1 !

i 7 [Nothing is arranged for this bit. This is a write 1 O!X
S S disabled bit. When this bit is read out, the i

contents are “1". !
Fig. 2.3.10 Structure of Serial 1/02 status register
Serial I/02 transmit/receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
| Serial I/02 transmit/receive buffer register

A1 1 1 1 [ | (TB/RB: address 1Fis)

i i i i i i i i b Functions At reset|R W
S i___ 0 | This is the buffer register which is used to write |Undefined| O | O
A | transmit data or to read receive data. Sofined i
Pt b1 1 R----o| |« Atwrite : The value is written to the transmit Undefined| O | ©
A 2 buffer register. The value cannot be |Undefined| OO
N R — written to the receive buffer register. - :
R e | 3| - Atread : The contents of the receive buffer ~ [Undefined © 1O
A 4 register is read out. When a Undefined| O 1O
i i i — character bit length is 7 bits, the . :
A S — 5 MSB of data stored in the receive  [Undefined| O 1O
Do 5 | buffer is “0”. The contents of the Undefined| O | O
P T | transmit buffer register cannot be .
oo 7 read out. Undefined| O 1O

Fig. 2.3.11 Structure

of Serial 1/02 transmit/receive buffer register
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(3) Serial 1/03

Serial 1/03 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/03 control register
(SIO3CON: address OEECz16)

i i i i i i i i b Name Functions At reset|R IW
i i1 1 14 11 |0 |Internal synchronous [b2b1b0 0 0.0
bbb bbb b -1 |clock selection bits |000: f(XiN)/4 or f(XCIN)/8 |
A R 001: f(XIN)/8 or f(XcIN)/16 !
T T A 1| 010: f(XIN)/16 or f(XcIN)/32 0 00
A 011: f(XIN)/32 or f(XCIN)/64 i
A 110: f(XIN)/64 or |
Pl E3 f(XcIN)/128 i
O O N 2 111: f(XIN)/128 or o |00
Pl f(XcIN)/256 |
3 |serial /O3 port  |0: 1/0 port o |[OiO0
s selection bit 1: SouTs, ScLk3 signal |
Pl (P91, P92) output !
S 4 | Srpys output 0: /0 port 0 0!0
bobo selection bit (P93) | 1: SRDYS signal output :
P 5 | Transfer direction [ 0: LSB first 0 0i0
[ selection bit 1: MSB first |
R 6 | Synchronous clock | 0: External clock 0 |ojo
i selection bit 1: Internal clock :
i 7 | P91/SouTs 0: CMOS output (in output 0 0.0
e P-channel output mode) !

disable bit (P91) 1: N-channel open drain i

output (in output mode) !
Fig. 2.3.12 Structure of Serial I/0O3 control register
Serial 1/03 register
b7 b6 b5 b4 b3 b2 bl b0
Serial /03 register

AL bbb 1| (SIO3: address OEED16)
E E i i i i i i b Functions At reset|R iW
i1 1111 L-{ 0 Thisis the buffer register which is used to write |Undefined 00
A 1 | transmit data or to read receive data. Undefined| O1 O
AR T S R SO 27| When selecting an internal clock, the serial Undefined| OO
T R S 3| transfer is started by writing this register. Undefined| O O
bl e 4] Undefined| O} O
P} bememmeeoeeeeeees 15 | Undefined| O O
e EEE PR | 6 | Undefined[ O 1 O
oo 7 Undefined| O1 O

Fig. 2.3.13 Structure

of Serial 1/03 register
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(4) Serial I/01 and Serial 1/02

Interrupt source switch register

b7 b6 b5 b4 b3 b2 bl b0
| | | | Interrupt source switch register
(IFR: address 3916)

A A A L Name Functions Atreset|R W
P fb b [o[iINTa/serial 102 [o: INT3 intrrupt 0o |Oi0
poiob b 11 b=+ |transmitinterrupt  [1: Serial /02 transmit |
I T T T T switch bit interrupt !
A 1 [INT4/A-D 0: INT4 interrupt 0 0.0
T A conversion interrupt [1: A-D conversion intrerrupt !
b switch bit i
A 2 [INT1/serial 1103 0: INT1 intrrupt 0 00
oo interrupt switch bit | 1: Serial /O3 interrupt i
R T Ittt 3 | Nothing is arranged for these bits. These are write 0 O X
T S S — "4 | disabled bits. When these bits are read out, the 0 O ' X
O ? contents are “0". 0 O X
P bemmmmoeooooooe o 6 | 0 |oix
bemmmmmmmm oo 7 0o Joix
Fig. 2.3.14 Structure of Interrupt source switch register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt request register 1
ALt (IREQL: address 3Ci6)
A ) Name Functions Atreset|R iW
toioir i1t [o[INTointerrupt 0 : No interrupt request 0 oo
bbb b Ll [request bit issued !
i i i i i i i 1 : Interrupt request issued |
bbb 1 [INTy/serial /O3 10 : No interrupt request 0 |(O:0
IR S T S A S S interrupt request bit issued 1
b 1 : Interrupt request issued :
A 2 [INT2 interrupt 0 : No interrupt request o |00
b request bit issued i
T T R R S—— Remote controller |1 : Interrupt request issued |
Pl Icounter overflow !
Py interrupt request bit i
i i i i i 3 [ serial 1101 interrupt | O : No interrupt request 0 o0
P request bit issued |
A Serial I/O automatic| 1 : Interrupt request issued :
oo transfer interrupt |
Pl request bit ;
P 4 [Timer X interrupt {0 : No interrupt request 0 |00
R O — request bit issued :
ol 1 : Interrupt request issued |
Pl 5 | Timer 1 interrupt 0 : No interrupt request 0 Oi u
T request bit issued !
o 1: Interrupt request issued i
P 6 | Timer 2 interrupt |0 : No interrupt request 0 Oi 0
| lemmemm e eg request bit issued |
i 1 : Interrupt request issued !
| 7 | Timer 3interrupt |0 : No interrupt request 0 Oi O
S request bit issued '
1 : Interrupt request issued i

O: “0” can be set by software, but “1” cannot be set.
Fig. 2.3.15 Structure of Interrupt request register 1
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2
(IREQ2 : address 3Dz16)

are “0".

disabled bit. When this bit is read out, the contents

b Name Functions Atreset|R |

0 [ Timer 4 interrupt 0 : No interrupt request issued 0 o0
request bit 1 : Interrupt request issued 0

1 | Timer 5 interrupt 0 : No interrupt request issued 0 o'0
request bit 1 : Interrupt request issued i

2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi 0
request bit 1: Interrupt request issued i

3 [ Serial 1/02 receive |0 : No interrupt request issued 0 o0
interrupt request bit | 1 : Interrupt request issued !

4 | INT3/Serial 1102 0 : No interrupt request issued 0 o0
transmit interrupt 1: Interrupt request issued |
request bit i

5 | INT4 interrupt 0 : No interrupt request issued 0 Oi O
request bit 1 : Interrupt request issued i
A-D converter i
interrupt request bit i

6 | FLD blanking 0 : No interrupt request issued 0 o
interrupt request bit | 1 : Interrupt request issued i
FLD digit interrupt i
request bit i

7 | Nothing is arranged for this bit. This is a write 0 OiX

[: “0” can be set by software, but “1” cannot be set.

Fig. 2.3.16 Structure of Interrupt

request register 2
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1

(ICONL1 : address 3Ez16)

A A L Name Functions At reset|R iW
toioor 4 Lo [INTointerrupt 0 : Interrupt disabled 0 OiO
A enable bit 1 : Interrupt enabled !
A A P 1 [INT1/serial /O3 |0 : Interrupt disabled 0 !
bbb interrupt enable bit {1 : Interrupt enabled i
I A 2 [ INT2 interrupt 0 : Interrupt disabled 0 00
P enable bit 1 : Interrupt enabled !
T Remote controller |
A /counter overflow i
Pl interrupt enable bit i
AR 3 | Serial /01 interrupt | O : Interrupt disabled o |oio
Pl enable bit 1 : Interrupt enabled |
[ T T R SO —— Serial /0 automatic '
bbb transfer interrupt i
Py enable bit i
A 4 [ Timer Xinterrupt [0 : Interrupt disabled 0 |OiO
P enable bit 1 : Interrupt enabled i
A R 5 | Timer 1 interrupt 0 : Interrupt disabled 0 00
o enable bit 1 : Interrupt enabled i
A N 6 | Timer 2 interrupt |0 : Interrupt disabled 0o |O!O
i enable bit 1 : Interrupt enabled i
e 7 | Timer 3interrupt [0 : Interrupt disabled o |00
enable bit 1 : Interrupt enabled i
Fig. 2.3.17 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 Interrupt control register 2
At 11| (ICON2: address 3Fi6)
A A L Name Functions Atreset|R W
bbb 1 L _[o|Timerdinterrupt |0 : interrupt disabled 0 00
A enable bit 1 : Interrupt enabled i
S A A A 1 |Timer 5interrupt [0 : interrupt disabled 0 010
i i i i i i enable bit 1 : Interrupt enabled :
T O — 2 |Timer 6 interrupt [0 : interrupt disabled o [oO
A enable bit 1: Interrupt enabled ;
S 3 | Serial /02 receive |0 : interrupt disabled 0 0:0
Pl interrupt enable bit |1 : Interrupt enabled |
Pl 4 | INT3/Serial 1/02 0 : interrupt disabled 0o |Oi0
i i i e transmit interrupt 1 : Interrupt enabled :
oo enable bit !
ol 5 | INT4 interrupt 0 : interrupt disabled 0 O:0
o enable bit 1: Interrupt enabled !
P A-D converter |
i i interrupt enable bit i
P 6 | FLD blanking 0 : interrupt disabled 0 0:0
R interrupt enable bit |1 : Interrupt enabled !
i FLD digit interrupt |
i enable bit |
b 7 | Fix “0” to this bit. 0 0io

Fig. 2.3.18 Structure of Interrupt control register 2
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2.3.3 Serial 1/01 connection examples
(1) Control of peripheral IC equipped with CS pin
Figure 2.3.19 shows connection examples with peripheral ICs equipped with the CS pin.
All examples can use the automatic transfer function.

(1) Only transmission
(Using Sini1 pin as /O port)

SBuUsYL cS
Sclki1 CLK
Sout1 DATA
Peripheral IC
38B7 group  (OSD controller etc.)

(3) Transmission and reception
(When connecting Sini with SouT1)
(When connecting IN with OUT in

peripheral IC)

SBuUSY1

CS

Scik11

CLK

SouTi|[—*
SiN1 J

38B7 groupD1

L IN
ouT

Peripheral IC 2
(EEPROM etc.)

[1: Select an N-channel open-drain output for Sout1 pin

output control.
[02: Use the OUT pin of peripheral IC which is an N-
channel open-drain output and becomes high impe-

dance during

receiving data.

Note: “Port” means an output port controlled by software.

(2) Transmission and reception

SBusY1

CS

ScLki1

CLK
IN

SouT1
SiN1

38B7 group

ouT

Peripheral IC
(EEPROM etc.)

(4) Connection of plural IC

Port
Sciki1

CS

Sout1

CLK

IN

SiN1
Port

38B7 group

ouT

Peripheral IC 1

CS
> CLK

> IN

ouT

Peripheral IC 2

Fig. 2.3.19 Serial 1/01 connection examples (1)
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(2) Connection with microcomputer

Figure 2.3.20 shows connection examples with another microcomputer.

(1) Selecting internal clock

ScLki11 CLK
Sout1 IN
SiN1 ouT

38B7 group Microcomputer

(3) Using Srov1 signal output function
(Selecting external clock)

SRDY1 RDY

Sciki1 CLK
Sout1 IN

SiNg ouT

38B7 group Microcomputer

(2) Selecting external clock

ScLki11

CLK

SouT1

38B7 group

(4) Using switch function of CLK signal output
pins, Scik12 (Selecting internal clock)

SIN1[«<— OUT

IN

Microcomputer

ScLki11

CLK

SouTt1
Sin1

IN

ScLk12
Port|{—

38B7 group

ouT

CLK
>IN

ouT

CSs

Peripheral IC

Microcomputer

Fig. 2.3.20 Serial 1/01 connection examples (2)
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2.3.4 Serial 1/01's modes
Figure 2.3.21 shows the serial 1/01's modes.

— Output Srov1 U signal
— Input Srovi U signal (Note)
Used
— handshake —— Output Seusvi U signal
signal
— Input Seusy1 U signal
__Internal _|
clock — Output Sste1 U signal
Not used
. . — handshake
Full duplex 8-bit serial signal
mode I/O
Serial /01 _ u — Output Srov1 U signal
Transmit Automatic
only mode transfer .
y serial 1/0 Used — Input Srov1 U signal (Note)
— handshake —
signal — Output Ssusv1 U signal
— External—| L O i
Input Seusy1 " signal
clock P g
Not used
— handshake
signal

Note: This is only valid when outputting the Ssusy1 signal.

O Active logic can apply to each signal of Srov1, Ssusyi1, SsTai.

Fig. 2.3.21 Serial 1/01's modes
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2.3.5 Serial 1/01 application examples
(1) Output of serial data (control of peripheral IC) L
Outline : Serial communication is performed, connecting ports with the CS pin of a peripheral IC.

Figure 2.3.22 shows a connection diagram, and Figure 2.3.23 shows a timing chart.

PB1 cs CS
LK
PBa4/ScLki1 C CLK
DATA
PBs/Sout1 DATA
38B7 group Peripheral IC

Fig. 2.3.22 Connection diagram

Specifications : *Use of serial /01 (Not using automatic transfer function)
e Synchronous clock frequency : 131 kHz (f(Xw~) = 4.19 MHz is divided by 32)
e Transfer direction : LSB first
*Not use of serial I/O1 interrupt
« Port PB: is connected to the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port PB:1 is controlled by software.

CLK

Tood] Toor] oo Joor]

Fig. 2.3.23 Timing chart
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Figure 2.3.24 shows the registers setting relevant to the transmission side, and Figure 2.3.25 shows
the setting of transmission data.

Serial I/01 control register 1 (address 001916)

SIOICON1 |0|O|1(0|0O|0O|0O]|1

(SC11)
I—I—> 8-bit serial 1/0

Internal synchronous clock (PB3 pin is an I/O port.)
Serial I/O initialization

> Transmit-only mode

> |SB first

> Serial 1/01 clock pin: Sciki11

Serial I/01 control register 2 (address 001A1s)

SIO1CON2 (0|0 o(ofofo

(SC12)
‘ I—I—I—L’ Pins PB1 and PB:2 of I/O ports

> SouT1 pin: Output active
> PBs/SouTt1: CMOS 3-state (P-channel output is valid.)

Serial I/01 control register 3 (address 001Cze)

SIO1CON3 [0 |11
(SC13)

> Internal synchronous clock: f(Xin)/32

Port PB (address 001616)

PB 1

|—> Set PB1 output level to “H”

Port PB direction register (address 001716)

PBD 1

|—> Set PB1 to output mode

Fig. 2.3.24 Registers setting relevant to transmission side

Serial 1/01 register (001Bze)

Set a transmission data.

SI01 Confirm that transmission of the previous
data is completed, where bit 5, the serial
transfer status flag of the serial 1/01 control
register 2, is “0”; before writing data.

Fig. 2.3.25 Setting of transmission data
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Control procedure: When the registers are set as shown in Figure 2.3.24, the serial /01 can transmit
1-byte data by writing data to the serial 1/0O1 register.
Thus, after setting the CcS signal to “L", write the transmission data to the serial
I/O1 register by each 1 byte; and return the CS signal to “H” when the target
number of bytes has been transmitted.
Figure 2.3.26 shows a control procedure.

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SC11 (address 001916) <— 001000012 Serial /01 setting
SC12 (address 001Auis6) <— 00XX0000:2
SC13 (address 001Cis) <€— 011IXXXXX2

PB (address 00161s), bitl <€— 1 C:S signal output level to “H” setting
PBD (address 001716), bitl <€— 1 CS signal output port setting
SC11 (address 00191s), bit4 €— 1 Enabled serial 1/01

PB (address 00161s6), bitl <«€— 0 cs signal output level to “L” setting

Transmission data write

SIO1 (address 001B1s) <€— Transmission data (Start of 1-byte data transmission)

SI01CON2 (address 001As), bit5 ? Judgment of completion of transmitting 1-byte data

Use any of RAM area as a counter for counting the
number of transmitted bytes.

Judgment of completion of transmitting the target
number of bytes

Returning cs signal output level to “H” when
transmission of the target number of bytes is
completed

PB (address 00161s), bitl €— 1

|
|

Fig. 2.3.26 Control procedure
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(2) Transmission/Reception using automatic transfer
Outline: Serial transmission/reception control is performed, using the serial automatic transfer function.

Figure 2.3.27 shows a connection diagram, and Figure 2.3.28 shows a timing chart of serial data
transmission/reception.

PB4/Sciki1 CLK
PBs5/SouT1 IN
PBe&/SiN1 ouT
38B7 group Sub microcomputer

Fig. 2.3.27 Connection diagram

Specifications: « Use of serial 1/01 using automatic transfer function

* Synchronous clock frequency: 131 kHz (f(Xw) = 4.19 MHz is divided by 32.)
» Transfer direction: LSB first

e Transmission/reception byte number: 8 bytes/block each
e Transfer interval for 1-byte: 244 us (32 cycles of transfer clock)
* Not use of serial I/0O1 automatic transfer interrupt

Figure 2.3.29 shows the relevant registers setting, and Figure 2.3.30 shows the control procedure.

‘ 1 block

A

Y- -

CLK

ouT ><DOo>< ><D01>< ><D02>< ><D07>< """ ><DOo>< ><D01

v To T o] Tl Tolls

&
b

h A

Block period is controlled by software.
(Synchronize it with the main routine.)

Fig. 2.3.28 Timing chart of serial data transmission/reception
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Serial I/01 control register 1 (address 001916)

SIOICON1 (0 |OfOfO(OfOf1(1

(SC11)
|—|—> Automatic transfer serial I/O (8 bits)
Internal synchronous clock (PB3 pin is an I/O port.)
Serial I/O initialization
Full duplex mode
> |SB first
> Serial /01 clock pin: Scikii
Serial I/01 control register 2 (address 001Az1s)
SIO1CON2 |0 |0 0|0|0fO
(SC12)

‘ I—|—|—|—> Pins PB1 and PB:2 of I/O ports

SouT1 pin: Output active
PBs/Souti: CMOS 3-state

Y

Y

Serial I/0O1 control register 3 (address 001Cz1s)

SIOICON3 (O |1(1|1|1f1|1|0

(SC13)
‘ ‘ ‘ |—|—|—|—|—> Automatic transfer interval set bits: 32 cycles of transfer clock

> Internal synchronous clock: f(Xin)/32

Serial I/01 automatic transfer data pointer (address 00181s)

SI01DP 0716 Set low-order 8 bits of address 0F0716 (=0716)

Transfer counter (address 001B1e)

sS|o1 0716 Set the number of transfer bytes — 1 =7
(Automatic transfer starts by writing to this register
when selecting an internal synchronous clock.)

Automatic transfer RAM of serial 1/0O (addresses 0F0016 to OFFFz16)

SIORAM
OF0016 DOz OF0016 DIz
OF0116 DOs OF0116 Dle

Transfer counter

Serial /01 P

automatic transfer

data pointer OF0616| DO1 _ OF0616 Dlv
| 0716 |~ OF0716| DOo Automatic transfer executid OF071s Dlo

The area of addresses 0F081s to OFFF1s, which is not used as automatic transfer,
can be used as normal RAM.

Fig. 2.3.29 Relevant registers setting
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( RESET )

Initialization
SC11 (address 001916) <— 000000112
SC12 (address 001Az1s) <— 00XX00002
SC13 (address 001Czs) <— 011111102
SIO1DP (address 001816) <€— 0716

SC11 (address 00191s), bit4 €— 1

The time to control main routine
period has passed ?

Automatic transfer RAM of
serial 1/0 (addresses 0F0016

Transmitted
data RAM

to OF0716)

SIO1 (address 001B1s) €— 8-1

SIO1CON2 (address 001Az16), bit5 ?

Received data Aut'omatic transfer RAM of
RAM < serial I/0 (addresses 0F0016
to OF0716)

Main processing

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Serial 1/01 initial setting
Setting of automatic transfer function

Enabled serial 1/01

Generating certain period timing using timer’s functions
(Control so that main routine will be executed at certain
period.)

1-block data, 8 bytes, to be transmitted set in RAM

Number of transferred count set causing automatic
transfer start
(Set the number of transfer bytes — 1.)

Possible to process others during automatic transfer
(Perform part of main processing.)

Judgment of completion of automatic transfer

Taking received data into RAM for processing

Processing data taken into received data
RAM and preparing next transmission data in
main routine

Fig. 2.3.30 Control procedure
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2.3.6 Serial 1/02 connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.3.31 shows connection examples with peripheral ICs equipped with the CS pin.

(1) Only transmission
(Using RxD pin as I/O port)

Port—>{CS
Sclk21 CLK
™D DATA
Peripheral IC
38B7 group  (OSD controller etc.)

(3) Transmission and reception
(When connecting RxD with TxD)
(When connecting IN with OUT in
peripheral IC)

CSs
ScLk21 CLK

TXDJ L|N
RxD ouT

38B7 group 01

Port

Peripheral IC b2
(EEPROM etc.)

output control.

dance during receiving data.

(J1: Select an N-channel open-drain output for TxD pin

02: Use the OUT pin of peripheral IC which is an N-
channel open-drain output and becomes high impe-

Note: “Port” means an output port controlled by software.

(2) Transmission and reception

Port Cs
ScLk21 CLK
TxD IN
RxD ouT
38B7 group Peripheral IC

(EEPROM etc.)

(4) Connection of plural IC

Port CS
ScLk21 CLK
TxD IN
RxD ouT
Port Peripheral IC 1
38B7 group
CS
>{CLK
>IN
ouT

Peripheral IC 2

Fig. 2.3.31 Serial 1/02 connection examples (1)
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(2) Connection with microcomputer
Figure 2.3.32 shows connection examples with another microcomputer.

(1) Selecting internal clock (2) Selecting external clock
Sclk21 CLK Scika1 CLK
TxD IN TxD IN
RxD ouT RxD [¢«—OUT
38B7 group Microcomputer 38B7 group Microcomputer
(3) Using Sroy2 signal output function (4) Using switch function of CLK signal output
(Selecting external clock) pins, SciLk22, (Selecting internal clock)
SRDY2 RDY ScLk21 CLK
Scik21 CLK TxD IN
TD IN RxD ouT
RxD ouT Scik22
38B7 group Microcomputer Port Microcomputer
38B7 group
CLK
>IN
ouT
CS
(5) In UART .
Peripheral IC
TxD RxD
RxD TxD
38B7 group Microcomputer

Fig. 2.3.32 Serial 1/02 connection examples (2)
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2.3.7 Serial 1/02's modes
A clock synchronous or clock asynchronous (UART) can be selected for the serial 1/02.

Figure 2.3.33 shows the serial 1/02’s modes, and Figure 2.3.34 shows the serial 1/02 transfer data format.

Internal clock

Clock synchronous serial /0 Output Sroyz2 signal

External clock

Serial 1/02 Not output Sroy2 signal

Clock asynchronous serial 1/0
(UART)

Fig. 2.3.33 Serial 1/02’s modes

— Clock synchronous serial /10

— 1ST-8DATA-1SP

sTALsBX. X X XXX Xwsg/sp

— 1ST-7DATA-1SP

Seria 102 — s B X X X sy s

— 1ST-8DATA-1PAR-1SP

S D G G 6D 60 O = G0 £

— 1ST-7DATA-1PAR-1SP

L arr 1 \STASSBAL X X X X XVSBXPARY'sp

— 1ST-8DATA-2SP

_\ST<LSBX X x >< >( X XwvseY2sp

— 1ST-7DATA-2SP

ST - - MSBY 2SP

— 1ST-8DATA-1PAR-2SP

- e

— 1ST-7DATA-1PAR-2SP

ST . MSBYPARY 2SP

Fig. 2.3.34 Serial 1/02 transfer data format
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2.3.8 Serial 1/02 application examples
(1) Communication (transmission/reception) using clock synchronous serial I/O
Outline : 2-byte data is transmitted and received, using the clock synchronous serial 1/0.
The Srov2 signal is used for communication control.

Figure 2.3.35 shows a connection diagram, and Figure 2.3.36 shows a timing chart.

P70/INTo SRDY?2
ScLk21 ScLk21
TxD RxD
38B7 group 38B7 group

Fig. 2.3.35 Connection diagram

Specifications : ¢ Use of serial 1/02 in clock synchronous serial 1/0
» Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
« Use of Srovz (receivable signal)
+ The reception side outputs the Srovz Signal at intervals of 2 ms (generated by the
timer), and 2-byte data is transferred from the transmission side to the reception
side.

2ms

Fig. 2.3.36 Timing chart
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Figure 2.3.37 shows the registers setting relevant to the transmission side, and Figure 2.3.38 shows
the registers setting relevant to the reception side.

Transmission side

Serial 1/02 status register (address 001Ez1s)

SIO2STS

|—>Transmit buffer empty flag

« Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.

« When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

—— > Transmit shift register shift completion flag

Confirm completion of transmitting 1-byte data with this flag.
“1" : Transmit shift completed

Serial 1/02 control register (address 001D1s)

SIO2CON (1(1]0]l1 ololo

|—> BRG count source: f(XIN)
Synchronous clock: BRG/4

SRDY2 output not used
» Transmit enabled
» Receive disabled

» Clock synchronous serial I/0
> Serial /02 enabled

UART control register (address 00381s)

UARTCON o|o|o

> P65/TxD pin: CMOS output
> BRG clock: f(XIN)
> Serial 1/02 clock: ScLk21

Baud rate generator (address 003716)

BRG 0716 Set “division ratio — 1"

Interrupt edge selection register (address 003A16)

INTEDGE 0

—> INTo falling edge active

Fig. 2.3.37 Registers setting relevant to transmission side
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Reception side

Serial 1/02 status register (address 001Ez1e)

SIO2STS

I—’ Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
“1": at completing reception
“0” : at reading out contents of Receive buffer register
Overrun error flag
“1": When data is ready in Receive shift register while Receive buffer
register contains the data.

Serial 1/02 control register (address 001Dz1s)

SIO2CON (1111111 111

|—> Synchronous clock: External clock input
SRDY2 output enabled

» Transmit enabled
When using SRDY2 output, set this bit to “1”.
» Receive disabled

» Clock synchronous serial 1/0
» Serial 1/02 enabled

UART control register (address 003816)

UARTCON 0

> Serial 1/02 clock: Scik21

Fig. 2.3.38 Registers setting relevant to reception side
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Figure 2.3.39 shows a control procedure of the transmission side, and Figure 2.3.40 shows a control
procedure of the reception side.

( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
|
Initialization
SIO2CON (address 001D16) <€— 1101X0002 « Serial 1/02 setting
UARTCON (address 003816) <€— X000XXXX2
BRG (address 003716) <—8-1
INTEDGE (address 003A1s), bit0€— 0

A\
»

IREQ1 (address 003Czs), bit0 ? « Detection of INTo falling edge

IREQ1 (address 003Czs), bit0 €— 0

The first byte of a  Transmission data write

TB/RB (address 001F1) < transmission data Transmit buffer empty flag is set to “0” by this writing.

0 « Judgment of transferring from Transmit buffer
register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Ezs), bit0 ?

The second byte of * Transmission data write
TB/RB (address 001F1) < a transmission data Transmit buffer empty flag is set to “0” by this writing.

« Judgment of transferring from Transmit buffer
register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Eais), bit0 ?

0 « Judgment of shift completion of Transmit shift register

SIO2STS (address 001Fs), bit2 ? (Transmit shift register shift completion flag)

Fig. 2.3.39 Control procedure of transmission side
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C RESET )

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIO2CON (address 001D1s)  €— 1111X11X2 « Serial I/02 setting
UARTCON (address 00384s), bit6 €— 0

Ny,
>

2ms has passed ? * An interval of 2 ms generated by Timer.

* SRDY2 output

SRDY2 signal is output by writing data to
<— Dummy data the TB/RB.

When using SRDY2, set Transmit enable
bit (bit4) of SIO2CON to “1.”

TB/RB (address 001F16)

0
SIO2STS (address 001E:s), bitl ? » Judgment of completion of receiving
(Receive buffer full flag)

Read out reception data from * Reception of the first byte data.
TB/RB (address 001F1s) Receive buffer full flag is set to “0” by reading
data.

0 « Judgment of completion of receivin
SI02STS (address 001E1s), bitl ? 9 P g

(Receive buffer full flag)

« Reception of the second byte data.
Read out reception data from
TB/RB (address 001Fus)

Receive buffer full flag is set to “0” by reading data

Fig. 2.3.40 Control procedure of reception side
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(2) Output of serial data (control of peripheral IC) L
Outline : Serial communication is performed, connecting port P77 with the CS pin of a peripheral IC.

Figure 2.3.41 shows a connection diagram, and Figure 2.3.42 shows a timing chart.

P77 s cs
Sclka1 CLK CLK
TXD DATA DATA
38B7 group Peripheral IC

Fig. 2.3.41 Connection diagram

Specifications : «Use of serial 1/02 in clock synchronous serial 1/0
* Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
» Transfer direction : LSB first
*Not use of receive/transmit interrupts of serial 1/02
* Port P77 is connected with the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port P77 is controlled by software.

CLK

Voo Joor] oo Joor]

Fig. 2.3.42 Timing chart
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Figure 2.3.43 shows the relevant registers setting and Figure 2.3.44 shows the setting of transmission
data.

Serial I/02 control register (address 001D16)

SIO2CON (1 (1|01 (1]|0f0|O

|—> BRG count source: f(XIN)
Synchronous clock: BRG/4

SRDY2 output not used
Transmit interrupt source: When transmit shift operation is completed

Transmit enabled
» Receive disabled
» Clock synchronous serial I/0
Serial /02 enabled

\ 4

UART control register (address 00381s)

UARTCON 0(0fo0

‘ |—> P65/TxD pin: CMOS output

> BRG clock: f(XIN)
» Serial /02 clock: ScLk21

A

Baud rate generator (address 00371s)

BRG 0716 Set “division ratio — 1"

Interrupt control register 2 (address 003F16)

ICON2 (0 0

|—> INT3/Serial 1/02 transmit interrupt: Disabled

Interrupt request register 2 (address 003Dzs)

IREQ2 0

|—> INT3/serial 1/02 transmit interrupt request cleared

Confirm transmission completion of 1-byte unit.

Fig. 2.3.43 Relevant registers setting

Serial /02 transmit/receive buffer register (001F1s)

Set a transmission data.

TB/RB Confirm that transmission of the previous data is
completed, where bit 4, the INT3/serial 1/02
transmit interrupt request bit of the interrupt
request register 2, is “1”; before writing data.

Fig. 2.3.44 Setting of transmission data
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Figure 2.3.45 shows a control procedure.
( RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
\
Initialization
SIO2CON (address 001D16) <€— 110110002 Serial 1/02 setting
UARTCON (address 00381s) €— X000XXXX2
BRG (address 003716) <—38-1
ICON2 (address 003Fis), bit4 €— 0 INT3/Serial 1/02 transmit interrupt: Disabled
P7 (address 000Eus), bit7 <1 CS signal output level to “H” setting
P7D (address 000F1s), bit7 <€— 1 CS signal output port setting
P7 (address 000E1s), bit7 €— 0 CS signal output level to “L” setting
IREQ2 (address 003Dzs), bit4 €— 0 INT3/Serial 1/02 transmit interrupt request bit to “0” setting
|
- Transmission data write
TB/RB (address 001F1s) €— Transmission data (Start of 1-byte data transmission)

Judgment of completion of transmitting 1-byte

IREQ?2 (address 003Dzss), bit4 ?
data

Use any of RAM area as a counter for counting
the number of transmitted bytes.

Judgment of completion of transmitting the target
number of bytes

All data has been transmitted ?

] Returning CS signal output level to “H” when
P7 (address000Ezs), bit7 <€— 1 transmission of the target number of bytes is
completed

Fig. 2.3.45 Control procedure
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(3) Cyclic transmission or reception of block data (data of specified number of bytes) between

two microcomputers

Outline : When the clock synchronous serial 1/0 is used for communication, synchronization of the
clock and the data between the transmitting and receiving sides may be lost because of
noise included in the synchronous clock. It is necessary to correct that constantly, using
“heading adjustment”.
This “heading adjustment” is carried out by using the interval between blocks in this
example.

Figure 2.3.46 shows a connection diagram.

Scik21 ScLk21
RxD TxD
TxD RxD
38B7 group 38B7 group
Master unit Slave unit

Fig. 2.3.46 Connection diagram

Specifications:

e Use of serial 1/02 in clock synchronous serial 1/0

« Synchronous clock frequency : 131 kHz (f(Xiw) = 4.19 MHz is divided by 32.)
* Byte cycle: 488 pus

* Number of bytes for transmission or reception : 8 bytes/block each

« Block transfer cycle : 16 ms

 Block transfer term : 3.5 ms

* Interval between blocks : 12.5 ms

* Heading adjustment time : 8 ms

» Transfer direction : LSB first

Limitations of the specifications:

« Reading of the reception data and setting of the next transmission data must be
completed within the time obtained from “byte cycle — time for transferring 1-byte
data” (in this example, the time taken from generating of the serial 1/02 receive
interrupt request to input of the next synchronous clock is 431 ps).

« “Heading adjustment time < interval between blocks” must be satisfied.
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The communication is performed according to the timing shown in Figure 2.3.47. In the slave unit,
when a synchronous clock is not input within a certain time (heading adjusment time), the next clock
input is processed as the beginning (heading) of a block.

When a clock is input again after one block (8 bytes) is received, the clock is ignored.

Figure 2.3.48 shows the relevant registers setting in the master unit and Figure 2.3.49 shows the
relevant registers setting in the slave unit.

Do D1 D2 D7 Do

I 1
Byte cycle
—p!

Interval between blocks
|
|
|
|

i
»|

Block transfer term

A

|

|

|

|

|

|
LIA
bt
|

|
Block transfer cycle [

'y

| |
Heading adjustment time
—— I

| i |

Processing for heading adjustment

Fig. 2.3.47 Timing chart

Master unit

Serial I/02 control register (address 001D1s)

SIO2CON | 1(1]1|1(|2(0]|0]|0O

|—> BRG count source : f(XIN)
Synchronous clock : BRG/4

Srovz output disabled

Transmit interrupt source : Transmit shift operating completion
Transmit enabled

Receive enabled

Clock synchronous serial /10

Serial 1/02 enabled

A\

A\

Y Vv

A\

UART control register (address 003816)

UARTCON of(o]o

\4

P65/TxD pin: CMOS output
> BRG clock: f(XiN)
> Serial /02 clock: Scika1

4

Baud rate generator (address 003716)

BRG 0716

> Set “division ratio — 1”

Fig. 2.3.48 Relevant registers setting in master unit
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Serial 1/02 control register (address 001Dz1s)

SIO2CON (1111 01

\—> Synchronous clock : External clock
SrpY2 output disabled

Transmit enabled

Receive enabled

Clock synchronous serial 1/0
Serial /02 enabled

\ 4

\/

A\ 4

\ 4

UART control register (address 003816)

UARTCON 0 0

| > P6s/TxD pin: CMOS output
Serial 1/02 clock: ScLk21

A\ 4

Fig. 2.3.49 Relevant registers setting in slave unit
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Control procedure by software:

e Control in the master unit
After setting the relevant registers shown in Figure 2.3.48, the master unit starts transmission or
reception of 1-byte data by writing transmission data to the serial 1/02 transmit buffer register.
To perform the communication in the timing shown in Figure 2.3.47, take the timing into account
and write transmission data. Additionally, read out the reception data when the serial 1/02 transmit

interrupt request bit is set to “1,” or before the next transmission data is written to the serial 1/02
transmit buffer register.

Figure 2.3.50 shows a control procedure of the master unit using timer interrupts.

Interrupt processing routine
executed every 500 us

CLT (Note 1) Note 1: When using the Index X mode flag (T).
CLD (Note 2) Note 2: When using the Decimal mode flag (D).
Push register to stack - Pushing the register used in the interrupt
processing routine into the stack

- Generating a certain block interval by

Within a block transfer N using a timer or other functions

period?

A

- Check of the block interval counter and

Read a reception data Count a block interval counter determination to start a block transfer

Complete to transfer

black? Start a block transfer?
a block?

Write a transmission data erte the fl_rst transmission data
(first byte) in a block

<
<

A

Pop registers + Popping registers which is pushed to stack

v
( RTI )

Fig. 2.3.50 Control procedure of master unit
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e Control in the slave unit
After setting the relevant registers as shown in Figure 2.3.49, the slave unit becomes the state
where a synchronous clock can be received at any time, and the serial 1/02 receive interrupt
request bit is set to “1” each time an 8-bit synchronous clock is received.
In the serial 1/02 receive interrupt processing routine, the data to be transmitted next is written to
the transmit buffer register after the received data is read out.
However, if no serial 1/02 receive interrupt occurs for a certain time (heading adjustment time or
more), the following processing will be performed.
1. The first 1-byte data of the transmission data in the block is written into the transmit buffer register.
2. The data to be received next is processed as the first 1 byte of the received data in the block.
Figure 2.3.51 shows a control procedure of the slave unit using the serial I/02 receive interrupt
and any timer interrupt (for heading adjustment).

Serial /02 receive interrupt Timer interrupt processing
processing routine routine

CLT (Note 1) ) ) . CLT (Note 1) ) )

CLD (Note 2) : F’us_hmg the register _used in CLD (Note 2) : Push|r_19 the register u_sed

Push register to stack the interrupt processing Push register to stack in the interrupt processing
routine into the stack routine into the stack.

- Confirmation of the received |
byte counter to judge the
N block transfer term

Heading adjustment
counter — 1

Within a block transfer

Heading adjustment

=07
Read a reception data counter = 07

Write the first transmission
A received byte counter +1 data (first byte) in a block

A received byte counter «—0

A received byte
counter = 8?

Y

Pop registers * Popping registers which is
Write a transmission data Write dummy data (FF 16) pushed to stack

| | !
< ( RTI )

Heading Initial
adjustment <«—value
counter (Note 3)
Pop registers - Popping registers which is

pushed to stack

!

( RTI ) Notes 1: When using the Index X mode flag (T).

2: When using the Decimal mode flag (D).

3: In this example, set the value which is equal to the
heading adjustment time divided by the timer interrupt
cycle as the initial value of the heading adjustment
counter.

For example: When the heading adjustment time is 8 ms
and the timer interrupt cycle is 1 ms, set
8 as the initial value.

Fig. 2.3.51 Control procedure of slave unit
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(4) Communication (transmission/reception) using asynchronous serial 1/0 (UART)
Outline : 2-byte data is transmitted and received, using the asynchronous serial 1/0.
Port P76 is used for communication control.

Figure 2.3.52 shows a connection diagram, and Figure 2.3.53 shows a timing chart.

Transmission side Reception side
P76 P7s
TxD RxD
38B7 group 38B7 group

Fig. 2.3.52 Connection diagram

Specifications : « Use of serial 1/02 in UART
e Transfer bit rate : 9600 bps (f(Xin) = 3.6864 MHz is divided by 384)
* Data format : 1ST-8DADA-2ST
« Communication control using port P7s
(The output level of port P7s is controlled by softoware.)
* 2-byte data is transferred from the transmission side to the receiption side at
intervals of 10 ms generated by the timer.

P76_! L 00 Ji

TxD 3
XD\ s (B BB OB N XY T (BN O BN B) Y sr €

i 10 ms

i
i Y
<« »

Fig. 2.3.53 Timing chart
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Table 2.3.1 shows setting examples of the baud rate generator (BRG) values and transfer bit rate
values.

Table 2.3.1 Setting examples of baud rate generator values and transfer bit rate values

) f(XIN) = 3.6864 MHz f(XIN) = 4 MHz
Transfer bit rate
(Note 1) BRG count | BRG setting Actual rate BRG count | BRG setting Actual rate
source (Note 2 value source (Note 2) value

600 f(XIN)/4 95(5F16) 600.00 f(XIN)/4 103(6716) 600.96
1200 f(XIN)/4 47(2F16) 1200.00 f(XIN)/4 51(3316) 1201.92
2400 f(Xin)/4 23(1716) 2400.00 f(XIN)/4 25(1916) 2403.85
4800 f(XIiN)/4 11(0B16) 4800.00 f(XIN)/4 12(0Cz1s) 4807.69
9600 f(XIN)/4 5(0516) 9600.00 f(XIN) 25(1916) 9615.38
19200 f(XIN)/4 2(0216) 19200.00 f(XIN) 12(0C16) 19230.77
38400 f(XIN) 5(0516) 38400.00 f(XIN) 5(0516) 41666.67
76800 f(XIN) 2(0216) 76800.00 f(XIN) 2(0216) 83333.33
31250 — — — f(XIN) 7(0716) 31250.00
62500 — — — f(XIN) 3(0316) 62500.00

Notes 1: Equation of transfer bit rate:

f(XIN)

Transfer bit rate (bps) =

(BRG setting value + 1) 0 16 O m-H

Om: When bit 0 of the serial 1/02 control register (address 001Dis) is set to “0”, a value of m
is 1.
When bit 0 of the serial 1/0O2 control register is set to “1”, a value of m is 4.

2: Select the BRG count source with bit 0 of the serial 1/02 control register (address 001Dzs).
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Figure 2.3.54 shows the registers setting relevant to the transmission side; Figure 2.3.55 shows the
registers setting relevant to the reception side.

Transmission side

Serial /02 status register (address 001E1s)
b7 b0

SIO2STS

|—> Transmit buffer empty flag
« Confirm that tha data has been transferred from Transmit buffer
register to Transmit shift register.
» When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

——— > Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1”: Transmit shift completed

Serial I/02 control register (address 001Dzs)
b7 b0
SIO2CON |1|0|0|1 0|01

|—> BRG count source : f(Xin)/4
Serial 1/02 synchronous clock : BRG/16

Srov2 output disabled
Transmit enabled

\ 4

Receive disabled
Asynchronous serial I/0 (UART)
Serial 1/02 enabled

A 4

\ 4

A 4

UART control register (address 003816)
b7 b0

UARTCON 0ofo]1 0|0

|—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits
P65/TxD pin : CMOS output
BRG clock : f(XIN)

\4

v

Baud rate generator (address 003716)
b7 b0

f(Xin)
BRG 0516 Set X o 1
Transfer bit rate 016 O m
0 When bit 0 of SIO2CON (address 001Das) is set to “0”,
avalue of mis 1.
When bit 0 of SIO2CON is set to “1”, a value of m is 4.

Fig. 2.3.54 Registers setting relevant to transmission side
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Reception side

Serial 1/02 status register (address 001Ez1s)
0

b7 b

SIO2STS

SI0O2CON

UARTCON

BRG

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
(“1" : at completing reception
|_“0" : at reading out contents of Receive buffer register
Overrun error flag
“1" : When data is ready in Receive shift register while Receive buffer
register contains the data.

——— > Parity error flag
“1” : When a parity error occurs in enabled parity.

Framing error flag
“1” : When stop bits cannot be detected at the specified timing.

\ 4

Summing error flag
“1” : when any one of the following errors occurs.

» Overrun error
* Parity error
* Framing error

\ 4

Serial 1/02 control register (address 001Dz1s)
b7 bo

1]10(1(0 0|01

|—> BRG count source : f(Xin)/4
Serial 1/0 synchronous clock : BRG/16
Srovz output disabled
Transmit disabled
Receive enabled

Asynchronous serial /0 (UART)
Serial 1/02 enabled

\4

\4

\ 4

UART control register (address 003816)
b7 b0

0 1 0|0

|—> Character length : 8 bits
Parity checking disabled

Stop bit length : 2 stop bits
> BRG clock: f(XIN)

Baud rate generator (address 003716)
b7 b0
Set f(Xin)
0516 Transfer bitrate 0 16 O m ©
0 When bit 0 of SIO2CON (address 001Dzs) is set to “0”,

avalue of mis 1.
When bit 0 of SIO2CON is set to “1”, a value of m is 4.

Fig. 2.3.55 Registers setting relevant to reception side
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Figure 2.3.56 shows a control procedure of the transmission side, and Figure 2.3.57 shows a control
procedure of the reception side.

( RESET ) e X: This bitis not used here. Set it to “0” or “1” arbitrarily.

Initialization
« Serial 1/02 setting
SIO2CON (address 001Dis) < 1001X0012
UARTCON (address 003816) < XX001X002

BRG (address 003716) < 6-1
P7 (address 000E:s), bité <- 0 « Port P76 set for communication control

P7D: (address 000F1s¢), bit6 <1

* An interval of 10 ms generated by Timer

P7 (address 000Ezs), bit6 <— 1 + Communication start
The first byte of a * Transmission data write
TB/RB (address 001Fs) < e sion data Transmit buffer empty flag is set to “0”
by this writing.

le

« Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Ezs), bit0?

» Transmission data write
Transmit buffer empty flag is set to “0”
by this writing.

TB/RB (address 001F1s)« | ¢ Second byte of
a transmission data|

le
<

» Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

SIO2STS (address 001Ezs), bit0?

 Judgment of shift completion of Transmit shift register

SIO2STS (address 001Ezs), hit2?2 o . . :
( 19), b (Transmit shift register shift completion flag)

P7 (address O00Ezs), bit6 <«<— 0 » Communication completion

Fig. 2.3.56 Control procedure of transmission side
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C RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIO2CON (address 001Di1s)< 1010X0012
UARTCON (address 003816) <= XX0X1X002
BRG (address 003716) < 6 — 1

P7D (address 000F1s6), bit6 <0

SI02STS (address 001E1s), bitl?

Read out a reception data
from TB/RB (address 001Fis)

SIO2STS (address 001Eus), bit6?

* Serial 1/02 setting

« Port P76 setting for communication control

« Judgment of completion of receiving
(Receive buffer full flag)

« Reception of the first byte data
Receive buffer full flag is set
to “0” by reading data.

« Judgment of an error flag

SIO2STS (address 001Eus), bitl?

Read out a reception data
from TB/RB (address 001Fzs)

SIO2STS (address 001Ezs), bit0?

« Judgment of completion of
receiving
(Receive buffer full flag)

« Reception of the second byte data
Receive buffer full flag is set
to “0” by reading data.

« Judgment of an error flag

Processing for error

P7 (address 000Ezs), bit6?

SIO2CON (address 001D16) «— 0000X0012

SIO2CON (address 001Dz16) «— 1010X0012

» Countermeasure for a bit slippage

Fig. 2.3.57 Control procedure of reception side
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2.3.9 Serial 1/03 connection examples
(1) Control of peripheral IC equipped with CS pin
Figure 2.3.58 shows connection examples with peripheral ICs equipped with the CS pin.

(1) Only transmission (2) Transmission and reception
(Using Sins pin as I/O port)

Port CS Port CS

ScLk3 CLK ScLk3 CLK
Souts DATA SouTs IN

SIN3 ouT

Peripheral IC
38B7 group  (OSD controller etc.) 38B7 group Peripheral IC

(EEPROM etc.)

(3) Transmission and reception
(When connecting Sin3 with SouTs)
(When connecting IN with OUT in

peripheral IC) (4) Connection of plural IC

ScLk3 CLK ScLk3 CLK
Souts[—e——>IN Souts IN
SiN3 J L ouT SIN3 ouT
38B7 group”l  Peripheral IC H2 Port Peripheral IC 1
(EEPROM etC.) 3887 group
01: Select an N-channel open-drain output for Souts pin cs
output control. >1CLK
J2: Use the OUT pin of peripheral IC which is an N- L /IN
channel open-drain output and becomes high impe- ouT
dance during receiving data.

Peripheral IC 2
Note: “Port” means an output port controlled by software.

Fig. 2.3.58 Serial 1/03 connection examples (1)
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(2) Connection with microcomputer
Figure 2.3.59 shows connection examples with another microcomputer.

(1) Selecting internal clock (2) Selecting external clock
ScLk3 CLK ScLks CLK
SouTs IN SouT3 IN
SiN3 ouT Sing [<—OUT
38B7 group Microcomputer 38B7 group Microcomputer

(3) Using Srobys signal output function
(Selecting external clock)

SRDY3 RDY

ScLk3 CLK

Souts IN
SIN3 ouT

38B7 group Microcomputer

Fig. 2.3.59 Serial 1/03 connection examples (2)
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2.3.10 Serial 1/03’'s modes
Figure 2.3.60 shows the serial 1/03’s modes.

Internal
[ clock

Serial /103 —

Output SRDY3 signal
| External{
clock No output SRDY3 signal

Fig. 2.3.60 Serial 1/03's modes
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2.3.11 Serial 1/03 application examples
(1) Output of serial data (control of peripheral IC) L
Outline : Serial communication is performed, connecting ports with the CS pin of a peripheral IC.

Figure 2.3.61 shows a connection diagram, and Figure 2.3.62 shows a timing chart.

PB1 cs CS
LK
P92/ScLks c CLK
DATA
P91/Souts DATA
38B7 group Peripheral IC

Fig. 2.3.61 Connection diagram

Specifications : « Use of serial 1/03
e Synchronous clock frequency : 131 kHz (f(Xin) = 4.19 MHz is divided by 32)
 Transfer direction : LSB first
* Not use of serial 1/03 interrupt
« Port PB: is connected to the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port PB: is controlled by software.

CLK

Yoo Toor] Joo] Joor]

Fig. 2.3.62 Timing chart

2-84 38B7 Group User's Manual



APPLICATION
2.3 Serial 1/0

Figure 2.3.63 shows the registers setting relevant to the transmission side, and Figure 2.3.64 shows
the setting of transmission data.

Serial 1/03 control register 1 (address OEEC1s)

SIO3CON (0| 10|01 |01 (1

|—|—|—> Internal synchronous clock: f(Xin)/32
Ports P91 and P92: Souts and Sciks signals output

Port P93/Sroys: I/O port
> LSB first

> Internal clock
> Port P91/Souts: CMOS output (in output mode)

Port PB (address 001616)

PB 1

|—> Set PB1 output level to “H”

Port PB direction register (address 001716)

PBD

1
I—> Set PB1 to output mode

Fig. 2.3.63 Registers setting relevant to transmission side

Serial 1/03 register (OEED16)

Set a transmission data.

SI03 Confirm that transmission of the previous
data is completed, where bit 1, the
INT1/serial I/O3 interrupt request bit of the
interrupt request register 1, is “1”; before
writing data.

Fig. 2.3.64 Setting of transmission data
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Control procedure: When the registers are set as shown in Figure 2.3.65, the serial /03 can transmit
1-byte data by writing data to the serial 1/03 register.
Thus, after setting the CcS signal to “L", write the transmission data to the serial
/03 register by each 1 byte; and return the CS signal to “H” when the target
number of bytes has been transmitted.
Figure 2.3.65 shows a control procedure.

C RESET ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
\
Initialization
SIO3CON (address OEEC16) €«— 010010112 Serial I/0O3 setting
PB (address 001616), bitl <€— 1 CS signal output level to “H” setting
PBD (address 001716), bitl <€— 1 CS signal output port setting
PB (address 0016:6), hitl <€— 0O cs signal output level to “L” setting
IREQ1 (address 003Czs), bitl €«— 0 INT1/serial I/O3 interrupt request bit to “0” setting
¢ - Transmission data write
SIO3 (address OEED:s) Transmission data (Start of 1-byte data transmission)

IREQ1 (address 003Czs), bitl ? Judgment of completion of transmitting 1-byte data

Use any of RAM area as a counter for counting the
number of transmitted bytes.

Judgment of completion of transmitting the target
number of bytes

Returning cs signal output level to “H” when
transmission of the target number of bytes is
completed

PB (address 001616), bitl €«— 1

Fig. 2.3.65 Control procedure

2-86 38B7 Group User's Manual



APPLICATION
2.3 Serial 1/0

2.3.12 Notes on serial 1/01
(1) Clock

m Using internal clock
After setting the synchronous clock to an internal clock, clear the serial 1/0O interrupt request bit
before perform the normal serial I/O transfer or the serial I/O automatic transfer.

m Using external clock
After inputting “H” level to the external clock input pin, clear the serial 1/O interrupt request bit
before performing the normal serial I/O transfer or the serial 1/O automatic transfer.

(2) Using serial I/O1 interrupt

3)

4)

(5)

(6)

Q)

Clear bit 3 of the interrupt request register 1 to “0” by software before enabling interrupts.

State of Sour pin

The Sout: pin control bit of the serial 1/01 control register 2 can be used to select the state of the
Sout1 pin when serial data is not transferred; either output active or high-impedance. However, when
selecting an external synchronous clock; the Sour: pin can become the high-impedance state by
setting the Sour: pin control bit to “1” when the serial I/O1 clock input is at “H” after transfer completion.

Serial 1/O initialization bit

e Set “0” to the serial 1/O initialization bit of the serial 1/0O1 control register 1 when terminating a
serial transfer during transferring.

e When writing “1” to the serial I/O initialization bit, the serial 1/0O1 is enabled, but each register is
not initialized. Set the value of each register by program.

Handshake signal

m Ssusvi input signal
Input an “H” level to the Sesusv1 input and an “L” level signal to the Ssusv: input in the initial state.
When the external synchronous clock is selected, switch the input level to the Sesusvi input and
the Seusvi input while the serial 1/01 clock input is in “H” state.

m Srovi inputeoutput signal
When selecting the internal synchronous clock, input an “L” level to the Srova input and an “H”
level signal to the Srov: input in the initial state.

8-bit serial I/O mode

m When selecting external synchronous clock
When an external synchronous clock is selected, the contents of the serial 1/01 register are being
shifted continually while the transfer clock is input to the serial /01 clock pin. In this case, control
the clock externally.

In automatic transfer serial 1/0 mode
m Set of automatic transfer interval
e When the Ssusv: output is used, and the Ssusvi output and the Sstei output function as signals

for each transfer data set by the Ssusvi outputeSste: output function selection bit of serial 1/01
control register 2; the transfer interval is inserted before the first data is transmitted/received,
and after the last data is transmitted/received. Accordingly, regardless of the contents of the
Ssusv1 outputeSste1 output function selection bit, this transfer interval for each 1-byte data becomes
2 cycles longer than the value set by the automatic transfer interval set bits of serial 1/01 control
register 3.
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e When using the Sste: output, regardless of the contents of the Ssusvi outputeSste: output function
selection bit, this transfer interval for each 1-byte data becomes 2 cycles longer than the value
set by the automatic transfer interval set bits of serial 1/01 control register 3.

e When using the combined output of Seusv: and Sste: as the signal for each of all transfer data
set, the transfer interval after completion of transmission/reception of the last data becomes 2
cycles longer than the value set by the automatic transfer interval set bits.

e When selecting an external clock, the set of automatic transfer interval becomes invalid.

e Set the transfer interval of each 1-byte data transfer as the following:
(1) Not using FLD controller

Keep the interval for 5 cycles or more of internal system clock from clock rising of the last

bit of 1-byte data.
(2) Using FLD controller

(a) Not using gradation display
Keep the interval for 17 cycles or more of internal system clock from clock rising of the
last bit of 1-byte data.

(b) Using gradation display
Keep the interval for 27 cycles or more of internal system clock from clock rising of the
last bit of 1-byte data.

<Serial 1/01 control register 3, SIO1CONS3 (address 001Cis) setting example>

Table 2.3.2 SIO1CON3 (address 001Cis) setting example selecting internal synchronous clock

Serial 1/01 control register 3, SIO1CON3 (address 001C1s) Not using Not using |Using grada-
Internal synchronous clock| Automatic transfer interval set bits FLDC gradation | tion display
selection bits (b7 to b5) | (b4 to b0) display mode| mode
000 :f(XIN) /4 0 0000 : 2 cycles of transfer clocks || Usable Prohibited Prohibited
0000 1: 3 cycles of transfer clocks || Usable Prohibited Prohibited
000 10: 4 cycles of transfer clocks || Usable Prohibited Prohibited
000 11:5cycles of transfer clocks || Usable Usable Usable
001:f(XiN)/8 00000 : 2 cycles of transfer clocks || Usable Prohibited Prohibited
0000 1: 3 cycles of transfer clocks || Usable Usable Usable
010:f(XiIN)/ 16 00000 : 2cycles of transfer clocks || Usable Usable Usable

Table 2.3.3 SIO1CON3 (address 001Cis) setting example selecting external synchronous clock

Serial 1/01 control register 3,
SIO1CON3 (address 001Ca1s),
Automatic transfer interval set bits

“n” cycles of transfer clocks

Not using FLDC

Transfer clock O n cycles

5 cycles of internal system clock

Not using gradation display mode

Transfer clock O n cycles

\Y)

17 cycles of internal system clock

Using gradation display mode

Transfer clock O n cycles

\Y)

27 cycles of internal system clock

m Set of serial 1/01 transfer counter
e Write the value decreased by 1 from the number of transfer data bytes to the serial I/01 transfer

counter.

e When selecting an external clock, after writing a value to the serial 1/O1 register/transfer counter,
wait for 5 or more cycles of internal system clock before inputting the transfer clock to the serial

I/01 clock pin.

m Serial 1/O initialization bit

A serial 1/01 automatic transfer interrupt request occurs when “0” is written to the serial 1/0
initialization bit during an operation. Disable it with the interrupt enable bit as necessary by program.
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2.3.13 Notes on serial 1/02
(1) Notes when selecting clock synchronous serial I/O

O Stop of transmission operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scikz1, Scikz2 and Srovz function as /O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial I/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

0 Stop of receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/O, clear the receive enable bit to “0” (receive disabled), or clear the serial 1/02 enable bit
to “0” (serial I/0O2 disabled).

O Stop of transmit/receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, simultaneously clear both the transmit enable bit and receive enable bit to “0” (transmit
and receive disabled).
(when data is transmitted and received in the clock synchronous serial 1/O mode, any one of data
transmission and reception cannot be stopped.)

e Reason

In the clock synchronous serial /0O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial I/02 enable bit to
“0” (serial 1/02 disabled) (refer to (1), O).
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(2) Notes when selecting clock asynchronous serial 1/0

O Stop of transmission operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/O, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scike1, Scike2 and Srovz function as 1/O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial /02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

(0 Stop of receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/O, clear the receive enable bit to “0” (receive disabled).

O Stop of transmit/receive operation

Only transmission operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scike1, Scikzz and Srovz function as 1/O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial I/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

(3) Srov2 output of reception side
When signals are output from the Srov2 pin on the reception side by using an external clock in the
clock synchronous serial /0O mode, set all of the receive enable bit, the Srov2 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

(4) Setting serial 1/02 control register again
Set the serial 1/02 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable
bit (TE) and the receive enable
bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial 1/02 control register Can be set with the
! LDM instruction at
Set both the transmit enable bit the same time
(TE) and the receive enable bit
(RE), or one of them to “1”

Fig. 2.3.66 Sequence of setting serial 1/02 control register again
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Data transmission control with referring to transmit shift register completion flag

The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

Transmission control when external clock is selected

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the serial 1/02 clock input level. Also, write the transmit data to the transmit
buffer register (serial 1/O shift register) at “H” of the serial I/02 clock input level.

Transmit interrupt request when transmit enable bit is set

The transmission interrupt request bit is set and the interruption request is generated even when
selecting timing that either of the following flags is set to “1” as timing where the transmission
interruption is generated.

* Transmit buffer empty flag is set to “1”

» Transmit shift register completion flag is set to “1”

Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence.

O Transmit enable bit is set to “1”

O Transmit interrupt request bit is set to “0”

e Reason
When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”.

Using TxD pin

The P6s/TxD P-channel output disable bit of UART control register is valid in both cases: using as
a normal I/O port and as the TxD pin. Do not supply Vcc + 0.3 V or more even when using the P6s/
TxD pin as an N-channel open-drain output.

Additionally, in the serial 1/02, the TxD pin latches the last bit and continues to output it after
completing transmission.
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2.4 FLD controller

This paragraph describes the setting method of FLD controller relevant registers, notes etc.

2.4.1 Memory assignment

Address
003D16 Interrupt request register 2 (IREQ2)
003E16 (Interrupt control register 1 (ICON1))
003F16 Interrupt control register 2 (ICON2)

N
N

(s
b))
(s

OEF216 | Port PO digit output set switch register (PODOR)
OEF316 | Port P2 digit output set switch register (P2DOR)

OEF416 FLDC mode register (FLDM)
OEF516 Tdisp time set register (TDISP)
OEF616 Toffl time set register (TOFF1)
OEF716 Toff2 time set register (TOFF2)
OEF816 FLD data pointer (FLDDP)
OEF916 Port PAFLD/port switch register (P4FPR)
OEFA16 Port P5FLD/port switch register (P5FPR)
OEFB16 Port P6FLD/port switch register (P6FPR)
OEFCu16 FLD output control register (FLDCON)

Fig. 2.4.1 Memory assignment of FLD controller relevant registers
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2.4.2 Relevant registers

Port PO digit output set switch register

b7 b6 b5 b4 b3 b2 bl bo

Port PO digit output set switch register

(PODOR: address OEF216)

Pl bbb Name Functions Atreset|R ‘W
i 1 1 1 1 1 1 1i_|o|PortP0oFLD/Digit [0:FLD output 0 0:0
b switch bit 1: Digit output i
I R T R 1 [Port PO1 FLD/Digit |0: FLD output o |[O:0
T T A switch bit 1: Digit output |
N 2 | Port PO2 FLD/Digit |0: FLD output 0 0i0
oo switch bit 1: Digit output !
A 3 [Port P03 FLD/Digit |0: FLD output o [O'O
P switch bit 1: Digit output E
A T 4 |Port P04 FLD/Digit |0: FLD output o |00
b switch bit 1: Digit output i
T — 5 | Port POs FLD/Digit |0: FLD output 0 0i0
P switch bit 1: Digit output !
S S 6 | Port POs FLD/Digit |0: FLD output o |OiO
| switch bit 1: Digit output :
b e 7 [Port PO7 FLD/Digit |0: FLD output o [OiO

switch bit 1: Digit output i

Fig. 2.4.2 Structure of Port PO digit output set switch register
Port P2 digit output set switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port P2 digit output set switch register

A Lt 111 | (P2DOR: address OEF316)
Pl bbb Name Functions At reset|R IW
b 11 1 1 1 1 1 _[o[Port P20 FLD/Digit |0: FLD output o |00
oo switch bit 1: Digit output i
P ] 1 [Port P21 FLD/Digit |0: FLD output o |00
T T R A switch bit 1: Digit output |
T T N 2 | Port P22 FLD/Digit |0: FLD output 0 O©)
oo switch bit 1: Digit output !
A N 3 [Port P23 FLD/Digit |0: FLD output 0o |00
P switch bit 1: Digit output i
A R 4 |Port P24 FLD/Digit |0: FLD output o [OiO
P switch bit 1: Digit output ;
T — 5 [Port P25 FLD/Digit |0: FLD output 0o |00
P switch bit 1: Digit output !
S S 6 | Port P26 FLD/Digit |0: FLD output o |00
i switch bit 1: Digit output i
b 7 |Port P27 FLD/Digit |0: FLD output o |00

switch bit 1: Digit output i

Fig. 2.4.3 Structure of Port P2 digit output set switch register
38B7 Group User’'s Manual 2-93



APPLICATION

2.4 FLD controller

FLDC mode register

b7 b6 b5 b4 b3 b2 bl bo

FLDC mode register
(FLDM: address OEF416)

b Name Functions At reset R {W
0 [ Automatic display [0 : General-purpose mode 0 0:0
control bit 1 : Automatic display i

mode :

1 [ Display start bit 0 : Display stopped 0 (@) EO

1 : Display in progress (display i
starts by writing “1") i
2 | Tscan control bits b3 b2 0 0:0
0 0 : FLD digit interrupt :
(at rising edge of each !
digit) |
— 01:10 Tdisp .
3 10:2 0 Tdisp o |00
11:30 Tdisp !
FLD blanking interrupt (at :
falling edge of last digit) !

4 | Timing number 0 : 16 timing mode 0 @) EO
control bit 1: 32 timing mode (Note 2) '

5 | Gradation display [0 : Not selected 0 0:i0
mode selection 1: Selected (Notes 1, 2) !
control bit i

6 | Tdisp counter count[0 : f(XIN)/16 0 00
source selection bit |1 : f(XIN)/64 :

7 | High-breakdown 0 : Drivability strong 0 0:0
voltage port driv- 1 : Drivability weak i
ability selection bit !

Notes 1: When the gradation display mode is selected, the number of
timing is max. 16 timing. (Set “0” to the timing number control

bit (b4).)

2: When switching the timing number control bit (b4) or the
gradation display mode selection control bit (b5), set “0” to the
display start bit (b1) (display stop state) before that.

Fig. 2.4.4 Structure of FLDC mode register
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2.4 FLD controller

Tdisp time set register

b7 b6 b5 b4 b3 b2 bl bo

Tdisp time set register
(TDISP: address OEF516)

Pror bt |b Functions Atreset|R iW
bbb bbb o esetthe Tdisp time. 0 0:0
A sWhen a value n is written to this register, Tdisp |
R R R time is expressed as Tdisp = (n + 1) O count ;
foop o g souce. _ 0 |oio
. *When reading this register, the value in the i
Pl counter is read out. i
REREE 2| Example) o |00
R T When the following condition is satisfied, Tdisp i
oo | | becomes 804 us {(200 + 1) O0 4 ps}; i
oo 3| “f(XiN) =4 MHz 0o |00
A A O — «bit 6 of FLDC mode register = 0 i
e (f(XIN)/16 is selected as Tdisp counter count

P — source.) E
A 4 *Tdisp time set register = 200 (C81s6). 0 o i o
5] 0 |oio
{ o 6| 0 |00
7] 0o |00

Fig. 2.4.5 Structure of Tdisp time set register
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2.4 FLD controller

Toffl time set register

b7 b6 b5 b4 b3 b2 bl bo

| | | Toffl time set register

(TOFF1: address OEF616)

*Toff2 time set register = 180 (B41s).

i i i i i i i i b Functions Atreset|R W
boiod b1 Lo «Setthe Toffl time. 1 |0i0
A | | *When a value n1 is written to this register, '
T T T B 1 | Toffl time is expressed as Toffl = nl1 O count 1 [o}[e)
RN ;
A 2 (Example) 1 © i O
T A A — When the following condition is satisfied, Toffl L
bbb temmmmeeeed 3| becomes 120 ps (= 30 0 4 ps); 1 10 : o
T L | +f(XiN) = 4 MHz i
T SO 4| <bit 6 of FLDC mode register = 0 1 (OO
b (f(XiN)/16 is selected as Tdisp counter count !
e 5] source) T oo
I «Toff1 time set register = 30 (1E1s). :
] 6 | 1 |00
] [ 7] 1 |00
Note: Set value of 0316 or more.
Fig. 2.4.6 Structure of Toffl time set register
Toff2 time set register
b7 b6 b5 b4 b3 b2 bl b0
| Toff2 time set register
Attt LT (TOFF2: address OEF716)
A A A L Functions At reset|R W
boiod b Lo «Setthe Toff2 time. 1 0i0
A || *When a value n2 is written to this register, |
T R I 1 | Toff2 time is expressed as Toff2 = n2 O count 1 00
RN |
I N B However, setting of Toff2 time is valid only for 1 00
i the FLD port which is satisfied the following; |
T R A —{ egradation display mode i
bbb temmmmeeeed 3| evalue of FLD automatic display RAM (in 1 100
T T | | gradation display mode) = “1” (dark display). !
e 4| (Example) 1 o | o
oo L_{ When the following condition is satisfied, Toff2 :
R 5| becomes 720 ys (= 180 O 4 ps); 1 100
P || <f(XiN) =4 MHz :
A 6| ebit 6 of FLDC mode register = 0 1 00
' (f(XIN)/16 is selected as Tdisp counter count '
o =] source) 1

00

Note: When the Toff2 SET/RESET switch bit (b7) of the FLD output

control register (address OEFCz1s) is set to “1”, set value of 0316

or more to the Toff2 time set register.

Fig. 2.4.7 Structure of Toff2 time set register
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2.4 FLD controller

FLD data pointer/FLD data pointer reload register

b7 b6 b5 b4 b3 b2 bl b0

FLD data pointer/FLD data pointer reload register
(FLDDP: address OEF816)

A A L Functions Atreset|R W
t 1 11 111 1|0 The start address of each data of FLD ports P6, |Undefined[ O O
A || P5, P4, P3, P1, PO, and P2, which is |
I A 1 | transferred from FLD automatic display RAM, is [Undefined| O ! O
Porobor o T set to this register. |
N R R ] The start address becomes the address adding " T
iy 2 | the value set to this register into the last data Undefined| O | ©
I I — address of each FLD port. - L
R s 3 | Set a value of (timing number — 1) to this Undefined) © : O
o || register. !
T S 4 Undefined[ O | O
Pl || The value which is set to this address is written !
Pl 5 | to the FLD data pointer reload register. Undefined| O 1O
P TTTTTTTTTTTTTTTT When reading data from this address, the value !
o — in the FLD data pointer is read. . :
| 6 | When bits 5 to 7 of this register is read, “0” is Undefined| O ! O
i L1 always read. : '
(R 7 Undefinedf OO
Fig. 2.4.8 Structure of FLD data pointer/FLD data pointer reload register
Port P4AFLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port PAFLD/port switch register

A4t 1111 (PAFPR: address OEF916)
Pl bbb Name Functions At reset|R {W
t 14 r i1 i _[o|PortP4oFLD/port [0 : Normal port 0 00
P switch bit 1: FLD port !
A T A S 1 [Port P41 FLD/port |0 : Normal port 0 0:0
Polob switch bit 1: FLD port ;
T T A I 2 | Port P42 FLD/port |0 : Normal port 0 0i0
oo switch bit 1: FLD port '
A 3 | Port P43 FLD/port |0 : Normal port 0 0:0
Pl switch bit 1:FLD port !
oo ] 4 | Port P44 FLD/port [0 : Normal port 0 0:0
bobo switch bit 1:FLD port i
T O —— 5 | Port P4s FLD/port [0 : Normal port 0 0i0
P switch bit 1:FLD port !
b ] 6 [ Port P46 FLD/port |0 : Normal port 0 O i (@)
| switch bit 1: FLD port :
R 7 | Port P47 FLD/port |0 : Normal port 0 0:0

switch bit 1: FLD port ;

Fig. 2.4.9 Structure of port P4FLD/port switch register
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Port P5FLD/port switch register

b7 b6 b5 b4 b3 b2 bl b0

Port PSFLD/port switch register
(P5FPR: address OEFA16)

E E i i i i i i b Name Functions At reset|R ‘W
i1 11111 1 _[o[PortP50 FLD/port [0 : Normal port 0 00
i i i i i i i switch bit 1:FLD port i
A T A R N 1 |Port P51 FLD/port |0 : Normal port 0 0:0
I A switch bit 1: FLD port i
i i i i i ] 2 | Port P52 FLD/port |0 : Normal port 0 00
I B switch bit 1:FLD port '
N 3 |Port P53 FLD/port |0 : Normal port 0 00
Pl switch bit 1: FLD port |
A R S 4 |Port P54 FLD/port [0 : Normal port 0o |00
Pl switch bit 1: FLD port i
A 5 | Port P55 FLD/port |0 : Normal port 0 00
P switch bit 1:FLD port :
S S 6 [Port P56 FLD/port |0 : Normal port 0 0.0
i switch bit 1: FLD port g
b e 7 | Port P57 FLD/port |0 : Normal port 0 0:0
switch bit 1: FLD port i
Fig. 2.4.10 Structure of port P5FLD/port switch register
Port P6FLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port P6FLD/port switch register
AL bbb (P6FPR: address OEFB16)
i i i i i i i i b Name Functions At reset|R IW
i 111141 [o|PortP6oFLD/port |0 : Normal port 0 0:0
b switch bit 1: FLD port |
A T A R N 1 |Port P61 FLD/port |0 : Normal port 0 0:0
A switch bit 1: FLD port |
i i i i i ] 2 | Port P62 FLD/port |0 : Normal port 0 00
I switch bit 1: FLD port '
N 3 | Port P63 FLD/port [0 : Normal port 0 00
Pl switch bit 1: FLD port |
A R S 4 |Port P64 FLD/port [0 : Normal port o |00
Pl switch bit 1: FLD port i
A N 5 | Port P65 FLD/port |0 : Normal port 0 00
P switch bit 1: FLD port !
S S 6 [Port P66 FLD/port |0 : Normal port 0 0.0
i switch bit 1: FLD port g
R 7 | Port P67 FLD/port |0 : Normal port o |00
switch bit 1: FLD port i

Fig. 2.4.11 Structure of port P6FLD/port switch register
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2.4 FLD controller

FLD output control register

b7 b6 b5 b4 b3 b2 bl bO

FLD output control register
(FLDCON : address OEFC16)

Pl bbb Name Functions Atreset|R W
pib bt o|P6a—P67 FLD 0 : Output normally o [OiO
A output reverse bit |1 : Reverse output :
A 1 [Nothing is arranged for this bit. This is a write 0 ' X
I A R L disabled bit. When this bit is read out, the |
Pl contents are “0”. -
bbb 2 | P62—P67 Toff 0 : Operating normally 0 O0i0
oo invalid bit 1: Toff invalid !
oo 3 | Nothing is arranged for this bit. This is a write 0 01X
i i i i b disabled bit. When this bit is read out, the !
oo contents are “0". !
A 4 [ P73 dimmer output |0 : Ordinary port o |[OiO
i i i control bit 1 : Dimmer output i
Pobo 5 | Generating/Not of |0 : Toff section not 0 0:0
Dol hemmmmmmmmmeoe CMOS port Toff generated |
b section selection bit | 1 : Toff section generated !
P 6 [Generating/Not of |0 : Toff section not 0 00
Py high-breakdown generated |
i voltage port Toff 1 : Toff section generated |
i section selection bit :
i 7 | Toff2 SET/RESET |0 : Toff2 RESET; 0 Oi O
G switch bit Toffl SET :
1: Toff2 SET; i
Tdisp RESET |

Fig. 2.4.12 Structure of FLD output control register
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2
(IREQ2 : address 3D1s)

A A A L Name Functions At reset|R W

tio1 b1 11 o [Timer 4 interrupt 0 : No interrupt request issued 0 o0

A request bit 1 : Interrupt request issued !

i i i i i i L 1 | Timer 5 interrupt 0 : No interrupt request issued 0 o0

I T S request bit 1 : Interrupt request issued i

T S R A 2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi 0

oo request bit 1 : Interrupt request issued |

oo 3 | Serial /02 receive |0 : No interrupt request issued 0 o0

A interrupt request bit | 1 : Interrupt request issued i

Pl 4 | INT3/Serial /02 0 : No interrupt request issued 0 o0

I R transmit interrupt 1 : Interrupt request issued |

Pl request bit |

b 5 | INT4 interrupt 0 : No interrupt request issued 0 Oi 0

i i i _________________ request bit 1 : Interrupt request issued i

Do A-D converter i

i i interrupt request bit !

i i 6 | FLD blanking 0 : No interrupt request issued 0 oo

P interrupt request bit | 1 : Interrupt request issued |

i FLD digit interrupt :

i request bit |

i 7 | Nothing is arranged for this bit. This is a write 0 OiX

b oo disabled bit. When this bit is read out, the contents :
are “0". |
[: “0” can be set by software, but “1” cannot be set.

Fig. 2.4.13 Structure of Interrupt request register 2
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
| 0 | | | | | | | Interrupt control register 2

AL bbb 1| (ICON2 : address 3Fis)

Prbi bbb Name Functions At reset| R iW

b bt [o[Timer4interrupt [0 interrupt disabled o [Oi0

Pl enable bit 1 : Interrupt enabled i

I A T R 1 | Timer 5 interrupt [0 : interrupt disabled 0 |00

i i i i i i enable bit 1 : Interrupt enabled i

A A I 2 | Timer 6 interrupt | 0 : interrupt disabled o |00

oo enable bit 1 : Interrupt enabled |

S N 3 | Serial 1102 receive |0 : interrupt disabled o |oio

Pl interrupt enable bit |1 : Interrupt enabled i

Pl 4 | INTs/Serial 1/02 0 : interrupt disabled 0 |0:i0

bl e transmit interrupt 1 : Interrupt enabled i

P enable bit I

bl 5 | INT4 interrupt 0 : interrupt disabled 0 0:0

A enable bit 1 : Interrupt enabled 0

o A-D converter |

i i interrupt enable bit i

P 6 | FLD blanking 0 : interrupt disabled 0 Oi0

I interrupt enable bit |1 : Interrupt enabled |

i FLD digit interrupt !

i enable bit i

b 7 | Fix “0” to this bit. 0 0i0

Fig. 2.4.14 Structure of Interrupt control register 2
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2.4 FLD controller

2.4.3 FLD controller application examples
(1) Key-scan using FLD automatic display and segments
Outline: Key read-in with segment pins is performed by software using the FLD automatic display

mode.
P10-P17|pigit . SUEMOETUE&EDEU FRIEAT_
P30, P31 p e N O O O o R O
Pos, Poa|SEMeNt_| 4 m b O O O 7 O O e
Segment o0 OO0 0O OO0 OO OO oo Og
P20—P27 LEVEL R OO OO OO OO OO OO OO Od
P44—P47 t Panel with fluorescent display (FLD)
38B7 G:roup
Key-matrix

Fig. 2.4.15 Connection diagram

Specifications: *Use of total 20 FLD ports (10 digits; 10 segments (8 key-scan included))
*Use of FLD automatic display mode
*Display in gradation display mode and 16 timing mode
*Toffl = 40 ps, Toff2 = 64 ps, Tdisp = 204 us, Tscan = 3 0 Tdisp = 612 us,
f(Xw) = 4 MHz
*Use of FLD blanking interrupt

Figure 2.4.16 shows the timing chart of key-scan, and Figure 2.4.17 shows the enlarged view of
Tscan. After switching the segment pin to an output port, generate the waveform shown Figure 2.4.17
by software and perform key-scan.

Tdisp -, ‘ Tscan
— . >
FLD1s (P1lo) —» 3 3 3
——! | |
I Toff2'! | |
FLDi7 (P11) | T ] 3 3 ]
FLDis (Pl) | 1 1
FLDss (P31) ‘ : 1

FLD blanking interrupt request occur

FLDo—FLDs o R P :
(P20—P27, | | | | | | e | | | | |
P0o, PO1) -

Key-scan

Fig. 2.4.16 Timing chart of key-scan using FLD automatic display mode and segments

FLDo (P20)
FLD: (P21) —|—|
FLD2 (P22) ]

FLDy (P27) N

Fig. 2.4.17 Enlarged view of FLDo (P20) to FLD7 (P27) Tscan
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Figure 2.4.18 shows the setting of relevant registers.

Port P4 direction register (address 000916)

P4D (0(O0]0 (0O

| | | | » Set P44 to P47 to input ports for key-scan input

Port PO digit output set switch register (address OEF216)

PODOR ofo

|—|—> Set P0o, PO1to FLD ports (FLDs, FLDs)

Port P2 digit output set switch register (address OEF316)

P2DOR |0|0|0|0]|0O|0O]|0O]|O

| | | | | | | | > Set P20-P27to FLD ports (FLDo—FLD»)

FLDC mode register (address OEF416)

FLDM (1])0|1(0|1]1(0]|1

|—> Automatic display mode
Display stopped

Tscan = 3 [ Tdisp FLD blanking interrupt
> 16 timing mode
Gradation display mode selected
Tdisp counter count source : f(Xin)/16
High-breakdown voltage port drivability weak

v Y

A\ 4

FLD output control register (address OEFCis)

FLDCON 0

» P73 as ordinary port

Fig. 2.4.18 Setting of relevant registers
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Tdisp time set register (address OEF516)
50 (3216) set; (50 + 1) O count source = 204 us
TDISP 321 Count source = f(Xin)/16 = 4 ps, at f(Xin) = 4 MHz

Toffl time set register (address OEF616)
10 (OAus) set; 10 O count source = 40 ps
TOFFL OAss Count source = f(Xn)/16 = 4 ps, at f(Xi) = 4 MHz

Toff2 time set register (address OEF716)
16 (1016) set; 16 O count source = 64 ps
TOFF2 105 Count source = f(Xi)/16 = 4 ps, at f(Xin) =4 MHz

Note: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

0ofoj1

FLDDP (0(0]|0(0(1

| | | | | | | | > Set {(digit number) — 1} =9

Interrupt request register 2 (address 003D1s)

IREQ2 0

| > Clear FLD blanking interrupt request bit

Interrupt control register 2 (address 003F16)

ICON2 |01

| > FLD blanking interrupt: Enabled

>

FLDC mode register (address 0EF416)

FLDM |1)0|1|0|1f1f2]|1

|—> Display start

38B7 Group User's Manual
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Setting of FLD automatic display RAM:

Table 2.4.1 FLD automatic display RAM map

1 to 16 timing display data stored area

Gradation display control data stored area

Address | Bit 7| Bit6 | Bit5| Bit4 | Bit 3| Bit2 | Bit 1| Bit0| |Address|Bit7|Bit6|Bit5|Bit4 |Bit3 |Bit2|Bit1 | Bit0
OEAO16 FLD2¢|FLD24 OE3016 FLD2s|FLD24
OEA1l16 FLD2EFLD24 OE3116 FLD25FLD24
OEA216 FLD2E|FL.D24 0E3216 FLD25|FLD27
OEA316 FL:DZglFL-D224 OE3316 Fl:D25|FL.D27
OEA416 FLDg5FL1-D24 OE3416 Fl:D25|Fl-D22
OEAb516 FLED25FL-D24 OE3516 FLD25FL:D24
OEAG616 ELED2siFLD24 OE3616 FED2siFLD24
OEA716 ELD2siFLED24 OE3716 FED25siFED24
OEA816 FLD2gEED24 OE3816 FLEDP2sEED24
OEA916 FLD28FLD24 OE3916 FLD2sFLD24
OEAA16 OE3A16
OEAB16 OE3B16
OEAC16 OE3C16
OEAD16 OE3D16
OEAE16 OE3E16
OEAF16 OE3F16
OEBO16 [FLD23FLD27FLB21FLD2elEED1gFED1giFED17iF D16 0E4016 |FLD24FLD22FLD24FL D2elFEDigiFkD1giFLD17/FL-D16
OEB1l16 [FLD23FLD2JFLD21FLD20FLD19ELD1giFED17iFLED16 OE4116 |FLD23FLD27FLD21|FLD20lELD1eiEkDigiFLD17iFLD1g
OEB216 [FL.D23FLD22FLD21FLD20|FLD19FLD1gEED17/EED16 0E4216 |FLD23FLD2JFLD21|FLD20lFLD1elEED1glEED1ziFLED16
OEB316 [FLD2z3FLD22FLD2iFLD20|FLD19FLD1e|FLD17EEDi6 0E4316 |FLD23FL.D22FLD21|FLD20|FLPD1¢FLD1glEED17[EED16
OEB416 [FLD23FL:D22FLD21FLD20|FLD19FLD1e|FLD17[EL D16 OE4416 |FL-D23FL-D22FLD21|FLD20|FLD1<FLD1g|FLD17[EL D16
OEB516 [FED23FLD22FLD21FLD20|FLD19FLD1€|FLD17FLD16 OE4516 |FLD23FLD22FLD21FLD20|FLD1¢FLD1g|FLD17[EL D16
OEB616 [EED23FEDI2FLD21FL-D20|FLD19FLD1€|FLD17|FLD 16 OE4616 |[FED23FkD22FLD21FLD20|FLD¢|FLD16|FLD17|FLD 16
OEB716 [FED23FED22FLED21FLD2ofFL-D19|FLD1g|FLD17FLD 16 OE4716 [ELED23FED22FLD2yFLD20|FL-D1e|FLD1€|FLD17|FLD16
OEB816 |FLD23FED22EED2yFLD2oFL-D19lFLD18|FLD17|FLD 16 OE4816 [FLD23EED22FLED2yFLD20iFLDag|FLD1g|FLD17|FLD 16
OEB916 |FLD23FLD22[EED21EED20iFLD19FL-Dag|FL.D17|FLD16 0E4916 |FLD23ELD22EED23FED20iFLD1clFL-Dag|FLD17|FLD16
OEBA16 OE4A16
OEBB16 OE4B16
OEBC16 OE4Ci6
OEBD16 OE4D16
OEBE16 OE4E16
OEBF16 OE4F16
OECO016 FLD9 |FLDs OE5016 FLD9 | FLDs
OECl16 FLD9 |FLDs OE5116 FLD9 | FLDs
OEC216 FLD9 |FLDs OE5216 FLD9 |FLDs
OEC316 FLDo9 |FLDs OE5316 FLD9 |FLDs
OEC416 FLDo9 |FLDs OE5416 FLD9 |FLDs
OEC516 FLDo |FLDs OE5516 FLD9 |FLDs
OEC616 FLDo9 |FLDs OE5616 FLD9 |FLDs
OEC716 FLDo9 |FLDs OE5716 FLD9 |FLDs
OECB816 FLD9 |FLDs OE5816 FLD9 |FLDs
OEC916 FLD9 |FLDs OE5916 FLD9 | FLDs
OECA16 OE5A16
OECB16 OE5B16
OECC16 OE5C16
OECD16 OE5D16
OECE16 OE5E16
OECF16 OE5F16
OEDO16 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo O0E6016 | FLD7|FLDs6|FLD5|FLD4|FLD3|FLD2|FLD1 |FLDo
OED116 |FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo OE6116 | FLD7|FLDs|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo
OED216 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo 0E6216 | FLD7|FLDs|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo
OED316 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo O0E6316 | FLD7|FLDs6|FLD5|FLD4|FLD3|FLD2|FLD1 |FLDo
OED416 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo OE6416 | FLD7|FLDs|FLD5|FLD4|FLD3|FLD2|FLD1 |FLDo
OEDS516 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo O0E6516 | FLD7|FLDs6|FLDs|FLD4|FLD3|FLD2|FLD1 |[FLDo
OEDG616 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo 0E6616 | FLD7|FLD6|FLD5|FLD4|FLD3|FLD2|FLD1|FLDo
OED716 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo OE6716 | FLD7| FLDs|FLD5|FLD4|FLD3|FLD2|FLD1 |FLDo
OEDS816 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo 0E6816 | FLD7| FLDs|FLD5|FLD4|FLD3|FLD2|FLD1 |FLDo
OED916 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo 0E6916 | FLD7| FLDs|FLDs|FLD4|FLD3|FLD2| FLD1 |FLDo

[ | : Areawhich is used to sed segment data
(-] : Area which is used to sed digit data
|| : Area which is available as ordinary RAM

Corresponding
digit pin

FLD2s(P31)
FLD24(P3o
FLD23§P17§
FLD22(P1s
FLD21(P1s)
FLD2o P14
FLD19(P1s
FLD1s(P12
FLD17(P11
FLD1e(Plo

N A A A A

FLDzs P31;
FLD24(P30
FLD23(P17
FLD22(P1s
FLD21(P1s
FLD20(P14
FLDi19(P1s3
FLD1s(P12
FLD17(P11
FLD16s(P1o)

A R
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FLDis . FLD1e . FLD2 : FLD21 , FLD22, FLD23, FLD2sa . FLD2s
| 3 SUN!MON  TUEWED: THUFRI! SAT L 2
S - Y N L I T O N O L O flg o
2205 S I O el
, ,«,!,PP, ,,,,,, oo T,,i,,.,,,T,,,:,,,,T,,t,,i,:,,i,,,,_ﬂ,j ,,,,,,,,,,,, i,,,_,,,,,c,:,l-! ,,,,,,
R S 00 .00 00 00 00 00 00 00 |FLDw
LEVEL g OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 |Fos

Fig. 2.4.19 FLD digit allocation example
Table 2.4.2 FLD automatic display RAM map example

1 to 16 timing display data stored area Gradation display control data stored area Corresponding
Address |Bijt 7|Bit 6/Bit 5|Bit 4|Bit 3|Bit 2|Bit 1|Bit 0| |Address|Bit 7|Bit 6|Bit 5|Bit 4 Bit 3|Bit 2|Bit 1|Bit 0 digit pin
OECO16 0E5016 —  FLD25(P31)
OEC116 PM | AM 0E5116 PM | AM | —» FLD24(P30
0EC216 THU 0E5216 THU| — FLD23(P17
0EC316 TUE 0E5316 TUE| — FLD22(P1le
OEC416 : 0E5416 : —  FLD21(P1s
OEC516 : 0E5516 —  FLD20o(P14
OEC616 0E5616 —  FLD19(P1s3
OEC716 0E5716 —  FLD1s(P12
OEC816 L 0E5816 L —  FLD17(P11
OEC916 R |LEVEL| [OE5916 R |LEVEL| — FLDis(Plo)
OECA16 OE5A16
OECB16 OE5B16
OECCu16 OE5Ci16
OECD16 OE5D16
OECE1s6 OE5E16
OECF16 OE5F16
OEDO16 | CH | 9 f e d c b a O0E6016 | CH | 9 f e d c b a | —» FLD25(P3y)
OED116 | SAT| 9 f e d c b a OE6116 | SAT| 9 f e d c b a —  FLD24(P30)
OED216 | FRI | O f e d c b a OE6216 | FRI | 9 f e d c b a | —» FLD23(P17)
OED316 |WED| 9 f e d c b a OE6316 |WED| 9 f e d c b a —  FLD22(P1s
OED416 |MON| 9 f e d c b a OE6416 |MON| 9 f e d c b a —  FLD21(P1s
OEDS516 |SUN| 9 f e d c b a OE6516 |SUN| 9 f e d c b a —  FLD20o(P14
OED616 | — [s] f e d c b a 0E6616 | — 9 f e d c b a —  FLDi19(P13
OED716 | m <K D> on > |REC]| SP EP OE6716 ] < > 0o > |REC| SP EP —  FLD1s(P12
OEDS816 | L1 | OO | OIOI | OO |00 | OO0 | 00 | D68 OE6816 | L1 | 1 | OO | OO0 | OO0 | OO | OO | OO | -  FLD17(P1a
OED916 |10 | OO | OO | OO OO | O0O | OO | O O0E6916 | 101 | 100 | OO | OO0 | 00 | 00 |00 |00 | —  FLD1s(Plo)

FEEEEE « Unused
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Control procedure:

( RESET )

Initialization

P4D (address 000916), bit 4—bit 74— 00002
PODOR (address OEF216) <— XXXXXX002
P2DOR (address OEF316) <— 000000002
FLDM (address OEF4as) <— 101011012
FLDCON (address OEFCais) <4— XXXOXXXX2
TDISP (address OEF516) <— 3216

TOFF1 (address OEF616) <— 0OAis

TOFF2 (address OEF716) <— 1016 (Note 1)
FLDDP (address OEF8s) < 000010012

FLD automatic display RAM «_ Data to be
(addresses OEAO16-O0ED916)  display

|

Gradation display control
RAM
(addresses OE3016—0E6916)

<« Gradation display
control data (Note 1)

IREQ2 (address 003Dz1s6), bit6 <+ 0

1 cycle or more wait

ICON2 (address 003Fi¢), bit 6 < 1
FLDM (address OEF416), bit1 <« 1

Main processing

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

Port direction registers setting
FLD port setting

FLD automatic display function setting

Digit data and segment data setting

Gradation display control data setting
Set “1” for dark display
Set “0” for bright display (Note 2)

FLD blanking interrupt request bit cleared

Wait until writing to FLD blanking interrupt request
bit is completed

FLD blanking interrupt enabled
FLD automatic display start

Notes 1: When selecting the gradation display, set these

registers, too.

2: The display data can be rewritten at arbitrary

timing.

Fig. 2.4.20 Control procedure
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2.4 FLD controller

( FLD blanking interrupt routine )

Push registers to stack, etc.

FLDM (address OEF416), bit0 <« 0
P1 (address 000216) <— 0016
P3 (address 00061s), bit 0, bit 1 <+— 002

N

Ll

Set data table for key-scan to P4 (address

000816)
|

Wait for key-scan

Transfer the contents of P44 to P47 (address

000816) to RAM

Update the data table pointer for key-scan

Key-scan is completed ? (Note)

Set key-scan completion flag
Initialize data table pointer for key-scan

P4 (address 000816) <— 0016
FLDM (address OEF41s6), bit0 <« 1

Y

~

v
( RTI )

Segment key-scan

Switching from automatic display mode to general-purpose mode
Setting of “L” level to port corresponding to digit

Wait until “H” level output of P4 is stabilized
Keys read-in
(Set the port P4 direction register (P4D) (address

000916) to the input mode in the initialization, etc.)

Data table reference pointer for the next key-scan updated

Setting of flag which judges whether key-scan is completed or not

Output of “L” level from all key-scan ports
Switching from general-purpose mode to the automatic
display mode

Note: If key-scan is not completed within Tscan set
time, perform key-scan separately.
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2.4 FLD controller

(2) Key-scan using FLD automatic display and digits
Outline: Key read-in with digit output waveforms is performed by software using the FLD automatic

display mode.

POo, P01 [Segment SUlMOlTUE WED THU FRI SAT
g Y T Y O
pao, Pa:[DOL | <« m 3> O O ™

Digit L dd o oo gd 00 00 OO0 OO0
P1o-P17 19 LEVEL R OO OO OO OO OO OO OO gd
P44—P47 Panel with fluorescent display (FLD)

38B7 Glroup
Key-matrix

Fig. 2.4.21 Connection diagram

Specifications: *Use of total 20 FLD ports (10 digits, 8 key-scan included; 10 segments)
*Use of FLD automatic display mode
*Display in gradation display mode and 16 timing mode
*Toffl = 40 ps, Toff2 = 64 us, Tdisp = 204 ps, Tscan = 0 ps, f(Xin) = 4 MHz
*Use of FLD digit interrupt
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2.4 FLD controller

Figure 2.4.22 shows the timing chart of key-scan.

. Tdisp.. , Tscan =0 ps
FLDis (Plo)Toﬂﬁ‘t ! !

'FLD digit interrupt request occur

' Toff2. ! |

— |
FLD17 (P11) 1 f f

' FLD digit interrupt request occur
FLD1s (P12) 3 3 f : f

. FLD digit interrupt request occur
FLD2s (P31) . f !
FLD digit interrupt request occur
FLDo—FLDs
(P20-P27, « o o
PQo, P01)

Fig. 2.4.22 Timing chart of key-scan using FLD automatic display mode and digits

38B7 Group User’'s Manual 2-109



APPLICATION

2.4 FLD controller

Figure 2.4.23 shows the setting of relevant registers.

Port P4 direction register (address 000916)

P4D [(0f0|0O|O

| | | | > Set P44 to P47 to input ports for key-scan input

Port PO digit output set switch register (address OEF216)

PODOR o]0

|—|—> Set POo, PO1to FLD ports (FLDs, FLDs)

Port P2 digit output set switch register (address OEF316)

P2DOR |OfO|O|OfO]jOfOfO

EEEEEEN > Set P20-P27to FLD ports (FLDo—FLDy)

FLDC mode register (address OEF416)

FLDM ([(1|0|1({0|0]0]0O]|1

|—> Automatic display mode
Display stopped

FLD digit interrupt
> 16 timing mode
> Gradation display mode selected
> Tdisp counter count source : f(Xin)/16
> High-breakdown voltage port drivability weak

FLD output control register (OEFCzis)

FLDCON 0

> P73 as ordinary port

Fig. 2.4.23 Setting of relevant registers
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Tdisp time set register (address OEF516)
50 (3216) set; (50 + 1) O count source = 204 us
TDISP 321 Count source = f(Xn)/16 = 4 ps, at f(Xin) = 4 MHz

Toffl time set register (address OEF616)
10 (OAus) set; 10 O count source = 40 us
TOFFL OAss Count source = f(Xin)/16 = 4 ps, at f(Xi) = 4 MHz

Toff2 time set register (address OEF71s)
16 (1016) set; 16 U count source = 64 ps
TOFF2 10 Count source = f(Xin)/16 = 4 ps, at f(Xin) = 4 MHz

Note: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

FLDDP |0f(0O|O|0O|21]0|0f1

| | | | | | | | > Set {(digit number) — 1} =9

Interrupt request register 2 (address 003Dzs)

IREQ2 0

| > Clear FLD digit interrupt request bit

Interrupt control register 2 (address 003F1s)

ICON2 |01

| > FLD digit interrupt: Enabled

>

FLDC mode register (address OEF416)

FLDM |1)0|1|0|0f0Of1]1

|—> Display start

38B7 Group User's Manual
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2.4 FLD controller

Setting of FLD automatic display RAM:

Table 2.4.3 FLD automatic display RAM map

1 to 16 timing display data stored area Gradation display control data stored area Corresponding
Address |Bit 7 | Bit6 | Bit5 |Bit4 | Bit 3 |Bit 2 | Bit 1 | Bjt 0 Address | Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 digit pin
OEAOQ16 FLD2gFLD24 OE3016 FLD2sFL D24
OEA1l16 FLD25|FLD24 OE3116 FLD2s|FLD24
OEA216 FLD2g|FLD24 OE3216 FLD2s|FLD24
OEA316 FLD2E|FLD24 OE3316 FLD25|FLD24
OEA416 FLD25FLD24 0E3416 FLD25|FLD24
OEA516 FL:D2EFL-D22 OE3516 Fl-Dz5|FL.-D27
OEAG616 FLD25F-D24 OE3616 Fl:D25|Fl-D29
OEA716 FLD2siFL:D24 OE3716 FL:D25iFl:D24
OEAB816 EED2siFLD24 OE3816 FLED2siFLD24
OEA916 ELD25iFELED24 OE3916 EED25siFED24
OEAA16 OE3A16
OEAB16 OE3B16
OEAC16 OE3C16
OEAD16 OE3D16
OEAE16 OE3E16
OEAF16 OE3F16

OEBO16 |[FLD23FLD22[FED21EED2ofFLD1giFL-DaglFL.D17|FLD16 0E4016 |FLD23FLD22EED21FLED2ofFLD19FL.D1g|FLD7|FL.D16)
OEB1l16 [FLD2dFLD27FLD21FED2olFEDi1giFLD1giFL-D17|FLD16 OE4116 |FLB23FLD22FLD21EED20FED19iFLD1glFL-D17|F|-D16
OEB216 [FLD23FLD27FLP21FED20EEDigFkDigiFkD17FL:D16 0E4216 |FLD24FLD22FLDP24|FLD20oFEDigiFLEDigiFL-D17|FL-Da6
OEB316 [FLD23FLD2JFLB21FLD20FL D19ELD1giFED17[FL1:D16 0E4316 |FLD23FLD22|FLD21FLD20Ft D1giFkDigFLD17FL1-D1g
OEB416 [FL.D23FLD2IFLD21|FLD20FLD19FLD1gEED17FLD16 OE4416 |FLD23FLD22FLD21FLD20FL D1olELDiglEEDIziFED16)
OEB516 [FL:-D23FLD22|FLD21|FLD20FLD19FLD1eFLD17/FED1g 0E4516 |FL:D23FL.D22|FLD21FLB20FLD19FLP18FEED17FL D6
OEB616 [FLD23FL-D22lFL.D21|FLD20FLD19FLD1¢FLD17ELDig 0E4616 |[FL-D23F|-D22FLD21FLD20FLD19FLD1e[FE D17/ Dig
OEB716 [FED23FLD22FLD21FLD20|FLD19FLD1€|FLD17FL D16 0E4716 |[FLD23FLD22FLD21FL.D20[FLD19FLD1¢ FLD17[EL D1g
0EBB816 [FED23FLD22iFL:D21FL-D20FLD19|FLD 1€ FLD17FLD16 0E4816 [FED23FED22IFL-D21FL-D20FL.D19FLD 1€ FLD17|FL D16
0EB916 [FED23FED22iFLED21FL-D20FL-D29|FLD1¢FLD17|FLD 16 0E4916 [FED23FED22FED2UFLD20FLD19FLD18 FLD17|FLD16

OEBA16 OE4A16
OEBBu16 OE4B16
OEBC16 OE4C16
OEBD16 OE4D16
OEBE16 OE4E16
OEBF16 OE4F16
OECO16 FLD9 |FLDs OE5016 FLD9 [FLDs| — FLD2s(P31)
OEC116 FLD9 |FLDs O0E5116 FLD9 |FLD8| — FLD24(P30
0EC216 FLD9 |FLDs 0E5216 FLD9 |[FLDs| — FLD23(P17
0EC316 FLD9 |[FLDs 0E5316 FLD9 [FLDg8| — FLD22(P1s
OEC416 FLD9 |FLDs OE5416 FLDo |[FLD8| — FLD21(P1s)
OEC516 FLD9 |FLDs OE5516 FLD9 |FLD8| — FLD20o(P14
OEC616 FLD9 |FLDs OE5616 FLD9 |FLDg8| — FLD19£P13§
OEC716 FLD9 |[FLDs OE5716 FLDo |[FLD8| — FLDis(P12)
OECB816 FLD9 |[FLDs OE5816 FLDo |[FLD8| — FLDi7(P11
OEC916 FLD9 |FLDs OES5916 FLD9 |FLDs| — FLDleEPlog
OECA16 OE5A16
OECB16 OE5B16
OECCu16 OE5C16
OECD16 OE5D16
OECE16 OE5E16
OECF16 OE5F16
OEDO16 |FLD7|FLDsé|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6016 | FLD7| FLD6| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD25(P31)
OED116 |FLD7|FLD6|FLDs|FLD4|FLD3|FLD2|FLD1|FLDo| |OE6116 |FLD7| FLD6| FLDs| FLD4| FLD3| FLD2| FLD1|FLDo| —  FLD24(P30)
OED216 |FLD7|FLDs|FLDs5|FLD4|FLD3|FLD2|FLD1|FLDo OE6216 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| —, FLD23(P17
OED316 |FLD7|FLDsé|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6316 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| — FLD22(P1s6
OED416 |FLD7|FLDsé|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6416 | FLD7| FLDsé| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| _, FLD21(P1s
OED516 |FLD7|FLDe|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6516 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1|FLDo| —, FLD2o(P14
OED616 |FLD7|FLDsé|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6616 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| _, FLD19(P13)
OED716 |FLD7|FLDsé|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6716 | FLD7| FLDs| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| _, FLD1s(P12
OED816 |FLD7|FLDe|FLDs|FLD4|FLD3|FLD2|FLD1 |FLDo OE6816 | FLD7| FLDé| FLDs| FLD4| FLD3| FLD2| FLD1| FLDo| _, FLD17(P11
OED916 |FLD7|FLDe|FLDs5|FLD4|FLD3|FLD2|FLD1|FLDo OE6916 | FLD7| FLDe| FLD5| FLD4| FLD3| FLD2| FLD1| FLDo| _, FLD16(P10)

[ | - Areawhich is used to set segment data
7] : Area which is used to set digit data
|| : Areawhich is available as ordinary RAM
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FLDis . FLD1e . FLD2 : FLD21 , FLD22, FLD23, FLD2sa . FLD2s
| 3 SUN!MON  TUEWED THUFRI! SAT L 2
SP EP ! | |: . | | . :| || |:AM| ||_| f|i|b
> 00 REC | — |~ ! T T -
S T T O T O =Y el_le
DN TR IR P S PR ) R L T l—
N S oo .00 00 00 00 00 00 00 |FLbw
LEVEL g OO0 OO0 00 OO0 OO0 00 OO0 OO0 |Fbs
Fig. 2.4.24 FLD digit allocation example
Table 2.4.4 FLD automatic display RAM map example
1to 16 timing display data stored area Gradation display control data stored area Corresponding
Address| Bit 7| Bit6 | Bit5 | Bit4|Bit3| Bit2| Bit1|Bit0| |Address|Bit7 |Bit6|Bit5|Bit4|Bit3|Bit2|sit1|sito| O9TPIN
0ECO16 0E5016 —  FLD25(P31)
OEC116 PM | AM OE5116 PM | AM —  FLD24(P30)
OEC216 THU| [OE5216 THU| — FLD23(P17)
OEC316 TUE OE5316 TUE | - FLD22(P1ls)
OEC416 : O0E5416 : —  FLD21(P1s
OEC516 : OE5516 — FLD202P143
OEC616 OE5616 —  FLD19(P13
OEC716 OE5716 — FLDlggplzg
OEC816 L OES5816 L —  FLD17(P11)
OEC916 R |LEVEL| |OE5916 R |LEVEL _,  FLDis(P1o)
OECA16 OE5A16
OECB16 OE5B16
OECCu1s OE5C16
OECD16 OE5D16
OECE1s6 OE5E16
OECF16 OE5F16
OEDO16 | CH 9 f e d c b a 0E6016 | CH g f e d [ b a —  FLD25(P31
OED116 | SAT| 9 f e d c b a OE6116 | SAT| 9 f e d c b a —  FLD24(P30
OED216 | FRI | 9 f e d c b a 0E6216 | FRI | 9 f e d [ b a —  FLD23(P17
OED316 |WED| 9 f e d c b a OE6316 |WED| 9 f e d c b a —  FLD22(P1s
OED416 |MON| 9 f e d c b a O0E6416 |MON| 9 f e d c b a —  FLD21(P1s
OED516 |SUN| 9 f e d c b a OE6516 |[SUN| 9 f e d [ b a —  FLD20o(P14
OED616 | — 9 f e d c b a OE6616 | — 9 f e d c b a — FLD19§P13§
OED716 | m K | P> | m > |[REC| SP | EP OE6716 | m <« > [ii] > |[REC| SP | EP | — FLD1s(P12
OEDS816 | (100 | OIOT | OO0 | OO0 | OO | OO | OO | OO OE6816 | [I[1 | 0] | 001 | 0O00O7 | 00001 1000 | OO0 1 OO0 | - FLD17(P11
O0ED916 | 101 | UI0 | OO0 | OO0 | OO0 | OO0 | OO0 | OO O0E6916 | LI | IO | 0T | 0 OO0 OO0 [ 00O | O] - FLD1se(Plo
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2.4 FLD controller

Control procedure:

( RESET )

Initialization

PODOR (address OEF216)
P2DOR (address OEF3u1s)
FLDM (address OEF416)
FLDCON (address OEFCis)
TDISP (address OEF51s)
TOFF1 (address OEF616)
TOFF2 (address OEF716)
FLDDP (address OEF81s)

P4D (address 00091s), bit 4—bit 7 «— 00002

<— XXXXXX002
<— 000000002
<— 101000012
<+— XXXOXXXX2
<+— 3216

<+ OA1e

<— 1016 (Note 1)
<— 000010012

FLD automatic display RAM
(addresses OEAQ16—0ED916)

Data to be
display

Gradation display control
RAM
(addresses OE3016—0E6916)

Gradation display
control data (Note 1)

IREQ2 (address 003D16), hit6 «— 0

1 cycle or more wait

ICON2 (address 003Fzie), bit 6 < 1
FLDM (address OEF416), bit1 <« 1

Main processing

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

Port direction register setting
FLD port setting

FLD automatic display function setting

Digit data and segment data setting (Note 2)

Setting of gradation display control data
Set “1” for dark display
Set “0” for bright display (Note 2)

FLD digit interrupt request bit cleared

Wait until writing to the FLD digit interrupt request
bit is completed

FLD digit interrupt enabled
FLD automatic display start

Notes 1: When selecting the gradation display, set these

registers, too.
2: The display data can be rewritten at arbitrary
timing.

Fig. 2.4.25 Control procedure
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( FLD digit interrupt routine ) Digit key-scan

Push registers to stack, etc.

‘ Wait until the digit output is stabilized since the digit

Wait for key-scan output waveform may become dull depending on the

‘ PCB pattern wiring length etc.

Transfer the contents of P44 to P47 Keys read-in
(address 000816) to RAM (Set the port P4 direction register (P4D) (address

‘ 00091s) to the input mode in the initialization, etc.)

Store the contents of RAM to the buffer

\

~

M
( RTI )
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2.4 FLD controller

(3) FLD display by software (example of not used FLD controller)
Outline: FLD display and key read-in is performed, using a timer interrupt.

SUN MON TUE WED THU FRI SAT

Plo—P17 Digit . VIV SR T R

e e Ot it P I

Poo, Por[SeameNt_| <0 w b e 1 B
E 00 OO0 00 00 00 g 00 oo

S t
P2o-p2; [S€9MeT LEVEL OO0 OO0 OO0 OO0 00 00 00 OO
P44—P47 Panel with fluorescent display (FLD)
T
38B7 Group

Key-matrix

Fig. 2.4.26 Connection diagram

Specifications: *Use of 10 digits and 10 segments (8 key-scan included)
*Display controlled by software
*Use of timer 1 interrupt

Figure 2.4.27 shows the timing chart of FLD display by software, and Figure 2.4.28 shows the
enlarged view of P20 to P27 key-scan. Generate the waveform shown in Figure 2.4.28 by software

and perform key-scan.

Plo
PLs 1 1

P12 1 L
P31 :

Key-scan

P20—P27,
PQo, P01

Fig. 2.4.27 Timing chart of FLD display by software

P20

P21 —|—|
P22

P27 :

Fig. 2.4.28 Enlarged view of P20 to P27 key-scan
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2.4 FLD controller

Figure 2.4.29 shows the setting of relevant registers.

Port P4 direction register (address 00091e)

P4D (00|00

> Set P44 to P47 to input ports for key scan input

FLDC mode register (address OEF41s6)

FLDM |1 0o

\—> General-purpose mode
Display stopped

» High-breakdown voltage port drivability weak

FLD output control register (address OEFCis)

FLDCON 0

> P73 as ordinary port

Interrupt request register 1 (address 003Cu1s)

IREQ1 0

| > Clear timer 1 interrupt request bit

Interrupt control register 1 (address 003E1s6)

ICON1 1

» Timer 1 interrupt: Enabled

Timer 12 mode register (address 00281s)

T12M

0
\—> Timer 1 count start

Fig. 2.4.29 Setting of relevant registers
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P12 . P13 ! Pla v Pls ! Pls :Pl7 ! P30 ! P31
| SUNMON [TUEWEDTHUFRISAT | __
SP EP | O S O I
i S N W VO
IS M 1 O e 71 O
e L OO0 OO0 Od 00 00 oo oo odojeo
R OO OO0 OO0 OO 00 OO0 OO OO0 |pi

f|£|b
e

lc

Fig. 2.4.30 FLD digit allocation example

Table 2.4.5 FLD automatic display RAM map example

Corresponding

Address| Bit 7| Bit6 | Bit5| Bit4 | Bit 3| Bit 2| Bit 1| Bito| digit Pin
0ECO016 - P31
OECl1e PM | AM | - P30
OEC216 THU| - P17
OEC316 TUE| - Pls
OEC416 : - P1s
0EC516 — Pls
OEC616 - P13
OEC716 - P12
OEC816 L - Pl
0EC916 R |LEVE] — Plo
OECA16

OECBu16

OECCu16

OECD1s6

OECE16

OECF16

OEDO16 | CH [5] f e d c b a - P31
OED116 | SAT| O f e d c b a - P30
OED216 | FRI | 0 f e d c b a - P17
OED316 |WED| 9 f e d c b a — Pls
OED416 [MON| ¢ f e d c b a - Pls
OED516 |[SUN| ¢ f e d c b a - Pla
OED616 | — [s] f e d c b a - Pls
OED716 | m | <« | D> | m > |[REC| SP | EP | — Pl2
OED81s |0 |00 [0 | 00|00 0000 0d] - Pl
OED916 |00 | OO |00 | 00| 00|00 00|00 - Plo
FEEEE  Unused

(The automatic display is not performed because FLD controller is not used.)
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Control procedure:

RESET e X: This bit is not used for this application.

Set “0” or “1” to this bit arbitrarily.

Initialization
P4D (address 00091s), bit 4—bit 7 4= 00002 Port direction registers setting
FLDM (address OEF416) <4 IXXXXX002
FLDCON (address OEFCzs) <+ XXXOXXXX2
IREQ1 (address 003C1s6), bit5 <0 Timer 1 interrupt request bit cleared
: Wait until completion of writing to timer 1 interrupt request bit
ICON1 (address 003Ezs), bit5 <1 Timer 1 interrupt: Enabled
T12M (address 00281s), bit 0 0 Timer 1 count start
( Timer 1 interrupt routine ) Segment key-scan

Push registers to stack, etc.

PO (address 00001s), bit 0, bit 1 < 002 FLD display turned off
P1 (address 000216) < 0016
P2 (address 000416) < 0016

P3 (address 000616), bit O, bit 1 <— 002

All column display is completed ? N |
PO (address 000016), bit 0, bit 1 «— Segment
Y P2 (address 00041s) data
\
P1 (address 000216) < Digit data
Set data table for key-scan to P2 (address 000416) P3 (address 00061s), bit 0, bit 1
Wait for key-scan Walt th|| H” level output of P2 _i_
is stabilized. —~
Transfer the contents of P44 to P47 Keys read-in N .
(address 000816) to RAM (Set the port P4 direction register (P4D) (address
‘ 000916) to the input mode on initialization, etc.)
Update the data table pointer for key-scan

Key-scan is completed ?

Fig. 2.4.31 Control procedure
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(4) Display by combination with digit expander (M35501FP*) (basic combination example)
* For M35501FP, refer to section “3.9 M35501FP".

Outline: The fluorescent display which has many display numbers (36 segments O 16 digits) is
displayed by using the digit expander (M35501FP).

38B7 Group M35501FP
P5o RESET
P51 SEL
P73 CLK
P20-P27 OVFIN ﬁ
POo—-P07 DIGo—DIG1s
Plo—P17
P30-P37 Digit (16) Fluorescent display (FLD)
P40—P43
Segment (36)
hof11ll12]13l14]15]16/17]18]
[10]20] 21]22][23][24] 25 26] 27]
polsloiaislaladosas | ><|><]||(Red)

Fig. 2.4.32 Connection diagram
Specifications: sUse of M35501FP (M35501FP: 16 digits, 38B7 Group: 36 segments)

Ports P50 and P5: of 38B7 Group supply signals to the RESET and SEL pins of

M35501FP respectively.

The P7s pin (dimmer output pin) supply signals to the CLK pin of M35501FP.

*Use of FLD automatic display mode of 38B7 Group

*Display in gradation display mode and 16 timing mode

*Toffl = 40 ps, Toff2 = 64 ps, Tdisp = 204 ps, f(Xin) = 4 MHz

Figure 2.4.33 shows the timing chart of 38B7 Group and M35501FP, and Figure 2.4.34 shows the
timing chart (enlarged view) of digit and segment output.
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RESET

SEL

OVFiN

OVFour !_!

e sipigipipipigipigipipipipipigipigipigipigin
e n
DIG1 |_| SR
DIG3 |_|

DIG12 M

DIG13 ; M

DIG14 M

DIG15 mE

38B7 Group

FLDo—FLDss I ' '
(Efﬁszﬁggg: Ao rner
P40—P43)

Fig. 2.4.33 Timing chart of 38B7 Group and M35501FP

CLK I [ 1 [ 1 L
Tdisp
DIGO Y e B 1
DIG1 { ToffL.; :
DIG2
iToff2i |
a— : .
DIG15 P
38B7 Group : : :
FLDo—FLD3s . H .
(P20—P27, PO0—PO07, ! ! LA
Plo-P17, P30—P37, ! H
P40—P43)

Fig. 2.4.34 Timing chart (enlarged view) of digit and segment output
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Figure 2.4.35 shows the setting of relevant registers.

Port PO digit output set switch register (address OEF216)

PODOR |0|O|0Of0J0Of0O]0O]O

| | | | | | | | » Set POo—PO07to FLD output ports (FLDs—FLDzs)

Port P2 digit output set switch register (address OEF316)

P2DOR |0|0O|0Of0|0Of0O]0O]|O

| | | | | | | | > Set P20—P27to FLD output ports (FLDo—FLD»)

Port PAFLD/port switch register (address OEF91s)

PAFPR |1|0(0|0|1|1(1]|1

‘ ‘ ‘ ‘—|—|—|—>Set P40—P4sto FLD output ports (FLDs>—FLDzs)

Set P4.—P4sto general-purpose 1/O ports
Set P47to FLD output port (FLD3o)

\ 4

\ 4

Port P5 direction register (address 000B1s)

PSD |ofofo|o|Oof0|1|1

k—» Set P5oto output port (for M35501 RESET signal)

Set P5:1to output port (for M35501 SEL signal)

Port P5 (address 000A1s)

P5 |O0f0[0|0|0O|0O]|O]|O
k—» M35501 RESET signal output (Note 1)
M35501 SEL signal “L” output

Note 1: After retain RESET signal output “L” for 2 pus or more, release reset by outputting “H” level
from RESET signal output at CLK signal = “L" .

Fig. 2.4.35 Setting of relevant registers
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FLDC mode register (address OEF416)

FLDM [1]0|1|(0f0|0]|0O|1

|—> Automatic display mode
Display stopped

FLD digit interrupt

16 timing mode

Gradation display mode selected

Tdisp counter count source : f(Xin)/16
High-breakdown voltage port drivability weak

Y v

\ 4

A/

FLD output control register (address OEFCis)

FLDCON 1

| > P73 as dimmer output

Tdisp time set register (address OEF516)

50 (3216) set; (50 + 1) O count source = 204 us
Count source = f(Xn)/16 = 4 s, at f(Xin) =4 MHz

TDISP 3216

Toffl time set register (address OEF616)

10 (OAu6) set; 10 O count source = 40 us
Count source = f(Xn)/16 = 4 ps, at f(Xin) = 4 MHz

TOFF1 OAz6

Toff2 time set register (address OEF716) (Note 2)

10 16 (1016) set; 16 O count source = 64 us
TOFF2 10 Count source = f(X)/16 = 4 ps, at f(Xin) = 4 MHz

Note 2: Perform this setting when the gradation display mode is selected.

FLD data pointer (address OEF816)

FLDDP (O|O|O|Of1f1|1]|1

| | | | | | | | > Set {(digit number) — 1} = 15

FLDC mode register (address OEF416)

FLDM [(1|0|1|0f(0O|0Of1]|1

|—> Display start
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Setting of FLD automatic display RAM:

Table 2.4.6 FLD automatic display RAM map

1 to 16 timing display data stored area Gradation display control data stored area Corresponding digit
pin of M35501FP

Address |Bit 7 | Bit 6 |Bit5 |Bit4 |Bit3 | Bit 2 | Bit 1| Bit 0 Address |Bit 7 |Bit6 |Bit5 |Bit4 |Bit3 |Bit2 | Bit1 |Bit0
0E9016 1 FLD35|FLD34FLD33FLD32) 0E2016 T FLD35FLD34/FLD33FLD32)
0E9116 1 0E2116 ¥

0E9216 1 0E2216 ¥

0E9316 1 0E2316 1

0E9416 1 0E2416 1

0E9516 1 0E2516 1

0E9616 1 0E2616 1

0E9716 1 0E2716 1

0E9816 1 0E2816 1

0E9916 1 0E2916 1

0E9A16 1 0E2A16 1

OE9B16 I 0E2B16 1

OE9C16 | I 0E2C16 1

OE9D16 | I 0E2D16 1

OE9E16 |" 1 ﬁ v | W [ W | [OE2Ew |1 ﬁ i v | W |
OE9F16 i O0E2F16 T

0EAO16 |FLD31FLD30FLD29FLD28FLD27FLD26|FLD25FLD24| 0E3016 |FLD31FLD30FLD29FLD28FLD27|FLD26FLD25/FLD24|
OEAl16 OE3116

0EA216 0E3216

0EA316 0E3316

0EA416 0E3416

OEA516 OE3516

OEAG616 0E3616

OEA716 O0E3716

OEA816 OE3816

O0EA916 0E3916

OEAA16 O0E3A16

OEAB16 OE3B16

OEAC16 OE3C16

OEAD16 0E3D16

OEAE16 P AR 7*777 I W I W | W | [OE3Ew, W W 7*7 AR BR A
OEAF16 OE3F16

0EBO016 [FLD23FLD22|FLD21FLD20FLD19FLD18|FLD17|FLD16 0E4016 |FLD23FLD22|FLD21FLD20FLD19FLD18FLD17|FLD16

OEB116 0E4116
0EB216 0E4216
OEB316 0E4316
OEB416 0E4416
OEB516 0E4516
OEB616 0E4616
OEB716 0E4716
OEB816 0E4816
OEB916 0E4916
OEBA16 O0E4A16
OEBB16 0E4B16
OEBCu1e 0E4C16
OEBD16 0E4D16
OEBE16 ¥ OE4E16
OEBF16 OE4F16
OECO16 [FLD15FLD14FLD13FLD12FLD11[FLD10|FLD9 |FLDs 0E5016 |FLD1sFLD14FLD13FLD12[FLD11FLD10|FLD9 |FLDs
OEC1l1e OE5116
O0EC216 0E5216
OEC316 0E5316
OEC416 0E5416
OEC516 OE5516
OEC616 OE5616
OEC716 O0E5716
OECB816 O0E5816
0EC916 0E5916
OECA16 O0E5A16
OECB16 OE5B16
OECC16 OE5C16
OECD16 OE5D16

OECE16 77
OECF16

I 7*7 / | W [ w | v | [OE5Eis F
OE5F16

OEDO16 |FLD7|FLDs|FLDs|FLD4| FLD3| FLD2| FLD1| FLDo 0E6016 | FLD7| FLDs| FLDs5| FLD4| FLD3| FLD2| FLD1| FLDo| — DIG1s
OED116 OE6116 — DIG1a
OED216 OE6216 — DIGi13
OED316 OE6316 — DIG12
OED416 0E6416 — DIG11
OED516 0E6516 — DIG1o
OED616 OE6616 — DIGe
OED716 OE6716 — DIGs
OED816 OE6816 — DIG?
OED916 0E6916 — DIGs
OEDA16 OE6A16 — DIGs
OEDB16 OE6B16 — DIGa
OEDC16 OE6C16 — DIGs3
OEDD16 OE6D16 — DIG2
OEDE16 P W v | W W | W [ W | |OE6Eis B EE B Bl Bl B BE Eemasilei
OEDF16 OE6F16 — DIGo

["""] : CLK signal set area to M35501FP

[EEEEE]  Unused
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[DIG1][DIG2 |[DIGs || DIG4] [ DIGs ][ DIGs | [ DIG7 [ DIGs ][ DIGs||[DIG1d

FLo0 | FLol | FLD2| FLD3| FLD4

FLo5 | FLDB | FLD7|FLD8 | FLD9

FL010|FL011 FLD1ZFLO13FLD14)

i

i

FL015(FLD16 FLD1 7FLD18FLD1Y

IFL020|FLD2 1FLD22|FLD23FLD24)

IFL025|FLD26FLD27 [FLD28FLD2Y)

IFL030|FLD3 1FLD32FL033|FLD34]

I: j[ :IICJ Fio | Foo || oo || Fp | Aop | [ Rep | Foo || Fep || Rop

olril2ll3gllgallsllell71 8

DIG1! 10 [fo |50 | nie oo | | Fo | #10 | 5p

9~ 1011 1127 1513 1514 115 11716 1117
Ay | #uo || ro | Ao | Ao | ep | B A || AO
18”1997 1L 2071121 11221123711 241 2571 26
& | &) w0l Ao || Aol Ao || Ap || e | Ao

2711281172911°30°/1:31/1°32/1°331134° /.35

Fig. 2.4.36 FLD digit allocation example

Control procedure:

Figure 2.4.37 shows the control procedure.

RESET

Initialization

PODOR (address OEF216) «— 000000002
P2DOR (address OEF316) «— 000000002
PAFPR (address OEF916) «— 100011112
FLDM (address OEF416) <« 101000012
FLDCON (address OEFC16)4— XXX1XXXX2
TDISP (address OEF516) < 3216

TOFF1 (address OEF616) «— QA1

TOFF2 (address OEF716) < 1016 (Note 1)
FLDDP (address OEF816) «— 000011112
P5D (address 000Bz6) < 000000112
P5 (address 000Az1s) <— 000000002

P5 (a(.jdress 000A6) <— 000000012

FLD automatic display RAM < Data to be
(address OE9016—0EDF16) display

<— Gradation
display control
data (Note 1)

Gradation display control
RAM
(addresses OE2016—0E6F16)

FLDM (address OEF4us), bit 1 < 1

Main processing

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

FLD port setting

Supplying CLK to M35501FP
FLD automatic display function setting

Port direction registers setting
RESET to M35501FP = “L",
SEL = “L” signal output set

RESET of M35501FP released (Note 2)

Setting of CLK data to M35501FP and
segment data (Note 3)

Gradation display control data setting
Set “1” for dark display
Set “0” for bright display (Note 3)

FLD automatic display start

Notes 1: When selecting the gradation display, set these registers, too.
2: After retaining RESET signal output “L” for 2 ps or more,
release reset while CLK signal is “L".
3: The display data can be rewritten at arbitrary timing.

Fig. 2.4.37 Control procedure
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(5) Display by combination with digit expander (M35501FP*) (example considering column discrepancy
prevention)

* For M35501FP, refer to section “3.9 M35501FP".

Outline: In the case of (4), which is displayed by using the digit expander (M35501FP), if a noise
enters signals between 38B7 Group and M35501FP, a column discrepancy of display may
occur. Prevent the column discrepancy by using the OVFour output of M35501FP.

The OVFour pin of M35501FP outputs an overflow signal. The overflow signal is the
signal which outputs “H” synchronizing to the last digit output signal of M35501FP, and
the signal is output at definite intervals in the correct state. Incorrect state is detected by
measuring the output period of this signal, and a column discrepancy is prevented.
38B7 Group M35501FP

P50 RESET

P51 SEL

P73 CLK

CNTR: OVFour =

P20-P27 OVFIN

P0o-P07 DIGo-DIGis

Plo-P17

P30-P37 Digit (16) Fluorescent display (FLD)
P40-P43

(Rl DXL, R

><><E)

Fig. 2.4.38 Connection diagram

Specifications: *Use of M35501FP (M35501: 16 digits, 38B7 Group: 36 segments)
Ports P50 and P51 of 38B7 Group supply signal to the RESET and SEL pins of
M35501FP respectively.
The P75 pin (dimmer output pin) supply signals to the CLK pin of M35501FP.
*Use of FLD automatic display mode of 38B7 Group
*Display in gradation display mode and 16 timing mode
*Toffl = 40 ps, Toff2 = 64 us, Tdisp = 204 ps, f(Xin) = 4 MHz
Countermeasures against - *OVFour output of M35501FP input to CNTR: pin of 38B7 Group
column discrepancycolumn Input signal to CNTR: pin is counted as a count source by timer
discrepancy 4 of 38B7 Group
The timer 6 interrupt is generated each time FLD display period
(Tdisp (204 ps) O 16 column = 3.264 ms), and a value of timer
4 is confirmed. M35501FP is reset at incorrect state.

Figure 2.4.39 shows the timing chart (at correct state) of 38B7 Group and M35501FP, and Figure
2.4.40 shows the timing chart (at incorrect state) of 38B7 Group and M35501FP.
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RESET

SEL
OVFin
OVFour
CLK
DIGO

DIG1

DIG14
DIG15

38B7 Group |

FLDo—FLDs3s
(P20—P27, POo—PO07,
Plo—P1l7, P30—P37,
P40—P43)

I I

I_I |—|

n L
il il

I I

NONNnO0000 N0 00000 0nne

Fig. 2.4.39 Timing chart (at correct state) of 38B7 Group and M35501FP

[m35501FP]

RESET

SEL
OVFin
OVFout
CLK
DIGO

DIG1

DIG14

DIG15

38B7 Group

FLDo—FLD3s
(P20—P27, POo—PO07,
P1o—P17, P30—P37,
P40—P43)

Noise

i

a \

NO0N0O0000nn 00 00dnnnnc

Column discrepancy occur

Fig. 2.4.40 Timing chart (at incorrect state) of 38B7 Group and M35501FP
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Figure 2.4.41 shows the setting of relevant registers.

Port PO digit output set switch register (address OEF216)

PODOR |0|0|0|0|0|0|0|0|
LLL LT

Port P2 digit output set switch register (address OEF316)
P2DOR |0|0|0|0|0|0|0|0|
LI

Port PAFLD/port switch register (address OEF916)
parer [1]ofolo]1[s]1[s]

‘ ‘ ‘ |—|—|—|—>SetP4o—P4sto FLD output ports (FLDs>—FLDss)

Set P44—P4sto general-purpose I/O ports
Set P47to FLD output port (FLDss)

Set P0o—PO07to FLD output ports (FLDs—FLDzs)

Set P20—P27to FLD output ports (FLDo—FLD7)

Port P5 direction register (address 000B16)

pso [ | || [ ] [a]y]
|—> Set P50to general-purpose output port (for M35501 RESET signal)

Set P51 to general-purpose output port (for M35501 SEL signal)

Port P5 (address 000A16)

es | [ [ [ [ ] [elo]
|—> M35501 RESET signal output (Note 1)
M35501 SEL signal “L” output

Note 1: After retain RESET signal output “L” for 2 pus or more, release reset by
outputting “H” level from RESET signal output at CLK signal = “L”.

FLDC mode register (address OEF416)

FLDM |1|0|1|0|0|O|O|1|

|—’ Automatic display mode
Display stopped

FLD digit interrupt

16 timing mode

Gradation display mode selected

Tdisp counter count source : f(Xin)/16
High-breakdown voltage port drivability weak

FLD output control register (address OEFC1s)

rocon | | | o] [ | ]]

‘—> P7sas dimmer output

Tdisp time set register (address OEF516)

50 (3216) set; (50 + 1) O count source = 204 ps
TDISP | 82 | Count source = f(Xn)/16 = 4 ps, at f(Xin) = 4 MHz

Toffl time set register (address OEF616)

10 (OAuss) set; 10 O count source = 40 us
TOFFL | OAs | Count source = f(Xn)/16 = 4 ps, at f(Xin) = 4 MHz

Toff2 time set register (address OEF716) (Note 2)

16 (1016) set; 16 [ count source = 64 ps
TOFF2 | 10s | Count source = f(Xin)/16 = 4 ps, at f(Xin) =4 MHz

Note 2: Perform this setting when the gradation display mode is selected.

Fig. 2.4.41 Setting of relevant registers
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FLD data pointer (address OEF816)

FLDDP (O|O|O|O|1(21|1]|1

| | | | | | | | > Set {(digit number) — 1} =15

Interrupt edge selection register (address 003A1s)

INTEDGE | 0

Timer 34 mode register (address 002916)

> CNTRu1 pin rising edge active

T34M (O 1(0 1

‘ ‘ |—> Timer 4 count stop, count start at FLD display started
Timer 4 count source: External count input CNTR1

Timer 4 (address 002316)

Check value of T4 each time timer 6 interrupt occurrence

T4 FFis When the value is FEzs, it is judged as correct state

Timer 56 mode register (address 002A16)

T56M |0]0|O0f1f(0]JO|1]|1

|—> Timer 5 count stop, count start at FLD display started

Timer 6 count stop, count start at FLD display started
Timer 5 count source: f(Xin)/8
Timer 6: Timer mode

> Timer 6 count source: Timer 5 underflow

> P74 as I/O port

Timer 5 (address 002416)

T5 0716

Timer 6 interrupt occurs at 3.264 ms intervals
Timer 6 (address 002516)

T6 CBus

Interrupt request register 2 (address 003Dzs)

IREQ2 0

|—> Clear timer 6 interrupt request

Interrupt control register 2 (address 003F16)

ICON2 |0 1

|—> Timer 6 interrupt enabled

FLDC mode register (address OEF416)

FLDM |1|0f(1|0|0|0O(1(1

|—> Display start
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Control procedure:

Figure 2.4.42 shows the control procedure.

RESET

Initialization

PODOR (address OEF216) < 000000002
P2DOR (address OEF316) <— (000000002
PAFPR (address OEF91s) <— 100011112
FLDM (address OEF41s) <— 101000012
FLDCON (address OEFCis) <4— XXXIXXXX2
TDISP (address OEF516) <« 3216

TOFF1 (address OEF616) <— QA6

TOFF2 (address OEF716) <+ 1016 (Note 1)
FLDDP (address OEF816) <— 000011112
P5D (address 000Bz1s) <+ XXXXXX112
P5 (address 000A16) <4— XXXXXX002

T34M (address 002916) <— 0X10XX1X2
INTEDGE (address 003Az¢), bit 7 «— 0

T4 (address 002316) <— FFie
T56M (address 002A16) <+— 000100112
T5 (address 002416) < 0716
T6 (address 002516) <— CBu1s

P5 (address 000Azs) 4— XXXXXX012

FLD automatic display RAM <— Data to be
(addresses 0E9016—0EDF16) display

Gradation display control < Gradation
RAM display control
(addresses OE2016—0E6F16)  data (Note 1)

|

IREQ2 (address 003Dzs), bit2 <« 0
ICON2 (address 003F1s6), bit2 <« 1
T34M (address 002916), bit0 <« 0
T56M (address 002Az1s), bit 0, 1 «— 002

FLDM (address OEF416), bit1 < 1

y
Ll

Main processing

e X: This bit is not used for this application.
Set “0” or “1” to this bit arbitrarily.

FLD port setting

Supplying CLK to M35501FP
FLD automatic display function setting

Port direction register setting
RESET to M35501FP = “L”, SEL = “L” signal output setting
Timer 4 setting

Timer 5, timer 6 setting

RESET of M35501FP released (Note 2)

Setting of CLK data to M35501FP and
segment data (Note 3)

Setting of gradation display control data
Set “1” for dark display
Set “0” for bright display (Note 3)

Timer 6 interrupt request bit cleared
Timer 6 interrupt enabled
Timer 4, timer 5, timer 6 count start (Note 4)

FLD automatic display start (Note 4)

Fig. 2.4.42 Control procedure
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( Timer 6 interrupt routine ) Interrupt occurs each time FLD display cycle = 3.264 ms

Push registers to stack, etc.

Correct
data (FE1s) Check of OVFourt output number during FLD display cycle

Check timer 4 data ? Only 1 time (=FEus) is correct.

Incorrect data (except FEis)

Error processing

FLDM (address OEF41s), bit 1 < 0 FLD turned off
Transfer present display contents to work RAM Display data is retained as backup.
P5 (address 000A16) €+— XXXXXX002 Setting of RESET to M35501FP = “L",

SEL = “L" signal output

PS (address 000Ais) «— XXXXXX012 Releasing RESET of M35501FP (Note 2)

FLD automatic display RAM <— Data to be Sett?ng of CLK data to MSSSQlFP
(addresses OE9016—0EDF16) display Setting of segment data by display data
of backup
| (Note 5)
Gradation display control <«— Gradation Setting of gradation display control data
RAM display control Set “1” for dark display
(addresses OE2016—0E6F16)  data (Note 1) Set “0” for bright display
T56M (address 002Az¢), bit 0, 1 <«— 002 Timer 5, timer 6 count start (Note 4)
FLDM (address OEF416), bit1 < 1 FLD turned on, automatic display start (Note 4)
<
T4 (address 002316) 4— FF1s Setting of timer 4 again

Pop registers

‘ Notes 1: When selecting the gradation display, set these registers,

too.

( RTI ) 2: After retaining RESET signal output “L” for 2 pus or more,
release reset while CLK signal is “L".

3: The display data can be rewritten at arbitrary timing.

4: Synchronize count start timing of timer 5 and timer 6 with
FLD automatic display start timing as possible.

5: Set segment data of M35501FP at reset and others
according to necessity.
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2.4.4 Notes on FLD controller

e Set a value of 0316 or more to the Toffl time set register.

e When displaying in the gradation display mode, select the 16 timing mode by the timing number control
bit (bit 4 of FLDC mode register (address 0EF416) = “0").
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2.5 A-D converter
This paragraph describes the setting method of A-D converter relevant registers, notes etc.

2.5.1 Memory assignment

Address
N

003216 AD/DA control register (ADCON)
003316 | A-D conversion register (low-order) (ADL)
003416 |A-D conversion register (high-order) (ADH)

~v N
N la'

b
S

€

003916 Interrupt source switch register (IFR)

e
N

€
52
€

003D1s6 Interrupt request register 2 (IREQ?2)

003E16 (Interrupt control register 1 (ICON1))

003F16 Interrupt control register 2 (ICON2)

~v

2
[

Fig. 2.5.1 Memory assignment of A-D converter relevant registers

38B7 Group User’'s Manual 2-133



APPLICATION

2.5 A-D converter

2.5.2 Relevant registers

AD/DA control register

b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register
(ADCON: address 3216)

Plbi bbb Name Functions At reset|R iW

i i i i i i i i 0 | Analog input pin b3 b2 bl b0 0 O EO

A selection bits 00 0 0: PA0/ANO |

bbb ] 000 1: PA1/AN1 :

A R 001 0: PA2/AN2 |

T A A | 001 1: PA3/AN3 !

bbb ! 010 0: PA4/AN4 0 |00

T 010 1: PAs/ANs :

oo 011 0: PA6/AN6 |

T T A A - 011 1: PA7/AN7 ;

Pl 2 1.0 0 0: P90/SIN3/ANs 0 |00

T T T S A 100 1: P91/SouT3/AN9 i

oo 101 0: P92/ScLk3/AN10 |

T A 101 1: P93/SRDY3/AN11 i

Pl — 110 0: P94/RTP1/AN12 ;

AR 3 110 1: P95/RTPO/AN13 0 |0Oi0

I A S 111 0: P9s/PWMo/AN14 |

i i i i 111 1: P97/Buzo2/AN15 |

i i i i 4 [ AD conversion 0: Conversion in progress 1 He)

oo T completion bit 1: Conversion completed |

i i i 5 | Nothing is arranged for this bit. This is a write 0 X

T T disabled bit. When this bit is read out, the |

i i contents are “0”. |

Pl 6 | DA output enable | 0: DA output disabled 0o |00

P bit 1: DA output enabled :

i 7 | Nothing is arranged for this bit. This is a write 0 i

b ] disabled bit. When this bit is read out, the |
contents are “0”. i

Fig. 2.5.2 Structure of AD/DA control register
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A-D conversion register (low-order)

b7 b6 b5 b4 b3 b2 bl b0
| | | A-D conversion register (low-order)
(ADL: address 3316)

A .
bbb bbb Functions At reset| R IW
i 14 b b1 =10 [ Nothing is arranged for these bits. These are write Undefined| O | X
(IR T T A S R N 1 | disabled bits. When these bits are read out, the Undefined| O i X
A A S | contents are “0". Undefined| O i X
A R S E Undefined| O 1 X
A T R SO 4] Undefined| O 1 X
e, 5 Undefined[ O ' X
S ——— | 6 | These are A-D conversion result (low-order 2 bits) Undefined| O 1 X
L 7 | stored bits. This is read exclusive register. Undefined| O : X
Note: Do not read this register during A-D conversion.
Fig. 2.5.3 Structure of A-D conversion register (low-order)
A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
| A-D conversion register (high-order)
Attt LI (ADH: address 3416)
P |b Functions Atreset|R W
i i i i i i i . | O | This is A-D conversion result (high-order 8 bits) stored Undefined| O i X
T T T S 1 | bits. This is read exclusive register. Undefined[ O | X
R 2 | Undefined| O | X
L S T S | 3 | Undefined[ O | X
R T T N 1 4 | Undefined| O | X
S | 5 | Undefined| O | X
S S 6| Undefined| O | X
b 7 Undefined| O X

Note: Do not read this register during A-D conversion.

Fig. 2.5.4 Structure of A-D conversion register (high-order)
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Interrupt source switch register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source switch register
(IFR: address 3916)

disabled bit. When this bit is read out, the contents

A A L Name Functions Atreset|R EW
torop i1 o [INTs/serial 1102 0: INT3 intrrupt 0 00
A transmit interrupt | 1: Serial I/O2 transmit |
b switch bit interrupt !
bbb 1 [INT4/A-D 0: INT4 interrupt o |Oi0
s conversion interrupt [1: A-D conversion intrerrupt !
Pl switch bit |
bbb 2 [INT1/serial 1103 0: INT1 intrrupt 0 00
oo interrupt switch bit | 1: Serial /03 interrupt |
R ittt 3 [ Nothing is arranged for these bits. These are write 0 O X
T S S — "4 | disabled bits. When these bits are read out, the 0 O X
L ? contents are “0”. 0 O X
| hemmmomomooonooe 6| 0o [OiX
bememeem oo eeeeee 7 0 |OiX
Fig. 2.5.5 Structure of Interrupt source switch register
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt request register 2
—H 1 11 I 1 1 | (IREQ2:address 3Di6)
Pibi bbb Name Functions Atreset|R W
tio1 b1 11 | o [Timer 4 interrupt 0 : No interrupt request issued 0 o0
A request bit 1 : Interrupt request issued !
i i i i i i I 1 | Timer 5 interrupt 0 : No interrupt request issued 0 o0
T B A request bit 1: Interrupt request issued i
A A 2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi O
oo request bit 1 : Interrupt request issued |
oo 3 | Serial /02 receive [0 : No interrupt request issued| 0 Oi 0
A interrupt request bit | 1 : Interrupt request issued :
Pl 4 | INT3/Serial 1/02 0 : No interrupt request issued 0 o!'0
I R transmit interrupt 1: Interrupt request issued |
Pl request bit |
b 5 | INT4 interrupt 0 : No interrupt request issued 0 Oi |
i i i request bit 1 : Interrupt request issued |
Do A-D converter |
i i interrupt request bit '
i i 6 | FLD blanking 0 : No interrupt request issued 0 o0
P interrupt request bit | 1 : Interrupt request issued |
i FLD digit interrupt |
i request bit i
i 7 | Nothing is arranged for this bit. This is a write 0 OiX

are “0".

0: “0” can be set by software, but “1” cannot be set.

Fig. 2.5.6 Structure of Interrupt request register 2
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Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0
0 | | Interrupt control register 2
(ICON2 : address 3F16)

E E i i i i i i b Name Functions At reset|R iW
v b1 Lo |Timer 4interrupt |0 : interrupt disabled 0 [e}e)
bbb enable bit 1 : Interrupt enabled i
S S T T A R S 1 |Timer 5 interrupt [0 : interrupt disabled 0 00
i i i i i i enable bit 1 : Interrupt enabled i
A T T S S— 2 | Timer 6 interrupt [0 : interrupt disabled 0 0i0
A enable bit 1 : Interrupt enabled i
S S 3 | Serial I/02 receive |0 : interrupt disabled 0 0:0
i i i i interrupt enable bit |1 : Interrupt enabled i
Pl 4 | INT3/Serial 1/02 0 : interrupt disabled 0 Oi0
bbb e transmit interrupt 1 : Interrupt enabled |
Pl enable bit !
Pl 5 [INT4 interrupt 0 : interrupt disabled 0 0:0
P enable bit 1: Interrupt enabled !
T A-D converter |
Do interrupt enable bit i
P 6 | FLD blanking 0 : interrupt disabled 0 [O}¢)
. interrupt enable bit |1 : Interrupt enabled |
i FLD digit interrupt :
i enable bit i
b 7 | Fix “0” to this bit. 0 0i0

Fig. 2.5.7 Structure of Interrupt control register 2
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2.5.3 A-D converter application examples
(1) Read-in of analog signal
Outline: The analog input voltage input from a sensor is converted to digital values.

Figure 2.5.8 shows a connection diagram, and Figure 2.5.9 shows the setting of relevant registers.

PAo/ANo Sensor

38B7 Group

Fig. 2.5.8 Connection diagram

Specifications: <Conversion of analog input voltage input from sensor to digital values
*Use of PA0/ANo pin as analog input pin

AD/DA control register (address 003216)

ADCON o[{o|o|o0f0

‘ |—|—|—|—> Analog input pin : PAo/ANo selected

> A-D conversion start

A-D conversion register (low-order) (address 003316)
b7 bo

ADL (Read-only)

> A result of A-D conversion is stored (Note).

A-D conversion register (high-order) (address 003416)
b7 bo

ADH (Read-only)

> A result of A-D conversion is stored (Note).

Note: After bit 4 of ADCON is set to “1”, read out both registers in order of ADH (address
003416) and ADL (address 00331s) following.

Fig. 2.5.9 Setting of relevant registers
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Control procedure: A-D converter is started by performing register setting shown Figure 2.5.9.
Figure 2.5.10 shows the control procedure.

~

:

ADCON (address 00321s), bit 0—bit 3 ~ 00002
ADCON (address 00321s), bit 4 <0

|
<

ADCON (address 00321s), bit 4 ?

Read out ADH (address 003416)

Read out ADL (address 003316)

!

~

* PA0/ANo pin selected as analog input pin
» A-D conversion start

» Judgment of A-D conversion completion

» Read out of high-order (b9—b2) conversion result

« Read out of low-order (b1, b0) conversion result

Fig. 2.5.10 Control procedure
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2.5.4 Notes on A-D converter

(1) Analog input pin
m Make the signal source impedance for analog input low, or equip an analog input pin with an
external capacitor of 0.01 pF to 1 pF. Further, be sure to verify the operation of application

products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when

signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

(2) A-D converter power source pin
The AVss pin is A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect it as following :
* AVss : Connect to the Vss line

e Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

(3) Clock frequency during A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
e f(XIN) is 250 kHz or more
* Do not execute the STP instruction and WIT instruction
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2.6 D-A converter

This paragraph describes the setting method of D-A converter relevant registers, notes etc.

2.6.1 Memory assignment

Address
A
nNY nY
002B16 D-A conversion register (DA)
~ ~
003216 AD/DA control register (ADCON)
T T
Fig. 2.6.1 Memory assignment of D-A converter relevant registers
2.6.2 Relevant registers
D-A conversion register

b7 b6 b5 b4 b3 b2 bl bo

| | | D-A conversion register
— 11 (DA: address 2B16)
i i i i i i i i b Functions At reset|R W
S R o | *This is a register for set of D-A conversion 0 loXle)
A — output value. i
bbb T | 1 | « D-A conversion is performed automatically by 0 o | O
i i i i i lecmmmmem 2 | setting a value in this register. 0 00
] e 3 o |oio
I 4 o |olo
| | oo 5 o |oio
| dmmmmeenno oo 6 o |oio
R 7 o |00

Fig. 2.6.2 Structure of D-A conversion register
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AD/DA control register

b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register
(ADCON: address 3216)

A A L Name Functions Atreset|R W
bbb bt [o[Analoginputpin  fus e biso 0 |00
bbb selection bits 00 0 0: PA0/ANO |
bbb 000 1: PAT/AN1 |
A 001 0: PA2/AN2 |
I A A EN 001 1: PA3/AN3 .
A 1 010 0: PAY/AN4 0 |00
I A A R 010 1: PAs/ANs |
b 011 0: PA6/AN6 |
I A [ 011 1: PA7/AN7 :
bbb 2 1.0 0 0: P90/SIN3/ANS o |OiO
I S R R R N 100 1: P91/SouT3/AN9 i
Polorod 101 0: P92/ScLk3/AN10 |
T R A 101 1: P93/SRDY3/AN11 i
oo — 110 0: P94/RTP1/AN12 ;
b g 110 1: P9s/RTPo/AN13 0 |0:0
N A 111 0: P96/PWM0/AN14 i
P 111 1: P97/Buzo2/AN15 |
i i i i 4 | AD conversion 0: Conversion in progress 1 1O
P T completion bit 1: Conversion completed |
i i i 5 | Nothing is arranged for this bit. This is a write 0 i
b} oo disabled bit. When this bit is read out, the i
. contents are “0”". |
b 6 | DA output enable | 0: DA output disabled 0 o)
oo bit 1: DA output enabled :
i 7 | Nothing is arranged for this bit. This is a write 0 O!X
R — disabled bit. When this bit is read out, the |
contents are “0". i

Fig. 2.6.3 Structure of AD/DA control register
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2.6.3 D-A converter application examples
Outline: Digital value is converted to the analog output voltage.

Figure 2.6.4 shows a connection diagram, and Figure 2.6.5 shows the setting of relevant registers.

Electric
volume

PBo/DA

38B7 Group

Fig. 2.6.4 Connection diagram

Specifications: <Conversion of digital value to analog output voltage.

AD/DA control register (address 321s)
b7 b0

ADCON 0

> DA output disabled

D-A conversion register (address 2B1s)
b7 bo

DA

Note: The output analog voltage V is determined by the value n (decimal
notation) as follows:

V =VRrer 0 n/256 (n =0 to 255)
VRer: Reference voltage

» Output value “n” of D-A conversion (Note).

Fig. 2.6.5 Setting of relevant registers
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2.6 D-A converter

Control procedure: D-A converter is started by performing register setting shown Figure 2.6.5.
Figure 2.6.6 shows the control procedure.

~~
T e X: This bit is not used here. Set it to “0” or “1” arbitrarily.
ADCON (address 3216) « XOXXXXXXz2 « D-A output disabled
DA (address 2B16) « D-A conversion started by writing data into D-A

conversion register

ADCON (address 3216) « XLIXXXXXXz2 « D-A output enabled

ADCON (address 3216) « XOXXXXXXz2 « D-A output disabled
~~

Fig. 2.6.6 Control procedure

2.6.4 Notes on D-A converter

(1) PBo/DA pin state at reset
The PBo/DA pin becomes a high-impedance state at reset.

(2) Connection with low-impedance load

If connecting a D-A output with a load having a low impedance, use an external buffer. It is because
the D-A converter circuit does not include a buffer.

(3) Usable voltage
Vcc must be 3.0 V or more when using the D-A converter.
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2.7 PWM

This paragraph describes the setting method of PWM relevant registers, notes etc.

2.7.1 Memory assignment

Address

002616 PWM control register (PWMCON)

A
N

4
b))
(s

003516 PWM register (high-order) (PWMH)
003616 PWM register (low-order) (PWML)

~v

T T

Fig. 2.7.1 Memory assignment of PWM relevant registers

2
<

2.7.2 Relevant registers

PWM control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | PWM control register
(PWMCON: address 2616)

i i i i i i i i b Name Functions Atreset|R iW
bbb 11 1[0 [P9s/PWMo output | 0: I/O port 0o |00
AR A selection bit 1: PWMo output i

A T A S | 1 |Nothing is arranged for these bits. These are 0 OiX
T T 2 |write disabled bits. When these bits are read out, 0 O X
S R S 3 |the contents are “0". 0 JOix
I 4] 0 _Joix
N 5 | 0 [OiX
R 6 | 0 |OiX
S 7 0 OiX

Fig. 2.7.2 Structure of PWM control register
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PWM register (high-order)

b7 b6 b5 b4 b3 b2 bl b0

PWM register (high-order)
(PWMH: address 3516)

A A A L Functions Atreset|R W
i i i i i i i i___ 0 | * High-order 8 bits of PWMo output data is set. |undefined| O ¥e)
bbb 1+ The values set in this register is transferred to - :
AR | 1] the PWM latch each sub-period cycle (64 ps). |Undefined| O io
R 2| (Atf(Xi) =4 MHz) Undefined| O | O
i i i i i 1« When this register is read out, the value of the ' H
T | 3| PWM register (high-order) is read out. Undefined| O 1 O
i i i [ 4 Undefined| O EO
i i e R e 5 Undefined| O 1 O
e 6 Undefined| O 1O
P 7 Undefined| O EO
Fig. 2.7.3 Structure of PWM register (high-order)
PWM register (low-order)
b7 b6 b5 b4 b3 b2 bl b0
| | | PWM register (low-order)
At Lt Ll 1 (PWML: address 3616)
Pl bbb b Functions At reset|R IW
i i i i i i i i___ 0 | * Low-order 6 bits of PWMo output data is set.  |undefined| O i O
b 1+ The values set in this register is transferred to - :
b | 1| the PWM latch at each PWM cycle period Undefined| O 1 O
Pl beeemeeee 2| (4096 ps). Undefined[ O 1 O
oo —1 (At f(XiN) = 4 MHz) : '
P T [ 3 |+ When this register is read out, the value of the |Undefined| O | O
A 4| PWM latch (low-order 6 bits) is read out. Undefined| O 1O
Pl bemeeeeeeeeeoee] 5 Undefined[ O | O
i i 6 thhing is arran_ged for this_ bit_. This bitis a Undefined| O i 0
I bmmmmmmmm oo write disabled bit. When this bit is read out, the i
i contents are “0”. !
i 7 |* This bit indicates whether the transfer to the Undefined| O i O
! PWM latch is completed. i
 eanEEEEEE s 0: Transfer is completed !
1: Transfer is not completed :
« This bit is set to “1” at writing. :

Fig. 2.7.4 Structure of PWM register

(low-order)
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2.7.3 PWM application example

(1) Control of VS tuner
Figure 2.7.5 shows a connection diagram, and Figure 2.7.6 shows the setting of relevant registers.

VS tuner
ANT

P9s/PWMo/AN14 Filter VT
Oto32V

38B7 Group

Fig. 2.7.5 Connection diagram

Outline: « Control of VS tuner by using the 14-bit resolution PWMo output function
o f(Xin) = 4 MHz

PWM control register (address 002616)

PWMCON 1

|—> Select PWM output

Note: The PWM output function has priority even when the
bit corresponded to the P9e pin of the port P9 direction
register is set to the input mode.

PWAM register (high-order) (address 003516)

PWMH
| | | | | | | I » Set high-order 8 bits (N) of a 14-bit data to be output
Note: Depending on data (N) of the high-order 8 bits, the period
(250 O N) of the “H” level during the sub period (64 us) is
determined.
PWM register (low-order) (address 003616)
PWML

» Set low-order 6 bits (m) of a 14-bit data to be output

Note: Depending on data (m) of the low-order 6 bits, the number of
sub period to which the ADD bit is to be added within the
repetitive cycle consisting of 64 sub periods is determined.
When output data is written to the PWM register (low-order),
bit 7 of this register becomes “1”. When completing to transfer

data from the PWM register (low-order) to the PWM latch, bit 7
becomes “0”.

Fig. 2.7.6 Setting of relevant registers
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Control procedure: PWM waveform is output to the external by setting relevant registers shown in

Figure 2.7.6. This PWMo output is integrated through the low pass filter and
converted into DC signals for control of the VS tuner.

Figure 2.7.7 shows the control procedure.

~~
PWMCON (address 00261s), bit 0 ¢ 1 The P9s/PWMo/AN14 pin is set to the PWM
' output pin.
|
PWMH (address 003516) 4— Data to be After Setting data, PWM wavefqrm
PWML (address 003615) 44— output corresponding to the new data is output from
the next repetitive cycle.

:

Fig. 2.7.7 Control procedure
2.7.4 Notes on PWM

e For PWMo output, “L” level is output first.

e After data is set to the PWM register (low-order) and the PWM register (high-order), PWM waveform
corresponding to new data is output from next repetitive cycle.

Jauo U

f f

PWMo output data  Modified data is output from next
change repetitive cycle.

Fig. 2.7.8 PWMo output
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2.8 Interrupt interval determination function

This paragraph describes the setting method of interrupt interval determination function relevant registers,

notes etc.

2.8.1 Memory assignment

Address

003016 [Interrupt interval determination register (I1D)

003116 |Interrupt interval determination control register (IIDCON)

I I
n e

€

v
N

003A1s |Interrupt edge selection register INTEDGE)
003B16 (CPU mode register (CPUM))
003C16 Interrupt request register 1 (IREQ1)
003D1s | (Interrupt request register 2 (IREQZ2))
003E16 Interrupt control register 1 (ICON1)

2
(S
2
<

Fig. 2.8.1 Memory assignment of interrupt interval determination function relevant registers

2.8.2 Relevant registers

Interrupt interval determination register

b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt interval determination register
(IID: address 3016)

A Functions At reset| R {W
i i i i i i i i___ 0 | * This register stores a value which is obtained 0 O i X
i i i i i i L 1| by counting alfollov:/ingk interval with the 0 |oix
bbb — counter sampling clock. !

bbb e |2 | Rising interval °©_|O | X
R R s | 3| Falling interval 0 |Oix
A 4| Both edges interval (Note) 0o |oix
P =1 (Selected by interrupt edge selection register) :

[ 5 ; . 0 O X
P — « Read exclusive register -

T 6 0o [oix
e 7 o |oix

Note: When the noise filter sampling clock selection bits (bits 2, 3) of
the interrupt interval determination control register is “00”, the
both-sided edge detection function cannot be used.

Fig. 2.8.2 Structure of Interrupt interval determination register
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Interrupt interval determination control register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register

(IIDCON: address 3116)

A A A L Name Functions At reset|R W
bbb b o [interrupt interval 0: Stopped 0 00
A determination circuit| 1: Operating :
R A operating selection |
BEREEE bit |
S 1 | Counter sampling [ 0: f(XIN)/128 or f(XCIN) 0 00
A clock selection bit | 1: f(XIN)/256 or f(XCIN)/2 |
I ise fi b3b2 . |
I it 2 ’S\IaoI’IT?SH];:lgtJe(ElOCk 0302 Filter is not used. 0 O: o
T B _— . . 0 1: f(XIN)/32 or f(XCIN) :
P ] 3 | selection bits (INT2) |1 o fxn)/64 or f(XcIN)/2 0 |00
Pl 1 1: f(XiN)/128 or f(XcIN)/4 '
oo 4 | One-sided/both- 0: One-sided edge 0 00
e sided edge detection |
P detection selection | 1: Both-sided edge i
Pl bit detection (Note) i
Pl hemmmmmoooe | 5 |Nothing is arranged for these bits. These are 0 O X
et 6 |write disabled bits. When these bits are read 0 O!'X
e "7 |out, the contents are “0”. 0 O X

Note: When the noise filter sampling clock selection bits (bits 2, 3) is
“00", the both-sided edge detection function cannot be used.

Fig. 2.8.3 Structure of Interrupt interval determination control register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register

(INTEDGE : address 3A16)

Pl i i i b Name Functions At reset|R iW
i 1 11 1111 [o[INTointerrupt edge [0 : Falling edge active 0 00
Pl o selection bit 1 : Rising edge active
A O A 1 [INTz interrupt edge |0 : Falling edge active 0 |OiO
i i i i i i selection bit 1 : Rising edge active
i T I 2 |INT2 interrupt edge |0 : Falling edge active 0 ©) | O
I B A selection bit 1 : Rising edge active !
T 3 [INTz interrupt edge |0 : Falling edge active 0 |oi0
P selection bit 1 : Rising edge active
S SR 4 [INT4 interrupt edge |0 : Falling edge active o |OiO
i o selection bit 1 : Rising edge active
i o 5 [Nothing is arranged for this bit. This is a write 0 OiX
I e L LR disabled bit. When this bit is read out, the !
o contents are “0”. i
P 6 [CNTRo pin edge |0 : Rising edge count 0o |00
i switch bit 1 : Falling edge count
e 7 |CNTR1pinedge |0 : Rising edge count 0 [¢)
switch bit 1 : Falling edge count

Fig. 2.8.4 Structure of Interrupt edge selection register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1
(IREQ1 : address 3Cz16)

S ————

request bit

issued

b Name Functions At reset|R W
0 [INTo interrupt 0 : No interrupt request 0 O:0
request bit issued |

1: Interrupt request issued |

1 [INT1/serial /O3 [0 : No interrupt request 0 O:D
interrupt request bit issued i
1 : Interrupt request issued E

2 [INT2 interrupt 0 : No interrupt request 0 Oi g
request bit issued '
Remote controller |1 : Interrupt request issued :
Icounter overflow !
interrupt request bit i

3 [ serial 1/01 interrupt | O : No interrupt request 0 O 0
request bit issued :
Serial I1/0 automatic| 1 : Interrupt request issued i
transfer interrupt i
request bit !

4 [ Timer Xinterrupt |0 : No interrupt request 0 oo
request bit issued i
1 : Interrupt request issued |

5 [ Timer 1 interrupt 0 : No interrupt request 0 Oi 0
request bit issued !
1 : Interrupt request issued i

6 | Timer 2 interrupt [0 : No interrupt request 0 oD
request bit issued i
1 : Interrupt request issued !

7 | Timer 3 interrupt |0 : No interrupt request 0 O; O

1:

Interrupt request issued

(: “0” can be set by software, but “1” cannot be set.

Fig. 2.8.5 Structure of Interrupt request register 1
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Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1
(ICONL1 : address 3Ez1s)

rm——————

b Name Functions Atreset|R'W
1 0 [INTo interrupt 0 : Interrupt disabled 0 OEO
enable bit 1 : Interrupt enabled !

1 | INT1/serial /03 0 : Interrupt disabled 0 0:0
interrupt enable bit |1 : Interrupt enabled ;

2 |INT2 interrupt 0 : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled !
Remote controller |
/counter overflow !
interrupt enable bit |

3 | Serial I/01 interrupt | O : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled i
Serial 1/0 automatic i
transfer interrupt i
enable bit i

4 | Timer Xinterrupt [0 : Interrupt disabled 0 010
enable bit 1 : Interrupt enabled i

5 | Timer L interrupt |0 : Interrupt disabled o [O:0
enable bit 1: Interrupt enabled !

6 | Timer 2 interrupt 0 : Interrupt disabled 0 0!0
enable bit 1 : Interrupt enabled i

7 | Timer 3interrupt [0 : Interrupt disabled 0o [Oi0
enable bit 1 : Interrupt enabled i

Fig. 2.8.6 Structure of Interrupt control register 1
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2.8 Interrupt interval determination function

2.8.3 Interrupt interval determination function application examples
(1) Reception of remote-control signal
Outline: Remote-control signal is read in by both of the interrupt interval determination function using
a noise filter and a timer interrupt.

unit oooo

P72/INT2 Rece“’”@ <« |:| ooee

Remote controller

38B7 Group

Fig. 2.8.7 Connection diagram

Specifications: « Measurement of one-sided edge interval
* Use of noise filter
e Check of remote control interrupt request within the timer 2 interrupt (488 us
period) processing routine
e Operation at f(Xin) = 4 MHz in high-speed mode

Figure 2.8.8 shows the function block diagram, and Figure 2.8.9 shows a timing chart of data
determination.

Microcomputer hardware Microcomputer software

Receiver Interrupt interval | Determination - Data
unit —>»  Noise filter [ determination F> of headeror [ 1 byte_ >
; register vl oon reception check
* « Noise elimination * One-sided edge '  Read out register * Recognition bit
* One-sided edge interval » Comparison of number of each
detection judgment read out value with code

reference value

Fig. 2.8.8 Function block diagram

D). D
CC C

U—EB EL

(Overflow)

v

\ ll

Input (INT2)
Interrupt request l l l l
' \

R SRR RR RN R RN IR LY

: : : : : .

Interrupt interval | ' ' ' ! ' '

determination l l l l l l l
register read-in

Data determination Ignore Header 0 1 cee 1 Ignore Ignore

\
\

-«——1-byte reception

" Check of excess bit

Fig. 2.8.9 Timing chart of data determination
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2.8 Interrupt interval determination function

Figure 2.8.10 shows the setting of relevant registers.

CPU mode register (address 003B1s)

CPUM 0

» High-speed (f(Xin)) mode operation

Interrupt edge selection register (address 003A16)

INTEDGE 0

l—» INT2 pin: Falling edge active

Interrupt interval determination control register (address 003116)

IIDCON 0/1{0(|1|1

\—> Interrupt interval determination circuit: Operating

Counter sampling clock: f(Xin)/256
Noise filter sampling clock: f(Xin)/64
» One-sided edge detection

Interrupt request register 1 (address 003Czs)

IREQ1

|—> Determination of remote controller/counter overflow interrupt request bit

Interrupt control register 1 (address 003Ez1s)

ICON1 0

\—> Remote controller/counter overflow interrupt: Disabled

Interrupt interval determination register (address 00301s6)

11D

L1 I]] » Determination of header/data (0/1) with this value

Fig. 2.8.10 Setting of relevant registers
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2.8 Interrupt interval determination function

Control procedure: When the registers are set as shown in Figure 2.8.10, remote-control signals
are receivable. Figure 2.8.11 shows the control procedure, and Figure 2.8.12
shows the reception of remote-control data (timer 2 interrupt).

RESET e X: This bit is not used here. Set it to “0” or “1”
arbitrarily.

Initialization
SEI

CPUM (address 003Bis), bit 6 <40

INTEDGE (address 003Aus), bit 2 €— 0

IIDCON (address 003116) <4— XXX01011:
IREQ1 (address 003C1s), bit2 €— 0
NOP

ICON1 (address 003Eis), bit2 <€— 0

i

CLI

Fig. 2.8.11 Control procedure
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2.8 Interrupt interval determination function

C Timer 2 interrupt )
|

Push registers to stack etc.

Input edge ?

(IREQ1, bit 2 = ?)

During checking excess

Clear edge (IREQ1, bit 2 = 0)

During checking

v

excess bit ?

Excess bit
determined counter

Out of range of O or 1

Time error

RTI

over ?
Number of bits error v
(Excess bit is found)
‘ Read IID (address 003016) Fixed data
C RTI ) v <
Y IID (address 003010) C RTI )
¢ = FF15 ?
Time error
| v
( RTI ) v

Start receiving data etc.

RTI
In range of OC )
In range of data, O or 1 ?
In range of 1
Cy ~1 CY <0

-
-<<

Shift reception data

Complete to
receive ?

Start checking excess bit

<
<

RTI

Fig. 2.8.12 Reception of remote-control data (timer 2 interrupt)
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2.9 Watchdog timer

2.9 Watchdog timer

This paragraph describes the setting method of watchdog timer relevant register, notes etc.

2.9.1 Memory assignment

Address
7 ~
003B16 CPU mode register (CPUM)

OEEE16 | Watchdog timer contort register (WDTCON)

l/:l.J, ~v
Fig. 2.9.1 Memory assignment of watchdog timer relevant register
2.9.2 Relevant register
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Watchdog timer control register
Attt 111 (WDTCON: address OEEE16)
i i i i i i i i b Name Functions At reset|R {W
i i i i i i i --1 0 | watchdog timer H 1 OiX
s | 1 | (high-order 6 bits of reading exclusive) 1 ®) a
i 1 [ox
I 3 | 1_l0ix
e 4 1_|0iX
bl bmmmmmmm oo 5 1 0 X
b e 6 [ STP instruction 0: STP instruction enabled 0 01:0
i disable bit 1. STP instruction disabled ;
i 7 [watchdog timer H 0: Watchdog timer L 0 01i0
oo count source underflow :
selection bit 1: f(XiN)/8 or f(XCIN)/16 i

Fig. 2.9.2 Structure of Watchdog timer control register
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2.9 Watchdog timer

CPU mode register

b7 b6 b5 b4 b3 b2 bl bo

CPU mode register
(CPUM: address 3B16)

clock selection bit

(middle-/high-speed
mode)

1: XcIN—XcouT selection
(low-speed mode)

b Name Functions At reset|R iW

0 | Processor mode | (g - Single-chip mode 0 0:0
|| bits 01: ;

1 10: > Not available 0 0.0
11: i

2 | Stack page 0:Page 0 0 O:0
selection bit 1:Pagel !

3 | Fix this bit to “1”. 1 |oio

4 | Port Xc switch bit 0: 1/O port function 0 O i O
1: XcIN-XcouT oscillation |
function A

5 | Main clock (XiIN- 0: Oscillating 0 O | O
Xour) stop bit 1: Stopped !

6 | Main clock division |0: f(XiN) (high-speed mode)| 1 00
ratio selection bit | 1: f(Xin)/4 (middle-speed i
mode) i

7 | Internal system 0: XIN—XouT selection 0 @) i O

Fig. 2.9.3 Structure of CPU mode register
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2.9 Watchdog timer

2.9.3 Watchdog timer application examples

Outline: When a program runs away, the watchdog timer makes the microcomputer return to the
reset state.

Specifications: *When the watchdog timer H underflows, it is judged as incorrect program, and the
microcomputer is returned to the reset state.

«Bit 7 of the watchdog timer control register is set to “0” at each cycle of the main
routine before underflow of the watchdog timer H. (Initialization of watchdog timer
value)

*Use of watchdog timer L underflow as count source of watchdog timer H

«Setting of main clock division ratio to f(Xin) (high-speed mode)

Figure 2.9.4 shows the connection of watchdog timer and the setting of the division ratio.
Figure 2.9.5 shows the setting of relevant registers and Figure 2.9.6 shows the control procedure.

Fixed Watchdog timer L Watchdog timer H

f(Xn) =4 MHz —»|  1/8 »| 1/256 »| 1/256 Reset

circuit
RESET :@

STP instruction disable bit

—» Internal reset

e

Fig. 2.9.4 Connection of watchdog timer and setting of division ratio

STP instruction

CPU mode register (address 3Bis)
b7 b0

CPUM |0(0O|O 1 00

‘ |—|—> Single-chip mode

» Main clock (Xin-XouT): Oscillating
High-speed (f(Xin)) mode operation
Internal system clock: Xin-Xout

v

\ 4

Watchdog timer control register (address OEEE1s)
b7 b0

WDTCON |0 (0

\ 4

Wachdog timer H: High-order 6 bits of reading exclusive
STP instruction: Enabled

Watchdog timer H count source:
Underflow of watchdog timer L

\ 4

\ 4

Fig. 2.9.5 Setting of relevant registers
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2.9 Watchdog timer

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
SEI «All interrupts disabled
CLT
CLD
CPUM (address 3Bis) <€— 000X1X002 *CPU mode register setting
: (single-chip mode, main clock oscillating, high-speed mode)
CLI eInterrupts enabled

. . *WDT L underflow as WDT H count source
WDTCON (address OEEEzs), bit7, bit6 €— 002 «STP instruction enabled

Main processing

Fig. 2.9.6 Control procedure
2.9.4 Notes on watchdog timer

e The watchdog timer continues to count even while waiting for stop release. Accordingly, make sure that
watchdog timer does not underflow during this term by writing to the watchdog timer control register
(address OEEE1s) once before executing the STP instruction, etc.

e Once a “1” is written to the STP instruction disable bit (bit 6) of the watchdog timer control register
(address OEEE:s), it cannot be programmed to “0” again. This bit becomes “0” after reset.
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2.10 Buzzer output circuit

2.10 Buzzer output circuit

The output frequency can be selected from 1 kHz, 2 kHz, or 4 kHz (at f(Xwn) = 4.19 MHz), and the output
port can be selected between either the Buzo1 pin or the Buzo2 pin.

This paragraph describes the setting method of buzzer output circuit relevant register, notes etc.

2.10.1 Memory assignment

Address
OEFD16 | Buzzer output control register (BUZCON)
~ ~

Fig. 2.10.1 Memory assignment of buzzer output circuit relevant register

2.10.2 Relevant register

The buzzer output circuit starts outputting a buzzer by setting the buzzer output ON/OFF bit (bit 4) of the

buzzer output control register.

Figure 2.10.2 shows the structure of the buzzer output control register.

Buzzer output control register

b7 b6 b5 b4 b3 b2 bl b0

| | Buzzer output control register
(BUZCON: address OEFD1s6)

A L Name Functions At reset|R iW
{40141 i1 [0 [Outputfrequency [bibo 0 |00
I T T selection bits 0 0: 1 kHz (f(XIN)/4096) i
Pl — 0 1: 2 kHz (f(XIN)/2048) i
A S 1 1 0: 4 kHz (f(XIN)/1024) o |0:0
Pobor 1 1: Not available l
bbb 2 [Output port b3b2 _ o |00
R S A selection bits 0 0: P77 and P97 function !
T T A as ordinary ports. |
Pl 0 1: P77/Buzo1 functions as |
T A — a buzzer output. :
Pobo 3 1 0: P97/Buz02/AN15 0 0.0
R functions as a buzzer |
AR output. :
oo 1 1: Not available ;
Pl 4 |Buzzer output 0: Buzzer output OFF (“0” 0 OX©)
e ON/OFF bit output) :
P 1: Buzzer output ON |
Pl oo | 5 | Nothing is arranged for these bits. These are 0 O'X
P bmmmmmmmm oo | 6 |write disabled bits. When these bits are read 0 [OIX
e 7 | out, the contents are “0”. 0 01X

Fig. 2.10.2 Structure of buzzer output control register
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2.10 Buzzer output circuit

2.10.3 Buzzer output circuit application examples
Outline: A buzzer output is performed by using the buzzer output circuit.

Specifications: «f(Xin) = 4.19 MHz, buzzer output frequency = 4 kHz
*Buzzer output from Buzo: pin

Figure 2.10.3 shows the connection of buzzer output circuit and the setting of the division ratio.
Figure 2.10.4 shows the setting of relevant register. Figure 2.10.5 shows the control procedure.

Port latch

f(XiN) = 4.19 MHz — 1/1024 Buzzer output
|_ (4 kHz)

Buzzer output ON/OFF bit

Output port control signal
Port direction register

Fig. 2.10.3 Connection of buzzer output circuit and setting of division ratio

Buzzer output control register (address OEFDuie)

|—|—> Output frequency: 4 kHz (f(Xin)/1024)
P77/Buzoi: Buzzer output

BUZCON ojof1|1|o
‘ > Buzzer output: OFF

Fig. 2.10.4 Setting of relevant register

RESET © X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
SEI
CLT
CLD
BUZCON (address OEFD16) €— XXX001102 Buzzer output control register setting
H (output frequency = 4 kHz, Buzoz output,
C.LI buzzer output OFF)

L

[

BUZCON (address OEFDzs), bit 4 4— 1

Buzzer output ON

I

Fig. 2.10.5 Control procedure
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2.11 Reset circuit

2.11 Reset circuit

The reset state is caused by applying an “L” level to the RESET pin. After that, the reset state is released
by applying an “H” level to the RESET pin, so that the program is executed in the middle-speed mode from
the contents of the reset vector address.

2.11.1 Connection example of reset IC
Figure 2.11.1 shows the example of power-on reset circuit. Figure 2.11.2 shows the system example which

switches to the RAM backup mode by detecting a drop of the system power source voltage with the INT
interrupt.

[ ‘ Vce
Power source
Output
M62022L RESET
Delay capacity
GND Tl 0.1pF
Vss
7 38B7 Group
Fig. 2.11.1 Example of power-on reset circuit
System power
source voltage < Vee
+5V g
77 =
Vceel
RESET RESET
Vce2 INT INT
E= Vss
V1 GND Cd —1

AAA
wy

; 38B7 Group
777 777

M62009L, M62009P, M62009FP

Fig. 2.11.2 RAM backup system example
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2.11.2 Notes on reset
(1) Reset input voltage control
Make sure that the reset input voltage is 0.54 V or less for Vcc of 2.7 V.
Perform switch to the high-speed mode when power source voltage is within 4.0 to 5.5 V.

(2) Countermeasure when RESET signal rise time is long
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
» Make the length of the wiring which is connected to a capacitor as short as possible.
« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

2.11.3 Each port state just after reset
Table 2.11.1 shows a pin state just after reset.

Table 2.11.1 Pin state just after reset

Pin name Pin state
PO, P2 Output port (with pull-down resistor)
P1, P3 Input port (with pull-down resistor)
P4, P5, P6o to P63 Input port (without pull-down resistor) (Note)
P64 to P67, P7, P80 to P8s, Input port (floating)
P9, PA, PBo to PBs

Note: Whether built-in pull-down resistors are connected or not can be specified in ordering mask ROM.
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2.12 Clock generating circuit

2.12 Clock generating circuit
This paragraph explains the setting method of clock generating circuit relevant register, etc.

2.12.1 Relevant register
Figure 2.12.1 shows the structure of the CPU mode register.

CPU mode register

b7 b6 b5 b4 b3 b2 bl bo

CPU mode register
T |1| ' |O|0| (CPUM: address 3B1s6)
i i i i i i i i b Name Functions Atreset|R iW
PELE Y : :
i 11 1111 i.]O0|Processormode |00 : Single-chip mode o |00
A A A IS 01: ;
I T T A N 1 10: > Not available 0 o0
Poro 11: ;
Pl L] 2 | Stack page 0:Page 0O 0 O:0
P selection bit 1:Page 1 :
A 3 | Fix this bit to “1”. 1 |00
i i i : 4 | Port Xc switch bit | 0: 1/0 port function o |00
T 1: XcIN-XcouT oscillation :
Pl function !
A 5 [ Main clock (XIN- 0: Oscillating 0 0.0
Do XouT) stop bit 1: Stopped !
i i 6 [ Main clock division |0: f(XiN) (high-speed mode) 1 O i O
Pt ratio selection bit [ 1: f(XiN)/4 (middle-speed :
! mode) ;
! 7 | Internal system 0: XIN—XouT selection 0 0:0
i clock selection bit (middle-/high-speed :
S mode) :
1: XcIN—XcouT selection !
(low-speed mode) i

Fig. 2.12.1 Structure of CPU mode register
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2.12 Clock generating circuit

2.12.2 Clock generating circuit application examples
(1) Status transition during power failure

Outline: The clock is counted up every one second by using the timer interrupt during a power
failure.

Input port [€«—— Power failure detection signal
(Note)

38B7 Group

Note: Signal is detected by inputting to each input port,
interrupt input pin, and analog input pin.

Fig. 2.12.2 Connection diagram

Specifications: *Reducing power dissipation as low as possible while maintaining clock function
*Clock: f(Xin) = 4.19 MHz, f(Xcn) = 32.768 kHz
<Port processing
Input port: Fixed to “H” or “L” level on the external
Output port: Fixed to output level that does not cause current flow to the external
(Example) When a circuit turns on LED at “L” output level, fix the
output level to “H".
I/O port: Input port » Fixed to “H” or “L” level on the external
Output port - Output of data that does not consume current
Vrer: Stop to supply to reference voltage input pin by external circuit

Figure 2.12.3 shows the status transition diagram during power failure and Figure 2.12.4 shows the
setting of relevant registers.

Reset released Power failure detected

- 3

XIN A

Internal Midd'e:SPeeX High-speed modei >< Low-speed mode
system clock |mode :

A A

Change internal system  After detecting, change internal system clock to

clock to high-speed low-speed mode and stop oscillating Xin-Xout
mode

Xcin-XcouT oscillation function selected

Fig. 2.12.3 Status transition diagram during power failure
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2.12 Clock generating circuit

CPUM

CPUM

CPUM

CPUM

CPU mode register (address 003Bze)

0|j0|0f0O|1 00

» Main clock: High-speed mode (f(Xin)) (Note 1)

CPU mode register (address 003B1s)

ojo0j0]1]|1 0|0
(Note2)|

» Port Xc: Xcin-XcouT oscillation function

CPU mode register (address 003B1e)

1({ojof1]1 ofo
|(Note2)

» Internal system clock: Low-speed mode (f(Xcin))

CPU mode register (address 003B1s)

1{0f1(1]|1 0]0

(Note 2) |
» Main clock f(Xin): Stopped

Notes 1: This setting is necessary only when selecting the high-
speed mode.
2: When selecting the middle-speed mode, bit 6 is “1”.

Fig. 2.12.4 Setting of relevant registers
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2.12 Clock generating circuit

Control procedure: Set the relevant registers in the order shown below to prepare for a power
failure.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
CPUM (address 003Bzis¢), bit6 ¢— O When selecting main clock f(Xin) (high-speed mode)
CPUM (address 003Bs), bit 4 ¢ 1 Port Xc: Xcin-Xcourt oscillation function

N
Detect power failure ? i
CPUM (address 003Bzs), bit 7 ¢— 1 (Note) Internal system clock: f(Xcin) (low-speed mode)
CPUM (address 003Bus¢), bit5 ¢— 1 (Note) Main clock f(Xin) oscillation stopped
Set so that timer interrupt occurs every one At a power failure, clock count is performed during
second ] ] timer interrupt processing (every second).
Execute WIT instruction

Return condition from power failure
concluded ?

Return processing from power failure

Note: Do not switch at one time.

Fig. 2.12.5 Control procedure
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(2) Counting without clock error during power failure
Outline: It keeps counting without clock error during a power failure.

Specifications: *Reducing power consumption as low as possible while maintaining clock function

For the peripheral circuit and the status transition during a power failure, refer to Figures 2.12.2 and

2.12.3.

*Clock: f(Xi) = 4.19 MHz
*Sub clock: f(Xcn) = 32.768 kHz

*Use of Timer 3 interrupt

relevant registers.

Timer 1 interrupt

APPLICATION

2.12 Clock generating circuit

Figure 2.12.6 shows the structure of clock counter, Figures 2.12.7 and 2.12.8 show the setting of

Timer 3 interrupt

1 minute counter

1 second counter
I |

—>

<At power failure>
f(Xcin) =32.768 kHz —— > 1/8

Timer 1 Base counter
244 pst"" " ' Pttt ' ls i
f(XiNn) =4.19 MHz —>| 1/16 > 1/64 > ---->,1/256 —>, 1/16 T >»|------ »1/60+
[ — [ — [—
A .
T ! Minute/Time/Day/
' Month/Year
When the system returns from a K
power failure, add the time taken /
for the switching processing for the ’:'
return. :
Timer 1 Timer 2 Timer 3 ,"
244 us /
---=>[1/256 > 1/16 >
| © Software timer

: Hardware timer

Fig. 2.12.6 Structure of clock counter
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2.12 Clock generating circuit

CPU mode register (address 003B1s6)

CPUM |0|O0f0]1(1 0|0

| > Port Xc: Xcin-Xcout oscillation function

CPU mode register (address 003Bz1s6)

CPUM |1|0|0]1]1 0|0

| » Internal system clock: f(Xin) (high-speed mode)

Timer 1 (address 002016)

T1 3F1s Set (Division ratio -1); 63 (3Fz1e)

Timer 12 mode register (address 002816)

Ti2M |0|0[(0|0f1]|0f0]|O

\—> Timer 1 count: Operating
Timer 2 count: Operating

Timer 1 count source: f(XiN)/16
Timer 2 count source: Timer 1 underflow
> P75 1/0 port

\ 4

Timer 34 mode register (address 002916)

T34M |00 0]1 0

\—> Timer 3 count: Operating
Timer 3 count source: Timer 2 underflow

> P76 1/0 port

Interrupt request register 1 (address 003Cuis)

IREQ1 |0| |0
‘ |

Interrupt control register 1 (address 003Ezs)

v

Set “0” to timer 1 interrupt request bit
Set “0” to timer 3 interrupt request bit

v

ICON1 1

> Timer 1 interrupt: Enabled

Fig. 2.12.7 Initial setting of relevant registers
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2.12 Clock generating circuit

T12M

CPUM

CPUM

ICON1

Tl

T2

T3

Timer 12 mode register (address 00281s)

01

|—|—> Timer 1 count source: f(Xcin)

CPU mode register (address 003B1s)

1

0

0

1)1 ofo

>

>

Internal system clock: f(Xcin) (low-speed mode)

CPU mode register (address 003B1s)

1

0

1

1)1 0fo0

>

>

Main clock f(Xin): Stopped

Interrupt control register 1 (address 003Ezs)

1

3>
>

Timer 1 (address 002016)

0716

Timer 2 (address 002116)

FFie

Timer 3 (address 002216)

OF16

\4

Timer 1 interrupt: Disabled
Timer 3 interrupt: Enabled

> Set (Division ratio — 1)
(T1 =7 (0715), T2 = 255 (FF1s), T3 = 15 (OF16))

Fig. 2.12.8 Setting of relevant registers after detecting power failure
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2.12 Clock generating circuit

Control procedure: Set the relevant registers in the order shown below to prepare for a power

failure.

Initialization

RESET

CPUM (address 003Bus), bit 4
CPUM (address 003Bzs), bit 6

T1 (address 002016)

T12M (address 002816)

T34M (address 002916)

IREQ1 (address 003Czs), bit 7, bit 5
Base counter (internal RAM)

1 second counter (internal RAM)
ICONL1 (address 003Ezs), bit 5

‘_
‘_

IRRRRARI

1

0

3F16
000010002
00XX01X02
0,0

FF1e

OF16

1

Detect power failure ?

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Port Xc: Xcin-Xcour oscillation function

When selecting main clock f(Xin) (high-speed mode)

Setting for making base and one second counters activate during
timer 1 interrupt

In the normal power state, these software counters generate one
second.

T12M (address 002816), bit 3, bit 2
ICON1 (address 003Ezs), bit 5
CPUM (address 003Bzs), bit 7
CPUM (address 003Bus), bit 5
IREQL1 (address 003Czs), bit 7, bit 5
T1 (address 002016)

T2 (address 002116)

T3 (address 002216)

INRERNEE

0,1

0

1 (Note)
1 (Note)
0,0
0716
3F16
OF16

ICONL1 (address 003Ezs), bit 7 €¢— 1

Execute WIT instruction

satisfied ?

Return condition for power failure is

Return processing from power failure

x

Timer 1 count source: f(Xcin)

Timer 1 interrupt: Disabled

Internal system clock: f(Xcin) (low-speed mode)
Main clock f(Xin): Oscillation stopped

Setting for generating timer 3 interrupt every second
Generation of one second by hardware timer during
power failure

Timer 3 interrupt: Enabled

Timer 3 interrupt occurs every second
(return from wait mode)

Note: Do not switch at one time.

Fig. 2.12.9 Control procedure
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2.12 Clock generating circuit

( Timer 3 interrupt routine )

Push registers to stack etc.

Count 1 minute (internal RAM) counter

1 minute counter overflow ?

Modify time, day, month, year

i,
<
—~
RTI
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2.13 Flash memory

2.13 Flash memory

This paragraph explains the registers setting method and the notes relevant to the flash memory version.

2.13.1 Overview

The flash memory version has functions similar to those of the mask ROM version except that the flash
memory is built-in. However, some of SFR area of flash memory version is different from those of the mask
ROM version (refer to “2.13.2 Memory map”).

In the flash memory version, the built-in flash memory can be operated by using the following three modes.
¢ CPU reprogramming mode

e Parallel input/output mode

« Serial input/output mode

2.13.2 Memory map
M38B79FFFP has the built-in flash memory of 60 Kbytes.
Figure 2.13.1 shows the memory map of the flash memory version.

000016
SFR area
— 004016
Internal RAM area
RAM (2 Kbytes)
L 083F16
084016
Not used area
User ROM area
OE0016 RAM area for FLD )
OEDF16 automatic display 100016
OEEQ1e SFR area
OF0016 RAM area for Serial 1/0 7 28 Kbytes
OFEE16 automatic transfer I
100016
7FFF16
800016
Built-in flash memory area
(60 Kbytes) 32 Kbytes
FFFF6 FFFF16

Fig. 2.13.1 Memory map of flash memory version for 38B7 Group
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contents are “0".

disabled bit. When this bit is read out, the

003B16 | CPU mode register (CPUM)

OEFE1s| Flash memory control register (FCON)

0EEF16| Flash command register (FCMD)

™~ o
Fig. 2.13.2 Memory map of registers relevant to flash memory
Flash memory control register
b7 b6 b5 b4 b3 b2 bl b0
D Ol | |0 | | | Flash memory control register

Attt L1 (FCON: address OEFE1s)
E i i i i o i b Name Functions Atreset|R W
P11 1 14 1 1 [o]cPureprogramming |0: CPU reprogramming 0 010
A mode select bit mod is invalid. (Normal |
SRR A (Note) operation mode) :
A A R 1: When applying 0 V or |
! i i i i o VPpPL to CNVss/VPP pin, !
I A A B CPU reprogramming |
SRR mode is invalid. When !
Poro b applying VPPH to |
A CNVss/Vep pin, CPU ;
Poroobon b reprogramming mode is |
N valid. :
A P 1 | Erase/Program 0: Erase and program are 0 O | O
oo busy flag completed or not have '
Poror o e been executed. |
R S N 1: Erase/program is being !
Pl i executed. |
i i i i i i 2 | CPU reprogramming | 0: CPU reprogramming 0 O:0
A mode monitor flag mode is invalid. :
P T 1: CPU reprogramming |
AN mode is valid. :
Pl R 3 | Fix this bit to “0”. 0 00
P bS ba i
by 4 Eéﬁasslgif[ggram aréa 10 0: Addresses 100016 to 0 > ' o
Py T FFFF16 (total 60 Kbytes) :
P 0 1: Addresses 100016 to :
P = | 7FFF16 (total 28 Kbytes) i
1 1 1 5 1
P 1 0: Addresses 800016 to 0 © ! ©
P T FFFF1s6 (total 32 Kbytes) |
bl 1 1: Not available !
R 6 [ Fix this bit to 0". o |00
i 7 [ Nothing is arranged for this bit. This is a write 0 O | X

Note: Bit O can be reprogrammed only when 0 V is applied to the

CNVss/VPP pin.

Fig. 2.13.3 Structure of Flash memory control register
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Flash command register

b7 b6 b5 b4 b3 b2 bl b0

Flash command register
(FCMD: address OEFF16)

(middle-/high-speed
mode)

1: XcIN—XcouT selection
(low-speed mode)

clock selection bit

A L Functions At reset|R iW
bbb -0 | writing of software command 0 X : [e)
A | 1 | <Software command name> <Command code> 0 [X:O
I S T T S S 2 | *Read command “0016" 0 X 10
A A S 3| *Program command “4016" 0 X' 0O
Cobor 4| *Program verify command  “CO16” 0 Nale)
A = °Erase command “2016" + “2016” 0 < O
Pl — <Erase verify command “A016" :
i i 1 6 | «Reset command “FF16” + “FF16” 0 X ! O
——————————————————————— 7 0 X0
Note: The flash command register is write exclusive register.
Fig. 2.13.4 Structure of Flash command register
CPU mode register
b7 b6 b5 b4 b3 b2 bl b0
CPU mode register
|I .|.|-|%|-|9|9| (CPUM: address 3B16)
i i i bbb | b Name Functions Atreset|R iW
A b1 b0 |
b1 11 11 i-{0|Processormode |00 : Single-chip mode 0 |00
A A | bits 01: i
T R N 1 1o:> Not available o |00
A 11: i
Porob L] 2 | Stack page 0: Page 0 0 o:0
bbb selection bit 1: Page 1 !
boron b 3 | Fix this bit to “1”. 1 |00
i i i i 4 | Port Xc switch bit | 0: 1/0 port function 0o (OO
bbb temmme e 1: XcIN-XcouT oscillation |
P function :
A 5 | Main clock (XIN- 0: Oscillating 0 0.0
Do XouT) stop bit 1: Stopped !
Do 6 | Main clock division |[0: f(Xin) (high-speed mode) 1 O EO
Pt ratio selection bit 1: f(XIN)/4 (middle-speed '
! mode) i
i 7 | Internal system 0: XIN—XouT selection 0 O EO

Note: B6, b7 function in the CPU reprogramming mode is described below.

6

Main clock division

b7 b6
ratio selection bits |° - @ fXin) (high-speed

mode)

0 1: = f(XIN)/4 (middle-
speed mode)

1 0: @ = f(XcINn)/2 (low-
speed mode)

1 1: Not available

1

010

O
O

Fig. 2.13.5 Structure of CPU mode register
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2.13.4 Parallel I/O mode

In the parallel /O mode, program/erase to the built-in flash memory area can be performed by a general
ERPOM programmer.

Set the programming mode of EPROM programmer to M5M28F101 and the memory area of program/erase
to 0100016 to OFFFF1s. Be careful especially when erasing because if the setting of the memory area is
mistaken when erasing, the products are damaged eternally.

Table 2.13.1 shows the setting of EPROM programmer when programming in the parallel /O mode.

Recommended programmer: R4945A provided by ADVANTEST CORPORATION (http://www.advantest.co.jp/
index-e.html)

Table 2.13.1 Setting of EPROM programmer when parallel programming

Products Programming adapter Programming mode Memory area
M38B79FFFP PCA4738F-101 M5M28F101 0100016 to OFFFFis

2.13.5 Serial 1/0 mode

Table 2.13.2 shows the pin connection example using MSP-I/MSP-II” between the programmer and the
microcomputer when programming in the serial 1/0 mode.

OMSP-I/MSP-II provided by Suisei Electronics System Co., Ltd. (http://www.suisei.co.jp/index_e.htm)
(Asia and Oceania limited-product)

Table 2.13.2 Connection example to programmer when serial programming

MSP-I/MSP-II 38B7 Group flash memory version
Signal name Target connector Pin name Pin number
Line number
BUSY 1 P67/Srova/Scikz2/FLDss 33
VPP (Note 1) 2 CNVss (Note 1) 17
VDD (Note 3) 3 Vce (Note 3) 24
SCL 4 P66/Scik21/FLDs4 34
SDA 5 P64/RxD/FLDs2 36
PGM/OE 6 P37/FLDa: 57
RESET 7 RESET 18
GND (Note 2) 8 Vss, AVss (Note 2) 21, 97

Notes 1: Connect an approximate 0.01 yuF capacitor between CNVss/Ver and GND for noise elimination.

2: When a serial programmer is connected, at first, connect both GNDs to be the same GND level.

3: When the Vcc power has been already supplied to the target board, do not connect the VDD
supply pin of the serial programmer to Vcc of the target board.
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2.13.6 CPU reprogramming mode

In the CPU reprogramming mode, by executing the software command with Central Processing Unit (CPU),
the built-in flash memory area can be reprogrammed. Accordingly, the contents of the built-in flash memory
area can be reprogrammed with the microcomputer mounted on board, without using the ROM programmer.
Program the reprogramming program in advance to the built-in flash memory area. However, in the CPU
reprogramming mode, the read from the built-in flash memory cannot be performed. Accordingly, after
transferring the reprogramming control program on the internal RAM, not the built-in flash memory, execute
it on the RAM.

In the CPU reprogramming mode, read command, program command, program verify command, erase

command,

erase verify command, and reset command can be used. As for details of each command, refer

to “CHAPTER 1 Flash memory mode 3 (CPU reprogramming mode)”.

(1) CPU reprogramming mode beginning/release procedure
Operation procedure in the reprogramming mode for the built-in flash memory is described.
As for the control example, refer to “2.13.7 (2) Control example in the CPU reprogramming mode.”

[Beginning procedure]

U
U
g

o o |

Apply 0 V to the CNVss/Ver pin for reset release.

Set the CPU mode register.

After CPU reprogramming mode control program is transferred to internal RAM, jump to this
control program on RAM. (The following operations are controlled by this control program).
Set “1” to the CPU reprogramming mode select bit (bit 0 of address OEFEus).

Apply VeeH to the CNVss/Vee pin.

Wait till CNVss/Vee pin becomes 12 V.

Read the CPU reprogramming mode monitor flag (bit 2 of address OEFEis) to confirm that the
CPU reprogramming mode is valid.

O The operation of the flash memory is executed by software-command-writing to the flash command

register (address OEFFis).

Note: The following are necessary other than this:

« Control for data which is input from the external (serial I/O etc.) and to be programmed
to the flash memory.

* Initial setting for ports, etc.

* Writing to the watchdog timer

[Release procedure]

g
g

Apply 0 V to the CNVss/Ver pin.
Wait till CNVss/Ver pin becomes 0 V.

0 Set the CPU reprogramming mode select bit (bit O of address OEFEs) to “0”.
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Also, execute the following processing before the CPU reprogramming mode is selected so that interrupts
will not occur during the CPU reprogramming mode.

« Set the interrupt disable flag (1) to “1”

In the CPU reprogramming mode, write to the watchdog timer control register (address OEEE:s) periodically
in order not to generate the reset by the underflow of the watchdog timer H.

During the program execution (programming time: max. 10 us), watchdog timer H is set to “FF1s”, watchdog
timer L is set to “FF16” and the count is stopped. The count is started again after the program is executed
or the execution of erase is completed. Accordingly, the setting of write period of the watchdog timer
control register is no problem except for the program time and erase time.

When the interrupt request or reset occurs in the CPU reprogramming mode, the microcomputer enters the
following state;

* Interrupt occurs

This may cause a program runaway because the read from the flash memory which has the interrupt vector
area cannot be performed.

* Underflow of watchdog timer H, reset

This may cause a microcomputer reset; the built-in flash memory control circuit and the flash memory
control register are reset.

Also, when the above interrupt and reset occur during program/erase, error data may still exist after reset
release because the reprogramming of the flash memory is not completed, so that be careful. In this case,
reprogramming of the flash memory in the parallel /O mode or serial /O mode is required.

2.13.7 Flash memory mode application examples
The control pin processing example on the system board in the serial I/O mode and the control example
in the CPU reprogramming mode are described below.

(1) Control pin processing example on the system board in serial I/O mode
As shown in Figure 2.13.6, in the serial /O mode, the contents of the built-in flash memory can be
reprogrammed with the microcomputer mounted on board. In the serial /O mode, the processing
example of control pins (P37, P64, P6s, P67, CNVss and RESET pin) is described below.

| - RS-232C Serial programmer
— I:I L]
ﬂ / I n Do

Master ROM

Fig. 2.13.6 Reprogramming example of built-in flash memory by serial I/O mode
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O When control signals are not affected to user system circuit
When the control signals in the serial 1/O mode are not used or not affected to the user system
circuit, they can be connected as shown in Figure 2.13.7.

Target board

* —
Not used or to user system circuit

M38B79FFFP
SDA(P64) j
° » SCLK(P66)
. > OE(P37) Vee
® BUSY (P67)

AVss

R %;?'\N\’_,_’ VPP(CNVSsSs) Vss
77

‘_/W\’? 777
Ij@ RESET XN Xout
User reset signal (Low active) 7ij|:|7)-j7

% : When not used, set to input mode and pull up or pull down, or set to output mode and open.

Fig. 2.13.7 Processing example of pins on board in serial /O mode (1)

0 When control signals are affected to user system circuit-1
Figure 2.13.8 shows the example that the control signals supplied to the user system circuit are
cut-off by a jumper switch in the serial /0O mode.

Target board

i

To user system circuit

y

M38B79FFFP
090 »| SDA(P64) ?
= »| SCLK(P66) Vee
° OLO +| OE(P37)
BUSY(P67)

AVss

-o- W—» VPP(CNVsS) Vss
777

ED RESET XiNn Xout
User reset signal (Low active) ﬁﬂi

Fig. 2.13.8 Processing example of pins on board in serial /O mode (2)
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O When control signals are affected to user system circuit-2
Figure 2.13.9 shows the example that the control signals supplied to the user system circuit are
cut-off by an analog switch (74HC4066) in the serial I/O mode.

Target board

74HC4066
BQ‘ AA A +

\4

v

To user system circuit

M38B79FFFP
. . » SDA(P64)
o » SCLK(P66)
. » OE(P37) vee
4 ® BUSY(P67)
AVss
- ,;.;’\Nv—’ » VPP(CNVss) Vss
| o RESET “
XN+ Xout
l User reset signal (Low Active) ﬁﬂi

Fig. 2.13.9 Processing example of pins on board in serial /O mode (3)
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(2) Control example in CPU reprogramming mode
In this example, the built-in flash memory is reprogrammed in the CPU reprogramming mode by
serial 1/02, receiving the reprogramming data (updated data).
Figure 2.13.10 shows the example for the reprogramming system of the built-in flash memory by the
CPU reprogramming mode.

M38B79FFFP
: W
Port for CPU reprogramming mode switch \ .
(CPU reprogramming mode is » Pi2
selected/released by port Pi2 input signal)
LA Vcc
Pio
Reprogramming data input mode Scikal
(Updated data is received by serial 1/02) ———— > RxD Vss
+«—TxD
VPP circuit control port )
ON/OFF of Vrp control Pi1 SESET
circuit is controlled b > y
port Pi1 output ’ ¥ = Vep(CNVss)
' Vpp * User reset signal
9
control
circuit XN Xout
2o
i (i=0to6)
* Refer to Figure 2.13.15 and Figure 2.13.16.

Fig. 2.13.10 Example for reprogramming system of built-in flash memory by CPU reprogramming
mode

e Specifications
O CPU reprogramming mode is selected/released by the input signal to Piz.
0 Updated data is received by serial 1/02.
O The transfer enable state of serial transmit side is judged by “L” level input to Pio.
O Vee control circuit is turned ON/OFF by the output from Pi: (refer to Figure 2.13.15 and Figure
2.13.16).

2-182 38B7 Group User's Manual



APPLICATION

2.13 Flash memory

Note: In this example, the following program is transferred to the internal RAM
and executed on the internal RAM.

GPU reprogramming ) In this program example, the flash memory is reprogrammed by
control program example/ yacejving each 1 byte of data for reprogramming by serial I/O.

Serial 1/O initialization O Preparing for transition to CPU
set reprogramming mode
Disable the interrupt of built-in
|||nterrupt disable processing| | peripheral functions in this processing.
_______________________ _. Also, initialize the watchdog timer (write
CPU reprogramming mode X to watchdog timer register)_in order not
select bit = “1” to generate the watchdog timer
interrupt.

Port Pi1 = “1” 12 V applied circuit
I to Vpep “ON”

I\Vep applied voltage = VrPH
waiting for stabilizing *1

0 Transition to CPU reprogramming mode
Initialize the watchdog timer (write to
watchdog timer register) in order not to
generate the watchdog timer interrupt in
this processing.

PU reprogramming
mode monitor flag

Confirmation that CPU
>reprogramming mode
is valid.

5 ms wait *2

CPU reprogramming
mode monitor flag

Continue to “CPU reprogramming
control program example (2)” to the
next page.

*1: Waiting by software until VpPp input voltage is stabilized at VPPH
is recommended. (Refer to Figure 2.13.15 and Figure 2.13.16
VPP voltage control timing®).)

*2: The wait time depends on Vpp control circuit (Refer to Figure
2.13.15 and Figure 2.13.16 Vpp voltage control timing(©).)

Fig. 2.13.11 CPU reprogramming control program example (1)
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From the previous page “CPU
reprogramming control
program example (1)”

All addresses
="“0016" ?

Program/program verify
processing

All bytes = “0016" ?
EE—
Erasel/verify start
address setting

Initialization of software counte
(retry counter) for erasure retry
counter = “0”

From next 4>|

page b
| Retry counter + 1 |

- “2016" is written twice continuously
| Erase command issued | to flash command register
(address OEFF16)

|| 1 us wait *1 ||

Erase/program
busy flag = “0" 2

Refer to “00 Program/program verify” for
program/program verify flow chart.

“A016" is written to flash
| Erase verify command issued |command register

| (address OEFF16)
|| 6 ps wait *2 | |

To next
page a

Erase/verify
data check

Erasel/verify
last address

| Erase/verify address +1

Continue to “CPU reprogramming control
program example (4)” to the page after next

regardless of the external clock input frequency.
*2: The wait time depends on the Vpp control circuit (refer to

*1: The wait processing time shown in the flow chart is required

Figure 2.13.15 and Figure 2.13.16 Vpp voltage control timing ©).

O Erasure of reprogramming area
Initialize the watchdog timer
(write to watchdog timer register)
in order not to generate the
watchdog timer interrupt in this
processing.

_______________________________________________ Y

Fig. 2.13.12 CPU reprogramming control program example (2)
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To previous page “CPU
reprogramming

control program
example (2) b”

From previous page “CPU reprogramming

control program example (2) a”

NO

Retry counter
=1000 ?

Port Pi1 = "0"

Vpp applied voltage = VppL
waiting for stabilizing *1

CPU reprogramming
mode monitor flag

| 5 ms wait *2 |

| CPU reprogramming mode |
select bit = “0”

CPU reprogramming

mode select bit
="

CPU reprogramming error,

*1: Waiting by software until VPp input voltage is stabilized at VppL
is recommended. (Refer to Figure 2.13.15 and Figure 2.13.16
Vep voltage control timing®))

*2: The wait time depends on VpPp control circuit (Refer to Figure
2.13.15 and Figure 2.13.16 Vpp voltage control timing C))

A

Continued from O

0 CPU reprogramming mode release
Initialize the watchdog timer
(write to watchdog timer register)
in order not to generate the watchdog
timer interrupt in this processing.

Fig. 2.13.13 CPU reprogramming control program example (3)
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From the page before previous “CPU reprogramming
control program example (2)”

| remmmmmmmmmmemees I

Program initial address setting

Initialization of software counter
(retry counter) for reprogramming
retry counter = “0”

Reprogramming data receive
by serial I/0

| Retry counter + 1 |

| - “4016" is written to flash
| Program command issued |command register
- L - - (address OEFF16)
Reprogramming data is written
to program address

[
|| 1 ps wait *1 ||

Erase/program

busy flag = 0" ? Waiting for writing completed

“C016” is written to flash
| Program verify command issued | command register
| (address OEFF16)

|| 6 s wait *1 ||

FAIL »
Program verify

Retry counter
=25?

data check

Program last addres:

| Port Pi1 = “0"

| Program address + 1 |

Vpp applied voltage = VprprL
waiting for stabilizing *2

12 V applied circuit

| | Port i1 = 10" | o vee OFF"

CPU reprogramming
mode monitor flag

Vpp applied voltage = VrpPL
waiting for stabilizing *2

CPU reprogramming
mode monitor flag

| 5 ms wait *3

CPU reprogramming
mode select bit = “0”

5 ms wait *3 |

CPU reprogramming
mode select bit
e

CPU reprogramming error

timing ©).)

CPU reprogramming mode
select bit = “0”

Waiting for release of CPU
reprogramming mode

CPU reprogramming
mode select bit

O Program/program verify
Initialize the watchdog timer
(write to watchdog timer
register) in order not to
generate the watchdog timer
interrupt in this processing.

0 CPU reprogramming mode release
Initialize the watchdog timer
(write to watchdog timer register)
in order not to generate the watchdog
timer interrupt in this processing.

*1: The wait processing time shown in the flow chart is required regardless of the external clock input frequency.

*2: Waiting by software until VPP input voltage is stabilized at VppL is recommended. (Refer to Figure 2.13.15 and
Figure 2.13.16 Vpp voltage control timing B).)

*3: The wait time depends on VpPp control circuit (Refer to Figure 2.13.15 and Figure 2.13.16 VPP voltage control

Fig. 2.13.14 CPU reprogramming control program example (4)
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e When 12 V voltage is supplied to target system

2.7KQ
at OFF signal =3V
M5237L

At Pi1 = L output, VPP =11.8 V
Vin=12V 2SA136 At Pi1 = H output, VPP =0 V
System powe e L )
ystem power sourci O : _L RTINIZ4C O Vpp
[ A iy 30 KQ 1000 pF 47 uF

1KQ

VPP voltage control timing
Pir = H

Input ON/OFF signal

in order that this point
may become 1.5V or
more at OFF output.

(O Piz (Vep circuit control port)
ON/OFF signal

Ve =0V

Interval until VPP = VPP H

Transition to CPU reprogramming
mode cannot be performed.

Fig. 2.13.15 Vee control circuit example (1)

Interval until VPP = VPP L

CPU reprogramming mode cannot
be released.

e When only 5 V voltage is supplied to target system

ViN=5V

Shot key At Pi1 = L output, VPP =12 V
RT1P137P 100 pH Diode At Pi1 = H output, VPP =0 V
System power source () -9 ) >t ' . O Ve
100 pF 100 O Smaller VF 33K0
is better. R
7% 100 uF [0.1uF
c Olq 3.9KQ
10 KQ
EOUT 2SD1972
M62212FP
) 1KQ \

) Set radiation about

GND 0.36W0O5

—8 ——10
RTIN144C | * 4
1KQ - o 1 uF
o ; 1KQ
(Vpp circuit control port) Pi g P P 2503580
ON/OFF signal
47 KQ
Vpp voltage control timing
Pii=H
Phi=L _ . _____ )
Vep =12V |
Vep=0V

Interval until VPP = VPP H

Transition to CPU reprogramming

mode cannot be performed.

Fig. 2.13.16 Vee control circuit example (2)

Interval until VPP = VPP L

CPU reprogramming mode cannot
be released.

38B7 Group User's Manual

2-187



APPLICATION

2.13 Flash memory

2.13.8 Notes on CPU reprogramming mode

(1) Transfer the CPU reprogramming mode control program to the internal RAM before selecting the
CPU reprogramming mode, and then, execute it on the internal RAM. Additionally, when the subroutine
or stack operation instruction is used in the control program, make sure in order not to destroy the
control program transferred to the internal RAM through the stack area.

(2) Be careful of the instruction description (specifying address, and so on) because the CPU reprogramming
mode control program is transferred to the internal RAM and executed on the internal RAM.

(3) Write to the watchdog timer control register periodically in order not to generate the watchdog timer
interrupt by the CPU reprogramming mode control program (refer to “2.9 Watchdog timer”).

2.13.9 Notes on flash memory version

The CNVss pin is connected to the internal memory circuit block by a low-ohmic resistance, since it has
the multiplexed function to be a programmable power source pin (Ver pin) as well.

To improve the noise margin, connect the CNVss pin to Vss through 1 to 10 kQ resistance.

Even when the wiring of the CNVss pin of the mask ROM version is connected to Vss through this resistor,
that will not affect operation.
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APPENDIX

3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
vce Power source voltages All voltages are based on Vss. —031t06.5 v
VEE Pull-down power source voltages Output transistors are cut off. Vcc—48to Vec +0.3 v
Vi Input voltage P64-P67, P70-P77, P80-P83, —-0.3to Vcc+0.3 \%

P90-P97, PA0-PA7, PB0o-PBs6
Vi Input voltage  P1o-P17, P30—P37, P40-P47, Vcc-48 to Vec +0.3 \%
P50-P57, P60—P63
Vi Input voltage RESET, XIN, CNVss —-0.3to Vcc +0.3 \Y;
Vi Input voltage  XCIN —-0.3to Vcc +0.3 \Y
Vo Output voltage POo—-P07, P1o—P17, P20-P27, Vcc-48 to Vcc +0.3 Y,
P30-P37, P40—P47, P50-P57,
P60—P63
Vo Output voltage P64—P67, P80-P83, P70-P77, -0.3 to Vcc +0.3 \%
P90-P97, PA0—PA7, PB0o—PBs,
XouT, XcouTt
Pd Power dissipation Ta=-201t065°C 800 mw
Ta=651085 °C 800 —12.5 0 (Ta —65) mw
Topr Operating temperature —20to 85 °C
Tstg Storage temperature —40 to 125 °C
3.1.2 Recommended operating conditions
Table 3.1.2 Recommended operating conditions
(Vec = 4.0 to 5.5 V, Ta = —=20 to 85 °C, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max.
Vcc Power source voltage (mask ROM version) High-speed mode 4.0 5.0 5.5 Y,
Middle/Low-speed mode 2.7 5.0 5.5 \Y;
Vce Power source voltage (flash memory version) 4.0 5.0 5.5 Y,
Vss Power source voltage 0 \Y
VEE Pull-down power source voltage Vcec -43 Vcc V
VREF Analog reference voltage when A-D converter is used 2.0 Vce \
when D-A converter is used 3.0 Vce \Y
AVss Analog power source voltage 0 \Y
VIA Analog input voltage AN0—-AN15 0 Vce \Yi
VIH “H” input voltage P70-P77, P80—P83, P90—P97, PA0—PA7, PBo—PB6 0.75Vcc Vcc V
VIH “H” input voltage P64—P67 0.4Vcc Vce \Y
VIH “H” input voltage Plo-P17, P30-P37, P40—P47, P50-P57, P60-P63 0.52Vcc Vce \%
VIH “H” input voltage RxD, ScLK21, SCLK22 0.8Vvcc \Y/ele] \
VIH “H” input voltage XIN, XCIN, RESET, CNVss 0.8Vvcc Vcc \Y
ViL “L” input voltage P70-P77, P80-P83, P90—P97, PA0—PA7, PBo—PB6 0 0.25vce| Vv
ViL “L” input voltage P64—P67 0 0.16Vcc| V
ViL “L” input voltage P1lo-P17, P30-P37, P40—P47, P50-P57, P60—P63 0 0.2vVcc Vv
ViIL “L” input voltage RxD, ScCLK21, SCLK22 0 0.2vVcce \Y
ViL “L” input voltage XIN, XCIN, RESET, CNVss 0 0.2Vcc V
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Table 3.1.3 Recommended operating conditions
(Vec = 4.0 to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
2|OH(peak) | “H” total peak output current (Note 1) POo—P07, P1o-P17, P20-P27, P30-P37, P40-P47, —240 mA
P50-P57, P60-P67, P70-P77
2|0OH(peak) | “H” total peak output current (Note 1) P80—P83, P90-P97, PAo-PA7, PBo—PBs —60 mA
2IOL(peak) “L” total peak output current (Note 1) P64—P67, P70-P77 100 mA
2IOL(peak) “L” total peak output current (Note 1) P80—P83, P90—P97, PAoc—PA7, PBo—PB6 60 mA
> I0H(avg) “H” total average output current (Note 1) PO0-P07, P10-P17, P20-P27, P30-P37, P40-P47, -120 mA
P50-P57, P60-P63
>|OH(avg) “H” total average output current (Note 1) P64-P67, P70-P77, P80-P83, P90-P97, PA0—PA7, -30 mA
PBo-PBé
>l0oL(avg) “L” total average output current (Note 1) P64—P67, P70-P77, P80—P83, P90—P97, PA0—PA7, 50 mA
PBo-PBé
|OH(peak) “H” peak output current (Note 2) POo—P07, P10-P17, P20-P27, P30-P37, P40-P47, -40 mA
P50-P57, P60-P63
|0H(peak) “H” peak output current (Note 2) P64—-P67, P70-P77, P80—P83, P90—-P97, PA0—PA7, -10 mA
PBo-PB6
|OL(peak) “L" peak output current (Note 2) P64—P67, P70-P77, P80—P83, P90—-P97, PA0—PA7, 10 mA
PBo-PBs6
|0H(avg) “H" average output current (Note 3) PO0-P07, P10-P17, P20-P27, P30-P37, P40-P47, -18 mA
P50-P57, P60—P63
|OH(avg) “H" average output current (Note 3) P64—-P67, P70-P77, P80-P83, P90—-P97, PA0—PA7, -5 mA
PBo-PBé
|0L(avg) “L” average output current (Note 3) P64—P67, P70-P77, P80—P83, P90-P97, PA0-PA7, 5 mA
PBo-PBé
f(CNTR) Clock input frequency for timers 2, 4, and X (duty cycle 50 %) 250 kHz
f(XIN) Main clock input oscillation frequency (Note 4) 4.2 MHz
f(XcIN) Sub-clock input oscillation frequency (Notes 4, 5) 32.768 50 kHz

Notes 1: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an aver-

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

2: The peak output current is the peak current flowing in each port.

3: The average output current loL(avg), loH(avg) are average value measured over 100 ms.

4: When the oscillation frequency has a duty cycle of 50%.

5: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency on condition that
f(XcIN) < f(XIN)/3.
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3.1 Electrical characteristics

3.1.3 Electrical characteristics

Table 3.1.4 Electrical characteristics
(Vec = 4.0 to 5.5 V, Ta = =20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VoH “H” output voltage ~ P00-PO07, P1o-P17, P20—P27, | loH =-18 mA Vee-2.0 \Y
P30-P37, P40-P47, P50-P57,
P60-P63
VOH “H” output voltage ~ P64—P67, P70—P77, P80—P83, | IOH =—10 mA Vce-2.0 A
P90-P97, PA0-PA7, PBo—PBé6
VoL “L” output voltage ~ P64—P67, P70-P77, P80—P83, | loL =10 mA 2.0 v
P90-P97, PA0—PA7, PBo—PB6
VT+-VT- Hysteresis  RxD, SCLk21, SCLK22, SRDY1, P70— 04 A
P73, P77, P82—-P83, P90-P92, PBo,
PB2, PB4—PBs
VT+-VT- | Hysteresis RESET, XIN 0.5 v
VT+-VT- | Hysteresis  XCIN 0.5 v
lH “H” input current P64-P67, P70-P77, P80-P83, | VI =Vcc 5.0 HA
P90-P97, PA0-PA7, PBo—PBé6
lH “H” input current P1o-P17, P30-P37, P40-P47, | VI=VcC 5.0 HA
P50-P57, P60—P63 (Note)
IH “H” input current RESET, CNVss, XCIN Vi=Vcc 5.0 pA
l1H “H” input current XIN Vi =Vcee 4.0 HA
I “L” input current P64-P67, P70-P77, P80-P83, | VI =Vss 5.0 HA
P90-P97, PA0-PA7, PBo—PBs | Pull-up “off”
Vcec =5V, Vi=Vss =30 =70 -140 HA
Pull-up “on”
Vcc =3V, Vi=Vss —-6.0 -25 -45 UA
Pull-up “on”
I “L” input current P1lo-P17, P30-P37, P4o-P47, | VI=Vss —.0 HA
P50-P57, P60—P63 (Note)
he “L” input current RESET, CNVss, XCIN Vi=Vss —.0 HA
I “L”" input current XIN Vi =Vss —4.0 HA

Note: Except when reading ports P1, P3, P4, P5 or P6.
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Table 3.1.5 Electrical characteristics
(Vec = 4.0t0 5.5V, Vss= 0V, Ta = =20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
ILOAD Output load current VEE =Vcc-43 V, VoL =Vce 400 600 900 HA

P00-PO7, P10-P17, Output transistors “off”
P20-P27, P30-P37,
(P40-P47, P50-P57,
P60-P63 at option)

ILEAK Output leak current VEE =Vcc-43V, VoL =Vcc-43V -10 HA
P00-PO7, P10-P17, Output transistors “off”
P20-P27, P30-P37,
P40-P47, P50-P57,
P60—P63

IREADH “H” read current Vi=5V 1 HA
P1lo-P17, P30-P37,
P40-P47, P50-P57,
P60-P63

VRAM RAM hold voltage When clock is stopped 2 55 \%

High-speed mode, Vcc =5V, 7.0 15 mA
f(XIN) = 4.2 MHz
f(XcIN) = 32.768 kHz
Output transistors “off”

High-speed mode, Vcc =5V, 1 mA
f(XIN) = 4.2 MHz (in WIT state)
f(XCIN) = 32.768 kHz

Output transistors “off”

Middle-speed mode, Vcc =5V, 3 mA
f(XIN) = 4.2 MHz
f(XCIN) = stopped
Output transistors “off”
Middle-speed mode, Vcc =5V, 1 mA
f(XIN) = 4.2 MHz (in WIT state)
lcc Power source current | f(XCIN) = stopped

Output transistors “off”
Low-speed mode, Vcc = 3V, 20 55 HA
f(XIN) = stopped
f(XcIN) = 32.768 kHz
Output transistors “off”

Low-speed mode, Vcc = 3V, 8 20 HA
f(XIN) = stopped

f(XCIN) = 32.768 kHz (in WIT state)
Output transistors “off”

Increment when A-D conversion is 0.6 mA
executed

All oscillation stopped | Ta =25 °C 0.1 1 pA
(in STP state)

Output transistors “off” | Ta = 85 °C 10 HA
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3.1 Electrical characteristics

3.1.4 A-D converter charactristics

Table 3.1.6 A-D converter characteristics
(Vcc =4.0t0 5.5V, Vss = AVss = 0 V, Ta = =20 to 85 °C, f(Xi) = 250 kHz to 4.2 MHz in high-speed mode, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy (excluding quantization error) Vcc =VREF =5.12V +1 +25 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 UA
RLADDER Ladder resistor 35 kQ
3.1.5 D-A converter charactristics
Table 3.1.7 D-A converter characteristics
VVcc =4.0to 5.5V, Vss = AVss = 0V, VREF = 3.0 to Vcc, Ta = —20 to 85 °C, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution 8 Bits
Absolute accuracy Vcc =4.0-55V 1.0 %

B (excluding quantization error) Vcc =3.0-55V 2.5 %
tsu Setting time 3 Us
RO Output resistor 1 2.5 4 kQ
IVREF Reference power source input current (Note) 3.2 mA

Note: Except ladder resistor for A-D converter
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3.1.6 Timing requirements and switching characteristics

Table 3.1.8 Timing requirements (1)

(Vcc=4.0to 5.5V,Vss =0V, Ta=-20 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .

Symbol Parameter - Unit

Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2.0 us
tC(XIN) Main clock input cycle time (XIN input) 238 ns
tWH(XIN) Main clock input “H” pulse width 60 ns
WL (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) CNTR0-CNTR2 input cycle time 4.0 us
tWH(CNTR) CNTR0-CNTR2input “H” pulse width 1.6 us
tWL(CNTR) CNTR0o-CNTR2input “L” pulse width 1.6 us
twWH(INT) INTo—INT4 input “H” pulse width (INT2 when noise filter is not used) 80 ns
(Note 1)
tWL(INT) INTo—INT4 input “L” pulse width (INT2 when noise filter is not used) 80 ns
(Note 1)

tWH(INT2) INT2 input “H” pulse width (when noise filter is used) (Notes 1, 2) 3 CLKs

tWL(INT2) INT2 input “L” pulse width (when noise filter is used) (Notes 1, 2) 3 CLKs
tC(SCLK1) Serial 1/01 clock input cycle time 950 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width 400 ns
twL(ScLK1) Serial 1/01 clock input “L” pulse width 400 ns
tsu(SIN1-SCLK1) Serial /01 input setup time 200 ns
th(SCLK1-SIN1) Serial /01 input hold time 200 ns
tc(ScLK2) Serial 1/02 clock input cycle time 800 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 370 ns
twL(ScLK2) Serial 1/02 clock input “L” pulse width 370 ns
tsu(RxD-ScLK2) Serial 1/02 input setup time 220 ns
th(ScLk2-RxD) Serial 1/02 input hold time 100 ns
tC(SCLK3) Serial 1/03 clock input cycle time 1000 ns
tWH(SCLK3) Serial 1/03 clock input “H” pulse width 400 ns
twL(SCLK3) Serial 1/03 clock input “L” pulse width 400 ns
tsu(SIN3-SCLK3) Serial 1/03 input setup time 200 ns
th(SCLK3-SIN3) Serial 1/03 input hold time 200 ns

Notes 1: IIDCON2, IIDCON3 = “00” when noise filter is not used
IIDCON2, IIDCON3 = “01" or “10” when noise filter is used
2: Unit indicates sample clock number of noise filter.
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Table 3.1.9 Switching characteristics
(Vcc=4.0t0 5.5V,Vss =0V, Ta =-20to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions Vi Himit> Typ. | Max. Unit
twH (SCLK) Serial I/O clock output “H” pulse width CL =100 pF tc(ScLK)/2-160 ns
twL (ScLK) Serial I/O clock output “L” pulse width CL =100 pF tc(ScLK)/2-160 ns
td (SCLK1-SouT1) | Serial I/01 output delay time (Note 1) 200 ns
tv (SCLK1-SouT1) | Serial I/0O1 output valid time (Note 1) 0 ns
td (ScLk2-TxD) Serial 1/02 output delay time (Note 2) 140 ns
tv (ScLK2-TxD) Serial 1/02 output valid time (Note 2) -30 ns
td (SCLK3-SouT3) | Serial I/03 output delay time (Note 3) 200 ns
tv (SCLK3-SouT3) | Serial I/03 output valid time (Note 3) 0 ns
tr (SCLK) Serial 1/0 clock output rising time CL =100 pF 40 ns
tf (SCLK) Serial 1/0 clock output falling time CL =100 pF 40 ns
tr (Pch—strg) P-channel high-breakdodwn-voltage output CL =100 pF 55 ns

rising time (Note 4) VEE = Vcc —43 V
tr (Pch—weak) P-channel high-breakdodwn-voltage output CL =100 pF 1.8 Hs
rising time (Note 5) VEE = Vcc -43V

Notes 1: When the PB5s/Sout1 P-channel output disable bit of the serial 1/01 control register (bit 7 of address 001Az16) is “0”".
2: When the P65/TxD P-channel output disable bit of the UART control register (bit 4 of address 003816) is “0”.
3: When the P91/SouTs P-channel output disable bit of the serial I/O3 control register (bit 7 of address OEEC1s) is “0”.
4: When the high-breakdown voltage port drivability selection bit of the FLDC mode register (bit 7 of address 0EF416) is “0".
5: When the high-breakdown voltage port drivability selection bit of the FLDC mode register (bit 7 of address OEF416) is “1".

High-breakdown voltage

Serial I/0 clock output port P-channel open-drain output port
P66/ScLk21,
P67/ScLk22,
P92/ScLks,
PBo/ScLK12, _| PO, P1, P2, P3,
PBa4/SciLki1 P4, P5, P60—P63

CL CL
s s

(Note) VEE

Note: Ports P4, P5, P60—P63 need external resistors.

Fig. 3.1.1 Circuit for measuring output switching characteristics
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| tC(CNTR)
) tWH(CNTR) o tWL(CNTR)
CNTRo,CNTR1 0BV
e 0.2Vec V
: TWH(INT) o TWL(INT) |
INTo-INT4
0.8V
cc 0.2Vce
) IW(RESET) ,
N\ 0.8Vcc
RESET 0.2Vcc 7\/
| tc(xiny
) TWH(XIN) L tWL(XIN)
0.8V
XIN e )’\L 0.2Vee 1%
| tcxeiny
) tWH(XCIN) L tWL(XCIN)
XC|N 0.8Vcc )’\L 0.2Vee i /
tc(scLk)
t(ScLK) tWL(SCLK) tr IWH(SCLK)
_— J
0.8Vcc
SCLK N 0.2vee ] \
tsu(SIN-SCLK) th(ScLk-SIN)
tsu(RxD-SCLK) th(SCLK-RxD)
4 N
SIN, RXD R oovee )
td(scLk-souT) tv(ScLk-SouT)
td(SCLK-TXD) tv(SCcLK-TxD)
Sourt, TxD

Fig. 3.1.2 Timing diagram
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3.2 Standard characteristics

Standard characteristics described below are just examples. These are NOT guaranteed. For rated values,
refer to “3.1 Electrical characteristics”.

3.2.1 Power source current standard characteristics

7.0

Power source current %9
(mA)

5.0

Vec =55V

4.0 /
3.0 /

EVZ '//
U A

0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Frequency f(Xi) (MHz)

IEig. 3.2.1 Power source current standard characteristics

7.0

6.0

Power source current
(mA)
5.0

Vec=55V
4.0 —~

e
A S
/ e
ol

0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Frequency f(Xi) (MHz)

Fig. 3.2.2 Power source current standard characteristics (in wait mode)
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3.2.2 Port standard characteristics

I0H

Port PQOo lon-Von characteristics (25 °C)

(Same characteristics pins: PO, P1, P2, P3, P4, P5, P6o to P6s)

(mA)
-100
AN
-90 \ \
NN
-80 \\\\ Vce=5.5V
-70 Vee = 5&

N

N

\\
\\

-50 \\ch =30V

\\
\\

ol

40 \\
30 \\ NN
N\ O\
N O\
0 ANAN
0.0 1.0 2.0 3.0 4.0 5.0 6.0
VOH (V)

Fig. 3.2.3 High-breakdown P-channel open-drain output port characteristics (25 °C)

IOH

Port POo lon-Von characteristics (90 °C)

(Same characteristics pins: PO, P1, P2, P3, P4, P5, P6o to P6s)

(mA)
-100
.90 \ \
\ \\
-80 \\ q|
\ Vec =55V
70 N
Vcc=50V
-60 \
_50 \\ N N
\ch =30V \ \
- N N
e N \ \
%0 \\ \\
* \ \\
-10 N\
0
0.0 1.0 2.0 3.0 4.0 50 6.0
VOH (V)

Fig. 3.2.4 High-breakdown P-channel open-drain output port characteristics (90 °C)
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Port P9o lon-Von characteristics (25 °C)

(IO,:) (Same characteristics pins: P64 to P67, P7, P8, P9, PA, PB)
m.
-100

-90

-80

-70

-60

-50 Vec =55V

-40

T
Vee = 5.0V I

/]
/ /

-30
NN
Vee=3.0V \

N
- — \
10 ~ \ \
0
0.0 1.0 2.0 3.0 4.0 5.0 6.0
VOH (V)

Fig. 3.2.5 CMOS output port P-channel side characteristics (25 °C)

Port P9o lon-Von characteristics (90 °C)

('rgf\) (Same characteristics pins: P64 to P67, P7, P8, P9, PA, PB)
-100

-90

-80

-70

-60

-50
Vec =55V

-40

L]

Vec=5.0V — S~

-30 —

20 \\ <
10 — \ \

——Vcc=3.0V \ N

0.0 1.0 2.0 3.0 4.0 5.0 6.0
VOH (V)

Fig. 3.2.6 CMOS output port P-channel side characteristics (90 °C)
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loL
(mA)
100

Port P9o loi-VoL characteristics (25 °C)
(Same characteristics pins: P64 to P67, P7, P8, P9, PA, PB)

90

80

70

60

50

Vec=55V

40

J\

30

Vec=5.0V

20

Vee=3.0V

10

0.0

1.0 2.0 3.0

4.0

5.0

6.0
VoL (V)

Fig. 3.2.7 CMOS output port N-channel side characteristics (25 °C)

loL
(mA)

Port P9o loi-VoL characteristics (90 °C)
(Same characteristics pins: P64 to P67, P7, P8, P9, PA, PB)

100

90

80

70

60

50

Vee=55V—

40

30

\

Vec=5.0V

20

10

Vee=3.0V

0.0

/
1

.0 2.0 3.0

4.0

5.0

6.0
VoL (V)

Fig. 3.2.8 CMOS output port N-channel side characteristics (90 °C)
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3.2.3 A-D conversion standard characteristics

Figure 3.2.9 shows the A-D conversion standard characteristics.

The lower line on the graph indicates the absolute precision error. It expresses the deviation from the ideal
value. For example, the conversion of output code from 001 to 0116 occurs ideally at the point of ANo =
2.5 mV, but the measured value is —2 mV. Accordingly, the measured point of conversion is defined as “2.5
-2=0.5mVv".

The upper line on the graph indicates the width of input voltages equivalent to output codes. For example,
the measured width of the input voltage for output code 6016 is 6 mV, so that the differential nonlinear error
is defined as “6 — 5 =1 mV (0.2 LSB)".

M38B79MFH-GOOOFP A-D CONV. ERROR & STEP WIDTH
C38B79MFH-GO00R-S52T 001 Sample No.1 Mode
VDD =512 [V] VR_EZ: 5d'12 N = Error (Absolute precision error)
XIN =4 [MHz] : Ta = 25 [deg.] 1LSB Width
S 15
S
T 10k
E 5 A A AN WA APPARAAN LA PPRANAAANNAAAAAA ‘VA‘MVA"“VA' AA
= MM-MM‘WHHWM PO Ana
m v v | 4 \ o AEn g
% 5
o
o -10
o]
g:: -15
w 0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256
STEP No.
S 15
S
¥ 10
= Al
9 \"— \A—AN A AP A ArAv_A'AV IMPANA AAANPMAA ~A-AALA ATAPGA~—AN, t\v; ~n/
i 0 v ANV NN~ Nnar, ANAN, AN A
72 VAV VVAARNA NN~ NS |
3 -
¥ -10
@]
% -15
| 256 272 288 304 320 336 352 368 384 400 416 432 448 464 480 496 512
STEP No.
’E\ 15
ot 10
= ARt AAASAAA AAAMAMAALANMAA LA AA AA A A AAAANA AN LA~ AAAA a_A
9 TASA M A4 ) VAT A-ie 0l AAATA A4 VAW VAN Y VY APNINTY YDV P V
=
@ 5 TVt aA~ VAA A PN A AM A ANMUAAN
=
@ -10
o
x -15
% 512 528 544 560 576 592 608 624 640 656 672 688 704 720 736 752 768
STEP No.
S 15
1S
I 10
E A A PPN N A A_AAnLAA A LA AA, A A AAAA AA ~ AL AAAANAAMAA AA AA ]|
e A A A el v v ‘-'VV-'V',‘VV" YV NWYy V™ VvV VYV VIV YV VYV YYV VYV VVYVvyvy
E n i
(L) 5 i e Y At ah ‘WMW"M‘_ ~ v
=
® -10
o
% -15
L 768 784 800 816 832 848 864 880 896 912 928 944 960 976 992 1008 1024
STEP No.

Fig. 3.2.9 A-D conversion standard characteristics
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) Switching external interrupt detection edge
For the products able to switch the external interrupt detection edge, switch it as the following

sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Switch the detection edge |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.1 Sequence of switch detection edge

m Reason
The interrupt circuit recognizes the switching of the detection edge as the change of external input

signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit
e When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request
register immediately after this bit is set to “0” by using a data transfer instruction, execute one or
more instructions before executing the BBC or BBS instruction.

m Reason
If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”
is read.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
!

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 3.3.2 Sequence of check of interrupt request bit
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(3) Structure of interrupt control register 2
Fix the bit 7 of the interrupt control register 2 b7 bo | e
wAn . 0 nterrupt control register
_to 0". Figure 3.3.3 shows the structure of the | | | | | | | Address 003F16
interrupt control register 2.
Interrupt enable bits
Not used
Fix this bit to “0”.
Fig. 3.3.3 Structure of interrupt control register 2
3.3.2 Notes on 1/O port
(1) Notes in standby state
In standby state™ for low-power dissipation, do not make input levels of an input port and an I/O port
“undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
» External circuit
« Variation of output levels during the ordinary operation
When using an optional built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external
e Reason
The potential which is input to the input buffer in a microcomputer is unstable in the state that input
levels of a input port and an I/O port are “undefined”. This may cause power source current.
01 standby state: stop mode by executing STP instruction
wait mode by executing WIT instruction
(2) Modifying port latch of I/O port with bit managing instruction
When the port latch of an I/O port is modified with the bit managing instruction”?, the value of the
unspecified bit may be changed.
e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
*As for bit which is set for input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
*As for bit which is set for output port:
The bit value is read in the CPU, and is written to this bit after bit managing.
Note the following:
*Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.
*As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its port latch contents.
02 Bit managing instructions: SEB and CLB instructions
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Pull-up/Pull-down control
When each port which has built-in pull-up/pull-down resistor is set to output port, pull-up/pull-down
control of corresponding port becomes invalid. (Pull-up/pull-down cannot be set.)
e Reason
Pull-up/pull-down control is valid only when each direction register is set to the input mode.

3.3.3 Notes on serial 1/01
(1) Clock

m Using internal clock
After setting the synchronous clock to an internal clock, clear the serial 1/O interrupt request bit
before perform the normal serial 1/O transfer or the serial 1/O automatic transfer.

m Using external clock
After inputting “H” level to the external clock input pin, clear the serial I/O interrupt request bit
before performing the normal serial I/O transfer or the serial 1/O automatic transfer.

(2) Using serial I/O1 interrupt

3)

(4)

(5)

(6)

Clear bit 3 of the interrupt request register 1 to “0” by software before enabling interrupts.

State of Sout: pin

The Sour: pin control bit of the serial 1/01 control register 2 can be used to select the state of the
Sout: pin when serial data is not transferred; either output active or high-impedance. However, when
selecting an external synchronous clock; the Sour: pin can become the high-impedance state by
setting the Sour: pin control bit to “1” when the serial 1/01 clock input is at “H” after transfer completion.

Serial I/O initialization bit

e Set “0” to the serial 1/0O initialization bit of the serial I/O1 control register 1 when terminating a
serial transfer during transferring.

e When writing “1” to the serial 1/O initialization bit, the serial /01 is enabled, but each register is
not initialized. Set the value of each register by program.

Handshake signal

®m Ssusvi input signal
Input an “H” level to the Ssusv: input and an “L” level signal to the Ssusv: input in the initial state.
When the external synchronous clock is selected, switch the input level to the Ssusvi input and
the Seusvi input while the serial 1/01 clock input is in “H” state.

m Srovi inputeoutput signal
When selecting the internal synchronous clock, input an “L” level to the Srovi input and an “H”
level signal to the Srovi input in the initial state.

8-bit serial /O mode

m When selecting external synchronous clock
When an external synchronous clock is selected, the contents of the serial 1/01 register are being
shifted continually while the transfer clock is input to the serial 1/01 clock pin. In this case, control
the clock externally.
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)

In automatic transfer serial /O mode
m Set of automatic transfer interval

When the Ssusvi output is used, and the Ssusvi output and the Sste: output function as signals
for each transfer data set by the Ssusvi outputeSste:1 output function selection bit of serial 1/01
control register 2; the transfer interval is inserted before the first data is transmitted/received,
and after the last data is transmitted/received. Accordingly, regardless of the contents of the
Seusv1 outputeSste1 output function selection bit, this transfer interval for each 1-byte data becomes
2 cycles longer than the value set by the automatic transfer interval set bits of serial I/01 control
register 3.

When using the Sste: output, regardless of the contents of the Ssusvi outputeSste: output function
selection bit, this transfer interval for each 1-byte data becomes 2 cycles longer than the value
set by the automatic transfer interval set bits of serial 1/01 control register 3.

When using the combined output of Seusv: and Sste: as the signal for each of all transfer data
set, the transfer interval after completion of transmission/reception of the last data becomes 2
cycles longer than the value set by the automatic transfer interval set bits.

e When selecting an external clock, the set of automatic transfer interval becomes invalid.
e Set the transfer interval of each 1-byte data transfer as the following:

(1) Not using FLD controller
Keep the interval for 5 cycles or more of internal system clock from clock rising of the last
bit of 1-byte data.
(2) Using FLD controller
(a) Not using gradation display
Keep the interval for 17 cycles or more of internal system clock from clock rising of the
last bit of 1-byte data.
(b) Using gradation display
Keep the interval for 27 cycles or more of internal system clock from clock rising of the
last bit of 1-byte data.

<Serial 1/01 control register 3, SIOLCON3 (address 001Cis) setting example>

Table 3.3.1 SIO1CON3 (address 001Ci6) setting example selecting internal synchronous clock

Serial I/01 control register 3, SIO1CON3 (address 001C1e) Not using Not using |Using grada-
Internal synchronous clock| Automatic transfer interval set bits FLDC gradation | tion display
selection bits (b7 to b5) | (b4 to b0) display mode mode
000 :f(XIN)/ 4 0000 O0: 2 cycles of transfer clocks || Usable Prohibited Prohibited
0000 1: 3 cycles of transfer clocks || Usable Prohibited Prohibited
000 10: 4 cycles of transfer clocks || Usable Prohibited Prohibited
000 11:5 cycles of transfer clocks || Usable Usable Usable
001:f(XIN)/8 00000 : 2 cycles of transfer clocks || Usable Prohibited Prohibited
0000 1: 3 cycles of transfer clocks || Usable Usable Usable
010:f(XIN)/ 16 00000 : 2 cycles of transfer clocks || Usable Usable Usable

Table 3.3.2 SIO1CON3 (address 001Ci6) setting example selecting external synchronous clock

Serial 1/01 control register 3, “n” cycles of transfer clocks

SIO1CON3 (address 001Czis),
Automatic transfer interval set bits

Not using FLDC Transfer clock [0 n cycles

5 cycles of internal system clock

Not using gradation display mode Transfer clock O n cycles

v | IV

17 cycles of internal system clock

Using gradation display mode Transfer clock O n cycles > 27 cycles of internal system clock
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m Set of serial I/O1 transfer counter
e Write the value decreased by 1 from the number of transfer data bytes to the serial I/O1 transfer
counter.
e When selecting an external clock, after writing a value to the serial 1/01 register/transfer counter,
wait for 5 or more cycles of internal system clock before inputting the transfer clock to the serial
I/01 clock pin.

m Serial 1/O initialization bit
A serial I/01 automatic transfer interrupt request occurs when “0” is written to the serial 1/0
initialization bit during an operation. Disable it with the interrupt enable bit as necessary by program.

Notes on serial 1/02
Notes when selecting clock synchronous serial I/O

0 Stop of transmission operation
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scike1, Scikzz and Srovz function as 1/0 ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial I/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

0 Stop of receive operation
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/O, clear the receive enable bit to “0” (receive disabled), or clear the serial 1/02 enable bit
to “0” (serial 1/02 disabled).

O Stop of transmit/receive operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, simultaneously clear both the transmit enable bit and receive enable bit to “0” (transmit
and receive disabled).
(when data is transmitted and received in the clock synchronous serial I/O mode, any one of data
transmission and reception cannot be stopped.)

e Reason

In the clock synchronous serial 1/0 mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial 1/02 enable bit to
“0” (serial 1/02 disabled) (refer to (1), 0O).
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(2) Notes when selecting clock asynchronous serial 1/0

00 Stop of transmission operation
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scike1, Scikez and Srovz function as 1/O ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial I/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

00 Stop of receive operation
As for the serial I/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

00 Stop of transmit/receive operation

Only transmission operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/02 enable bit is cleared to “0” (serial 1/02 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, Scika1, Scike2 and Srovz function as 1/0 ports, the transmission
data is not output). When data is written to the transmit buffer register in this state, data starts to
be shifted to the transmit shift register. When the serial I/02 enable bit is set to “1” at this time,
the data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
As for the serial 1/02 that can be used as either a clock synchronous or an asynchronous (UART)
serial 1/0, clear the receive enable bit to “0” (receive disabled).

(3) Srovz output of reception side
When signals are output from the Srov2 pin on the reception side by using an external clock in the
clock synchronous serial 1/0 mode, set all of the receive enable bit, the Srov2 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

(4) Setting serial 1/02 control register again
Set the serial 1/02 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable
bit (TE) and the receive enable
bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial 1/02 control register Can be set with the
! LDM instruction at
Set both the transmit enable bit the same time
(TE) and the receive enable bit
(RE), or one of them to “1”

Fig. 3.3.4 Sequence of setting serial 1/02 control register again
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(5) Data transmission control with referring to transmit shift register completion flag
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

(6) Transmission control when external clock is selected
When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the serial 1/02 clock input level. Also, write the transmit data to the transmit
buffer register (serial 1/O shift register) at “H” of the serial 1/02 clock input level.

(7) Transmit interrupt request when transmit enable bit is set
The transmission interrupt request bit is set and the interruption request is generated even when
selecting timing that either of the following flags is set to “1” as timing where the transmission
interruption is generated.
e Transmit buffer empty flag is set to “1”
» Transmit shift register completion flag is set to “1”
Therefore, when the transmit interrupt is used, set the transmit interrupt enable bit to transmit
enabled as the following sequence.
0 Transmit enable bit is set to “1”
O Transmit interrupt request bit is set to “0”

e Reason
When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”.

(8) Using TxD pin
The P6s/TxD P-channel output disable bit of UART control register is valid in both cases: using as
a normal I/O port and as the TxD pin. Do not supply Vcc + 0.3 V or more even when using the P6s/
TxD pin as an N-channel open-drain output.
Additionally, in the serial 1/02, the TxD pin latches the last bit and continues to output it after
completing transmission.

3.3.5 Notes on FLD controller

e Set a value of 0316 or more to the Toffl time set register.

e When displaying in the gradation display mode, select the 16 timing mode by the timing number control
bit (bit 4 of FLDC mode register (address 0EF4i16) = “0").
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3.3.6 Notes on A-D converter

(1)

()

3

Analog input pin

m Make the signal source impedance for analog input low, or equip an analog input pin with an
external capacitor of 0.01 pyF to 1 pF. Further, be sure to verify the operation of application
products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

A-D converter power source pin

The AVss pin is A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect it as following :

* AVss : Connect to the Vss line

e Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.

e f(XIN) is 250 kHz or more

* Do not execute the STP instruction and WIT instruction

3.3.7 Notes on D-A converter
(1) PBo/DA state at reset

The PBo/DA pin becomes a high-impedance state at reset.

(2) Connection with low-impedance load

If connecting a D-A output with a load having a low impedance, use an external buffer. It is because
the D-A converter circuit does not include a buffer.

(3) Usable voltage

Vcc must be 3.0 V or more when using the D-A converter.

3.3.8 Notes on PWM

e For PWMo output, “L” level is output first.

e After data is set to the PWM register (low-order) and the PWM register (high-order), PWM waveform
corresponding to new data is output from next repetitive cycle.

Sl

! f

PWMo output data  Modified data is output from next
change repetitive cycle.

Fig. 3.3.5 PWMo output
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3.3.9 Notes on watchdog timer

e The watchdog timer continues to count even while waiting for stop release. Accordingly, make sure that
watchdog timer does not underflow during this term by writing to the watchdog timer control register
(address OEEE1s) once before executing the STP instruction, etc.

e Once a “1” is written to the STP instruction disable bit (bit 6) of the watchdog timer control register
(address OEEE:s), it cannot be programmed to “0” again. This bit becomes “0” after reset.

3.3.10 Notes on reset

(1) Reset input voltage control
Make sure that the reset input voltage is 0.5 V or less for Vcc of 2.7 V.
Perform switch to the high-speed mode when power source voltage is within 4.0 to 5.5 V.

(2) Countermeasure when RESET signal rise time is long
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
* Make the length of the wiring which is connected to a capacitor as short as possible.
» Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

3.3.11 Each port state just after reset

Table 3.3.3 shows a pin state just after reset.

Table 3.3.3 Pin state just after reset

Pin name Pin state
PO, P2 Output port (with pull-down resistor)
P1, P3 Input port (with pull-down resistor)
P4, P5, P6o to P63 Input port (without pull-down resistor) (Note)
P64 to P67, P7, P8o to P83, Input port (floating)
P9, PA, PBo to PBs

Note: Whether built-in pull-down resistors are connected or not can be specified in ordering mask ROM.
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3.3.12 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect
on calculations.

e Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |
flag which is “1”.

C Reset D)

!
| Initializing of flags |
!
| Main program |

Fig. 3.3.6 Initialization of processor status register

O How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status.
A NOP instruction should be executed after every PLP instruction.

/_\_/
(PLP instruction execution) (S)
!
NOP (S)+1 Stored PS
/_\—/

Fig. 3.3.7 Sequence of PLP instruction execution Fig. 3.3.8 Stack memory contents after PHP
instruction execution
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(2) Decimal calculations

0 Execution of decimal calculations
The ADC and SBC are the only instructions which will yield proper decimal notation, set the
decimal mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction,
execute another instruction before executing the SEC, CLC, or CLD instruction.

0 Notes on status flag in decimal mode
When decimal mode is selected, the values of three of the flags in the status register (the N, V,
and Z flags) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared
to “0” if a borrow is generated. To determine whether a calculation has generated a carry, the C
flag must be initialized to “0” before each calculation. To check for a borrow, the C flag must be
initialized to “1” before each calculation.

( Set D flag to “1” )

!
ADC or SBC instruction
!
NOP instruction
!
SEC, CLC, or CLD instruction

Fig. 3.3.9 Status flag at decimal calculations

(3) JMP instruction
When using the JMP instruction in indirect addressing mode, do not specify the last address on a

page as an indirect address.
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3.3.13 Notes on CPU reprogramming mode

(1) Transfer the CPU reprogramming mode control program to the internal RAM before selecting the
CPU reprogramming mode, and then, execute it on the internal RAM. Additionally, when the subroutine
or stack operation instruction is used in the control program, make sure in order not to destroy the
control program transferred to the internal RAM through the stack area.

(2) Be careful of the instruction description (specifying address, and so on) because the CPU reprogramming
mode control program is transferred to the internal RAM and executed on the internal RAM.

(3) Write to the watchdog timer control register periodically in order not to generate the watchdog timer
interrupt by the CPU reprogramming mode control program (refer to “2.9 Watchdog timer”).

3.3.14 Notes on flash memory version

The CNVss pin is connected to the internal memory circuit block by a low-ohmic resistance, since it has
the multiplexed function to be a programmable power source pin (Ver pin) as well.

To improve the noise margin, connect the CNVss pin to Vss through 1 to 10 kQ resistance.

Even when the wiring of the CNVss pin of the mask ROM version is connected to Vss through this resistor,
that will not affect operation.
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3.3.15 Termination of unused pins
(1) Terminate unused pins
[0 Output ports : Open

0 Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ.
As for pins whose potential affects to operation modes such as pin INT or others, select the Vcc
pin or the Vss pin according to their operation mode.

0 1/O ports :

e Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the
I/0 ports for the output mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

 Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and I/O ports :
Do not open in the input mode.
e Reason
« The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

0 1/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

0 1/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.
e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

» At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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3.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.4.1 Shortest wiring length
The wiring on a printed circuit board can function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20 mm).

e Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause
a program runaway.

Noise
/
Reset é !
circuit ¢ RESET
Vss Vss
N.G.
/
Reset
circuit | RESET
Vss"T Vss
O.K.

Fig. 3.4.1 Wiring for the RESET pin
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(2) Wiring for clock input/output pins
» Make the length of wiring which is connected to clock I/O pins as short as possible.
« Make the length of wiring (within 20 mm) across the grounding lead of a capacitor which is
connected to an oscillator and the Vss pin of a microcomputer as short as possible.
» Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss
level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
T U
H——= XIN XN
11 ? 2
I XouT F—Xout
Vss Vss
N.G. O.K.

Fig. 3.4.2 Wiring for clock 1/0 pins

(3) Wiring to CNVss pin
Connect the CNVss pin to the Vss pin with the shortest possible wiring.

e Reason
The processor mode of a microcomputer is influenced by a potential at the CNVss pin. If a
potential difference is caused by the noise between pins CNVss and Vss, the processor mode may
become unstable. This may cause a microcomputer malfunction or a program runaway.

Noise — —
CNVss Aé CNVss
Vss Vss
”
N.G. O.K.

Fig. 3.4.3 Wiring for CNVss pin
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(4) Wiring to Vpp pin of flash memory version

Connect an approximately 5 kQ resistor to the VPP pin the shortest possible in series and also to the
Vss pin. When not connecting the resistor, make the length of wiring between the VPP pin and the
Vss pin the shortest possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

e Reason
The VrpP pin of the flash memory version is the power source input pin for the built-in flash
memory. When programming/erasing in the built-in flash memory, the impedance of the VPP pin
is low to allow the electric current for writing/erasing flow into the flash memory. Because of this,
noise can enter easily. If noise enters the VPP pin, abnormal instruction codes or data are read

from the built-in flash memory, which may cause a program runaway.

Approximately
5 kQ

CNVss/Vpp

Vss

In the shortest
distance

Fig. 3.4.4 Wiring for the VPP pin of the flash memory version

3.4.2 Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 0.1 uF bypass capacitor across the Vss line and the Vcc line as follows:
e Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

e Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.
« Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

« Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

=SV ee Vce
fz] Z24
A 2z
Ere| Vs Vss
N.G. O.K.

Fig. 3.4.5 Bypass capacitor across the Vss line and the Vcc line
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3.4.3 Wiring to analog input pins

« Connect an approximately 100 Q to 1 kQ resistor to an analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to the microcomputer as close as possible.

« Connect an approximately 1000 pF capacitor across the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as possible. Also, connect the capacitor across the analog
input pin and the Vss pin at equal length.

e Reason

Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are
usually output signals from sensor. The sensor which detects a change of event is installed far
from the printed circuit board with a microcomputer, the wiring to an analog input pin is longer
necessarily. This long wiring functions as an antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

If a capacitor between an analog input pin and the Vss pin is grounded at a position far away from
the Vss pin, noise on the GND line may enter a microcomputer through the capacitor.

Noise
(Note)
Microcomputer
( . AN\ Analog
JThermisto input pin
)
> N.G. O.K.
747 Vss
Note : The resistor is used for dividing
resistance with a thermistor.

Fig. 3.4.6 Analog signal line and a resistor and a capacitor
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3.4.4 Oscillator concerns
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason
In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise
occurs because of mutual inductance.

, Microcomputer
. ]
Mutual inductance

Mg%

Large | EXin
current | ~1H-{Xout
—Vss
GND

Fig. 3.4.7 Wiring for a large current signal line

(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines
which are sensitive to noise.

e Reason
Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

-
N.G.
Do not cross CNTR
HZ X
’::l +— XouT
717 Vss

\/

Fig. 3.4.8 Wiring of signal lines where potential levels change frequently
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(3) Oscillator protection using Vss pattern
As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

—

Oscillator wiring
pattern example

XIN
Xout
T Vss

Separate the Vss line for oscillation from other Vss lines

Fig. 3.4.9 Vss pattern on the underside of an oscillator

3.4.5 Setup for I/O ports
Setup 1/O ports using hardware and software as follows:

<Hardware>
» Connect a resistor of 100 Q or more to an 1/O port in series.

<Software>
» As for an input port, read data several times by a program for checking whether input levels are
equal or not.
» As for an output port, since the output data may reverse because of noise, rewrite data to its port
latch at fixed periods.
» Rewrite data to direction registers and pull-up control registers at fixed periods.

Noise
O.K
Data bus AN,
™
N.G. E
Port latch N
I/O port
pins

Fig. 3.4.10 Setup for 1/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer
provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.

This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

« Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the
following condition:
N+1 = ( Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,
the initial value N should have a margin.

* Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

e Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

* Decrements the SWDT contents by 1 at each interrupt processing.

* Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

* Detects that the main routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if
they reach 0 or less.

(' Main routine ) Qnterrupt processing routin@
(SWDT) « N

[(swpT) - (swpT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 3.4.11 Watchdog timer by software
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3.5 Control registers

Port Pi

b7 b6 b5 b4 b3 b2 bl b0
| | PortPi(i=0to 7,9, A)
(Pi: addresses 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1216, 1416)

A A A L Name Functions Atreset|R iW
poLoL 411 O] PortPio e In output mode 00,0
oo s 1| Port Pi1 WILE eeeeeees Port latch 0 0:0
e 2 | Port Piz Read ++eseeee Port latch 0 00
T R 3 | Port Pia e In input mode 0 |0i0
N R S 4 | Port Pia Write eeeeeees Port latch 0 [e}e)
i i e 5 | Port Pis Read «+++---. Value of pin 0 010
e e 6 | Port Pis 0 0:0
et 7 | Port Pi7 0 0:0
Fig. 3.5.1 Structure of Port Pi (i =0-7, 9, A)
Port P8
b7 b6 b5 b4 b3 b2 bl b0
| | Port P8

A b 111 | (P8 address 1016)

E i i i i i i i b Name Functions At reset|R iW
toror b b L]0 [PortP8o e In output mode 0 [Oi0
i i i i i i i Write eeeeeee. Port latch .
R 1| Port P81 Read «eeve-- Port latch 0o |O i O
A 2 [Port P82 e In input mode o |Oi0
T N A Write «eeeeees Port latch :
R 3 | Port P83 Read +-+esee- Value of pin 0 0:0
e | 4 | Nothing is arranged for these bits. When these 0 |XiX
i i Rt | 5| bits are read out, the contents are undefined. 0 X i X
| oo 6] 0 |xiX
ety 7 0 IXiX

Fig. 3.5.2 Structure of Port P8
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Port PB

b7 b6 b5 b4 b3 b2 bl b0

| | Port PB
1 111 1 1 | (PB:address 1616)
A R o Name Functions At reset|R iW
bbb 7O Port PBo e In output mode 0100
A 1| Port PB1 Write «eveeees Port latch 000
A 2 | Port PB2 Read ««eeee- Port latch 0 0:0
i i i i b 3 | Port PB3 e In input mode 0 0.0
A 4 | Port PB4 Write «eeeeeee Port latch 0 00
i i o] 5 | Port PBs Read «+++---. Value of pin 0 o}{e)
P temmmmmmesoooee- 6 | Port PBe 0o |00
o 7 | Nothing is arranged for this bit. When this bit is 0 XX
read out, the contents are undefined. i
Fig. 3.5.3 Structure of Port PB
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
| Port Pi direction register (PiD) (i=1,3t0 7,9, A)
AL 11 1 I [Addresses 0316, 0716, 0916, 0B16, OD16, OF16, 1316, 1516]
A L Name Functions Atreset|R {W
bbb 11 o[ Port Pidirection 0 : Port Pio input mode 0 X0
i i i i i i i register 1: Port Pio output mode :
A A A 1 0 : Port Pi1 input mode 0 |[XiO
A 1 : Port Pi1 output mode i
O 2 0 : Port Pi2 input mode 0 Xi0
SRR L 1 : Port Pi2 output mode !
A 3 0 : Port Pi3 input mode 0 |[XiO
Pl 1 : Port Pis output mode |
o] 4 0 : Port Pi4 input mode 0 X10
P ] 1 : Port Pi4 output mode i
T 5 0 : Port Pis input mode 0 Xi0
Do 1 : Port Pis output mode !
P 6 0 : Port Pis input mode 0 [X!O
i N 1 : Port Pi6 output mode :
G 7 0 : Port Pi7 input mode 0 Xi0
1 : Port Pi7 output mode i

Fig. 3.5.4 Structure of Port Pi direction register (i

=1, 3-7, 9, A)
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Port P8 direction register

b7 b6 b5 b4 b3 b2 bl b0

Port P8 direction register
(P8D: address 1116)

A L) Name Functions At reset|R W
i1t 1 111 |o|PortP8direction |0 : Port P80 input mode 0 [XiO
oo register 1 : Port P80 output mode '
A 1 0 : Port P81 input mode 0 X10
A . 1 : Port P81 output mode i
I N N 2 0 : Port P82 input mode 0 X110
Pl 1 : Port P82 output mode |
A 3 0 : Port P83 input mode 0 Xi0
i i i i 1: Port P83 output mode '
i | 4 | Nothing is arranged for these bits. When these 0 XX
|1 e | 5 | bits are read out, the contents are undefined. 0 X1 X
| tmmmmmmmmnnnnono e 6 | 0o |x:X
bommosemssseoooooooo 7 0 [X:X
Fig. 3.5.5 Structure of Port P8 direction register
Port PB direction register
b7 b6 b5 b4 b3 b2 bl bO
| Port PB direction register

—~ 41 1 1 1 1 | (PBD:address 1716)

A A L Name Functions Atreset|R'W
it bbb | o[ Port PB direction 0 : Port PBo input mode 0 X0
i i i i i i i - register 1 : Port PBo output mode i
A 1 0 : Port PB1 input mode 0 X:0
poror e 1: Port PB1 output mode i
N 2 0 : Port PB2 input mode 0 Xi0
oo . 1 : Port PB2 output mode |
A 3 0 : Port PB3 input mode 0 X0
P 1 : Port PB3 output mode

A 4 0 : Port PB4 input mode 0 X110
. | 1: Port PB4 output mode i
I 5 0 : Port PBs input mode 0 Xi0
o | 1 : Port PBs output mode

i i 6 0 : Port PB6 input mode 0 i
b 1 : Port PB6 output mode :

i 7 | Nothing is arranged for this bit. When this bit is 0 i
‘ST read out, the contents are undefined. i

Fig. 3.5.6 Structure of Port PB direction register

38B7 Group User's Manual

3-37



APPENDIX

3.5 Control registers

Serial 1/01 automatic transfer data pointer

b7 b6 b5 b4 b3 b2 bl b0

Serial I/O1 automatic transfer data pointer
(SIO1DP: address 1816)

A Functions Atreset|R W
i i i i i i i --1.0 |« Indicates the low-order 8 bits (0016 to FF16) of |Undefined| O E O
A | 1| the address storing the start data on the serial |Undefined| O 'O
A | 2| 1/0 automatic transfer RAM. Undefined| O 1 O
i | 3 |+ Data is written into the latch and read from the [Undefined| O 1O
A B 1 4 | decrement counter. Undefined| O 1 O
T 1 5 | Undefined| © 1O
| Emmmemmmmmmmmmmeooee | 6 | Undefined| O 1 O
mommmmmmmmemmeeooe- 7 Undefined| O 1O
Fig. 3.5.7 Structure of Serial I/01 automatic transfer data pointer
Serial 1/01 control register 1
b7 b6 b5 b4 b3 b2 bl b0
| | Serial I/0O1 control register 1

Lt L1 (SIOLCON1.SC11: address 1916)
Pl bbb Name Functions At reset| R W
T T T T R R i blb0 . 0.0
L 1" |selecionbts [00iserial o disabied | |
T T T R T B (Pins PBo—PBs pins '
T A are 1/0 ports.) |
i i i i i i i — 0 1: 8-bit serial I1/0 !
A 1 1 0: Not available 0 0.0
i i i i i i o] 1 1: Automatic transfer !
I B S serial 1/0O (8 bits) :
A 2 [ Serial 1101 b32 0 |00
i i i i i i synchronous clock 0 0: Internal synchronous :
. selection bits g'c?r%'; (PB3 pin is /0 i
oo (PBS/SISE.H pin 0 1: External synchronous i
oo control bits) clock (PB3 pin is I/O |
T R - port.) '
Pl 3 1 0: Internal synchronous 0o |OiO
I R R clock (PB3 pin is i
T T T SsTB1 output.) !
A T R 1 1: Internal synchronous i
oo clock (PB3 pin is i
i i i i SsTB1 output.) !
A 4 | serial 10 0: Serial /0 initialization o [Oj0
o initialization bit 1: Serial I/0 enabled i
P 5 | Transfer mode 0: Full-duplex 0 0i0
Pl selection bit (transmit/receive) mode :
T (PB6 pin is SIN1 input.) !
o 1: Transmit-only mode |
i i (PBs pin is I/O port.) !
b 6 | Transfer direction | 0: LSB first 0 0i0
D] selection bit 1: MSB first |
i 7 | Serial 1/01 clock pin| 0: ScLk11 (PBo/ScLki2 pin o |00
L selection bit is 1/0 port.) !

1: ScLk12 (PB4/ScLk11 pin :

is 1/0 port.) !

Fig. 3.5.8 Structure of Serial 1/01 control register 1
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Serial 1/01 control register 2

b7 b6 b5 b4 b3 b2 bl b0

Serial 1/01 control register 2
(SIO1CON2 « SC12: address 1A16)

b

Name

Functions

At reset|R iW

0 [PB1/SRDY1 *
PB2/SBusY1 pin
control bits

Fmm——————————

|

i b3b2b1b0
i 00 0 0: PB1, PB2 pins are I/O ports.
' 000 1: Not used

0 0 1 0: PB1 pin is SRDY1 output; PB2 pin is

1/0 port.

001 1: PB1 pin is SRDY1 output; PB2 pin is

1/0 port.

010 0: PB1 pinis I/O port; PB2 pin is

SBUSY1 input.

010 1: PB1 pinis I/O port; PB2 pin is

SBUSY1 input.

011 0: PB1pinis I/O port; PB2 pin is

SBUSY1 output.

011 1:PB1pinis /O port; PB2 pin is

SBUSY1 output.

1 00 0: PB1 pin is SRDY1 input; PB2 pin is

SBUSY1 output.

100 1: PB1 pinis SRDY1 input; PB2 pin is

SBUSY1 output.

101 0: PB1 pin is SRDY1 input; PB2 pin is

SBUSY1 output.

101 1: PB1 pin is SRDY1 input; PB2 pin is

SBUSY1 output.

3 11 00: PB1 pin is SRDY1 output; PB2 pin is

SBUSY1 input.

110 1: PB1 pin is SRDY1 output; PB2 pin is

SBUSY1 input.

111 0: PB1 pin is SRDY1 output; PB2 pin is

SBUSV1 input.

111 1: PB1 pinis SRDY1 output; PB2 pin is

SBUSY1 input.

o |00

mode)

4 |SBuUSY1 output
SsTB1 output

function selection bit| 1:
(Valid in serial /01
automatic transfer

0: Functions as signal for
each 1-byte

Functions as signal for
each transfer data set

5 |Serial transfer 0: Serial transfer
status flag

completed
1: Serial transfer in-
progress

6 |SouT1 pin control 0: Output active
bit (when serial data| 1: Output high-impedance
is not transferred)

~

PBs/Sout1 P-channel [0: CMOS 3 state (P-
output disable bit

channel output is valid.)
1: N-channel open-drain

is invalid.)

output (P-channel output

Fig. 3.5.9 Structure of Serial 1/01 control register 2
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Serial I/O1 register/Transfer counter

b7 b6 b5 b4 b3 b2 bl b0

Serial /01 register/Transfer counter
(SIO1: address 1B16)

b

Name

Functions

At reset

rm—————————

0

«In 8-bit serial I/0

mode:

Serial /01 register

¢In automatic transfer

serial I/O mode:

Transfer counter

At function as serial 1/01
register:

This register becomes the
shift register to perform
serial transmit/reception.
Set transmit data to this
register.
The serial transfer is started
by writing the transmit data.

*At function as transfer
counter:

Set (transfer byte number —
1) to this register.
When selecting an internal
clock, the automatic
transfer is started by writing
the transmit data.
(When selecting an external
clock, after writing a value
to this register, wait for 5 or
more cycles of the internal
system clock before
inputting the transfer clock
to the Scik1 pin.)

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Undefined

Fig. 3.5.10 Structure of Serial 1/01 register/Transfer counter
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Serial 1/01 control register 3

b7 b6 b5 b4 b3 b2 bl b0
| Serial /01 control register 3
(SIO1CONB3 « SC13: address 1C1e6)

b Name Functions At reset| R iW

0 | Automatic transfer %4%3%2%18? 2 cycles of 0 00

interval set bits transfer clock
— (valid only when 0000 1: 3cycles of 0 o)
. 1 | selecting internal transfer clock

synchronous clock) to

2 11110: 32 cycles of 0 O
N transfer clock
1111 1:33cycles of

3 transfer clock 0 O

|| Data is written into the
4 latch and read from the 0 @)
Voo decrement counter.

synchronous clock 00 0: f(XiN)/4 or f(XcIN)/8

i 5 | Internal b7bGbS 0 O
R e e e selection bits 001: f(XIN)/8 or

! f(Xcin)/16
i 010:f(XiN)/16 or
i — f(XcIN)/32 0 0O

©)

011:f(XiNn)/32or
f(XcIN)/64

VT 100 : f(XIN)/64 or

i f(XcIN)/128

i — 10 1:f(XiN)/128 or

7 f(XCIN)/256 0 |0

11 0: f(XiN)/256 or
f(XcIN)/512

111:Notused

Fig. 3.5.11 Structure of Serial I/01 control register 3
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Serial 1/02 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial /02 control register
(SIO2CON: address 1D1s6)

bit (SIOE)

b Name Functions At reset|R iW
0 | BRG count source | 0: f(XIN) or f(XcIN)/2 or 0 O : O
selection bit (CSS) f(XcIN) :
1: f(XiNn)/4 or f(XcIN)/8 or i
f(XcIN)/4 |
1 [Serial 1102 *In clock synchronous 0 O
synchronous clock | mode :
selection bit 0: BRG output/4 |
(SCS) 1: External clock input i
+In UART mode i
0: BRG output/16 i
1: External clock input/16 i
2 | SRDY2 output 0: P67 pin operates as 0 O :
enable bit (SRDY) normal I/O pin :
1: P67 pin operates as :
SRDY2 output pin !
3 | Transmit interrupt | 0: When transmit buffer 0 Oi
source selection bit has emptied :
(TIC) 1: When transmit shift !
operation is completed :
4 | Transmit enable bit |0: Transmit disabled 0 O
(TE) 1: Transmit enabled E
5 [ Receive enable bit | 0: Receive disabled 0 O
(RE) 1: Receive enabled |
6 | Serial I/02 mode | 0: Clock asynchronous 0 |O
selection bit (SIOM) serial /0 (UART) mode '
1: Clock synchronous |
serial /0O mode !
7 | Serial /02 enable | 0: Serial I/02 disabled 0 o}

(pins P64—P67 operate
as normal 1/O pins)

1: Serial 1/02 enabled
(pins P64—P67 operate
as serial 1/0 pins)

Fig. 3.5.12 Structure of Serial 1/02 control register
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Serial 1/02 status register

b7 b6 b5 b4 b3 b2 bl b0

Serial I/02 status register
(SIO2STS: address 1E16)

A A L Name Functions Atreset|R W
bbb b1 | o [Transmit buffer 0: Buffer full 0 O:0
A empty flag (TBE)  |1: Buffer empty |
A 1 | Receive buffer full  [0: Buffer empty 0 :
(I T S S A flag (RBF) 1: Buffer full !
oo 2 | Transmitshift 0: Transmit shift in progress] 0 [O!O
A register shift 1: Transmit shift completed ;
. completion flag !
BEEN (TSC) a
i i i i i 3 [Overrun error flag  |0: No error 0 o0
oL T (CE) 1: Overrun error |
A 4 | Parity error flag 0: No error 0 0:0
b (PE) 1: Parity error |
A 5 |Framing error flag  [0: No error 0 [e}e)
i i (FE) 1: Framing error i
A 6 |Summing error flag [0: (OE) U (PE) U (FE)=0 0 0:0
! (SE) 1: (OE)U (PE)U (FE) =1 !
! 7 | Nothing is arranged for this bit. This is a write 1 O!X
S — disabled bit. When this bit is read out, the :

contents are “1”. !

Fig. 3.5.13 Structure of Serial 1/02 status register
Serial 1/02 transmit/receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
| | Serial 1/02 transmit/receive buffer register

S e N SN K N (TB/RB: address 1F16)
A A L Functions At reset|R W
S i___ 0 | This is the buffer register which is used to write |Undefined| O | O
A | transmit data or to read receive data. Sndofned :
b b | ~ | « At write : The value is written to the transmit ndefined) O ' o
i i i i i l ________ 2 buffer register. The value cannot be |undefined| O 'O
N — written to the receive buffer register. - :
e | 3 | + Atread : The contents of the receive buffer Undefined) O ; O
Plor 4 register is read out. When a Undefined| O 1O
P — character bit length is 7 bits, the - i
[ P 5 MSB of data stored in the receive Undefined| O 1 O
i i ? buffer is “0”. The contents of the Undefined| O i 0
poTTTTTTTTTTTTTTTTTT | transmit buffer register cannot be :
] 7 read out. Undefined| O 1O

Fig. 3.5.14 Structure of Serial 1/02 transmit/receive buffer register
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Timer i

b7 b6 b5 b4 b3 b2 bl b0

Timeri(i=1, 3to6)

SN NN N N S S S (Ti: addresses 2016, 2216, 2316, 2416, 2516)
Prb bbb Functions Atreset|R W
i i i i i i i t__| 0 [+ Set timer i count value. 1 O E O
I S T R S S | 1 |« The value set in this register is written to both 1 00
A A . | 2 | the timer i and the timer i latch at one time. 1 |00
A T | 3 |» When the timer i is read out, the count value 1 0.0
T T | 4 | of the timeriis read out. 1 0.0
R T Y | 5 | 1 (OH®)
N S | 6 | 1 (OH©)
b e 7 1 |00
Fig. 3.5.15 Structure of Timer i
Timer 2
b7 b6 b5 b4 b3 b2 bl b0
Timer 2
AL 111 1 (T2: address 2116)
i i i i i i i i b Functions Atreset|R EW
i i i i i i i t__] 0 |+ Set timer 2 count value. 1 10 i )
N R S | 1 |« The value set in this register is written to both 0 0:0
A A . | 2 | the timer 2 and the timer 2 latch at one time. 0o [OiO
A T | 3 |» When the timer 2 is read out, the count value 0 0.0
T R N — | 4 | of the timer 2 is read out. 0 0.0
R R Y | 5 | 0 Q.0
A T | 6| 0o |00
b e 7 0 |00
Fig. 3.5.16 Structure of Timer 2
PWM control register

b7 b6 b5 b4 b3 b2 bl b0

| | | PWM control register
A 111 [ (PWMCON: address 2616)
] Name Functions At reset|R iW
bbb b b L o [P9s/PWMo output | 0: 1/O port o [Ol0
Pl selection bit 1: PWMo output |
S A | 1 |Nothing is arranged for these bits. These are 0 OiX
A T S H S, | 2 | write disabled bits. When these bits are read out, 0 O X
S I [ 3 |the contents are *0". 0 O:iX
B 4] 0 _[oix
N S — | 5 | 0 [OiX
S —— 6| 0o |OX
S 7 0 ]0iX

Fig. 3.5.17 Structure of PWM control register
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Timer 6 PWM register

b7 b6 b5 b4 b3 b2 bl b0
| | Timer 6 PWM register
(T6PWM: address 2716)

R

1 1 1 1 1 1 1 1 1
A A L Functions At reset| R IW
toror bbb b g e timer 6 PWM1 mode Undefined| O} O
i i i i i i i """1— “L” level width of PWM rectangular waveform is set. . !
A S 1 [+ Duty of PWM rectangular waveform: n/(n + m) Undefined| O1 O
I T A A A 1 Period: (n+ m) x ts ) T
A i n = timer 6 set value Undefined) O+ O
i i i i i ___________ 3 | {m = timer 6 PWM register set value Undefined| O O
oo L | ts = timer 6 count source period i
T R S 4| Atn=0,all PWM output “L". Undefined| O O
oo —1 Atm =0, all PWM output “H". : OE 0
b} e | 5| (However, n = 0 has priority.) Undefined) O
b 6 | Selection of timer 6 PWM1 mode Undefined| O O
i """"""""""" || Set“1” to the timer 6 operation mode selection bit. :

b ] 7 Undefined| O1 O

Fig. 3.5.18 Structure of Timer 6 PWM register

Timer 12 mode register

b7 b6 b5 b4 b3 b2 bl b0
| Timer 12 mode register
(T12M: address 2816)

B 1 0: f(XIN)/16 or F(XCINY/32

1 1: f(XIN)/64 or f(XCIN)/128
4 [Timer 2 count b5 b4 0 0:0

A L Name Functions At reset|R W
i 1 1 1 i__|o|Timer1countstop [0: Count operation 0 0:0
i i i i bit 1: Count stop

Pl ] 1 | Timer 2 count stop |0: Count operation 0

P bit 1: Count stop

P i b3 b2

I S— 2 ;')rﬂfcrels‘;‘l’:;fon 0'0: f(XIN)/8 or f(XCIN)/16 0

o 0 1: f(XcIN)

S— source selection 0 0: Timer 1 underflow

|| bits 0 l f(XcIN) _
5 1 0: External count input 0 0'0
tmmmmmmmmmmmme oo CNTRo
1 1: Not available
b 6 | Timer 1 output 0: 1/0 port 0 0:0
selection bit (P75)  [1: Timer 1 output
7 |Nothing is arranged for this bit. This is a write 0 O X

““““““““““““ disabled bit. When this bit is read out, the
contents are “0".

Fig. 3.5.19 Structure of Timer 12 mode register
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Timer 34 mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer 34 mode register
(T34M: address 2916)

A A L Name Functions Atreset| R W
i1 11 1 1 1 1 _|o]|Timer3countstop [0: Count operation 0 00
A bit 1: Count stop i
A A T R 1 [ Timer 4 count stop |0: Count operation 0 O:0
A bit 1: Count stop !
T R i b3 b2 T
R T 2 -srgSrecre:gsc(:ecI):;tion 0 O: f(XIN)/8 or f(XCIN)/16 0 O: &
oo L bits 0 1: Timer 2 underflow :
T A A 3 1 0: f(XIN)/16 or f(XCIN)/32 !
Pl 1 1: f(XIN)/64 or f(XCIN)/128 l
oo 4 | Timer 4 count bS ba 0 00
i i i e source selection 00: f(?(IN)/S or f(XC”\')/lG 1
Pl bits 0 1: Timer 3 underflow i
P 5| 1 0: External count input 0 o Xle)
O CNTR1 !
b 1 1: Not available i
b 6 | Timer 3 output 0: 1/0 port 0o |[OiO
I selection bit (P76)  [1: Timer 3 output :
i 7 | Nothing is arranged for this bit. This is a write 0 O X
R — disabled bit. When this bit is read out, the i

contents are “0". i

Fig. 3.5.20 Structure of Timer 34 mode register
Timer 56 mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer 56 mode register

11 L L L | (T56M: address 2Az6)
i i Pl b Name Functions Atreset|R W
{11 1 1 1 i_]o[Timer5countstop |0: Count operation 0 |o0iO0
bt i i i i i bit 1: Count stop '
A 1 | Timer 6 count stop |0: Count operation 0 O:0
SR bit 1: Count stop |
A A 2 [Timer 5 count 0: f(XIN)/8 or f(XCIN)/16 0 |00
P source selection bit [1: Timer 4 underflow '
A 3 | Timer 6 operation |0: Timer mode o |OiO
A mode selection bit [1: PWM mode !
bl - b5 b4 -
R 4 | Timer 6 count 0 0: f(XIN)/8 or f(XCIN)/16 0 |00
Pl |__[source selection g 1: Timer 5 underflow |
A 5 | bits 1 0: Timer 4 underflow 0 00
o 1 1: Not available |
o 6 | Timer 6 (PWM) 0: 1/0 port 0o |[OiO
e output selection bit |1: Timer 6 output
i (P74)
i 7 [Nothing is arranged for this bit. This is a write 0

disabled bit. When this bit is read out, the

contents are “0”.

Fig. 3.5.21 Structure of Timer 56 mode register
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3.5 Control registers

D-A conversion register

b7 b6 b5 b4 b3 b2 bl b0

D-A conversion register
(DA: address 2B16)

A A L Functions At reset|R W
S R o | *This is a register for set of D-A conversion 0 loXe)
A — output value. i
bbb T | 1 | « D-A conversion is performed automatically by 0 0.0
i i i i i lecmmmmem 2 | setting a value in this register. 0 00
] e 3 o |oio
I 4 o |olo
I 5 N eXe
| dmmmmeenno oo 6 o |oio
R 7 o |olo
Fig. 3.5.22 Structure of D-A conversion register
Timer X (low-order, high-order)
b7 b6 b5 b4 b3 b2 bl b0
Timer X (low-order, high-order)
~ Attt (TXL, TXH: addresses 2Cie, 2D16)
A A Functions At reset|R W
i i i i i i i :‘---L * Set timer X count value. 1 () 'o
A 1 | * When the timer X write control bit of the timer 1 |olo
N —1 X mode register 1 is “0”, the value is written to 1 o0
i i i i i oo 12| timer X and the latch at one time. i
I T S T S — | 3| When the timer X write control bit of the timer 1 0:0
A 4| X mode register 1 is “17, the value is written 1 |oio
P = | only to the latch. i
i i """"""""" S| « The timer X count value is read out by reading 1 © Eo
b e | 6| this register. 1 |00
b e 7 1 |oio

order and low-order bytes.

Notes 1: When reading and writing, perform them to both the high-

2: Read both registers in order of TXH and TXL following.

3: Write both registers in order of TXL and TXH following.

4: Do not read both registers during a write, and do not write to

both registers during a read.

Fig. 3.5.23 Structure of Timer X (low-order, high-order)
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3.5 Control registers

Timer X mode register 1

b7 b6 b5 b4 b3 b2 bl b0
| | | Timer X mode register 1
(TXM1: address 2E16)

———————————— disabled bit. When this bit is read out, the
contents are “0”".

bbb Name Functions Atreset|R 'W
bbb | o] Timer X write 0 : Write value in latch and 0 0:0
i i i i - control bit counter

I 1 : Write value in latch only

1 1 1 1 ] b b

A 1 | Timer X count 3'6: f(XiNY/2 or f(XCIN)/4 o |00
P || source selection bits{ g 1. f(xn)/8 or f(XCIN)/16 .
P 2 1 0: f(XIN)/64 or f(XCIN)/128 0 0.0
bl 1 1: Not available

i i 3 | Nothing is arranged for this bit. This is a write 0 O X

4 | Timer X operating [b5b4 0 O:0
(R mode bits 00 : Timer mode
0 1: Pulse output mode
5 1 0 : Event counter mode 0 0.0

11 : Pulse width

measurement mode

switch bit pulse output mode
«Count at rising edge in
event counter mode
*Measure “H” pulse
width in pulse width
measurement mode

1: «Start from “L” output in
pulse output mode
«Count at falling edge in
event counter mode
*Measure “L” pulse
width in pulse width
measurement mode

7 | Timer X stop 0 : Count operating 0 ®)
control bit 1: Count stop

6 | CNTR2 active edge |0 : *Start from “H” outputin| 0  [OiO

Fig. 3.5.24 Structure of Timer X mode register 1
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3.5 Control registers

Timer X mode register 2

b7 b6 b5 b4 b3 b2 bl bo

Timer X mode register 2

(TXM2: address 2F16)

bbb bbb b Name Functions At reset|R {W
P14 b b1 [0 [Realtime port control |0: Real time port function is 0 00
A O A O LA G invalid :
T A 1: Real time port function is i
EEEEEE val :

i i i i i i i 1 |Real time port control | 0: Real time port function is 0 O E O
A A bit (P9s) invalid !
I 1: Real time port function is i
REREE vai =
i i i i i i ________ 2 |P94 data for real time | 0: “L” output 0 00
T R T port 1: “H” output i
S 3 |P9s data for real time | 0: “L” output 0 00
i i i i port 1: “H” output |

i i i B | 4 | Nothing is arranged for these bits. These are 0 0 X
i i e | 5 | write disabled bits. When these bits are read 0 o' X
R T 6 | out, the contents are “0". 0o |OoiX
Ieommmmeeoeeoeo oo 7 0o [o:X

Fig. 3.5.25 Structure of Timer X mode register 2
Interrupt interval determination register
b7 b6 b5 b4 b3 b2 bl b0
| | Interrupt interval determination register

ALttt (IID: address 3016)

A A Functions At reset|R W
i i i i i i i :‘---L « This register stores a value which is obtained 0 O ' X
A 1| by counting a following interval with the 0 OiX
N —1 counter sampling clock. :
e | 2| Rising interval o _[© | X
R | 3| Falling interval 0 |o'X
A 4| Both edges interval (Note) 0 |oix
P =1 (Selected by interrupt edge selection register) :
N R 5 _ ) 0 OiX
P — « Read exclusive register ;
O 6 0o [O:X
. 7 o |oix

Note: When the noise filter sampling clock selection bits (bits 2, 3) of
the interrupt interval determination control register is “00”, the

both-sided edge detection function cannot be used.

Fig. 3.5.26 Structure of Interrupt interval determination register
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3.5 Control registers

Interrupt interval determination control register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt interval determination control register
(IDCON: address 3116)

A A L Name Functions At reset|R W
bbb bbb o |interruptinterval 0: Stopped 0 00
A determination circuit| 1: Operating i
N operating selection |
EERREE bit e
S R A 1 | Counter sampling | 0: f(XIN)/128 or f(XCIN) 0 00
i i i i i i clock selection bit | 1: f(XIN)/256 or f(XcIN)/2 i
AR A ise f B8 Fiter i ’
I 2 gacl)rfsnfr:léeélock 0302: Filter is not used. 0 O: O
T T T _— . . 0 1: f(XIN)/32 or f(XCIN) :
P L] 3 | selection bits (INT2) |1 o texin)/64 or f(XCIN)/2 e
Pl 1 1: f(XiIN)/128 or f(XcIN)/4 i
b 4 | One-sided/both- 0: One-sided edge 0 00
N sided edge detection |
P detection selection | 1: Both-sided edge i
Pl bit detection (Note) i
ey | 5 |Nothing is arranged for these bits. These are 0 O X
R ambu e L e LU LU 6 |write disabled bits. When these bits are read 0 O!'X
o] "7 | out, the contents are “0”. 0 O X

Note: When the noise filter sampling clock selection bits (bits 2, 3) is
“00”, the both-sided edge detection function cannot be used.

Fig. 3.5.27 Structure of Interrupt interval determination control register

3-50

38B7 Group User’'s Manual




APPENDIX

3.5 Control registers

AD/DA control register

b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register
(ADCON: address 3216)

A A L) Name Functions At reset|R iW
i i i i i i i i 0 [ Analog input pin b3 b2 bl b0 0 ©) io
A selection bits 000 0: PA0/ANO |
A 000 1: PAL/AN1 |
A 001 0: PA2/AN2 |
T T T T ] 001 1: PA3/AN3 i
AR A 1 010 0: PA4/ANa o |oio
I I A N R LS 010 1: PAs/ANs '
AR 011 0: PA6/AN6 |
A | 0111: PA7/AN7 :
Pl 2 1 0 0 0: P9o/SIN3/ANs 0 |Oio
T S R R T 100 1: P91/SouT3/AN9 i
Polon o 10 1 0: P92/ScLk3/AN10 |
T A 101 1: P93/SRDY3/AN11 |
oo 3 110 0: P94/RTP1/AN12 ;
Pl 110 1: P9s/RTPO/AN13 °c ]0:0
S A R 111 0: P9s/PWMo/AN14 !
T 111 1: P97/Buzo2/AN15 |
P i_ ______________ 4 | AD conversion 0: Conversion in progress 1 10
P completion bit 1: Conversion completed |
P 5 | Nothing is arranged for this bit. This is a write 0 !
P hemmemm e disabled bit. When this bit is read out, the |
Vo contents are “0”. !
A 6 | DA output enable | 0: DA output disabled 0 0.0
! bit 1: DA output enabled '
i 7 | Nothing is arranged for this bit. This is a write 0 [OiX
e disabled bit. When this bit is read out, the |
contents are “0". i
Fig. 3.5.28 Structure of AD/DA control register
A-D conversion register (low-order)
b7 b6 b5 b4 b3 b2 bl b0
| | | A-D conversion register (low-order)
bbbl (ADL: address 3316)
bbb |b Functions Atreset|R IW
A A L---i Nothing is arranged for these bits. These are write Undefined| O | X
I T T B B S 1 | disabled bits. When these bits are read out, the Undefined| O | X
A SO 5| contents are “0". Undefined| O | X
R 3] Undefined| O | X
A [ 4] Undefined| O 1 X
{ o} demeemmeeeecoeeeas 5 Undefined[ O | X
i R —— | 6 | These are A-D conversion result (low-order 2 bits) Undefined| O ' X
L 7 | stored bits. This is read exclusive register. Undefined| O : X

Note: Do not read this register during A-D conversion.

IEig. 3.5.29 Structure of A-D conversion register (low-order)
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3.5 Control registers

A-D conversion register (high-order)

b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (high-order)
(ADH: address 3416)

b1 |b Functions Atreset|R iW
vt b b 11 [ o Thisis A-D conversion result (high-order 8 bits) stored [Undefined| O ' X
A T A | 1 | bits. This is read exclusive register. Undefined| O 1 X
R 2 ] Undefined| O | X
T T T S VO — | 3| Undefined| O 1 X
A | 4 | Undefined| O | X
S 5] Undefined| O 1 X
N S 6| Undefined[ O | X
b 7 Undefined[ O T X
Note: Do not read this register during A-D conversion.
Fig. 3.5.30 Structure of A-D conversion register (high-order)
PWM register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
| | | PWM register (high-order)

Attt 11 (PWMH: address 3516)

A A L Functions At reset|R W
i i i i i i i i___ 0 [« High-order 8 bits of PWMo output data is set.  |undefined| O ¥e)
A | * The values set in this register is transferred to ) :
A | 1| the PWM latch each sub-period cycle (64 ps). |Undefined| O | o
R 2| (Atf(Xm) =4 MHz) Undefined| O 1O
i i i i i 1« When this register is read out, the value of the : *
oo T | 3| PWM register (high-order) is read out. Undefined[ O | O
Pl R 4 Undefined| O 1O
P o] emmmmmmnnnooed 5 Undefined| O { O
i G E LR 6 Undefined| O 1O
b 7 Undefined OEO

Fig. 3.5.31 Structure of PWM register (high-order)
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3.5 Control registers

PWM register (low-order)

b7 b6 b5 b4 b3 b2 bl b0

PWM register (low-order)
(PWML: address 3616)

A A A Functions Atreset|R'W
ii ii i ii L“ 0 | * Low-order 6 bits of PWMo output data is set.  [undefined| O 1O
T * The values set in this register is transferred to ) !
AR | 1| the PWM latch at each PWM cycle period Undefined) O ;O
N 2| (4096 ps). Undefined| O 1 O
Pl —1 (At f(Xin) = 4 MHz) : i
Popop o T | 3 |« When this register is read out, the value of the [Undefined| O ;O
S — 4| PWM latch (low-order 6 bits) is read out. Undefined| O 1O
i i Pommmmmmmmmmeeoo 5 Undefined| O }O
i i 6 NangBanwpedmrm$memsana UmamaiOiD
|t write disabled bit. When this bit is read out, the i
i contents are “0”. ;
i 7 |* This bit indicates whether the transfer to the Undefined| O : 0
! PWM latch is completed. :
e 0: Transfer is completed !
1: Transfer is not completed i
* This bit is set to “1” at writing. i
Fig. 3.5.32 Structure of PWM register (low-order)
Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
| | Baud rate generator

111t I (BRG: address 3716)
E E i i i i i i b Functions Atreset|R W
i i i i i i i Lo 0 | * Bit rate of the serial transfer is determined. Undefinedl O 'O
A [~ * This is the 8-bit counter and has the reload ) i
i i i i i i i register. Undefined OEO
s 2| The count source is divided by n+1 owing to  |undefined| O | O
T B ] specifying a value n. :
R 3 Undefined| © {0
e 4 Undefined ()i()
ol e 5 Undefined| O 1O
i tommmmmmm oo 6 Undefined| O {1 O
e e, 7 Undefined OEO

Fig. 3.5.33 Structure of Baud

rate generator
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3.5 Control registers

UART control register

b7 b6 b5 b4 b3 b2 bl b0

UART control register
(UARTCON: address 3816)

contents are “1".

disabled bit. When this bit is read out, the

b Name Functions At reset|R W
0 |Character length 0: 8 bits 0 00
selection bit (CHAS)|1: 7 bits !

1 [ Parity enable bit 0: Parity checking disabled 0 0.0
(PARE) 1: Parity checking enabled :

2 | Parity selection bit [0: Even parity 0 00
(PARS) 1: Odd parity i
3 |Stop bit length 0: 1 stop bit 0 0.0
selection bit (STPS) |1: 2 stop bits ,

4 [P65/TxD P-channel | 0: CMOS output (in output 0 Oi O
output disable bit mode) i
(POFF) 1: N-channel open-drain i

output (in output mode) '

5 [BRG clock switch bit| 0: Xin or Xcin/2 (depending 0 00

on internal system clock) :
1: XciN !
6 [ Serial 1/02 clock 0: Scikz1 (P67/Scikz2 pin is 0 0:0
I/O pin selection bit used as I/0 port or Sroy2 |
output pin.) i
1: Scik22 (P66/ScLk21 pin is i
used as I/O port.) i
7 | Nothing is arranged for this bit. This is a write 1 O | X

Fig. 3.5.34 Structure of UART control register
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3.5 Control registers

Interrupt source switch

register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source switch register
(IFR: address 3916)

Pl bbb Name Functions Atreset|R W
bbb bbbt |o]INTs/serial IO2  o: INTs intrrupt 0 |0i0
Pl - transmit interrupt 1: Serial 1/02 transmit |
S switch bit interrupt :
bbb 1 [INT4/A-D 0: INT4 interrupt 0 0:0
I R R Lt e conversion interrupt [1: A-D conversion intrerrupt !
A switch bit i
A 2 |[INT1/serial 1103 0: INT1 intrrupt 0 0i0
oo interrupt switch bit [ 1: Serial I/O3 interrupt |
Vol - 3 [Nothing is arranged for these bits. These are write 0 O X
T S S — "4 | disabled bits. When these bits are read out, the 0 O X
L 5| contents are “0". 0 O X
| temmmmooeoomneeeo 6| 0o_[oix
e EEE e 7 0 |OiX

Fig. 3.5.35 Structure of Interrupt source switch register
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3.5 Control registers

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register
(INTEDGE : address 3Az16)

Prr bbb |b Name Functions At reset|R iW
i t 111 11 [o[INTointerrupt edge [0 : Falling edge active 0 O i O
b P selection bit 1 : Rising edge active !
{111 |1 [INTiinterruptedge |0 : Falling edge active o |00
AR i selection bit 1 : Rising edge active i
i i i i i ] 2 |INT2 interrupt edge [0 : Falling edge active 0 @) i @)
I selection bit 1 : Rising edge active !
A N S 3 |INTs interrupt edge |0 : Falling edge active 0o |00
P selection bit 1 : Rising edge active i
b ] 4 [INT4 interrupt edge |0 : Falling edge active 0o |OiOo
i i i selection bit 1 : Rising edge active i
i P 5 [Nothing is arranged for this bit. This is a write 0 O 1 X
bl Temmmm ] disabled bit. When this bit is read out, the !
o contents are “0”. |
Py 6 [CNTRo pin edge |0 : Rising edge count 0 0:0
i switch bit 1: Falling edge count i
e 7 [CNTR1 pin edge 0 : Rising edge count 0 0i0
switch bit 1 : Falling edge count '

Fig. 3.5.36 Structure of Interrupt edge selection

register
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3.5 Control registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

1| | 0 | 0 CPU mode register
| — (CPUM: address 3B16)

clock selection bit

mode)

(middle-/high-speed

1: XcIN—XcouT selection
(low-speed mode)

i i i bbb Name Functions At reset|R iW
e i i i i .| 0| Processor mode 00 ; Single-chip mode 0 0:0
I A T T _— 01: ;
T R T R 1 10 :} Not available 0 0:0
AR 11 ;
SR N A 2 | Stack page 0:Page 0 e
P selection bit 1:Page 1 :
A 3 | Fix this bit to “1”. 1 |00
i i i i 4 | Port Xc switch bit [ 0: /0 port function 0 [oiO
Podo1 Remmmmmeee e 1: XcIN-XcouT oscillation |
P function :
P 5 | Main clock (XIN- 0: Oscillating 0 0.0
o XouT) stop bit 1: Stopped !
o 6 | Main clock division |0: f(Xin) (high-speed mode)| 1 00
po T ratio selection bit | 1: f(XiN)/4 (middle-speed |
! mode) i
i 7 | Internal system 0: XIN—-XouT selection 0 0:0

Note: B6, b7 function in the CPU reprogramming mode is described below.

6

Main clock division |72
ratio selection bits

mode)
speed mode)

speed mode)
1 1: Not available

0 0: @ = f(XiIN) (high-speed

0 1: @ =f(XIN)/4 (middle-

1

)

O

1 0: @ = f(XcIN)/2 (low-

O

Fig. 3.5.37 Structure of CPU mode register
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3.5 Control registers

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1
(IREQ1 : address 3C1s6)

S ————

b Name Functions At reset|R iW
0 [INTo interrupt 0 : No interrupt request 0 o0
request bit issued :

1 : Interrupt request issued l

1 [INTu/serial /O3 |0 : No interrupt request 0 |00

interrupt request bit issued !
1: Interrupt request issued i

2 | INT2 interrupt 0 : No interrupt request 0 Oi O
request bit issued '
Remote controller |1 : Interrupt request issued i
/counter overflow !
interrupt request bit :

3 | Serial /01 interrupt | O : No interrupt request 0 O:0
request bit issued !
Serial /0 automatic| 1 : Interrupt request issued i
transfer interrupt i
request bit !

4 [Timer Xinterrupt [0 : No interrupt request 0 oo
request bit issued i

1 : Interrupt request issued |

5 | Timer 1interrupt [0 : No interrupt request 0 O 0

request bit issued !
1 : Interrupt request issued i

6 | Timer 2 interrupt 0 : No interrupt request 0 o0

request bit issued :
1 : Interrupt request issued !

7 [Timer 3interrupt [0 : No interrupt request 0 |Oi0

request bit issued !
1: Interrupt request issued i

0: “0” can be set by software, but “1” cannot be set.

Fig. 3.5.38 Structure of Interrupt request register 1
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3.5 Control registers

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2
(IREQ2 : address 3Dz16)

b Name Functions At reset|R W
0 | Timer 4 interrupt 0 : No interrupt request issued 0 i O
request bit 1 : Interrupt request issued !

1 | Timer 5 interrupt 0 : No interrupt request issued 0 o0
request bit 1 : Interrupt request issued :

2 | Timer 6 interrupt 0 : No interrupt request issued 0 Oi O
request bit 1: Interrupt request issued ;

3 | Serial I/O2 receive |0 : No interrupt request issued 0 Oi ad
interrupt request bit | 1 : Interrupt request issued !

4 | INT3/Serial 1102 0 : No interrupt request issued 0 o0
transmit interrupt 1 : Interrupt request issued |
request bit :

5 | INT4 interrupt 0 : No interrupt request issued 0 Oi O
request bit 1 : Interrupt request issued :
A-D converter |
interrupt request bit !

6 | FLD blanking 0 : No interrupt request issued 0 o0
interrupt request bit | 1 : Interrupt request issued i
FLD digit interrupt i
request bit i
7 [ Nothing is arranged for this bit. This is a write 0 OiX
disabled bit. When this bit is read out, the contents !
are “0". i

(: “0” can be set by software, but “1” cannot be set.

Fig. 3.5.39 Structure of Interrupt request register 2
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3.5 Control registers

Interrupt control register 1

b7 b6 b5 b4 b3 b2 bl b0

rm——————

Interrupt control register 1
(ICONL1 : address 3Ez16)

b Name Functions At reset|R iW
] 0 | INTo interrupt 0 : Interrupt disabled 0 00
enable bit 1 : Interrupt enabled !

1 [INT1/serial I/O3 |0 : Interrupt disabled 0 :
interrupt enable bit |1 : Interrupt enabled i

2 [ INT2 interrupt 0 : Interrupt disabled 0 0:0
enable bit 1 : Interrupt enabled !
Remote controller i
/counter overflow i
interrupt enable bit !

3 | Serial /01 interrupt | O : Interrupt disabled 0 0i0
enable bit 1 : Interrupt enabled i
Serial /0 automatic |
transfer interrupt !
enable bit |

4 | Timer X interrupt 0 : Interrupt disabled 0 00
enable bit 1: Interrupt enabled ;

5 | Timer 1 interrupt 0 : Interrupt disabled 0 OEO
enable bit 1 : Interrupt enabled !

6 | Timer 2 interrupt 0 : Interrupt disabled 0 [e}{e)
enable bit 1 : Interrupt enabled :

7 | Timer 3interrupt [0 : Interrupt disabled o |OiO
enable bit 1 : Interrupt enabled i

Fig. 3.5.40 Structure of Interrupt control register 1
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3.5 Control registers

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control register 2

AL bbb 11 (ICON2 : address 3Fi6)

pir bbbt b Name Functions At reset| R W
t1 1 i_Jo|Timer4interrupt [0 interrupt disabled 0o |00
bbb enable bit 1 : Interrupt enabled i
ST T T A R S 1 |Timer 5interrupt [0 : interrupt disabled 0 010
I enable bit 1 : Interrupt enabled i
AT A A S 2 | Timer 6 interrupt | 0 : interrupt disabled 0o (00
oo enable bit 1 : Interrupt enabled |
S N 3 | Serial /02 receive |0 : interrupt disabled 0 00
P interrupt enable bit |1 : Interrupt enabled |
P 4 | INTs/Serial 1/02 0 : interrupt disabled 0o |Oi0o
Pl e transmit interrupt 1: Interrupt enabled i

i i i enable bit !
bl 5 [INT4 interrupt 0 : interrupt disabled 0 00
A enable bit 1: Interrupt enabled !
P A-D converter |

i i interrupt enable bit i
o 6 | FLD blanking 0 : interrupt disabled 0 [}
R interrupt enable bit |1 : Interrupt enabled |

i FLD digit interrupt !

i enable bit i
b 7 | Fix “0” to this bit. 0 0i0

Fig. 3.5.41 Structure of Interrupt control register 2
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3.5 Control registers

Serial 1/03 control register

b7 b6 b5 b4 b3 b2 bl b0

Serial /03 control register
(SIO3CON: address OEECz16)

A A L Name Functions At reset|R W
i1t b1 1 b1 | o[ internal synchronous [b2b1b0 0 0.0
bbb b b b1 == | clock selection bits |000: f(XiN)/4 or f(XCIN)/8 |
AR 001: f(XIN)/8 or f(XcIN)/16 '
Lo 1| 010: f(XIN)/16 or f(XcIN)/32 0 o Xle)
A A . 011: f(XIN)/32 or f(XCIN)/64 i
I T A 110: f(XiN)/64 or i
A 23 f(XcIN)/128 i
I O 2 111: f(XIN)/128 or 0o |00
Pl f(XcIN)/256 |
i i i i i 3 [ Serial 1103 port 0: I/0 port 0 Oi0
T B O selection bit 1: SouTs, ScLk3 signal |
Pl (P91, P92) output !
A N 4 | Srovs output 0: /0 port 0o |[OiO0
o selection bit (P93) | 1: SRDY3 signal output !
bobo 5 | Transfer direction | 0: LSB first 0 [e @)
[ selection bit 1: MSB first :
Pl 6 | Synchronous clock |0: External clock o |00
P T selection bit 1: Internal clock !
i 7 | P91/Souts 0: CMOS output (in output o 0.0
e P-channel output mode) !

disable bit (P91) 1: N-channel open drain :

output (in output mode) |
Fig. 3.5.42 Structure of Serial I/0O3 control register
Serial /03 register
b7 b6 b5 b4 b3 b2 bl b0
Serial /03 register

ALt 1| (SIOS3: address OEED16)
Pl bbb Functions Atreset|R W
i 141111 -1 0| Thisis the buffer register which is used to write [Undefined 00
i 1 | transmit data or to read receive data. Undefined| O1 O
[ T T R - > | When selecting an internal clock, the serial Undefined OO
P b 3| transfer is started by writing this register. ndeined O O
e 1 4 | Undefined| O} O
it 1 5 | Undefined| O O
B e e LR | 6 | Undefined| O O
bommmmmm oo 7 Undefined| O1 O

Fig. 3.5.43 Structure of Serial 1/03 register
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3.5 Control registers

Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl b0
| Watchdog timer control register
(WDTCON: address OEEE1s)

E E i i i i i i b Name Functions At reset|R {W
i i i i i i i i--1 0 [ watchdog timer H 1 0:X
A 1 1 | (high-order 6 bits of reading exclusive) 1 O:X
b e 1 Jorx
L e 3] 1_JOix
I R 4] 1 [OiX
oyt 5 1 ]0:iX
R 6 [ STP instruction 0: STP instruction enabled 0 0:0
i disable bit 1: STP instruction disabled |

i 7 [Watchdog timer H | 0: Watchdog timer L o |00
Bttty count source underflow :

selection bit 1: f(XIN)/8 or f(XCIN)/16 i
Fig. 3.5.44 Structure of Watchdog timer control register
Pull-up control register 3
b7 b6 b5 b4 b3 b2 bl b0
| | | Pull-up control register 3

A bbb 1| (PULLS: address OEEFi6)

i i i i i i i i b Name Functions At reset|R IW
bbb 1| o [Ports PAo, PA1 0: No pull-up o |[O!0
A pull-up control 1: Pull-up i
{1111 L___]1[PortsPA2 PAs [0 No pull-up 0 |00
T B A pull-up control 1: Pull-up !

- A 2 | Ports PA4, PAs 0: No pull-up 0 00
oo pull-up control 1: Pull-up !

i i i i b 3 | Ports PAs, PA7 0: No pull-up 0 00
Pl pull-up control 1: Pull-up |
P ] 4 |Ports PBo, PB1 0: No pull-up 0 00
T pull-up control 1: Pull-up |
R S — 5 | Ports PB2, PB3 0: No pull-up 0 00
. pull-up control 1: Pull-up !

A 6 | Ports PB4, PBs 0: No pull-up 0 oo
i pull-up control 1: Pull-up i
S 7 | Ports PBs 0: No pull-up o |00

pull-up control 1: Pull-up i

Note: The pin set to output port is cut off from pull-up control.

Fig. 3.5.45 Structure of Pull-up control register 3
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3.5 Control registers

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 1
(PULL1: address OEFO16)

rm——————

_____________________

out, the contents are “0".

b Name Functions At reset|R iW

| o [ Ports P64, P65 0: No pull-up 0 00
pull-up control 1: Pull-up :

1 | Ports P66, P67 0: No pull-up 0 00
pull-up control 1: Pull-up |

2 | Ports P70, P71 0: No pull-up 0 0i0
pull-up control 1: Pull-up '

3 | Ports P72, P73 0: No pull-up 0 00
pull-up control 1: Pull-up :

4 |Ports P74, P75 0: No pull-up 0 0:0
pull-up control 1: Pull-up ;

5 [Ports P76, P77 0: No pull-up 0 0i0
pull-up control 1: Pull-up i

6 [ Nothing is arranged for these bits. These are 0 0! X

E2 write disabled bits. When these bits are read o OE <

Note: The pin set to output port is cut off from pull-up control.

Fig. 3.5.46 Structure of Pull-up control register 1

Pull-up control register 2

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 2
(PULL2: address OEF116)

pm——————

disabled bit. When this bit is read out, the

contents are “0”".

b Name Functions At reset|R W
| 0 | Ports P8o, P81 pull- [0: No pull-up 0 OEO
up control 1: Pull-up :

1 | Ports P82, P83 pull- | 0: No pull-up 0 00
up control 1: Pull-up :

2 | Nothing is arranged for this bit. This is a write 0 : X
disabled bit. When this bit is read out, the :
contents are “0". '

3 | Ports P9o, P91 pull- [0: No pull-up 0 0.0
up control 1: Pull-up !

4 | Ports P92, P93 pull- | 0: No pull-up 0 0:0
up control 1: Pull-up !

5 | Ports P94, P95 pull- | 0: No pull-up 0 [e}{e)
up control 1: Pull-up i

6 | Ports P9s, P97 pull- {0: No pull-up o |00
up control 1: Pull-up i

7 | Nothing is arranged for this bit. This is a write 0 o1 X

Note: The pin set to output port is cut off from pull-up control.

Fig. 3.5.47 Structure of Pull-up control register 2
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3.5 Control registers

Port PO digit output set switch register

b7 b6 b5 b4 b3 b2 bl b0

(PODOR: address OEF216)

| Port PO digit output set switch register

A AL Name Functions At reset|R iW
i 111 1 11 1 [o[Port POo FLD/Digit |0: FLD output 0 |00
A switch bit 1: Digit output i
A A A . 1 | Port P01 FLD/Digit |0: FLD output 0 0:0
T T T T switch bit 1: Digit output i
T T R I 2 [Port PO2 FLD/Digit |0: FLD output 0 0.0
oo switch bit 1: Digit output :
A 3 [ Port P03 FLD/Digit |0: FLD output o |00
Pl switch bit 1: Digit output |
bl L] 4 |Port P04 FLD/Digit |0: FLD output o |O:0
pob switch bit 1: Digit output ;
N EO—— 5 | Port POs FLD/Digit |0: FLD output 0 0:0
. switch bit 1: Digit output !
S 6 | Port PO FLD/Digit |0: FLD output 0 |00
| switch bit 1: Digit output i
S 7 | Port PO7 FLD/Digit [0: FLD output o |[Oi0
switch bit 1: Digit output i
Fig. 3.5.48 Structure of Port PO digit output set switch register
Port P2 digit output set switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port P2 digit output set switch register
ALt 1 (P2DOR: address OEF316)
A ) Name Functions Atreset|R {W
i1 11 1 1 1 1 _[o]|PortP20 FLD/Digit |O: FLD output 0 Oi0
A switch bit 1: Digit output :
P ] 1 |Port P21 FLD/Digit |0: FLD output o [O:0
T T T R switch bit 1: Digit output |
I 2 | Port P22 FLD/Digit |0: FLD output 0 00
Pl switch bit 1: Digit output |
A 3 [ Port P23 FLD/Digit |0: FLD output o [OiO
Pl switch bit 1: Digit output i
bbb L] 4 | Port P24 FLD/Digit |0: FLD output S
b switch bit 1: Digit output i
N L SO —— 5 | Port P25 FLD/Digit |0: FLD output 0o |0:0
b switch bit 1: Digit output |
A 6 |Port P26 FLD/Digit |0: FLD output o [0OlO
; switch bit 1: Digit output i
e 7 | Port P27 FLD/Digit [0: FLD output o |Oi0
switch bit 1: Digit output i

Fig. 3.5.49 Structure of Port P2 digit output set

switch register
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3.5 Control registers

FLDC mode register

b7 b6 b5 b4 b3 b2 bl b0

FLDC mode register
(FLDM: address OEF416)

b Name Functions At reset|R W
0 | Automatic display |0 : General-purpose mode 0 0.0
control bit 1 : Automatic display |

mode i
1 | Display start bit 0 : Display stopped 0 00
1 : Display in progress (display :
starts by writing “1") i
2 | Tscan control bits  |b3 b2 0 (OO
0 0 : FLD digit interrupt i
(at rising edge of each !
digit) |
— 01:10 Tdisp L
3 10:2 0 Tdisp 0 [Oi0
11:30 Tdisp |
FLD blanking interrupt (at i
falling edge of last digit) !

4 | Timing number 0 : 16 timing mode 0 @) EO
control bit 1: 32 timing mode (Note 2) '

5 [ Gradation display [0 : Not selected 0 0i0o
mode selection 1: Selected (Notes 1, 2) '
control bit :

6 | Tdisp counter count |0 : f(XIN)/16 0 00
source selection bit |1 : f(XIN)/64 :

7 | High-breakdown 0 : Drivability strong 0 010
voltage port driv- 1 : Drivability weak i
ability selection bit !

Notes 1: When the gradation display mode is selected, the number of

timing is max. 16 timing. (Set “0” to the timing number control
bit (b4).)
2: When switching the timing number control bit (b4) or the
gradation display mode selection control bit (b5), set “0” to the
display start bit (b1) (display stop state) before that.

Fig. 3.5.50 Structure of FLDC mode register
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3.5 Control registers

Tdisp time set register

b7 b6 b5 b4 b3 b2 bl b0

| | | Tdisp time set register
(TDISP: address OEF516)

i i i i i i i i b Functions At reset|R iW
bbb bbb b b [0 esetthe Tdisp time. 0 00
T *When a value n is written to this register, Tdisp |
N time is expressed as Tdisp = (n + 1) O count i
{1 souee . o |00
N *When reading this register, the value in the

Pl counter is read out. i
REREE 2| (Example) o [ofo
T T When the following condition is satisfied, Tdisp i
oo || becomes 804 ps {(200 + 1) O 4 ps}; i
I I R 3| f(XiN) =4 MHz 0 0'0
R *bit 6 of FLDC mode register = 0 i
I (f(XIN)/16 is selected as Tdisp counter count '
AR — source.)

A 4 *Tdisp time set register = 200 (C816). 0 OEC
B 0 |00
o 6 | 0o |00
7] 0 |0i0

Fig. 3.5.51 Structure of Tdisp time set register
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3.5 Control registers

Toffl time set register

b7 b6 b5 b4 b3 b2 bl bo

Toffl time set register
(TOFF1: address OEF616)

Pl bbb Functions Atreset|R W
bbb b1 ] 0| «Setthe Toff1 time. 1 0i0
A || *When a value n1 is written to this register, |
A A 1 | Toffl time is expressed as Toffl = nl1 O count 1 0'0
RN ;
BRI R 2| (Example) 1 |°eo
Vo —— When the following condition is satisfied, Toffl L
R 3 | becomes 120 ps (= 30 0 4 ps); 1 100
oo || <f(XiN) =4 MHz !

A T S 4| <bit 6 of FLDC mode register = 0 1 |[Oi0
P (f(XiN)/16 is selected as Tdisp counter count !
A N 5| source) 1 |00
P *Toffl time set register = 30 (1E1s). !
] 6 | 1 |00
S 7] 1 [Oio

Note: Set value of 0316 or more.
Fig. 3.5.52 Structure of Toffl time set register
Toff2 time set register
b7 b6 b5 b4 b3 b2 bl b0
| | | Toff2 time set register

Attt LT (TOFF2: address OEF716)

A L Functions Atreset|R W
bbb o «Setthe Toff2 time. 1 |0i0
A | | *When a value n2 is written to this register, '
N 1 | Toff2 time is expressed as Toff2 = n2 O count 1 o}
RN ;
I R A B However, setting of Toff2 time is valid only for 1 00
A the FLD port which is satisfied the following; ;
I — egradation display mode L
bbb b temmmmmmeeed 3| evalue of FLD automatic display RAM (in 1 o | o
N | | gradation display mode) = “1” (dark display). !
e 4| (Example) 1 o | o
P L1 When the following condition is satisfied, Toff2 :
N S 5| becomes 720 us (= 180 [ 4 ps); 1 |0i0
P || +f(XiN) =4 MHz :

A 6| ebit 6 of FLDC mode register = 0 1 00
! (f(XIN)/16 is selected as Tdisp counter count !

i = source.) 1 1o
"""""""""""" "1 Toff2 time set register = 180 (B416). :O

Note: When the Toff2 control bit (b7) of the port PSFLD output control

register (address OEFC1s) is set to “1”, set value of 0316 or

more to the Toff2 control register.

Fig. 3.5.53 Structure of Toff2 time set register
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FLD data pointer/FLD data pointer reload register

b7 b6 b5 b4 b3 b2 bl b0

FLD data pointer/FLD data pointer reload register
(FLDDP: address OEF816)

_____________________

b Functions Atreset| R W
0 | The start address of each data of FLD ports P6, |Undefined| OO
|| P5,P4,P3, P1, PO, and P2, which is i
1 | transferred from FLD automatic display RAM, is [undefined| O 1 O
set to this register. :
] The start address becomes the address adding " T
2 the value set to this register into the last data Undefined| O i o
— address of each FLD port. - L
3 | set a value of (timing number — 1) to this Undefined| O | o
|| register. !
4 Undefined| O 1O
The value which is set to this address is written !
5 | to the FLD data pointer reload register. Undefined| O 1O
When reading data from this address, the value !
— in the FLD data pointer is read. - T
6 When bits 5 to 7 of this register is read, “0” is Undefinedf O i ©
1 always read. _ "
7 Undefined| O 1O

Fig. 3.5.54 Structure of FLD data pointer/FLD data pointer reload register

Port PAFLD/port switch register

b7 b6 b5 b4 b3 b2 bl b0

Port PAFLD/port switch register
(P4FPR: address OEF916)

rm——————

_____________________

b Name Functions At reset|R iW

| 0 [Port P4o FLD/port [0 : Normal port 0 Oio
switch bit 1:FLD port |

1 | Port P41 FLD/pOft 0 : Normal port 0 (@) i O
switch bit 1:FLD port :

2 | Port P42 FLD/port |0 : Normal port 0 00
switch bit 1:FLD port !

3 |Port P43 FLD/port [0 : Normal port 0 00
switch bit 1:FLD port !

4 [Port P44 FLD/port [0 : Normal port 0 00
switch bit 1: FLD port i

5 | Port P4s FLD/port [0 : Normal port 0 00
switch bit 1: FLD port !

6 | Port P4s FLD/port |0 : Normal port 0 00
switch bit 1: FLD port :

7 [Port P47 FLD/port |0 : Normal port 0 00
switch bit 1: FLD port i

Fig. 3.5.55 Structure of Port P4FLD/port switch register
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Port PSFLD/port switch register

b7 b6 b5 b4 b3 b2 bl b0

Port P5FLD/port switch register

(P5FPR: address OEFA16)

i i i i i i i i b Name Functions Atreset| R W
i1 pop o111 i | o|Port P50 FLD/port [0 : Normal port 0 00
A A switch bit 1: FLD port |
A A A 1 | Port P51 FLD/port |0 : Normal port 0 00
bbb switch bit 1: FLD port |
i i i i i ] 2 [Port P52 FLD/port |0 : Normal port 0 00
I switch bit 1: FLD port '
A 3 | Port P53 FLD/port [0 : Normal port 0 0!0
Pl switch bit 1: FLD port |
A 4 [Port P54 FLD/port [0 : Normal port o |00
Pl switch bit 1: FLD port i
A N 5 | Port P5s FLD/port |0 : Normal port 0 |0i0
P switch bit 1: FLD port !
S S 6 | Port P56 FLD/port [0 : Normal port 0 00
i switch bit 1 : FLD port g
b e ] 7 [Port P57 FLD/port |0 : Normal port 0 0:0
switch bit 1: FLD port i
Fig. 3.5.56 Structure of Port PSFLD/port switch register
Port P6FLD/port switch register
b7 b6 b5 b4 b3 b2 bl b0
| Port P6FLD/port switch register
AL bbb 1| (PEFPR: address OEFB16)
E E i i i i i i b Name Functions Atreset|R iW
i1 11111 _[o[PortP6oFLD/port [0 : Normal port 0 00
EEREEE switch bi 1: FLD port e
A A A 1 | Port P61 FLD/port |0 : Normal port 0 00
bbb switch bit 1: FLD port |
i i i i i ] 2 [Port P62 FLD/port |0 : Normal port 0 00
I A switch bit 1:FLD port '
A 3 | Port P63 FLD/port [0 : Normal port 0 0!0
Pl switch bit 1: FLD port |
A 4 |Port P64 FLD/port |0 : Normal port o |00
Pl switch bit 1: FLD port i
i i e 5 | Port P65 FLD/port [0 : Normal port 0 0i0
P switch bit 1: FLD port !
S S 6 | Port P66 FLD/port [0 : Normal port 0 @) | O
i switch bit 1: FLD port :
b e ] 7 [Port P67 FLD/port |0 : Normal port 0 0:0
switch bit 1: FLD port i
Fig. 3.5.57 Structure of Port P6FLD/port switch register
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FLD output control register

b7 b6 b5 b4 b3 b2 bl b0

pm——————

_______________________

FLD output control register
(FLDCON : address OEFC16)

b Name Functions Atreset|R W
0 | P64—P67 ELD 0 : Output normally 0 0:i0
output reverse bit | 1 : Reverse output :

1 [Nothing is arranged for this bit. This is a write 0 '
disabled bit. When this bit is read out, the i
contents are “0”. :

2 | P64a—P67 TOff 0 : Operating normally 0 Oi (@)
invalid bit 1 : Toff invalid !

3 | Nothing is arranged for this bit. This is a write 0 Oi X
disabled bit. When this bit is read out, the !
contents are “0”. !

4 | P73 dimmer output |0 : Ordinary port 0 0:0
control bit 1 : Dimmer output i

5 |Generating/Not of |0 : Toff section not 0 0:i0
CMOS port Toff generated i
section selection bit |1 : Toff section generated '

6 [Generating/Not of |0 : Toff section not 0 00
high-breakdown generated :
voltage port Toff 1 : Toff section generated |
section selection bit i

7 | Toff2 SET/RESET |0 : Toff2 RESET,; Toffl 0 Oi O
switch bit SET i

1: Toff2 SET; Tdisp i
RESET !

Fig. 3.5.58 Structure of FLD output control register
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3.5 Control registers

Buzzer output control register

b7 b6 b5 b4 b3 b2 bl bO

Buzzer output control register

(BUZCON: address OEFD1s6)

E E i i i i i i b Name Functions Atreset| R 'W
i 11 0111 [ofOutputfrequency [bibo 0 |00
T T T N S A A selection bits 0 0: 1 kHz (f(XIN)/4096) i
Porob o — 0 1: 2 kHz (f(XIN)/2048) ;
A R A N 1 1 0: 4 kHz (f(XIN)/1024) o |0i0
i i i i i i 1 1: Not available |
Plob 2 [Output port b3b2 o |[Oi0
P selection bits 0 0: P77 and P97 function !
oo T as ordinary ports. |
oo 0 1: P77/Buzo1 functions as !
T R — a buzzer output. .
Pl 3 1 0: P97/Buz02/AN15 0o |00
T T T R IO functions as a buzzer |
AR output. :
oo 1 1: Not available |
Pl 4 | Buzzer output 0: Buzzer output OFF (“0” 0 0i0
bbb mmmmmmmmmmeees ON/OFF bit output) :
Pl 1: Buzzer output ON i
e | 5 [Nothing is arranged for these bits. These are 0 [OiX
P b | 6 | write disabled bits. When these bits are read 0 [OiX
S LU L LEEL R 7 | out, the contents are “0". 0 O X

Fig. 3.5.59 Structure of Buzzer output control register
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3.5 Control registers

Flash memory control register

b7 b6 b5 b4 b3 b2 bl b0
0| | |0 | | | | Flash memory control register
(FCON: address OEFEz6)

E i i i i P |b Name Functions Atreset|R W
i 111 1 1 1 1 [o]cPureprogramming [0: CPU reprogramming 0 00
A mode select bit mod is invalid. (Normal |
R A (Note) operation mode) :
A A 1: When applying 0 V or |
! i i i i . VppL to CNVss/VPP pin, !
I T B CPU reprogramming |
AR R A mode is invalid. When :
Poroo b applying VPPH to |
A CNVss/Vep pin, CPU ;
bbb reprogramming mode is |
I A A A valid. :
bbb 1 | Erase/Program 0: Erase and program are 0 O:0
A busy flag completed or not have '
Poro o e been executed. |
A 1: Erase/program is being !
bbb executed. |
i i i i i i 2 [ CPU reprogramming | 0: CPU reprogramming 0 O:0
I mode monitor flag mode is invalid. :
P T 1: CPU reprogramming |
oo mode is valid. :
bbb R 3 | Fix this bit to “0". 0 |00
SR b5 be !
by 4 Egl’:lescet/gi:ggram aréa 10 0: Addresses 100016 to 0 o ' o
Py T FFFF16 (total 60 Kbytes) :
P 0 1: Addresses 100016 to :
P = | 7FFF16 (total 28 Kbytes) i
1 1 1 5 1
P 1 0: Addresses 800016 to 0 © ! o
P T FFFF16 (total 32 Kbytes) |
bl 1 1: Not available !
R 6 | Fix this bit to 0", 0o |00
i 7 | Nothing is arranged for this bit. This is a write 0 O : X
I e e disabled bit. When this bit is read out, the !
contents are “0". i

Note: Bit O can be reprogrammed only when 0 V is applied to the
CNVss/VPP pin.

Fig. 3.5.60 Structure of Flash memory control register
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3.5 Control registers

Flash command register

b7 b6 b5 b4 b3 b2 bl bo

| | Flash command register
e N S (FCMD: address OEFF16)
A ) Functions At reset|R iW
AR L--L Writing of software command 0 X110
A | 1 | <Software command name> <Command code> 0 X0
S S — 2| *Read command “0016” 0 X10
T R IR 37| *Program command “4016" 0 Nale)
N 2| *Program verify command  “C016” 0 X : 0O
A = °Erase command “2016” + “2016” 5 <O
o — eErase verify command “A016" r
| T 1 6 | «Reset command “FF16” + “FF16" 0 X | )
b 7 0 [X!O

Note: The flash command register is write exclusive register.

Fig. 3.5.61 Structure of Flash command register
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3.6 Package outline

3.6 Package outline

100P6S-A MMP Plastic 100pin 14020mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 - 1.58 Alloy 42
HD
D
AARARRRRARRRRRRRARRR Jﬁ L
©)=== o 60) L=
= O Q = e | 00T
= ED Recommended Mount Pad
% % Symbol Dimension in Millimeters
== o w Min Nom Max
o o W T A - - 3.05
&= =25 A1l 0 0.1 0.2
= ED A2 - 2.8 -
== BB b 0.25 0.3 0.4
&= =25 c 0.13 0.15 0.2
== E= D [ 138 | 140 | 142
GO==l = 6D E | 198 | 200 | 202
R EE R EEEEE €] - 0.65 -
@) Ho | 165 | 16.8 | 17.1
HE 22.5 22.8 23.1
L 0.4 0.6 0.8
L1 - 1.4 _
< =) X - - 0.13
gl |o y - - 0.1
gﬁi [ 0° — 10°
2 L b2 - 0.35 -
Detail F 12 13 - -
MD — 14.6 —
ME — 20.6 —
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3.7 Machine instructions

3.7 Machine instructions

Symbol

Function

Details

Addressing mode

IMP

A BIT,A/R

ZP

BIT, ZP, R

OP| n

OoP

OP| n |# |OP| n

#

OP

OP

n

#

ADC
(Note 1)
(Note 5)

WhenT=0
A-A+M+C

WhenT=1
M(X) « M(X) +M+C

When T = 0, this instruction adds the contents
M, C, and A; and stores the results in A and C.
When T = 1, this instruction adds the contents
of M(X), M and C; and stores the results in
M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

69

65

AND
(Note 1)

WhenT=0
A - AAM

WhenT=1
M(X) « M(X)AM

When T = 0, this instruction transfers the con-
tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
back in A.

When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1, the contents of A
remain unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

29

25

ASL

This instruction shifts the content of A or M by
one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

OAl2 |1

06

BBC
(Note 4)

Aior Mi =0?

This instruction tests the designated bit i of M
or A and takes a branch if the bit is 0. The
branch address is specified by a relative ad-
dress. If the bit is 1, next instruction is
executed.

20i

BBS
(Note 4)

Aior Mi=1?

This instruction tests the designated bit i of the
M or A and takes a branch if the bit is 1. The
branch address is specified by a relative ad-
dress. If the bit is 0, next instruction is
executed.

20i

BCC
(Note 4)

c=07

This instruction takes a branch to the ap-
pointed address if C is 0. The branch address
is specified by a relative address. If Cis 1, the
next instruction is executed.

BCS
(Note 4)

This instruction takes a branch to the ap-
pointed address if C is 1. The branch address
is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ
(Note 4)

This instruction takes a branch to the ap-
pointed address when Z is 1. The branch
address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT

AAM

This instruction takes a bit-wise logical AND of
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

24

BMI
(Note 4)

This instruction takes a branch to the ap-
pointed address when N is 1. The branch
address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE
(Note 4)

This instruction takes a branch to the ap-
pointed address if Z is 0. The branch address
is specified by a relative address. If Z is 1, the
next instruction is executed.
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3.7 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND | zP,IND | IND,X | IND,Y REL sp |7]6|5|4a|3]|2]|1
oP|n|#|oP|n|#|oP|n|#|oP| n|#|oP| n|#|oP|n|#|oP|n|#|oP|n|#|OP|n|#|OP|n|#|OP|n N|lv|T|B|D|I]|Z
75| 4 6D| 4 7D|5|3]79|5]|3 61| 6 |2|71]|6 |2 N[V [e|e|e|e]|2Z
35| 4 2D| 4 3D|5|3[39]5]3 21|6|2|31]|6 |2 N|ele|e]|e|e]2Z
16| 6 0E| 6 1E[ 7|3 N|e|leo|e]|e|e]zZ
90|22 P RS RS B B B

BO| 2|2 el oo o] o] o]

Fo| 2|2 S I

2c| 4 M7[Me| o |« || |2

30(2 (2 N I I I A

Doj2 |2 P R I O I I I
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3.7 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n| #|OP| n OP | n OP[ n|{#|OP|n OP| n|#
BPL N =0? This instruction takes a branch to the ap-
(Note 4) pointed address if N is 0. The branch address
is specified by a relative address. If N is 1, the
next instruction is executed.
BRA PC ~ PC % offset This instruction branches to the appointed ad-
dress. The branch address is specified by a
relative address.
BRK B~1 When the BRK instruction is executed, the |00| 7 | 1
(PC) « (PC) +2 CPU pushes the current PC contents onto the
M(S) « PCH stack. The BADRS designated in the interrupt
S~S-1 vector table is stored into the PC.
M(S) « PCL
S<S-1
M(S) - PS
S-S-1
1
PCL « ADL
PCH « ADH
BVC V=07 This instruction takes a branch to the ap-
(Note 4) pointed address if V is 0. The branch address
is specified by a relative address. If Vis 1, the
next instruction is executed.
BVS V=17 This instruction takes a branch to the ap-
(Note 4) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.
CLB AiorMi < 0 This instruction clears the designated bit i of A B2 |1 1F(5 |2
or M. 20i 20i
CLC C-0 This instruction clears C. 18|12 |1
CLD D-0 This instruction clears D. D82 |1
CLI I -0 This instruction clears . 58|12 (1
CLT T<0 This instruction clears T. 1212 |1
CLVv V<0 This instruction clears V. B8(2 |1
CMP When T =0 When T = 0, this instruction subtracts the con- Cc9| 2 C5|3
(Note3) | A—-M tents of M from the contents of A. The result is
WhenT=1 not stored and the contents of A or M are not
M(X) - M modified.
When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.
M(X) represents the contents of memory
where is indicated by X.
COM MM This instruction takes the one’s complement of 4415
the contents of M and stores the result in M.
CPX X-M This instruction subtracts the contents of M EO| 2 E4|3
from the contents of X. The result is not stored
and the contents of X and M are not modified.
CPY Y-M This instruction subtracts the contents of M Co| 2 C4|3
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.
DEC A-A-1lor This instruction subtracts 1 from the contents 1A} 2 C6| 5
M~-M-1 of A or M.
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3.7 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7/6(5[4|3|2]|1|0
OP| n OP| n|#|OP|n|# |OP| n|#|OP| n|# |OP| n OP| n|#|OP[ n|#|OP| n|#|OP| n|#|OP|n N|V|T|B|D|I]|Z]|C
10| 2| 2 e|oe oo |o|ofo]e

80l 4|2 [N P O P P IR I I

P P R I T S T S

50(2 |2 e |o|e|e|o]|e]|e]|e

70122 PO N S R T S P S

ele|efefe|e]e]O

[ I O P I T IS I

eleloefe|e|O]e]s

ele O] |e|e]e]s

e |lOo|e|e|e|e]e]s

D5| 4 CD| 4 |3 |DD| 5|3 |D9(5 (3 Cl|6 D1| 6 Nfe|e|e]|||Z]|C
N|e|o|o|o]e]|zZ]|e

EC|4 |3 N[e|s]e|]|+]Zz]|C

ccl4 |3 N|elele|e|e]z]|C

D6| 6 CE|6 |3 |DE| 7|3 Nfe|e|[e|o]||Z]|-
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3.7 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP[ n| #|OP| n|#|OP|n |# |OP| n| #|OP|n |# |OP| n | #

DEX XeX=-1 This instruction subtracts one from the current |CA[ 2 | 1

contents of X.
DEY Y-Y-1 This instruction subtracts one from the current

contents of Y.
DIV A« (M(zz + X +1), This instruction divides the 16-bit data in

M(zz + X))/ A M(zz+(X)) (low-order byte) and M(zz+(X)+1)

M(S) « one's comple- | (high-order byte) by the contents of A. The

ment of Remainder quotient is stored in A and the one's comple-

S~S-1 ment of the remainder is pushed onto the stack.

EOR WhenT=0 When T = 0, this instruction transfers the con-
(Notel) | A< AVM tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores

WhenT=1 the result in A.

M(X) « M(X) ¥ M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.
INC A~A+1lor This instruction adds one to the contents of A

M-M+1 or M.

INX XeX+1 This instruction adds one to the contents of X.
INY Y-Y+1 This instruction adds one to the contents of Y.
JMP If addressing mode is ABS | This instruction jumps to the address desig-

PCL —~ ADL nated by the following three addressing

PCH « ADH modes:

If addressing mode is IND Absolute

PCL « M (ADH, ADL) Indirect Absolute

PCH « M (ADH, ADL+ 1) | Zero Page Indirect Absolute

If addressing mode is ZP, IND

PCL « M(00, ADL)

PCH «~ M(00, ADL + 1)

JSR M(S) « PCH This instruction stores the contents of the PC

S~S-1 in the stack, then jumps to the address desig-

M(S) « PCL nated by the following addressing modes:

S~S-1 Absolute

After executing the above, Special Page

if addressing mode is ABS, | Zero Page Indirect Absolute

PCL -« ADL

PCH « ADH

if addressing mode is SP,

PCL -« ADL

PCH « FF

If addressing mode is ZP, IND,

PCL « M(00, ADL)

PCH «~ M(00, ADL + 1)

LDA WhenT=0 When T = 0, this instruction transfers the con-
(Note2) |A<M tents of M to A.

WhenT=1 When T = 1, this instruction transfers the con-

M(X) « M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.

LDM M < nn This instruction loads the immediate value in
M.

LDX XM This instruction loads the contents of M in X.

LDY Y<M This instruction loads the contents of M in Y.
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3.7 Machine instructions

Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5|4|3|2|1(0

OP| n OP| n OP | n OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP[n|#|OP|n|#|OP|n|#|OPln V|T|B[D|I]|Z]|C

e |e| oo |e|Z]|e

e |e| oo e|Z]|e

E2(16 oo | oo o] o]

55| 4 4D | 4 5D|5(3]59| 5|3 4116|2516 |2 e |lo| oo e|Z]|e

F6| 6 EE| 6 FE| 7 |3 elele]elolz]e

e|e| oo | e|Z]|e

e |e| oo |e|Z]|e

4C| 3 6C|5|3|B2[4 |2 oo oo o] o]

20| 6 02(7 |2 22| 5 eloe oo ofo]e

B5| 4 AD| 4 BD[5|3|B9(5|3 Al|6|2|B1|6|2 efe oo fe]|Z]|-

B6| 4 AE| 4 BE| 5|3 e|le|oefe|e]|Z]|e

B4| 4 AC| 4 BC| 5|3 efe|oe]efe]|Z]e
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3.7 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP|n |# |OP| n| #|OP|n OP| n | #
LSR 7 0 This instruction shifts either A or M one bit to 4A1 2|1 46| 5
o-[1-0d the right such that bit 7 of the result always is
set to 0, and the bit 0 is stored in C.
MUL M(S) * A « AOM(zz + X) | This instruction multiply Accumulator with the
S<S-1 memory specified by the Zero Page X address
mode and stores the high-order byte of the re-
sult on the Stack and the low-order byte in A.
NOP PC -« PC+1 This instruction adds one to the PC but does [EA| 2
no otheroperation.
ORA WhenT=0 When T = 0, this instruction transfers the con- 09| 2 05(3
(Notel) | A= AVM tents of A and M to the ALU which performs a
bit-wise “OR”, and stores the result in A.
WhenT=1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which
performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
PHA M(S) - A This instruction pushes the contents of A to
S~S-1 the memory location designated by S, and |48 3
decrements the contents of S by one.
PHP M(S) ~ PS This instruction pushes the contents of PS to
S~S-1 the memory location designated by S and dec- |08 3
rements the contents of S by one.
PLA S<S+1 This instruction increments S by one and
A « M(S) stores the contents of the memory designated |68 4
by Sin A.
PLP S<S+1 This instruction increments S by one and
PS « M(S) stores the contents of the memory location |28| 4
designated by S in PS.
ROL 7 0 This instruction shifts either A or M one bit left 2A12 |1 26| 5
[ through C. C is stored in bit 0 and bit 7 is
L= stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A|2 |1 66| 5
Cl-C1- right through C. C is stored in bit 7 and bit 0 is
Il stored in C.
RRF 7 0 This instruction rotates 4 bits of the M content 82| 8
= to the right.
RTI S~S+1 This instruction increments S by one, and
PS « M(S) stores the contents of the memory location |40| 6
S<S+1 designated by S in PS. S is again incremented
PCL « M(S) by one and stores the contents of the memory
S~S+1 location designated by S in PCL. S is again
PCH <« M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S<S+1 This instruction increments S by one and
PCL « M(S) stores the contents of the memory location |60| 6
S~S+1 designated by S in PCL. S is again
PCH <« M(S) incremented by one and the contents of the
(PC) « (PC) +1 memory location is stored in PCH. PC is
incremented by 1.
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3.7 Machine instructions

Addressing mode

Processor status register

ZP, X ZP,Y ABS ABS, X | ABS,Y IND ZP,IND | IND, X IND, Y REL SP 6|5(4[(3|2|1|0
OP| n OP| n OP | n OP| n|#|OP| n|#|OP[n|#|OP| n|#|OP| n|#|OP|n|#|OP| n|#|OP|n V|T|B|D|I|Z]|C
56| 6 4E| 6 5E[{ 7|3 elefe]e||Z|C
62|15 S R A A P I
15| 4 0D| 4 1D|5|3|19|(5 |3 01 6| 2|11] 6 [ P P P B I S

S R S A B B

(Value saved in stack)
36| 6 2E| 6 3E| 7|3 sl |2]|C
76| 6 6E| 6 TE| 7|3 el f(°|2]|C

(Value saved in stack)
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3.7 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP| n |# |OP| n| #|OP|n OP| n|#
SBC WhenT=0 When T = 0, this instruction subtracts the E9| 2 E5| 3
(Notel) | A« A—-M-C value of M and the complement of C from A,
(Note 5) and stores the results in A and C.
WhenT=1 B When T = 1, the instruction subtracts the con-
M(X) « MX)-M-C tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.
A remain unchanged, but status flag are
changed.
M(X) represents the contents of memory
where is indicated by X.
SEB Aior Mi « 1 This instruction sets the designated bit i of A 0B|2 |1 ofF|5 |2
s
orMm. 20i 20i
SEC C-1 This instruction sets C. 38| 2
SED D~1 This instruction set D. Fs| 2
SEI |l <1 This instruction set I. 78| 2
SET T<1 This instruction set T. 32| 2
STA M <A This instruction stores the contents of A in M. 85| 4
The contents of A does not change.
STP This instruction resets the oscillation control F/ |42 2
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.
STX M« X This instruction stores the contents of X in M. 86| 4
The contents of X does not change.
STY M <Y This instruction stores the contents of Y in M. 84| 4
The contents of Y does not change.
TAX X <A This instruction stores the contents of A in X. |AA| 2
The contents of A does not change.
TAY YA This instruction stores the contents of Ain Y. |A8| 2
The contents of A does not change.
TST M =0? This instruction tests whether the contents of 64| 3
M are “0” or not and modifies the N and Z.
TSX X <SS This instruction transfers the contents of S in |BA| 2
X.
TXA A <X This instruction stores the contents of X in A.  |8A| 2
TXS S <X This instruction stores the contents of X in S.  |9A| 2
TYA A-Y This instruction stores the contents of Y in A. |98 2
WIT The WIT instruction stops the internal clock |C2| 2
but not the oscillation of the oscillation circuit
is not stopped.
CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).
Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
2 : The number of cycles “n” is increased by 2 when T is 1.
3 : The number of cycles “n” is increased by 1 when T is 1.
4 : The number of cycles “n” is increased by 2 when branching has occurred.
5: N, V, and Z flags are invalid in decimal operation mode.
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3.7 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP,IND | IND, X IND, Y REL SP 7|16(5(4(|3|2|1]|0
OP[ n|#|OP[ n|#|OP|n OP| n | # |OP #|OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP| n|#|OP|n|# IN|V|T[B|D|I|Z]|C
F5[ 4|2 ED| 4 FD| 5 | 3 |F9 3 E1{ 6 |2 |[F1| 6 N el |Z]|C
el o o o o] o] o1

ol o o o 1| o] of o

ol o o o |2 o«

ol o | 2] o o] of of «

95| 5 8D| 5 9D| 6 | 3|99 3 81| 7|2|91|7 LI T R CI SO NI B
96| 5|2 |8E|5 PO O T B TR PR P S

94| 5 8C| 5 PO O T B TR PR P S
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3.7 Machine instructions

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode O Multiplication
BIT, A Accumulator bit addressing mode / Division
BIT, A, R Accumulator bit relative addressing mode A Logical OR
zZP Zero page addressing mode \ Logical AND
BIT, ZP Zero page bit addressing mode A4 Logical exclusive OR
BIT, ZP, R Zero page bit relative addressing mode — Negation
ZP, X Zero page X addressing mode - Shows direction of data flow
ZP,Y Zero page Y addressing mode X Index register X
ABS Absolute addressing mode Y Index register Y
ABS, X Absolute X addressing mode S Stack pointer
ABS, Y Absolute Y addressing mode PC Program counter
IND Indirect absolute addressing mode PS Processor status register
PCH 8 high-order bits of program counter
ZP, IND Zero page indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
IND, X Indirect X addressing mode ADL 8 low-order bits of address
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL Relative addressing mode nn Immediate value
SP Special page addressing mode zz Zero page address
C Carry flag M Memory specified by address designation of any ad-
4 Zero flag dressing mode
| Interrupt disable flag M(X) Memory of address indicated by contents of index
D Decimal mode flag register X
B Break flag M(S) Memory of address indicated by contents of stack
T X-modified arithmetic mode flag pointer
\ Overflow flag M(ADH, ADL) Contents of memory at address indicated by ADH and
N Negative flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
der bits.
M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OP Opcode
n Number of cycles
# Number of bytes
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3.8 List of instruction code

3.8 List of instruction code
Ds-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 Da Hexaggg?ﬂ 0 1 2 3 4 5 6 7 8 9 A B c D E F
o | o |on | oEal s os | foma e IR e [om |
o[ [omn | cur fome | o | IR cic
o0 | 2 NDX| 5P | 1A |20 |28 | 20 PP | A
0011 3 | sm IQS,DY SET Blf‘/f — ;‘F',“’?( ZRF?';( SEC
oun | o | |8] e | s05 [com [eon | on [ o [ con | 1on
owor | s |Bve feR ] — [5% | = |2ox |zmx cu -
oo | o [ ars |noc e oo [ r e | ncn JERH o | poc | vcn
o | 7 [ENEMEE — (SR — [BeRlBE sel -
oo | o [om | 7a] v [eos fom fom fom B oey | | e
1001 o | BCC II\?S,AY - T,ai\: ZSP-I,-YX zSPT,/i( ZSF;I:):( TYA ™S
"R R EIEES
| u [eos |08 L foec | o fon o JEERY v BRI +ov
1100 c .CJJ Iﬁg‘f’x wIT ‘Zif CZF;Y CZMPP DZEPC INY DEX
uor | o |ene R — |8 | — |zox |zex cto -
wo | e [gox]sec] o Joee foox smc | e JEERY s | | or
1111 F | BEQ ISSFY - E;Bf — ZSPB‘; Z'Q‘CX SED —
-: 3-byte instruction
2-byte instruction
1-byte instruction
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3.9 M35501FP

DESCRIPTION
The M35501FP generates digit signals for fluorescent display

when connected to the output port of a microcomputer. There are
up to 16 digit pins available, and more can be added by connect-
ing additional M35501FPs. The number of fluorescent displays
can be increased easily by connecting the M35501FP to the
CMOS FLD output pins of an 8-bit microcomputer in
MITSUBISHI's 38B7 Group. The M35501FP is suitable for fluores-
cent display control on household electric appliances, audio

products, etc.

FEATURES

® Digit OULPUL ..o
*Up to 16 pins can be selected
*More digits available by connecting additional M35501FPs
*Output structure: high-breakdown voltage, P-channel open-
drain; built-in pull-down resistor between digit output pins and

VEE pin

16 (maximum)

® POWEr-0N reset CIrCUIt ......ccceeivieiiicieeeceee e Built-in
® POwer Source VOIage .........cccvveeeeiriieniienie e 40t055V
e Pull-down power source voltage ..........cccceervrrireennnen. Veec -43V
e Operating temperature range ..........ccoceeeeveeneenneenne —201t0 85 °C

24P2E

e Package
e Power dissipation

PIN CONFIGURATION (TOP VIEW)

R[] ~ Vee
B[] ~ biGo
R[] ~ DiG:
R[] - piG2
8] ~ DiGs

[El[ ] ~ DIGa

(B[] - DiGs

R[] - pics
|5 ] - picr
&l ] - DIGs
=] - pice
Eﬂ:l - DIG1o

M35501FP

\.

O
als

1

.

seL ~ [[]
OVFIN ™ D]E
ovrout « [_[[4]

Vss

X
—
(©]

Vcc

RESET - [_[[*]

DIG15 < EI]E
DIG14 < EI]E
DIG13 ~ [_][5]
DIG12 < EHE
DIG1 - [_[[®]

Outline: 24P2E-A
24-pin plastic-molded SSOP

Fig. 3.9.1 Pin configuration of M35501FP

3-88

38B7 Group User’'s Manual



APPENDIX
3.9 M35501FP

FUNCTIONAL BLOCK

DIG1s DIG14 DIG13 DIG12 DIG11 DIGiwo DIGs DIGs DIG7 DIGs DIGs DIGa DIGs DIG2 DIG1 DIGo

TTTTTTTTTTTTTTTT

T

OVFout (7)<«
Shift register
OVFiN >
vee (3) \ T
vss (O »| Optional digit
Power-on counter
Om6
CLK SEL
Fig. 3.9.2 Functional block diagram
PIN DESCRIPTION
Table 3.9.1 Pin description
Pin Name Function Output Structure Fig. No.
Vce, Vss Power source input Apply 4.0-5.5 V to Vcc, and OV to Vss. - -
RESET Reset input Reset internal shift register (built-in power-on reset | CMOS input level 3
circuit). Built-in pull-up resistor
CLK Clock input Digit output varies according to rising edge of clock | CMOS input level 2
input. Built-in pull-down resistor
SEL Select input Use when specifying the number of digits. CMOS input level 2
Built-in pull-down resistor
OVFIN Overflow signal input Input “H” when using one M35501FP. Connect to CMOS input level 4
OVFouT pin of additional M35501FPs when using
multiple M35501FPs (to use 17 digits or more).
OVFout Overflow signal output Leave open when using one M35501FP. Connect to CMOS output 5
OVFIN pin of additional M35501FPs when using multiple
M35501FPs (to use 17 digits or more).
DIG15— Digit output Output the digit output waveform of fluorescent High-breakdown-voltage 1
DIGo display. Leave open when not in use (VEE level P-channel open-drain output|
output). Built-in pull-down resistor
VEE Pull-down power source input | Apply voltage to DIGo—DIG15 pull-down resistors. - -
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PORT BLOCK
(1) DIGo-DIG15 (2) SEL, CLK
=
[ - <G
Pull-down transistor

% 777
O VEE

(3) RESET (4) OVFIN

_e_

- | —o0
Pull-up transistor

- %l .

(5) OVFouTt
o
I
I
+—o
I
IL]
777

Fig. 3.9.3 Port block diagram
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USAGE
Three usages of the M35501FP are described below.

(1) 16-Digit Mode: 16 digits selected
The number of digits is set to 16 by fixing the OVFIN pin to “H” and
the SEL pin to “L.” Figure 3.9.5 shows the output waveform.

(2) Optional Digit Mode: 1-16 digits selectable
When the number of CLK pin rising edges during an “H” period of
the SEL pin is n and the OVFIN pin is fixed to “H,” the number of
digits set is n. If n is 16 or more, all 16 digits are set. Figure 3.9.6
shows the output waveform.

SEL pin

CLK pin

Fig. 3.9.4 Digit setting

(3) Cascade Mode: 17 digits or more selectable
17 digits or more can be used by connecting two M35501FPs or
more. Figure 3.9.7 shows an example using three M35501FPs, of-
fering 33 to 48 digit outputs.

Cascade mode will not operate if all M35501FPs are in 16-digit
mode (SEL =“L"). Use the most significant M35501FP in the optional
digit mode for DIG output. Figure 3.9.8 shows the output waveform.
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DIGIT OUTPUT WAVEFORM

SEL

CLK

DIGo

DIG1

DIG2

DIG13

DIG14

DIG15

OVFouTt // I—I——

Fig. 3.9.5 16-digit mode output waveform

RESET __|

SEL
R I A
L T
. -
DIG3 |_|

DIG4 -

DIG15 v

OVFouT I

Fig. 3.9.6 Optional digit mode output waveform
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OVFIN(1)

OVFouT(3)

< 0 0~ o o [ ©o o~
(=] ~ - M o™ M ™ < <
Q9 QQ Q9 Q9 QQ QQ
[aga] [alya) [alya] [alya) . [alya] [alya)
AL 8 s [0 5 & [[]]
........... _(I\ a R =t y[ [T
3 z 3 z
> 3 > 8
{ 5 oflm 5 ol
n 1 0 — 0 —
o 5 o o 5 o w5 o
o O n o O %] o O n
@ R
L

[
w % 3
) @) c
w o
24 D

—

8]

Q

[o]

n

CLK

Fig. 3.9.7 Cascade mode connection example: 17 digits or more selected

RESET
DIGo
DIG1
DIG2

DIG15

OVFouT(1)
DIG1e

DIG17

DIGa1
OVFouT(2)

i

Fig. 3.9.8 Cascade mode output waveform
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The number of fluorescent displays can be increased by connecting
the M35501FP to the CMOS FLD output pins on a 38B7 Group mi-
crocomputer.

Segment (high-breakdown-voltage: 52 pins + CMOS: 4 pins)
(1 pin used as CLK.)

P27—P20 [
PO7—P0o

= —p—

M38B7X Fluorescent Display (FLD)
P47—P40
P57—P50
P63-P6o

P64

SEL Digit
A" M35501 | D i
—)lCLK

Fig. 3.9.9 Connection example with 38B7 Group microcomputer (1 to 16 digits)

This FLD controller can control up to 32 digits using the 32 timing
mode of the 38B7 Group microcomputer.

Segment (high-breakdown-voltage: 52 pins + CMOS: 4 pins)
(1 pin is used as CLK.)

=
P27-P20
P07—P0o0
P17-Plo H
M38B7X Fluorescent Display (FLD)
—
P4:—-P4o0
P57—P50
P63—P6o
P64 A
SEL
M35501
¢ —)I Digit:
CLK D:%ZI‘OS—DIGls
OVFouT OVFIN
A
N

OVFIN OVFouT | Digits
SEL DIG16-DIGs1

A | M35501

MLk

Fig. 3.9.10 Connection example with 38B7 Group microcomputer (17 to 32 digits)
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RESET CIRCUIT Notes1: Perform the reset release when CLK input signal is “L.”

To reset the controller, the RESET pin should be held at “L” for 2 2: When setting the number of digits by SEL signal, optional digit
’ p _ counter is set to “0” by reset.

ps or more. Reset is released when the RESET pin is returned to

“H" and the power source voltage is between 4.0 V and 5.5 V.

RESET | |

DIGo [ ]
DIG1 [ ]
DIG2 [ [ ]
DIG3 [ ]

Fig. 3.9.11 Digit output waveform when reset signal is input
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POWER-ON RESET

Reset can be performed automatically during power on (power-on
reset) by the built-in power-on reset circuit. When using this cir-
cuit, set 100 ps or less for the period in which it takes to reach
minimum operation guaranteed voltage from reset.

If the rising time exceeds 100 ps, connect the capacitor between
the RESET pin and Vss at the shortest distance. Consequently,
the RESET pin should be held at “L” until the minimum operation
guaranteed voltage is reached.

@ o Pull-up transistor

_|
N
]
:
|

RESET (
pin

Power-on reset
circuit

x <
o 1

Note: — —
Applied voltage to the RESET pin must be VDD or less.

— - This symbol represents a parasitic diode.

VDD
4

\ Power-on reset circuit
output voltage

/ Reset state

- Internal reset signal

T Reset released
Power-on

Fig. 3.9.12 Power-on reset circuit
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Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage «All voltages are based on Vss. -0.3t07.0 \
VEE Pull-down power source voltage *Output transistors are off. Vcc-45 to Vec +0.3 \
Vi Input voltage CLK, SEL, OVFIN —-0.3to Vcc +0.3 \
\ Input voltage RESET -0.3to Vcc+0.3 \%
Vo Output voltage DIGo-DIG15 Vcc —45 to vVee +0.3 \
Vo Output voltage OVFouTt —-0.3to Vcc +0.3 \
Pd Power dissipation Ta = 25 °C 250 mw
Topr Operating temperature —20 to 85 °C
Tstg Storage temperature —-40to 125 °C

Table 3.9.3 Recommended operating conditions (Vcc = 4.0 to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)
Limits .

Symbol Parameter Min. Tvp. Max. Unit
Vcc Power source voltage 4.0 5.0 5.5 \
Vss Power source voltage 0 \
VEE Pull-down power source voltage Vcec-43 Vss \
VIH “H” input voltage CLK, SEL, OVFIN 0.8Vcc Vcc \
VIH “H” input voltage RESET 0.8Vcc Vcc \
ViL “L” input voltage CLK, SEL, OVFIN 0 0.2vVcce \
ViL “L” input voltage RESET 0 0.2vVcce \

Table 3.9.4 Recommended operating conditions (Vcc =4.0to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)
Limits .

Symbol Parameter Min. Tvp. Max. Unit
|0H(peak) “H” peak output current DIGo - DIG15 (Note 1) -36 mA
|0H(peak) “H” peak output current OVFouT (Note 1) -10 mA
lOL(peak) “L” peak output current OVFouT (Note 1) 10 mA
|OH(avg) “H" average current DIGo - DIG15 (Note 2) -18 mA
|OH(avg) “H" average current OVFouT (Note 2) -5.0 mA
0L (avg) “L” average current OVFouT (Note 2) 5.0 mA
CLK Clock input frequency 2 MHz

Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current is an average value measured over 100 ms.
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Table 3.9.5 Electrical characteristics (Vcc =4.0to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions i Ijll_;]plts Mo, Unit
VOH “H” output voltage DIG output IoH = =18 mA Vce -2.0 \%
DIGo-DIG15
VOH “H” output voltage OVFouTt IoH = -10 mA Vce -2.0 \%
VoL “L” output voltage OVFouTt loL =10 mA 2.0 \%
VT+— VT— Hysteresis CLK, OVFIN Vcc=50V 0.4 \%
RESET
IIH “H” input current OVFIN Vi=Vcc 5.0 MA
RESET
IIH “H” input current CLK, SEL Vi=Vcc 30 70 140 MA
Vcc=50V
I “L” input current OVFIN Vi=Vss -5.0 MA
CLK, SEL
I “L” input current RESET Vi=Vss -60 -130 -185 MA
Vcc=50V
ILoAD Output load current DIGo - DIG15 VEE = Vcc-43V 500 650 800 pA
VoL =Vcc
QOutput transistors are off.
ILEAK Output leakage current DIGo-DIG15 VEE = Vcc-43V -10 pA
VoL =Vcc -43V
Qutput transistors are off.
Icc Power source Vce = 5.0V, CLK = 100 kHz 50 MA

Output transistors are off.
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Table 3.9.6 Timing requirements (Vcc = 4.0to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)
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Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
te(CLK) Clock input cycle time 500 ns
twH(CLK) Clock input “H” pulse width 200 ns
twL(CLK) Clock input “L” pulse width 200 ns
tsu(SEL) Select input setup time 500 ns
th(SEL) Select input hold time 500 ns
th(CLK) Clock input setup time 500 ns

tw(RESET)
vee f '
—RESET 0.8Vcc
Vss 0.2Vcc
| tc(CLK)
A . twL(CLK) | twH(CLK)
Vcc N
0.8vcc
CLK Vss 0.2Vce ) N
vce I
SEL VSS —1_ -r
CLK  ves — 1
<€ >
tsu(SEL) th(SEL) th(CLK)

Fig. 3.9.13 Timing diagram
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3.10 SFR memory map

000016 | Port PO (P0)

000116

000216 | Port P1 (P1)

000316 | Port P1 direction register (P1D)

000416 | Port P2 (P2)

000516

000616 | Port P3 (P3)

000716 | Port P3 direction register (P3D)

000816 | Port P4 (P4)

000916 | Port P4 direction register (P4D)

000A16 | Port P5 (P5)

000B16 | Port P5 direction register (P5D)

000Cz16 | Port P6 (P6)

000D16 | Port P6 direction register (P6D)

000E1s | Port P7 (P7)

000F16 | Port P7 direction register (P7D)

001016 | Port P8 (P8)

001116 | Port P8 direction register (P8D)

001216 | Port P9 (P9)

001316 | Port P9 direction register (P9D)

001416 | Port PA (PA)

001516 | Port PA direction register (PAD)

001616 | Port PB (PB)

001716 | Port PB direction register (PBD)

001816 | Serial I/01 automatic transfer data pointer (SIO1DP)

001916 | Serial /01 control register 1 (SIO1CON1)

001A16 | Serial I/O1 control register 2 (SIO1CON2)

001B1e | Serial /01 register/Transfer counter (SI01)

001Cz16 | Serial I/O1 control register 3 (SIO1CON3)

001D16 | Serial I/02 control register (SIO2CON)

001E16 | Serial /02 status register (SIO2STS)

001F16 | Serial /02 transmit/receive buffer register (TB/RB)

OEEC1s | Serial 1/03 control register (SIO3CON)

OEEDz16 | Serial I/03 register (SIO3)

OEEE1e | Watchdog timer control register (WDTCON)

OEEF16 | Pull-up control register 3 (PULL3)

0EFO016 | Pull-up control register 1 (PULL1)

O0EF116 | Pull-up control register 2 (PULL2)

O0EF216 | Port PO digit output set switch register (PODOR)

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

O0EF416 | FLDC mode register (FLDM)

OEF516 | Tdisp time set register (TDISP)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C1s
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C1s
003D16
003E16
003F16

OEF616
OEF716
OEF816
OEF916
OEFA16
OEFB16
OEFCu16
OEFD16
OEFEz1s
OEFF16

Timer 1 (T1)

Timer 2 (T2)

Timer 3 (T3)

Timer 4 (T4)

Timer 5 (T5)

Timer 6 (T6)

PWM control register (PWMCON)

Timer 6 PWM register (TEPWM)

Timer 12 mode register (T12M)

Timer 34 mode register (T34M)

Timer 56 mode register (T56M)

D-A conversion register (DA)

Timer X (low-order) (TXL)

Timer X (high-order) (TXH)

Timer X mode register 1 (TXM1)

Timer X mode register 2 (TXM2)

Interrupt interval determination register (I11D)

Interrupt interval determination control register (IIDCON)

AD/DA control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

PWM register (high-order) (PWMH)

PWAM register (low-order) (PWML)

Baud rate generator (BRG)

UART control register (UARTCON)

Interrupt source switch register (IFR)

Interrupt edge selection register INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1(IREQ1)

Interrupt request register 2(IREQ2)

Interrupt control register 1(ICON1)

Interrupt control register 2(ICON2)

Toffl time set register (TOFF1)

Toff2 time set register (TOFF2)

FLD data pointer (FLDDP)

Port P4 FLD/Port switch register (P4FPR)

Port P5 FLD/Port switch register (P5FPR)

Port P6 FLD/Port switch register (P6FPR)

FLD output control register (FLDCON)

Buzzer output control register (BUZCON)

Flash memory control register (FCON)

Flash command register (FCMD)

Note: Flash memory version only.

(Note)
(Note)
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£10714/50d ~——(SZ|
21Q714/v0dx ~—(9L]
TTQ14/60d ~—(LL]

[0 ] = oNv/ovd
[S_| - INV/TVd
[V ] -3 zNV/2vd

3.11 Pin configuration
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