HD404508, HD4074509

Description

The HD404508, HD4074509 is a CMOS 4-bit
single-chip HMCS400 series microcomputer
providing high program productivity. It is
suitable for a digital tuning system by virtue
of its PLL frequency synthesizer with 160
MHz prescaler, IF counter, A/D converter,
and LCD driver incorporated in addition to
ROM, RAM, I/O, timer, and serial interface.
The HD4074509 is a ZTAT microcomputer
incorporating PROM. It can dramatically
shorten system development period and
provide a smooth transition debugging to
mass production.

Features

4-bit CPU (HMCS400)
8192 words x 10 bits ROM (HD404508)
16384 words X 10 bits programmable
ROM (HD4074509) (Program specification
is compatible with 27256 type.)
® 512 digits X 4 bits RAM
® I/O ports
—I1/0 ports: 29
—Input ports: 2
—Output ports: 16 (multiplexed with the
LCD segment pins)
® PLL with prescaler (max. 160 MHz)
—12 programmable reference frequency
—2-modulus prescaler (1/32, 1/33)
—Phase comparator
—PLL lock detection circuit
e LCD driver
—Display duty: static, 1/2, 1/3
—Segment signal output pins: 28 (includ-
ing 16 multiplexed pins with R ports)
—Common signal output pins: 3
® [IF counter
—Gate time: 1 ms, 4 ms, 8 ms, ¢ ms
—Maximum input frequency: 156 MHz
Two clock synchronous SCIs
A/D converter (8 bits X 2 channels)
Three timer/counters
—8-bit timer (multiplexed with reload,
event, PWM)
—8-bit timer (multiplexed with reload,
event)
—20-bit timer (free-running, 125 ms
interrupt)
® Instruction cycle time: 1.8 us

—Advance Information—

® Subroutine stack: 16 levels including
interrupts

® Five external and six internal interrupts

® Package: 80-pin flat plastic package (FP-
80B)

Program Development Support Tools

® Cross assembler and simulator software for
use with IBM PCs and compatibles

In circuit emulator for use with IBM PC

Programming socket adapter for program-
ming the EPROM-on-chip device

Ordering Information

Part No. ROM (Words)

HD404508FS 8192
(Mask ROM)

16384
(PROM)

Package
FP-80B

HD4074509FS
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HD404508, HD4074509

Pin Arrangement
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HD404508, HD4074509

Block Diagram
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HD404508, HD4074509

Pin Function
Power supply

Vcc: Power supply voltage (+5 V) is applied
to Vce.

GND: Connected to the ground (0 V).
Vec(PLL): Connected to power supply for
PLL (+5 V).

GWND(PLL): Connected to the ground for PLL
(ov).

Test

TEST: Input for a factory test mode.
Connected to the Vcc for normal operation.

Reset

RESET: RESET resets the MCU.
Oscillation

OSC1, OSC2: Input pins for the crystal oscil-
lator circuits. Connected to the 4.5 MHz crys-
tal resonator.

Ports

D port (Do-Di3): The D port is an input/out-
put port accessed on a bit basis. All Do-Dy3 are
input/output pins. Do, D1 and D, are multi-
plexed with INT;, INT3; and INT4, respectively.
Dsg to Di3 are multiplexed with SCK;, SI;, SOs,
SCK;, SIz, and SO;, respectively.

R ports (R0O-R8): The R ports are input/out-
put ports accessed in 4-bit units.

However, R3 is a 3-bit port and R4 a 2-bit
port. RO to R3 are I/0 ports; R5 to R8 output
ports; and R4 an input port. The pins R3;,
R50,-R83, R4y, and R4; are multiplexed with
TO1, SEG28-SEG13, INTo/TIl;, and INT:/TI;,
respectively.

Interrupt

INTo, INT:, INT2, INTs, INT: External
interrupts for the MCU. These five pins are
multiplexed with R4,/TL;, R4,/TI,, Do, D; and
D2, respectively.

Serial communication interface

SCK,, SI;, SO, SCK:, SI, SO2: These are
transmit clock input/output pins (SCKi, SCK3),
serial data input pins (SI;, SIz), and serial data
output pins (SO;, SO2) used for serial inter-
face. SCK;, SCK, SIi, SIz, SO1, and SO, are

multiplexed with Dg, D11, Do, D12, D10, and Ds3,
respectively.

Timer

TT, TIz, TO:: These are external clock input
pins (TI;, TIz) and timer output pin (TO;) used
for the timer. TI;, TIz, and TO; are multiplexed
with R40/INTo, R41/INT;, and R32, respective-
ly.

Liquid crystal display

COM1, COM2, COM3, SEG1-SEG28: Thes
are the common signal output pins (COMI1-
COM3) and segment signal output pins
(SEG1-SEG28) used for the LCD driver. The
sixteen pins from SEG13 to SEG28 are multi-
plexed with R83;-R8, R73-R70, R63-R6s, and
R53-R60, respectively.

V1, V2, V3: Power supply pins for the LCD.

PLL

PLL (P): An input pin for 160 MHz max. of
local oscillation output (VCO output). This pin
becomes active when pulse swallow mode is
selected during PLL enable. Since an alter-
nating current amplifier is incorporated, local
oscillation output should be latched after
being filtered through a capacitor.

PLL (D): An input pin for 20 MHz max. of
local oscillation output (VCO output). This pin
becomes active when direct dividing mode is
selected during PLL enable. Since an alter-
nating current amplifier is incorporated, local
oscillation output should be latched after
being filtered through a capacitor.

$1, $2: These pins are outputs of a phase
comparator used by the PLL function. The
same signal is output from ¢1 and ¢2.

IF counter

IF: An input pin for intermediate frequency
measurement. Since an alternating current
amplifier is incorporated, local oscillation
output must be latched after being filtered
through a capacitor.

AD converter

ANo, AN:: These pins are the AD converter
input pins.
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HD404508, HD4074509

Memory Map
ROM Memory MAP

ROM memory map is shown in figure 1 and is
explained below.

Vector address area ($0000 to SOOOF):
Locations $0000 through $000F are reserved
for JMPL instruction to branch to the start
addresses of the reset routine and the inter-
rupt service routine. After reset or interrupt
routine is serviced, the program is executed
from the vector address.

Zero page subroutine area (S0000 to
SO003F): Locations $0000 through $003F are

reserved for subroutines. The program
branches to the subroutine in $0000-$003F by
the CAL instruction.

Pattern area (S0000 to SOFFF): The ROM
data in locations $0000 through $OFFF can be
referred to by the P instruction.

Program area
(SOOOO to S1FFF: HD404508.),
S0000 to S3FFF: HD4074509 /°
Locations $0000 through $1FFF, $3FFF can
be used for program code.

o Vector Address $0000
15 $000F
1 1
6 > Zero-Page Subroutine Jo010
4 W
63 J (64 Words) $003F
64 $0040
r Pattern \
4095 | | ] (4096 Words) SOFFF
4096 $1000
* HD404508
Program
(8192 Words)
8191 1/ S1FFF
8192 $2000
r HD4074509
Program
(16384 Words)
16383 |J $3FFF

0 JMPL Instruction $0000

Routi
1 (Jump to RESET Routine)} $0001

2
2 JMPL Instruction $000

(Jump to TIMER3 Routine)

3 i $0003
4 JMPL Instruction $0004
5 (Jump to INTo Routine) $0005
6 $0006

JMPL Instruction
(Jump to INT1 Routine)

7 $0007
8 JMPL Instruction $ooos
9 (Jump to TIMER 1/INT; Routine) $0009

10 JMPL Instruction $000A

P .
1" (Jump to INT3/AD Routine) $0008B
12 JMPL Instruction $0ooc

Tl i
(Jump to TIMER 2/INT, Routine) $000D

4
! JMPL Instruction $000€

(Jump to SERIAL 2/SERIAL
15 1 _Routine) $O00F

Figure 1. ROM Memory Map
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HD404508, HD4074509

RAM Memory MAP

The MCU contains 512 digits X 4 bits RAM
comprising data area and stack area. In addi-
tion to these areas, interrupt control bits,
special registers, and display data RAM are
mapped to the same RAM memory space.
RAM memory map (figure 2) is described in
the following paragraphs.

Interrupt control bit area (S000 to $003,
$020 to $023): The interrupt control bit area
(figure3) is used to control interrupt. It can be
accessed only by the RAM bit manipulation
instruction. However, the interrupt request
flag cannot be set by software. The RSP bit is
used only to reset the stack pointer.

Special registers area (S004 to SO1F, $024
to SO3F): The special registers are the mode
registers for external interrupt, serial inter-
face, and timer, data direction and data reg-
isters for I/O ports. As shown in figure 2,
these registers can be classified into three

types: write-only, read-only, and read/write
registers.

Note that some of these registers cannot be
accessed by the RAM bit manipulation
instruction.

Data area (S040 to SO1FF): The memory
register (MR), 16 addresses deep ($040-$04F),
can be accessed by the LAMR and XMRA
instructions (figure 4).

Stack area (S03CO to SO3FF): The stack
area is used for saving the contents of the
program counter (PC), status (ST), and carry
(CA). This area can be used as a 16-nesting-
level subroutine stack in which one level
requires 4 digits. The data to be saved and
save conditions are shown in figure 4. The
program counter is restored by the RTN and
RTNI instructions. Status and carry are res-
tored by the RTNI instruction only. Any space
not used is available data storage.
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HD404508, HD4074509

o] $000 0| Interrupt Control Bits (1) . $000
RAM-mapped Register 3 $003
63 $03F 4] Miscelaneous Reg. {MIS) : R/W |$004 «3
64 $040 5| PLL Control Reg. A (PCRA): W [$0056
Memory Register (MR) 6| PLL Control Reg.B.C(PCRB/PCRC) | R/W [$006+ 1 -3
79 {16 digits) $04F 7} PLL Data Reg. A (PDRA): W [$007
go| T $050 8| PLL Data Reg. B (PDRB) : W |$008
DATA 9] PLL Data Reg. C (PDRC) : W [$009
10| PLL Data Reg. D (PDRD) : W [$00A
(448 Digits) 1 B $008B
12} A/D Mode Reg. (AMR) : W |$00C
13| A/D Data Reg. Lower (ADRL) . R [$00D -3
A/D Data Reg. Upper (ADRU): R |$00E-3
$00F
Serial Mode Reg. 1 (SMR1) | R/W |$010+2-3
17| Serial Clock Reg. 1 (SCR1): W |3011-2
18/ Serial Data Reg.1 Lower (SR1L) | R/W {$012-3
19| Serial Data Reg.1 Upper (SR1U) | R/W [$013+3
928 $3A0 20| Serial Mode Reg. 2 (SMR2) : R/W [$014-2-3
LCD Data 21| Serial Clock Reg. 2 (SCR2) : W [$015+2
(28 Digits) 22| Serial Data Reg.2 Lower (SR2L) : R/W [$016 -3
23!} Seriat Data Reg.2 Upper (SR2U) | R/W [$017 -3
24| Timer Mode Reg. 1 (TMR1) : W [$018-2
25| Timer Output Reg. 1 (TOR1) : R/W [$019-2-3
960 $3C0 26| Timer 1 (TC1L/TLIL) ¢ R/W |$01A-1+3
274 Timer 1 (TC1U/TL1VU) © R/W ($01B+1+-3
Stack 28| Timer Mode Reg. 2 (TMR2) © W [$01C-2
(64 Digits) 29[ Timer Output Reg. 2  (TOR2) : R/W {$01D-2-3
1023 $3FF 30| Timer 2 (TC2L/TL2L) : R/W |$01E-1+3
31| Timer 2 (TC2U/TL2VU) © R/W [$01F+1+3
: Bit Set/Reset 32| Interrupt Control Bits (2) © B $020
R : Read Only 35 : $023
W : Write Only 36| LCD Output Reg. (LOR) © W {3024
R/W : Read/Write 37| LCD Control Reg. (LCR) : W [|8025
+ 1: Two registers are mapped 38{ LCD Mode Reg. (LMR) W |$026
on the same address. 39 M2 = 815027
soos[ PCRC___'R]. PCRB W] 40/ IF Control Reg.1.2 (IFC1/IFC2) | R/W |$028-1 -3
41| IF DATA Reg. A {IFDA): R $029-+3
$01A TC1L 'R TLIL ‘W 42| IF DATA Reg. B {(IFDB): R $02A -3
$018 TC1UL 'R TL1U W 43} IF DATA Reg. C (IFDC}: R $028+3
44] {F DATA Reg. D {tFDD}): R $02C-3
$O1E TC2L . R TL2L ‘W 45f : : O XS T$020
$O1F TC2U ' R TL2U ‘W 46 (PMRA) : $02E
a7p 1 |$02F
$028[ IFC2 "R IFC w] 48| Port RO DDR (DDRO) | W |$030
49] Port R1 DDR (DDR1): W [$031
+2: SEM/SEMD and 50| Port R2 DDR (DDR2): W [$032
REM/REMD instructions 51| Port R3 DDR (DDR3): W |$033
can be used for 52 Y iy {5034
these registers.
-3: TM/TMD instruction 58 [t o 0 {5034
can be used for 59| Port D DDR (DDRDO}: W [|$03B
these registers. 60| Port D DDR 1 (DDRD1): W $03C
Reserved. Expandable. 61| Port D DDR 2 (DDRD2): W [$03D
62} Port D DDR 3 (DDRD3): W |$03t
63 i ; {$03F

Figure 2. RAM Memory Map
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HD404508, HD4074509

bit 3 bit 2 bit 1 bit O
o IMT3 IFT3 RSP 1/E $000
{IM of TIMER 3) {IF of TIMER 3) (Reset SP Bit) {interrupt Enable Flag)
. IM1 IF1 IMO IFO $001
(IM of INT4) (IF of INTy) (IM of INTg) (IF of INTQ)
5 M3 IF3 IMT1 IFT1 $002
(IM of INT3) (IF of INT3) (IM of TIMER 1) (IF of TIMER 1)
3 IMS2 IFS2 IMT2 IFT2 $003
(M of SERIAL 2) (IF of SERIAL 2) (IM of TIMER 2) (IF of TIMER 2)
bit 3 bit 1 bit O
Z ADSF
32 it (A/D Start Bit, Status Flag) | S02°
3 23 Ry 324\5*:5"
33 sl W ( : ; . e $021
IMAD IFAD M2 IF2
34 (tM of A/D) (IF of A/D) {IM of INT,) {IF of INT2) $022
35 IMS1 IFS1 M4 IFa $023
(IM of SERIAL 1) (IF of SERIAL 1) (IM of INT4) (IF of INT,)

IF : Interrupt Request Flag

IM : Interrupt Mask

I/E : Interrupt Enable Flag

SP : Stack Pointer

{Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMD instruction, and is
tested by the TM/TMD instruction. it is not affected by other instructions. Furthermore the interrupt request flag is not
affected by the SEM/SEMD instruction. The content of status becomes invalid when “Reserved” bit and RSP bit are tested
by a TM or TMD instruction. : Reserved

Figure 3. Configuration of Interrupt Control Bit Area (RAM Space)

Memory Register Stack Area
64| MR (O) $040 960 | level 16 $3CO
65| MR (1) $041 level 15
66| MR (2) $042 level 14
67 | MR (3) $043 level 13
68| MR (4) $044 level 12
69| MR (5) $045 level 11
70| MR (6} $046 level 10
71 MR (7) $047 level 9 bit 3 bit 2 bit 1 bit O
72 MR (8) $048 level 8 1020 ST FCis 5z 5ci7 | s3rc
73| MR (9) $049 level 7
74 | MR (10) | $04A level 6 1021 BCio PGy 5Cs (o $3FD
75| MR (11) | $04B level 5
76 | MR (12) | $04C level 4 1022 CA 5Cs s o S3FE
77} MR (13) | $04D level 3
78 MR (14) | $O4E level 2 1023 5Cs 5, G PCo $3EF
79| MR (15) | $04F 1023 level 1| $3FF

PC13—-PCp; Program Counter
ST, Status
CA; Carry

Figure 4. Configuration of Memory Register, Stack Area and Stack Position
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HD404508, HD4074509

Functional Description
Registers and Flags

The MCU has nine registers and two flags for
the CPU operations. They are illustrated in
figure 5 and described in the following para-
graphs.

Accumulator (A), B register (B): The 4-bit
register accumulator and B resgister are used
to hold the results from the arithmetic logic
unit (ALU), and to transfer data to/from
memories, I/0, and other registers.

W register (W), X register (X), Y register
(Y): W register is a 2-bit, and X and Y regis-
ters are 4-bit registers used for register in-
direct RAM addressing. Y register is also used
for D-port addressing.

SPX register (SPX), SPY register (SPY):
The 4-bit registers SPX and SPY are used to
assist the X and Y registers, respectively.

Carry (CA): Carry (CA) stores ALU overflow
generated by the arithmetic operation. It is
affected by the SEC, REC, ROTL, and ROTR
instructions. Carry is pushed onto the stack
during interrupt servicing, and popped from
the stack by the RTNI instruction, but not by
the RTN instruction.

Status (ST): Status (ST) latches ALU over-
flow generated by the arithmetic and com-
pare instructions, Not Zero from ALU, and
results of bit tests. It is a branch condition of
the BR, BRL, CAL, and CALL instructions. The
contents of the status remain unchanged
until the next arithmetic, compare, or bit test
instruction is executed. ST becomes 1 after
the BR, BRL, CAL, or CALL instruction is
executed irrespective of whether it is
executed or skipped. The contents of the
status are pushed onto the stack during
interrupt servicing, and popped from the
stack by the RTNI instruction, but not by the
RTN instruction.

Program counter (PC): The 14-bit program
counter is a binary counter which holds a
ROM address.

Stack pointer (SP): The 10-bit stack pointer
contains the address of the next stack area.
SP is initialized to $3FF by MCU reset. It is
decremented by 4 when data is pushed onto
the stack, and is incremented by 4 when data
is popped from the stack.

Since the upper 4 bits of SP are fixed to 1111,
the stack can be used for up to 16 levels.

SP is initialized to $3FF in two ways; MCU
reset and RSP bit reset with the REM or
REMD instruction.
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HD404508, HD4074509

Accumulator (A)

B register (B)

W register (W)

X register {X)

Y register (Y)

SPX register (SPX)

SPY register {SPY)

Carry (CA)

Status (ST)

Program counter (PC})

Stack pointer (SP)

3 [¢]
* ok Kk x {Initial value)
R/W (Read/Write}

3 0
R (Initial value)
R/W (Read/Write)

1 [$]

* * (Initial value}
R/W  {Read/Write)
-

3 o]

* ok ok % (Initial value)

R/W {Read/Write)
-— .

3 [+]
x & ok ok (Initial value}
R/W {Read/Write)

3 0

* * k *x (Initial value)
R/W (Read/Write)

3 0

* Kk ok %k {Initial value)

R/W (Read/Write)
-~

Valid

*  (Initial vatue}
R/W (Read/Write)

Valid

*  (Initial value)
R/W (Read/Write)

13 o]
| Valid
[o] (Initial value)

{PC cannot be
read/written)

9 5 0

[1]1]1]7] Valid ]

= Fixed — 1 (Initial vaiue)

(SP cannot be read/written}

Figure 5. Registers and Flags
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HD404508, HD4074509

Reset
Power-on reset:

At power-on, the MCU automatically enters
reset state for approximately 60 to 65 ms to
assure oscillation stabilization time, and then
the MCU recovers from that state.

Reset by RESET pin (reset from active
mode, standby mode):

The MCU is reset at the rising edge of the
reset signal. This signal should be asserted
high for at least 3.6 us. The MCU is then reset
for one instruction cycle time, after which
reset is cancelled.

Reset by RESET pin (reset from stop
mode):

The MCU is reset at the rising edge of the
reset signal. This signal should be asserted
high for at least 20 ms. At the beginning of
oscillation, the MCU automatically enters re-
set state for 60 to 65 ms to assure oscillation
stabilization time, and then reset is cancelled.

Read function:

The accessible RESET pin is mapped to the
bit 0 ($004, 0) of the miscellaneous register
(MLS).

Note that from power-on to the begining of
normal oscillation, the I/O pins are undefined
since the I/O data direction registers are not
initialized.Values initialized by MCU reset are
shown in table 1 and table 2.
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HD404508, HD4074509

Table 1. Initial Value by MCU Reset

Initial Value

items by MCU Reset Contents
Program Counter (PC) $0000 Execute program from the top of
ROM address
Status (ST) 1 Enable to branch with conditional
branch instruction
Stack Pointer (SP) $3FF Stack level is O
Interrupt interrupt Enable Flag {I/E) o]
Flag/Mask
Interrupt Request Flag (IF) 0
Interrupt Mask (IM) 1
PLL PLL Control Register A, B, C 0000
(PCRA, PCRB, PCRC)
A/D A/D Mode Register (AMR) 0000
Serial Serial Mode Register 1, 2 (SMR1, 0000
interface SMR2)
Serial Clock Register 1, 2 (SCR1, 0000
SCR2)
Timer/ Timer Mode Register 1, 2 (TMR1, 0000
Counter TMR2)

Timer Output Register 1, 2 (TOR1, 0000
TOR2)

Timer/Event Counter 1, 2 Lower, 0000
Upper (TC1L, TC1U, TC2L, TC2V)

Timer 3 Note 1
LCD LCD Output Register (LOR) Note 2
LCD Control Register (LCR) 0000
LCD Mode Register (LMR) 0000 After reset is cancelled, duty must
be set by program
IF IF Control Register 1, 2 (IFC1, IFC2) 0000

IF Counter Data Register A, B, C, D 0000
(IFDA, IFDB, IFDC, IFDD)

1/0 Port D Data Register 1
Port RO-R3 Data Register Note 3
Port RO-R3 DDR (DDRO, DDR1, Note 4
DDR2, DDR3)
Port D DDR (DDRDO, DDRD1, 0000

DDRD2, DDRD3)

Port Mode Register A (PMRA) 0000

Note 1: Initial value of timer 3 by MCU reset
The initial value of depends on the value of the data retention bit (MIS3: $004, 3).
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Reset when power-on reset

Item or data retention bit is 0

Reset when data retention
bitis 1

Timer 3 All bits become O and are initialized

Not initialized

Note 2: Initial value of the LCD output register by MCU reset

The initial value of the LCD output register depends on the value of the data retention bit (MIS3:

$004, 3).

Reset when power-on reset

1tem or data retention bit is 0

Reset when data retention
bitis 1

LCD output register LCD output register becomes 0000

and SEG/R-port pins become R port

Retained
(SEG/R port is not changed)

Note 3: Initial value of the port RO-R3 data register by MCU reset

The initial value of the port RO-R3 data register depends on the value of the data retention bit

(MIS3: $004, 3).

Reset when power-on reset

Item or data retention bit is O

Reset when data retention
bitis 1

Port RO-R3 data register 1

Retained

Note 4: Initial value of the R port data direction register by MCU reset

Initial value of the R port data direction register depends on the value of the data retention bit (MIS3:

$004, 3).

Reset when power-on reset

Item or data retention bit is O

Reset when data retention
bitis 1

R port data direction register The R port data direction register
becomes 0000 and R port becomes

input port

Retained
(1/0 of the R port is not changed)
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Table 2. Values of the Registers except for Table 1 after the Reset

Initial Value by
Initial Value by Initial Value by MCU Reset from Initial Value by
MCU Reset from MCU Reset from Oscillation Stop MCU Reset from

Items Active Mode Standby Mode Mode Power-on
Carry (CA) The contents of the
items just before
Accumulator {A) MCU reset are not
B Register (B) ass?"e"'
It is necessary to
W Register (W) initialize them by

software again.
X/SPX Register
{(X/SPX)

Y/SPY Register
(Y/SPY)

PLL Data Register
{PDRA, PDRB,
PDRC, PDRD)

A/D Data Register
Lower, Upper
{ADRL, ADRU)

Serial Data Register 1,
2 Lower, Upper
(SR1L, SR1U, SR2L,

SR2U)
RAM The contents of RAM just before MCU reset are retained Same as above
Miscellaneous MIS3 The contents of MIS3 just before MCU reset are retained (¢}
Register {MIS)
MiSo MISo reads RESET pin level at read operation
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Interrupt

Eleven interrupt sources are available on the
MCU: external requests ( INTg, INTy, INT2, INT3,
INTs), timers (TIMER 1, TIMER 2, TIMER 3),
A/D converter, and serial interfaces (SERIAL
1, SERIAL 2). For each source, an interrupt
request flag (IF) and interrupt mask (IM) are
provided ‘to control and maintain the inter-
rupt requests. To control the entire interrupt
process, the interrupt enable flag (I/E) is
provided.

Since the vector addresses are shared
between timer 1 and INT:, between A/D and
INTs, between timer 2 and INTy, and between
serial 1 and serial 2, determining which
request occurs must be done by software.

Interrupt control bits and interrupt
processing: The interrupt control bits are
mapped to addresses $000 through $003, and
$020 through $023 of RAM space and are
accessed by the RAM bit manipulation
instruction.

However, interrupt request flag IF cannoct be
set by software.

The interrupt enable flag (I/E) and interrupt
request flag (IF) are set to 0, and the interrupt
mask (IM) is initialized to 1 by MCU reset.
An interrupt control circuit block diagram is
shown in figure 6. Interrupt priority and
vector addresses are shown in table 3, and
the interrupt processing conditions for 11
different interrupt types in table 4.

When interrupt request flag is 1 and interrupt
mask is 0, an interrupt request is generated. If
the interrupt enable flag is 1 at that time,
interrupt processing activates. Then a vector
address corresponding to the interrupt
request is generated from priority PLA.

An interrupt processing sequence and flow-
chart are shown in figures 7 and 8 respec-
tively. When an interrupt is received, the
current instruction execution finishes at the
first cycle, I/E is reset at the second cycle,
then the contents of the carry, status, and
program counter are pushed onto the stack in
the second and third cycles, and the program
jumps to the vector address to restart
instruction execution in the third cycle. For
each vector address area, the JMPL instruc-
tion must be programmed to branch the
starting address of interrupt routine. The
interrupt request flag which causes interrupt

processing must be reset by software in an
interrupt routine.

Interrupt enable flag (I/E: $000, 0): The
interrupt enable flag controls enable/disable
of all interrupt requests. It is reset by inter-
rupt processing and set by the RTNI instruc-
tion. (See table 5.)

External interrupts (INT,, INT:, INT:,
INT:, INT,): Five external interrupt pins are
provided for the MCU. The external interrupt
request flag is set at the falling edge of the
INT, input. It is set at the rising edge of the
INT;, INT;, INT;, and INT,4 inputs. When using
INT, and INT;, interrupt input should be
enabled by setting the external interrupt
enable bit of the timer output register (TOR1:
$019, TOR2: $01D). If the interrupt enable bit
is reset, the external interrupt request flag is
not set and interrupt processing is not per-
formed since input signal itself is maskes.
(See section “Timer”.)

When using INT;, INT;, and INTy, the corre-
sponding bits of port mode register A (PMRA:
$02E) select external interrupt input. If port
mode register A is set, the corresponding
data direction register bit is reset automati-
cally to input. If port mode register A is reset,
external interrupt request flag is not set in
spite of external interrupt signal input and
interrupt processing is not performed since
the external interrupt input signal is masked.

External interrupt requrst flags (IFO:
$001, 0 IF1: $001, 2 IF2: $S022, 0 IF3: 002, 2
IF4: $023, 0): External interrupt request flag
IFO is set at the falling edge of the INT, input.
IF1-IF4 are set at the rising edge of INT1-INT,.
(See table 6.)

External interrupt masks (IMO: S001, 1
IM1: $001, 3 IM2: $022, 1 IM3: $022, 3 IM4:
$023,1): The external interrupt request
masks mask the interrupt request from the
external interrupt request flag. (See table 7.)

Port mode register A (PMRA: SO2E): Port
mode register A is a 3-bit write-only register
which controls the Do/INTz, Di/INT3, and D2/
INTs pins as shown in figure 9.

Port mode register A is initialized to $0 by
MCU reset, so that these pins are all set to D
port I/O pins after reset.
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Table 3. Vector Addresses and Inter-
rupt Priority

Reset, interrupt Priority Vector address
RESET - $0000
TIMER3 1 $0002
INTo 2 $0004
INT; 3 $0006
TIMER1/INT, 4 $0008
INT3/A/D 5 $000A
TIMER2/INT, 6 $000C
SERIAL2/SERIAL1T 7 $000E

Table 4. Interrupt Servicing Conditions

Interrupt Source

Interrupt TIMER1 INT3 TIMER2 SERIAL1
Control Bit TIMER3 INTo INT, /INT2 /A/D /INTs /SERIAL2
I/E 1 1 1 1 1 1 1
IFT3-IMT3 1 0 0 0 [¢] [¢] [¢]
IFO-IMO * 1 0 0 0 0 0
IF1 « IM1 * * 1 0 6] 0 (o]
IFT1-IMT1+1F2 - IM2 * * * 1 (o] (o] 0
IF3-IM3+IFAD-IMAD * * * * 1 0 0
IFT2-IMT2 +1F4-IM4 * * * * * 1 0
IFS2:IMS2 +1FS1:IMS1 * * * * * * 1
* : Both O and 1 do not affect operation
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Sequence Control

:\te;’lum \/E « PUSH PC/CA/ST
nable
- RESET {/E
« JUMP to Vector

Address ——

(mt+— —~ [
TIMER3 O 1 Vector
= Address
X —
[_Fo_ ] it
control
iNT; d ) PLA

TIMER2

INT,

SERIAL1

SERIAL2

Figure 6. Interrupt Control Circuit Block Diagram
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Instruction 1 2 3 a4 5 6
Cycles
1 It l - ) ]
I T T T —
Instruction
execution
. Stacking,
Interrupt Stacking,
Vector address
ledged
acknowledg Reset of I/E is generated
JMPL instruction execution on the}
vector address
instruction
lexecution at

starting address
of the interrupt

lroutine _

Figure 7. Interrupt Servicing Sequence
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interrupt 5 YES
No
No
I/E=12?
(8) TS w©
(A)
Execute Interrupt
Reset meu Instruction Accept
PC+-(PC)+1 /€= 0
Stack+ (PC)
Stack+— (CA}
- l Stack+ (ST}

e— PC— $0002 Yos TIMER3 ?
No
PC— $0004 Yes INT,?
No
-«{ PC—$0006 Yes INT, ?
No
| e sooos 1 TimeR]
No
PC~ $000A Y K A/DINT;?
No
PC—$000C Yos R"T“ffz
No
“T] Peso0ce SERIALZ/SERIAL1

Figure 8. Interrupt Servicing Flowchart
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Table 5. Interrupt Enable Flag ($000,0) Table 7. External Interrupt Mask ($S001,
1, $001,3, $002,3, $022,1, $023,1)

Interrupt Enable Interrupt Enable
Flag (1/E) /Disable External Interrupt Mask
(IMO, IM1, IM2, IM3, IM4) Interrupt Requests
o) Disable
1 Enable 0 Enable

1 Disable (masks)

Initial value O, R/W
Initial value 1, R/W
Table 6. External Interrupt Request
Flag ($001,0, $001,2, $002,2,
$022,0, $023,0)

External Interrupt
Request Flag
{IFO0, IF1, 1F2, IF3, iIF4) interrupt Requests

(o} No
1 Yes

Initial value O, R/W (cannot be set to 1)

3 2 1 0
— PMRA; | PMRA,; | PMRA,
[¢] [0} (o) (Initial value)
w w w (Read/Write}
O [ 1/0 pin Do
1 | Input pin INT,
O | I/0 pin D,
1 [ Input pin INT3
0 | 1/0 pin D,
1 | Input pin INT,
Notes: - '—': reserved bit
+ SEM/SEMD and REM/REMD instructions cannot be used.

Figure 9. Port Mode Register A (PMRA: SO2E)
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Low Power Dissipation Mode

The MCU has two low power dissipation shown in table 8. CPU state transition
modes, standby mode, stop mode. The func- between low power dissipation modes is
tion of the low power dissipation mode is shown in figure 10.

Table 8. Low Power Dissipation Mode

Conditions
Timer 1,2,3
Serial
Interface 1,
Low 2, A/D,
Power Instruction Interrupt Input/ IF counter,
Dissipation Instruc-  Oscillator Execution Function Register, Output LCD,PLL
Mode tion circuit (¢CPU*2) (4PER*3) RAM Flag Pin (4 PER*3)
Standby SBY Active Stop Active Retained Retained Retained Active
Mode instruction ’
Stop Stop Stop Stop Stop Retained Reset *' R port: Stop
Mode instruction retained
D port:
high
impedance

* 1) The MCU recovers from STOP mode by Reset input. Refer to table 1 of section “Reset” for the
contents of the flags and registers.

*2) $CPU: System clock

*3) ¢PER: Interrupt, peripheral function clock
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Power On
4
Oscillation
stabilization
time
»9
<&
)
S
RESET \_'\
< /(
o
< RESET

A

A

STBY instruction STOP instruction
fosc: Oscillate fosc: Oscillate fosc: Stop
écpu: Stop écpu: foye dcpu: Stop
#rer: foye #rer: Toye $per: Stop
Interrupt request
Active Mode Stop Mode

Standby Mode

fosc: Oscillator
feye: fosc/8

Figure 10. CPU State Transition
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Active Mode: In active mode, the MCU
operates depending on the clock generated
from the OSC1 and OSC2 oscillator circuits.

Standby Mode: The MCU enters standby
mode when a SBY instruction is excuted. In
this mode, an oscillator, interrupt, timer, serial
interface, A/D, LCD, PLL, and IF counter con-
tinue to operate, but all instruction-related
clocks stop.

This in turn stops the CPU, retains all RAM
and register contents, and maintains current
I/0 pin status.

The standby mode is terminated by a RESET
or interrupt request. After an interrupt
request, the MCU resumes by executing the
next instruction following the SBY instruc-
tion. Then, if the interrupt enable flag is 1, the
interrupt is processed. If the interrupt enable
flag is O, the interrupt request is left pending
and normal instruction execution continues.

MCU operating flowchart in standby mode is

shown in figure 11.

Stop Mode: The MCU enters stop mode
when a stop instruction is executed. In this
mode, the oscillator stops, causing all MCU
functions to also stop.

The stop mode is terminated by a RESET
input as shown in figure 12. Reset must be
High for at least 20 ms to stabilize oscillation.
During stop mode, all RAM contents are
retained.

When the MCU resumes after stop mode, the
accuracy of the contents of the accumulator,
B register, W register, X/SPX register, Y/SPY
register, carry, and serial data register cannot
be guaranteed.

MCU Operation Sequence: The MCU
operates according to the flowcharts shown
in figures 13 and 14. The RESET is an asyn-
chronous input, which resets the MCU
regardless of the MCU state.
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S8y
Oscillator Active
dcpu : STOP
dren : Active

Restart

Restart
Processor Clocks Processor Clocks

i

Execute
Next Instruction
{Active Mode)

N
— <>

Yes

Execute Interrupt
Next Instruction Accept

Figure 11. A Standby Mode Flowchart
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Stop mode
oseinator JNHMMMANNNAND T

' /[
Internal clock ——rl—lL’ ” kmm]mmnl_n n n n rl_
4 ]
—

Ii

RESET —) 1
r trsTH

STOP instruction execution (more than 20 ms)

Figure 12. Timing Diagram When Canceling Stop Mode
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‘ ACTIVE '

Interrupt
request
?

\ RECOVER

Yes

Instruction
Fetch

PC
-+— Next
location

Fetch
Complete

Instruction
Excution

STOP/SBY

LOW POWER

(R N— " re————— C ey
! ! H Interrupt 1
1 Low Power Mode : ¥ H
! Operation : H Operation H
e r----- J R, J

Figure 13. MCU Operation Sequence (MCU Operation Cycle)
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LOW POWER

Interrupt No

Reun
SBY/STOP

Yes

SBY/STOP mode

Wake up
event ?

Restart
Processor Clocks

Hardware NOP
Execution

RECOVER

Figure 14. MCU Operation Sequence (Low Power Mode Operation)
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PLL Function

The PLL function performs phase comparison
between an external input signal and an
internal reference signal, and outputs a
comparison result signal. Block diagram is
shown in figure 15.

PLL Features:
- 12 programmable reference frequencies (1,
2, 5,6.25,9, 10, 12.5, 18, 20, 25, 50, 100 kHz)
+ Two dividing modes
—Pulse swallow mode
divide ratio: 1024 to (2% — 1)
——Direct mode
divide ratio: 4 to (25 — 1)
- Two independent comparison output signal
pins
- PLL lock detection function

Reference frequency generator: The ref-
erence frequency generator divides source
oscillation (4.5 MHz) to generate twelve dif-
ferent reference frequencies f;: 1, 2, 5, 6.25, 9,
10, 12.5, 18, 20, 25, 50, and 100 kHz. Any of
them can be selected by programming bit 0
to bit 3 of PLL control register A (PCRAg-
PCRA;).

Variable divider: The variable divider is a
down-counter composed of a 5-bit M counter
and a 10-bit A counter. In direct dividing

mode, the variable divider functions as a 15-
bit down-counter with connected M and A
counters to perform the auto-reload function.
In pulse swallow dividing mode, both M and
A counters function as down-counters which
input 2-modulus prescaler (mode 1/33) out-
put. When the M counter reaches 0, 2-
modulus prescaler mode changes from 1/33
to 1/32, and the A counter continues to count.
When the A counter reaches O, the M and A
counters are auto-reloaded and start count-
ing again. The dividing mode (direct or pulse
swallow) can be selected by programming bit
2 of PLL control register B (PCRB;). Divide
value should be set in the PLL data register .
The value is set in the PLL reload register via
the PLL data register. The contents of the
PLL data register (15 bits) are loaded in the
PLL reload register automatically by the
write instruction to the lower four bits of the
PLL data register (PDRA register). Therefore,
data must be written in the registers in the
following order: PDRD, PDRC, PDRB, and
PDRA.

Phase comparator: The phase comparator
detects phase difference between the refer-
ence frequency (f;) and the output signal (fy)
from the variable divider. The result is output
from the #1 and ¢2 pins, as shown in figure
16, figure 17.
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Ampiifier
2-modulus
PLL(P) (1 }:D—q prescaler
{1/32,1/33)
)
Ampilifier 1N
M counter A counter
(5 bits) MPx] (10 bits) ”T
5 F'10
| PLL reload register (15 bits) ]
bit 0 1% bit 14
| PLL data register (15 bits) ]

4 4 4 3 l Internal bus  (S1) I

Internal bus {S2}

PLL control ;ofk PLL control PLL control
register A ﬂz:c- register B register C
(4 bits) circuit (4 bits) {1 bit)
L
4
fv
[ E— 2
O T O
fr
i el Reference
frequency @ #2
generator Phase
comparator
| vco LPF
| (External) {External)
Figure 15. PLL Function Block Diagram
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f
¢1, $2 Outputs Phase Comparator input ’®
f

4

Low Level

High-Impedance

High Level

Figure 16. State Diagram (Phase Comparator)
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0y, 0, | I 31

[o B
Phase lag Phase lead Stable state
Figure 17. Input/Output Waveform (Phase Comparator)
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Lock detection circuit: If the phase differ-
ence between the reference frequency (f:)
and a signal (fy) generated by dividing an
external input signal through the variable
divider is less than a specified value +«, PLL
is assumed to be locked and bit 3 of the PLL
control register C (PCRCj3) is set. The set
condition of PCRC3; is shown in figure 18.
PCRC; is reset automatically after being read.
Note: Value « varies with programming bit O
and bit 1 of PLL control register B (PCRBo,
PCRB;s).

When entering the stop mode, set PCRB3 to 0
and PLL is disabled. PLL (P) and PLL (D) are
pulled down to the GND so that current is not
consumed by the alternate amplifier.

PLL control register A (PCRA: $005): PLL
control register A is a 4-bit write-only register
(figure 19).

PLL control registers B, C (PCRB: $006,
PCRC: $006): PLL control register B is a 4-bit
write-only register. PLL control register C is a
1-bit read-only register(figure 20).

PLL data register A (PDRA: $007)

PLL data register B (PDRB: $008)

PLL data register C (PDRC: $009)

PLL data register D (PDRD: S00A): PLL
data registers A, B and C are 4-bit write-only
registers, and PLL data register D is a 3-bit
write-only register (figure 21).

Reference frequency ()

Window signal (fw) I
]

Output signal of £

variable divider )

Figure 18. PCRC; SET Condition

3 2 1 [¢]
PCRA; | PCRA; { PCRA, | PCRA,
. PCRA; | PCRA; | PCRA; | PCRA, | Reference frequency (kHz}

o -+ (Initial value)

w » (Read/Write) © 0 0 0 !
[¢] o] o] 1 5

f Reference frequency selection 0 0 1 0 6.25
o] o] 1 1 9
(o] 1 o o] 10
(0] 1 [¢] 1 12.5
(o] 1 1 o] 25
o] 1 1 1 50
1 o] o] o] 2
1 (o] (o] 1 10
1 0 1 o 12.5
1 ¢} 1 1 18
1 1 [¢] o] 20
1 1 (o] 1 25
1 1 1 [¢] 50
1 1 1 1 100

SEM

be used.

/SEMD and REM/REMD instructions cannot

Figure 19. PLL Control Register A (PCRA: S005)
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3 2 1 0
PCRB; | PCRB; | PCRB, | PCRBo
. PCRA; | PCRA; | PCRA, | PCRA, [ PCRB, | PCRBg | a(us)
[¢] (Initial value)
o] 0 10
w —e~ (Read/Write)
3 4 4 o value selection o o o o (9] 1 20
1 [} 40
1 1 40
o] (¢} 1.1
o] 1 2.22
* * * *
1 0 4.44
1 1 4.44
. PCRB; | Dividing mode Divide ratio
Dividing mode sefection ) Direct division 210251
1 Pulse swallow division 1024 to 2'5-1
PCRB; | PLL enable/disable
¢ PLL disable
3 2 1 o 1 PLL enable
PCRC; - - -
o} (Initial value) Notes: 1. *; At least one of the bit among PCRA, to PCRA; is "17.
R (Read/Write) 2. —; Reserved bit
pJ Lock detection
SEM/SEMD and REM/REMD
instructions cannot be used.
Figure 20. PLL Control Register B, C (PCRB: $006, PCRC: S006)
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PDRD PDRC PDRB PDRA
2 ($00A) 03 ($008) 03 ($008) p3 ($007) o

* * * * (Initial value)
{Read/Write)

14 o

PLL reload register

A counter M counter

SEM/SEMD and REM/REMD
instructions cannot be used.

Note: * ; Undefined
— Reserved bit

Figure 21. PLL Data Register and PLL Reload Register
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IF Counter

IF Counter Features:

- Resolution: 16 bits

- Gate time: 1, 4, 8, ©© ms

- Input signal: 156 MHz max.

IF Counter Function: The IF counter is a 16-
bit binary counter whose data can be read. It
is used to detect a stop signal during auto-
search tuning; if a desired IF frequency range
is found by counting the input frequency of
the IF pin during auto-search tuning, it can
be assumed that a radio station exists on the
received frequency. The block diagram of the
IF counter is shown in figure 22.

Count time (gate signal) of the IF counter can
be selected from among 1, 4, 8 and o ms by
the IF counter control register. After all, the
frequency input to the IF pin can be mea-
sured by counting the number of pulses input
to the IF counter within the selected count
time.

The IF counter is reset by clearing the IF clear
start bit of the IF counter control register, and
initiates counting by setting the IF clear start

bit. When the IF clear start bit is set, the busy
bit is set, and when counting is terminated, it
is cleared. Accordingly, whether or not
counting is being performed can be acknow-
ledged by software. Note that when entering
into the stop mode, IFC13 must be set to 0 and
the IF counter must be disabled. The IF pin is
pulled down to the GND, so that current is
not consumed by the alternate amplifier.

IF conter control register 1 (IFC1: $028):
IF counter control register 1 is a 4-bit write-
only register (figure 23).

IF counter data register A (IFDA: S029)
IF counter data register B (IFDB: S02A)
IF counter data register C (IFDC: S02B)
IF counter data register D (IFDD: $02C):
IF counter data registers A to D are 4-bit
read-only registers. The most significant digit
is IFDD, the other bits are, in order: IFDC,
IFDB, and IFDA (figure 24).

IF counter control register 2 (IFC2:
$028): IF counter control register 2 is a 1-bit
read-only register (figure 25).

r S 1F Counter
‘b mpiitire - Data Register
(16 bits)
y 4 4 4 4
r lhternal Bus (S1)
[ Internal Bus {S2) J
P
-] 4.5 Gate |signal
D MHz generator IF Counter Control
- | 1,4,8,0 ms Register (4 bit)
2
|
IF Counter Control
Register (1 bit)
[ Internal Bus (S1)
Figure 22. IF Counter Block Diagram
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Gate Signal: The IF counter's gate signal
time is specified by the IF counter control
register 1. The basic clock timing is a 1 ms
pulse generated asynchronously with an
instruction. Dividing this clock produces a 1, 4,
or 8 ms gate signal. (Gate signal is selected
among 1, 4, 8, «© ms.) Accordingly, even if the
IF clear start bit of the IF counter control
register 1 is set to initiate counting, the IF
counter does not start counting until the first
basic clock is generated after executing the
current instruction. Time difference between
the busy bit and the actual gate signal is max.
1 ms, independent of the specified gate time,
since basic clock timing is 1 ms.

Note: Precautions when gate signal < is
selected.

When gate signal oo is selected, the counter
always operates by the IF input signal. Con-
sequently, if data is read at counter update
wrong data may be read. Thus, a gate must

be closed once before data is read. To close a
gate in the oo mode, a value other than oo
should be set in the gate signal selection bits
(bit 1, 0) during setting of the IF enable bit
(bit 3) and IF clear start bit (bit 2) of the IF
counter control register 1 to 1.

To continue counting after data read, the
mode should be set again. Make certain that
the counter does not operate while the gate
is being closed.

Accordingly, gate closure time should be
considered when counting continues after
data read.

When gate signal oo is selected, the IF
counter does not start counting until the first
basic clock is generated after executing the
current instruction (max. 1 ms) even if the IF
clear start bit of the IF counter control regis-
ter is set to initiate counting.

Busy signal is invalid for the gate signal oo
mode.

3 2 1 [o]

IFC13 | IFC1; [ IFC1, | IFC1p

» (Initial value)

- w {Read/Write)
4 A [} [} IFC1, IFC1, | Gate signal (ms)
. . o] o] 1
Gate signal selection
o] 1 4
1 0o 8
1 1 oo
IFC1;, IF clear start
IF clear start -
[¢] IF counter data register reset
1 Start counting
IFC13 IF enable
IF enable o] IF disable
1 IF enable
SEM/SEMD and REM/REMD
instructions cannot be used.

Figure 23. IF Counter Control Register 1 (IFC1: S028)
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3 IFDD 03 IFDC 03 IFDB 03 IFDA O

(Initial value)
R + (Read/Write}

Figure 24. IF Counter Data Register (IFDA: $029, IFDB: $02A,IFDC: $02B,
IFDD: $02C)

3 2 1 0
IFC23 — - —
o] {tnitial value)
R (Read/Write) Note: *—’ : reserved bit

» Busy signal

Figure 25. IF Counter Control Register 2 (IFC2: $028)
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Serial Interface

The serial interface is used to transmit/
receive 8-bit data serially. The MCU has two
serial interfaces, serial 1 and serial 2. The
serial interfaces consist of the serial data
registers (SR1, SR2), the serial mode registers
(SMR1, SMR2), the serial clock registers (SCR1,
SCR2), the octal counter, and the multiplexer
as illustrated in figure 26.

Pins DQ/SCK1, Du/SCKz, D9/SI1, D12/SIz, D1o/
SO, D13/SO., and STS instruction are
controlled by the serial mode register. The
serial clock register controls the transfer
clock. The contents of the serial data register
can be written into or read out by software.
The data in the serial data register can be
shifted synchronously with the transfer clock
signal.

Serial interface operation is initiated by the
STS instruction while the enable bit of the
target serial interface (bit 3 of the serial mode
register of each serial interface) is set. The
octal counter is reset to $0 by the STS
instruction. The counter starts to count at the

falling edge of the transfer clock signal (SCK;,
SCK:) and increments by one at the rising
edge of the signals.

When the octal counter is reset to $0 after
eight transfer clock signals, or when a
transmit/receive operation is discontinued by
resetting the octal counter, the serial inter-
rupt request flag will be set.

To control two serial interfaces by executing
the STS instruction once, an enable bit (bit 3)
of the serial mode register is provided for
each serial interface. When the STS instruc-
tion is executed, the serial interface of which
an enable bit is set starts to operate. If both
enable bits are reset, the serial interface does
not operate even if the STS instruction is
executed. If both enable bits are set, two
serial interfaces can be operated by execut-
ing the STS instruction once.

The enable bit is reset after the STS instruc-
tion execution automatically.

Consequently, to operate the serial interface,
the STS instruction should be executed after
setting an enable bit.

OC1, 0C2(4 bit)

zIZLiM PRESCALER{11bit) OCTAL IFS1
COUNTER IFS2
T INTERRUPT
PN EE ‘é’ REQUEST FLAG
8 A S Y R B of SERIAL INTER-
el 44 FACE
| INTERNAL BUS LINE (S1) |
SERIAL MPX -+ 2 mex HH ¥ 3
4 4
SCK

SR1.SR2(8bit) |

3 SERIAL DATA REGISTER

SCR1,SCR2(3bit) ISMR 1, SMR2 (4bit }4 24

SERIAL CLOCK SERIAL MODE
5 LRES REG. | INTERNAL BUS LINE  (S2) |
4
1 SCK1, 2
[ INTERNAL BUS LINE s2 | 13
"SCK./Da S11/Dg S0,/D1o

SCK,/D1y SIy/Diz — S0,/D14 [*—

PORT PORT PORT

SCKi st SO:
¢ SCK2 Sk S0;

Figure 26. Serial Interface Block Diagram
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Serial Mode Registers (SMR1: $010, SMR2:
$014): The 4-bit write-only serial mode reg-
isters control the serial interface operation
and the pins SCKj, SCKz, SI, SIz, SO1, and SO2
as shown in figure 27.

The write signal to the serial mode register
initializes the operating state of the serial
interface.

The write signal to the serial mode register
stops the serial data register and octal
counter from applying transfer clock, and it
also resets the octal counter to $0 simultane-
ously. Therefore, when the serial interface is
in the “Transfer State”, the write signal
causes the serial mode register to cease the
data transfer and to set the serial interrupt
request flag. .

The contents of the serial mode register is
invalid until the second instruction is
executed after a write instruction. Therefore,
it will be necessary to execute the STS
instruction after the data in the serial mode
register has been changed completely. The
serial mode register will be reset to $0 by
MCU reset.

Bit 3 of the serial mode register is an enable’

bit for the serial interface. To operate the
serial interface, this bit should be set before
executing the STS instruction.

If the STS instruction is executed while the
enable bit is set, the serial interface starts to
operate. If the STS instruction is executed
while the enable bits of both serial interfaces
are set, two serial interfaces start to operate.
The internal clocks of SERIAL 1 and SERIAL 2
are asynchronous each other.

The enable bit is automatically reset after the
STS instruction execution.

Serial Clock Registers (SCR1: $011, SCR2:
$015): The serial clock register is a 3-bit
write-only register which controls the trans-
fer clock source and prescaler divide ratio as
shown in figure 28. A write signal to the serial
clock register initializes internal state of the
serial interface. A write signal to the serial
clock register stops the serial data register
and octal counter from applying transfer
clock, and it resets the octal counter. There-
fore, when the serial interface is in the trans-
fer state, the write signal to the serial clock
register stops the data transfer and sets the
serial interrupt request flag.

Serial Data Registers (SR1L: $012, SR1U:
$013, SR2L: $016, SR2U: $017): The 8-bit
read/write serial data register consists of a
lower digit (SR1L: $012, SR2L: $016) and a
higher digit (SR1U: $013, SR2U: $017).

The data in the serial data register will be
output from the SO; and SO pins, from LSB to
MSB, synchronously with the falling edge of
the transfer clock. At the same time, external
data will be input from the SI; and SI; pins to
the serial data register, to LSB first,
synchronously with the rising edge of the
transfer clock. Figure 29 shows the I/O timing
chart for the transfer clock signal and the
data. The read,/write operations of the serial
data register should be performed after the
completion of data transmit/receive.

Otherwise the data may not be guaranteed.
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[ena [ sz [ 81 [ 8o |

o {Initial value)
SMRt,SMR2
R/W (Read/Write} - D40/S01, 013/50;
BitO
[ 1/0 pins D1g. D1y
1 Output pins SO:, SO;
Note: When bit O of SMR1 or SMR2 is set, Dio of Dy3
becomes output pin automatically.
SMR1,SMR2
- Dyo/Sly. D12/Sl2
Bit 1
0 1/0 pins Dy, Dyz
1 input pins Sly, SI,
Note: When bit 1 of SMR1 or SMR2 is set. Dy or D1z
input pin X SMR1,SMR2 - ]
B3 [Be2[Br1[Bro) o mertece operation mode
SMR1,SMR2 "
L Do/5CK;. D41/5CK; 1 1 o 0 | Clocke continuous output mode
Bit2 1 1 4] 1 | Transmit mode
] 1/0 pins Dy, Dvy 1 1 1 O | Recsive mode
1 Input or output pins SCK,.5CKz 1 [ 1 ] 1 ] 1 |Traasmit/receive mode

Note: When bit 2 of SMR1 or SMRA2 is set. it internal
lock is selocted, Dy or Dy, bacomes SCK, or
SCKz output automatically. if external _clock is
selected at this time. these pins become SCK; o
BCR: input

SMR1,SMR2
Bit3
o Disabled {not affect operating state)
1 Enabled (transfer clock wait state}

STS inswruction

Note: Bit 3 of SMR1 and SMR2 is reset automatically
after the STS instruction execution.

Figure 27. Serial Mode Register (SMR1: $010, SMR2: $014) and Operation Mode Selec-
tion
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Table 9. Serial Interrupt Request Flag Table 10. Serial Interrupt Mask (IMS2:
(IFS2: $003,2, IFS1: $023,2) $003, 3, IMS1: $023, 3)

Serial Interrupt Serial interrupt mask Interrupt Requests

Request Flag Interrupt Requests o Enabled
0 No 1 Masked (held)
1 Yes Initial value: 1, R/W

Note: REM, REMD, SEM, SEMD, TM, and

Initial value: X .
itial value: 0, R/W TMD instructions can be used.

Note: Reset by the REM and REMD instruc-
tions. 1 cannot be set by software.
Tested by the TM and TMD instructions.

r— l Bit 2 | Bit1 | Bit0 |

o] {Initial value)
w {Read/Write)
| SN S
SCR1, SCR2 Ds/SCK; Prescaler | System
Clock source| divide clock
Bit2 |Bit 1|BitO D11/8CK2 ratio divide ratio
o [ o | o |SCK:, SCK;output [ Prescaler + 2,048 + 4,096
0 | o | + [SCKi. SCK; output | Prescaler + 512 + 1,024
o [ 1 | o [SCK;.SCK; output | Prescaler + 128 + 256
o 1 1 | 5CK;, 5CK; output | Prescaler + 32 + 64
1 0 | 0 [SCKj, 5CK; output | Prescaler + 8 + 16
1 o} 1 | SCK;. SCK; output | Prescaler + 2 + 4
1 1 0 | SCK;, SCK; output | System clock - + 1
L1 1 1 | SCK;, SCK; Input External clock — -

Note: '—’ ; reserved bit.

Figure 28. Serial Clock Register (SCR1: $011, SCR2: $015)

Transfer Clock "||”"’I||l||l
Serial Output Data X LsSB X X X X X X x MSB

Serial Input Data
Latch Timing

Figure 29. Serial Interface I/O Timing Chart
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Serial Interrupt Request Flag (IFS1: $023
bit 2, IFS2: S003 bit 2): The serial interrupt
request flag is set when the octal counter
counts eight transfer clock signals, or when
data transfer is discontinued by resetting the
octal counter. See table 9.

Serial Interrupt Mask (IMS1: $023 bit 3,
IMS2: S003 bit 3): The serial interrupt mask
masks the interrupt request. See table 10.

Selection and Change of the Operation
Mode: The serial interface operation modes
which are determined by a combination of
the value in the serial mode register are
shown in figure 27.

Operating State of Serial Interface: The
serial interface has four operating states,
transfer disable state, STS waiting state,
transfer clock waiting state, and transfer
state, as shown in figure 30.

The transfer disable state is the initialization
state of the serial interface. In this state, the
serial interface does not operate even if the
STS instruction is executed or the transfer
clock is applied. Setting the enable bit of the
desired serial interface enters it into STS
waiting state.

When the STS instruction is executed in this
state, the serial interface becomes transfer
clock waiting state and serial transfer is
enabled. When both enable bits of the serial
interface 1 and 2 are set before executing the
STS instruction, two serial interfaces start to

operate. If the transfer clock is applied during
the transfer clock waiting state, the serial
interface changes to transfer state, while the
octal counter counts up and the serial data
register changes simultaneously. However, if
the consecutive clock output mode is
selected, only transfer clock is output con-
secutively without transfer.

In the transfer state, the octal counter
becomes 000 by 8 transfer clocks and the
serial interrupt flag is set. At this time, if
internal clock is selected, the serial interface
changes to the transfer disable state, and if
external clock is selected, it changes to the
transfer clock waiting state. A write signal to
the serial mode register during the transfer
state resets the octal counter to 000 to stop
transfer and sets the interrupt request flag
simultaneously.

Example of Transfer Clock Error Detec-
tion: The serial interface malfunctions when
the transfer clock is disturbed by external
noises. In this case, transfer clock error can be
detected by the procedure shown in figure
31. If more than 8 transfer clocks are applied
in the transfer clock waiting state, the state
of the serial interface changes as the follow-
ing sequence: first, transfer state, second,
transfer clock waiting state, and third, trans-
fer state again. The serial interrupt flag
should be reset before entering into the STS
waiting state by writing data to the serial
mode register. This procedure causes the
serial interrupt request flag to be set again.
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Transfer disable

state

- STS instruction invalid
+ Qctal counter = 000

« Transfer clock disable

Write to SMR (Reset Write to SMR Write to SMR Write to SMR (Reset bit 3)

bit 3} {Reset bit 3) (Set bit 3) 8 transfer clocks {Internal
Write to SCR clock)
- Write to SCR
STS waiting state (IFS—1)
+ STS instruction
valid
« Octal counter = 000
+ Transfer clock disable
Write to SMR
(Set bit 3)
rite to SMR
(Set bit 3}
(IFS<1)
Transfer clock
Transfer clock waiting - Transfer state
state « STS instruction
- Reset bit 3 of SMR 8 transfer clocks invalid
- STS instruction invalid (Externat clock) . Octal counter ¥ 000
+ Octal counter = 000 (IFS«—1)

Figure 30. Operating State of Serial Interface

Transmit/Receive J

(IFS — 1)
r Interrupt
Disable
l IFS «- 0 I
Write to .
r SMR ] (Set bit 3)
- Yes Transfer Clock
IFS =17 Error Processing
No

r Normal End

Figure 31. Example of Transfer Clock Error Detection
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Timer

The MCU contains a prescaler, two timer/
counters (timer-1, 2) and time-base prescaler
(timer 3).Figures 32, 33 and 34 show the block
diagrams of the timers.

Prescaler: The input to the prescaler is a
system clock signal. The prescaler is initial-
ized to $000 by MCU reset before dividing the
system clock. The prescaler keeps counting
up except in MCU reset and stop mode. Timer
input clock and serial transfer clock are
selected by the timer mode registers (TMR1,
TMR2) and serial clock registers (SCR1, SCR2)
among prescaler outputs.

Operation of Timer 1, Timer 2: Timer 1 and
2 are multifunctional timers. They can be
used as a free-running timer, event counter,
reload timer, or PWM circuit (Timer 2 does not
have a PWM function). Each function is
selected by the timer mode register (TMR1,
TMR2) and timer output register (TORI1,
TOR2).

The timer/counter (TC1, TC2) is initialized to
$00 by MCU reset, and it starts to count up
every input signal. As an input clock, the
clock divided by the prescaler and an exter-
nal clock can be used. When an external clock
input is selected, external interrupt must be
inhibited by setting the external interrupt
mask bit (IMO or IM1) since the external clock
input pin is multiplexed with the external
interrupt pin. (External interrupt cannot be
inhibited by setting the interrupt enable bit
of the timer output register.) If an input clock
is applied after the timer counter reaches
$FF, the timer interrupt request flag (IFT1,
IFT2) is set. If an auto-reload function is not
selected, timer 1 and 2 function as free-run-

ning timer/event counter and continue to
count up after returning to $00. If the auto-
reload function is selected, they are reload
timers.

The timers initiate counting up from the
timer load register (TLR1, TLR2) value loaded
in the timer counter for each clock input after
the timer counter reaches $FF.

Timer 1 has a timer output circuit. This circuit
changes output level when a clock is input
after the timer counter reaches $FF. An
optional cycle clock signal can be output by
combining this circuit and the reload timer.
Also this output circuit becomes PWM output
circuit if PWM function is specified by the
timer output register. One cycle of the PWM
output is 256 input clocks. The output
becomes 1 during the time for the number of
clocks set in the timer load register, and
becomes 0 during the other time.

To obtaine the voltage level in proportion to
the value set in the timer load register, PWM
output should be combined with low-pass
filter.

Timer 3 Operation: Timer 3 is a prescaler

which sets interrupt request flag (IFT3) every

125 ms.

- Timer interrupt request flag (IFT3: $000 bit
2) .

- Timer interrupt mask (IMT3: $000 bit 3)

The timer interrupt mask masks the timer 3
interrupt request.

Timer 3 is initialized in the following condi-

tion.

- Power-on Reset

- MCU Reset when the data retention bit
(MIS;: $004,3) is O.
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INTERNAL BUS LINE (S2) J [ INTERNAL BUS LINE (S1)
i it 4 s 1a
T
TMR1 TOR1 X
(4 bit) {4 bit) {4 bit IFT1
{Timer Latch Reg.}
1
3 Reload
Control
Circuit
_ it TO
Tl @——— Timer MPX '(‘}C{;l‘ (3;\)" )t Counter} Output !
‘me! en u Control -—@
© Circuit
] 7 ST 3
~ [ | o - v &
TR T T RS
SYSTEM PRESCALER (11 bit} TL1R (8 bit)
CLOCK {Timer Load Register)
14 1
| INTERNAL BUS LINE {S2)
Figure 32. Timer 1 Block Diagram
INTERNAL BUS LINE {S2) ] [ INTERNAL BUS LINE (S1)
4 4
# # 4 4" 4 4
TMR2 TOR2 TL2
(4 bit) (4 bit) (4 bit) IFT2
(Timer Latch Reg.)
L]
r3 Reload
Control
Circuit
@ TC2 (8 bit}
The Timer MPX {Timer/Event Counter)
o«
=] o~ <t
o~ <o S Y 5|8
RO Pt ot e | o
SYSTEM PRESCALER (11 bit) TL2R (8 bit}
CLOCK (Timer Load Register)
T, Ta
[ INTERNAL BUS LINE (52
Figure 33. Timer 2 Block Diagram
i S
%— 4.5 MHz
Prescaler
; IFT3
(20 bits) 125 ms

Figure 34. Timer 3 Block Diagram
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Timer Mode Register 1, 2 (TMR1: $018,
TMR2: $01C): The timer mode register is a 4-
bit write-only register which selects the
autoreload function, input clock, and pres-
caler divide ratio as shown in figure 35.

The timer mode register is initialized to $0 by
MCU reset.

The operation mode of the timer mode regis-
ter is changed at the second instruction cycle
after the timer mode register is written to.
Initialization of the timer by a write to the
timer mode register should be performed
after the operation mode is completely
changed.

Timer Output Register (TOR1: $019,
TOR2: S01D): The timer output register is a
4-bit read/write register which controls the

timer output mode, PWM output, and exter-

nal interrupts as shown in figure 36.

If bit 0 and 1 of the timer output register are
set in the mode except for timer output dis-
able mode, the pin becomes timer output pin
automatically.

Combination of these modes and each mode
of the timer 1 to 3 can produce optional fre-
quency and optional duty clock signal. When
PWM output is set, the timer output pin
becomes PWM output pin independently of
the timer output mode.

The timer output register is initialized to $0
by MCU reset.

The operation mode of the timer output reg-
ister is changed at the second instruction
cycle after the timer output register is writ-
ten to.

[ bit3 [ bit2 | bit1 | bito |

- 0 -+ (initial value)
- \ w » (Read/Write)
T t TMR1, TMR2
Bit2 |Bit 1 [BitO
0 0 0 +2,048
0 0 1 + 512
0o 1 0 + 128
0 1 1 + 32
1 {0710 + 8
110 {1 + 4
1 1]0 + 2
T, T2
1 1 1 {External
event input)
TMR1, TMR2 | Auto-reload
Bit3 function
0 No
1 Provided

Figure 35. Timer Mode Register 1, 2 (TMR1: $018, TMR2: $019)
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Timer 1, 2 (TC1L: $01A, TC1U: $01B, TL1L:
S01A, TL1U: $01B, TC2L: SO1E, TC2U:
SO1F, TL2L: SO1E, TL2U: SO01F): Timer 1 and
2 consist of write-only timer load register (8
bits) and read-only timer/event counter (8
bits) respectively. Each of them has a lower
digit (TC1L: $01A, TC2L: $01E) and a higher
digit (TC1U: $01B, TC2U: $01F).

The timer/event counter can be initialized by
writing data into the timer load register. In
this case, write the lower digit first, and then
the higher digit. The timer load register is
initialized to $00 by the MCU reset.

The counter value of the timer can be
obtained by reading the timer/event counter.
In this case, read the higher digit first, and
then the lower digit. The count value of the

lower digit is latched at the time when the
higher digit is read.

Timer Interrupt Request Flag (IFTI1:
$002 bit 0, IFT2: S003 bit 0): The timer
interrupt request flag is set by the overflow
output of timer 1 or timer 2. If the PWM func-
tion is selected, the timer interrupt request
flag is not set even if the overflow output
generates.

See table 11.

Timer Interrupt Mask (IMT1: $002 bitl,
IMT2: S$003 bit 1): The timer interrupt mask
masks an interrupt request from timer 1 or
timer 2.

See table 12.

Table 11. Timer Interrupt Request Flag

Timer Interrupt
Request Flag

o] No

Interrupt Request

1 Yes

Initial value: O, R/W

Table 12. Timer Interrupt Mask

Timer Interrupt Mask Interrupt Request

o] Enabled

1 Disabled {masks)

Initial value: 1, R/W
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Torz [be3a [ — [ — T =]

o {Initial value)
R/W (Read/Write} TOR1
- - Timer Qutput Mode
Tor1 | b3 | b2 [ b1 | bio | Bit1 | BitO
[o] [o] Timer output disabled
o {Initial value)

Outputs reverse level signal synchronously

R/W {Read/Write) o )| Sunputs reverse lovel signal synchronoush
| fﬁ {Toggle output mode)

Output O synchronously with the input
1 o] clock after TC reaches $FF
(O output mode)

Outputs 1 synchronously with the input
1 1 clock after TC reaches $FF
(1 output mode)

Note: When bit 1 and bit O of TOR1 are set to other than ‘00",
R32 becomes output automatically.

TOR1
PWM Function
Bit 2
[+ Normal timer operation

PWM operation
Output from TO, pin

Note: When bit 2 of TOR1 is set, R3, becomes output automatically.

TOR1, TOR2 External Interrupts
External interrupt enable bit Bit3 INTO, INT1
0 INTO, INT1 disabled
1 INTO, INT1 enabled

Note: When an external event input is specified by bits 0-3 of
the timer mode register, an external interrupt is enabled
irrespectively of the value of bit 3 of TOR.

‘—’ : reserved bit

Figure 36. Timer Output Register
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Operating Mode of Timer 1, Timer 2:
Since timer 1 and timer 2 can select several
functions as free-running, reload, PWM (timer
1 only), and can control clock input and timer
output, various operating states can be spec-
ified by combination of these functions as
shown in figure 37, 38. Required data should

be set in the timer mode register and timer
output register for the selected operating
state.

Example of the timer output waveform is
shown in figure 39. The waveform depends
on the operation mode.

TMR1:3018

TOR1:$019

| bit 3 | bit 2 | bit 1 [ bit 0 “ bit 3 ] bit 2 | bit 1 l bitO I

[¢] {Initial value)

[¢]

- R/W ———— (Read/Write)

w

S S S

TMR1 TOR1 Timer Timer Timer 1
Bit3|Bit2|Bit 1|Bit0|Bit3|Bit2]|Bit1|Bito| NPUt pin | output pin Function
o] *3 | *3 | *3 o] o] 6] o R4o R3:
O | *3 | *3 | *3| 0 | O | x2| *2 R4o TO: Free-
running
0 *3 | *3 | *3 1 o] [¢] (o] INTo R32 timer
0 *3 | *3 | *3 1 [0} *2 | *2 INTo TOn
T INT. *5
o |1 1 1 | %1 0] 0| O [ThINTS* R32 Event
0 1 1 1 |-*1| 0o | *2{ *x2 [71,.INTo*®° TO: counter
———— 1 *3 | *3 | *3 (0] (o] 0} R4c R32
1 *3 | *3 | *3 O | *2 ) *2 R4o TO Reload
1 | *3|*3]*x3{ 1| 0}o0o]| o0 NTo R3, |tUmer
1 *3 | *3 | *3 1 [0} *2 | *2 INTo TO:
1 3 1 1 x1| o 0 o |, INT,*s R3: Event counter
— {with reload
1 1 1 1 *1 [0} *2 *2 T|~|,|NT0‘5 TO function)
*1 | *3 | *3 [ *3 [¢) 1 *1 ] *1 R4o TO
PWM**
*1 | *3 | *3 [ *3 1 1 *1 4 %1 INTo TO,
ST R PWM (external
* 1 1 1 1 * 1 1 *1 *1 |TH,INTs TO4 clock™?)

* 1 Both O and 1 do not affect the operation.

* 2 Either or both of the bit O and bit 1 of TOR is 1.

*3 One, two, or three bits of bit 0, 1, 2 of TMR are O.

*4 When the timer load register is set to $ 00 while PWM output is selected,
the timer functions in the same way as the free-running timer.

*5 When Tl is selected, INT, interrupt mask bit must have been set since

INT,, is simultaneosly selected.

Figure 37. Combination of Timer 1 Operation Modes
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TMR2

TOR2

l bit 3 ] bit 2 | bit 1 I bit O ” bit 3 [ bit 2 | bit 1 | bitOJ

*1

(o} (0] + (Initial value)
- w - R/W (Read/Write}
TMR2 TOR2 Timer Timer 2
Bit3|Bit2 [Bit 1 |Bit0|Bit3|Bit2]Bit 1|Bito| 'MPUt PN function
o] *2 | %2 | *2 o} *1 | *1 ] *1 R4,
Free-
running
timer
(0] *2 | ¥2 | k2 1 *1 * ] *1 INT,
o | 1| 1 | v | ] x| w1 | w1 TN, es | Event
counter
1 *2 | *2 | *2 (0] * 1 *1 *1 R4,
Reload
timer
1 *2 | %2 | *2 1 *1 | *1 | %1 INT,
Event counter
1 1 1 1 * 1 * 1 * 1 *1 | Tl INT;*3 | (with reload
function)

Both O and 1 do not affect the operation.
*2 One, two, or three bits of bit 0, 1, 2 of TMR are O.
*3 When Tl, is selected, INT, interrupt mask bit must have been set since INT, is simultaneously selected.

1316

Figure 38. Combination of Timer 2 Operation Modes
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Reload timer output mode: Toggle output
Timer load register data: N

(A) Free-running timer

———

le - |
~ 256 clocks ! 256 clocks !

(B) Reload timer

le ol o
™ 256-N) clocks | (256-N)clocks '

(C) PWM

[ | L

(256-N) clocks N clocks

256 clocks

(Note) Clock input source and divide ratio are controlled
by the timer mode register.

Figure 39. Examples of Timer Output Waveform
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A/D Converter

The MCU incorporates an A/D converter
operating in the sequential comparison
method with a resistor ladder. It can measure
two analog inputs with 8-bit resolution.

A Dblock diagram of the A/D converter is
shown in figure 40.

The A/D converter is composed of the follow-
ing registers and bit.

A/D mode register (AMR: S00C): The A/D
mode register is a write-only register. Bits 0
and 1 select an A/D conversion period, and
bits 2 and 3 select a channel (figure 41).

A/D data register (ADRU: SOOE, ADRL:
S00D): The A/D data register is a read-only
register.

Data read during A/D conversion is not
guaranteed. After completion of a conversion,

resulting data is maintained until the follow-
ing conversion starts (figure 42).

A/D start bit, status flag (ADSF: $020, 0):
Writing 1 into the A/D start bit initiates A/D
conversion. On completion of A/D conversion,
the converted data is stored in the A/D data
register simultaneously with setting the A/D
interrupt flag, and the A/D start flag is clear-
ed.

Note that writing into ADSF should be par-
formed by bit manipulation instruction SEM
or SEMD. It is invalid with the REM/REMD
instructions. ADSF must not be written to
during A/D conversion. The configuration of
ADSF is shown in figure 43.

Precautions on A/D converter use:

Port output instructions should not be
executed during A/D conversion to allow the
A/D converter to operate stably.

A ~

<< Internal Bus (S2) >

AV4 AV
AMR (4 bit) ADSF
(A/D Mode Reg) {1 bit)

(A/D Start Bit, Status Flag) IT

(‘ Internal Bus (S1) A>
ADR (8 bit)

(A/D Data Reg)

Counter

1 k 2
AN, O— 1
AN; 0— MPX
+
IComp Control Logic

Vee O‘—L“% -
anoo—> |

Figure 40. A/D Converter Block Diagram
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[os oz Lo [ oo ] o sewseuo arg e o
o] —(Initial value)
- w —» (Read/Write)
1 Bit 1 BitO Conversion Time
o] (o] 61 us
o] 1 122 ps
1 (o] 244 ps
1 1 488 us
Bit3 Bit2 Channel Selection
o] o} ANO
] 1 AN1
1 (o] Neither ANO or AN1 is selected
1 1

Figure 41. A/D Mode Register (AMR: $S00C)

7 6 5 4 3 2 7 0
(;ggg) | bit 3 | bit 2 | bit 1 ] bit O || bit 3 l bit 2 | bit 1 I bit O ] (’;‘%g"
* * * * * * * * (Initial value)
- R > R - » (Read/Write)
* ; Undefined

Figure 42. A/D Data Register (ADRU: SOOE, ADRL: S00D)
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bit3 _ bit2 _ bit1 __ bit0
L= ] - [ - [eesr]

0 (Initigl value)
R/W (Read/write)

bitO | A/D start Bit,Status Flag

(o] Indicate A/D conversion end

1 Start A/D conversion

— > Reserved bit
Instructions other than RAM bit manipulation
instructions cannot be used. ADSF is set with
the SEM/SEMD instructions and tested by the
TM/TMD instructions. REM and REMD are
invalid.

Figure 43 A/D Start Bit, Status Flag (ADSF: $020,0)
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Liquid Crystal Display Circuit

A LCD circuit can directly drive a liquid crys-
tal in three drive systems, static, 1/2 duty, and
1/3 duty with its three common signal pins
and 28 segment signal pins. The LCD circuit is
comprised of RAM, controller, and driver as
shown in figure 44.

RAM (S3A0-S3BB): RAM in the LCD circuit
is dual-port RAM which sends display data to
the segment signal pin without software.
Relation between display RAM area and
segment signal is shown in figure 45. By
writing data in RAM area, the corresponding

segment pin automatically outputs it as dis-
play data. 1 means light on, and 0 means light
off.

Control Section: The control section con-
sists of the following three registers:

. LCD output register (LOR: $024) (figure 46)
. LCD control register (LCR: $025) (figure 47)
- LCD mode register (LMR: $026) (figure 48)

LCD Driver: The LCD driver has three
common signal pins and 28 segment signal
pins. 16 segment pins SEG13 to SEG28 are
multiplexed with output ports R8, R7, R6, and
R5.

Vee Q] Power-on switch
LCD [———O0 COM1
g) — — O
V10— T T ] common ____4088"'\2%
v2 0—% Liquid | I control driver
3 [crvstal ] register
V3io—¢ power 1 | (4 bit)
2 |supply ‘ l
GND O— —_— 0O SEG1
= 3%
Mode /\
register LCD —————OSEG12
(4 bit) segment —f O SEG13/R8;
$3A0p> h —={ 5 |——O SEG14/R8;
/ / driver 3
 Display] 2
, :
T,
$388 2 2
Lo —= 3 |——0 SEG28/R5,
RAM area é
5
S
Output | e 5
data 5,
R5 to R8 3
Output
register
LCD: Liquid Crystal Display (4 bit)
Figure 44. LCD Circuit Block Diagram
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Address
BIT 3 BIT 2 BIT 1 BIT O {Hexadecimal)
— SEG 1 SEG 1 SEG 1 $3A0
— SEG 2 SEG 2 SEG 2 $3A1
— SEG 3 SEG 3 SEG 3 $3A2
— SEG 4 SEG 4 SEG 4 $3A3
e SEG 5 SEG 5 SEG b5 $3A4
— SEG 6 SEG 6 SEG 6 $3A5
— SEG 7 SEG 7 SEG 7 $3A6
— SEG 8 SEG 8 SEG 8 $3A7
— SEG 9 SEG 9 SEG 9 $3A8
—_— SEG 10 SEG 10 SEG 10 $3A9
— SEG 11 SEG 11 SEG 11 $3AA
— SEG 12 SEG 12 SEG 12 $3AB
— SEG 13 SEG 13 SEG 13 $3AC
— SEG 14 SEG 14 SEG 14 $3AD
— SEG 15 SEG 15 SEG 15 $3AE
— SEG 16 SEG 16 SEG 16 $3AF
— SEG 17 SEG 17 SEG 17 $3BO
— SEG 18 SEG 18 SEG 18 $381
— SEG 19 SEG 19 SEG 19 $3B2
— SEG 20 SEG 20 SEG 20 $3B3
_— SEG 21 SEG 21 SEG 21 $3B4
— SEG 22 SEG 22 SEG 22 $38B5
—_— SEG 23 SEG 23 SEG 23 $3B6
— SEG 24 SEG 24 SEG 24 $3B7
— SEG 25 SEG 25 SEG 25 $38B8
— SEG 26 SEG 26 SEG 26 $3B9
— SEG 27 SEG 27 SEG 27 $3BA
— SEG 28 SEG 28 SEG 28 $3BB
comM3 COM2 CcoMmM1
Note: Some areas do not correspond to a segment signal.
They can be read/written to.

Figure 45. LCD RAM Area and Segment Signals
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9

The SEM/SEMD and REM/REMD instructions

{ bit 3 I bit2 I bit 1 l bit O I

cannot be used.

{Note)

(initial value) Note: Initial value of the LCD output register by MCU reset

w

- . depends on the value of the data retention bit (MISj:
(Read/Write) $004, 3).

MCU reset by power-on MCU reset when data
ltem reset or when data retention bit is 1
retention bit is O

LCD output 0000 Retained
. P SEG/R port pins become {SEG/R port is not
register .
R port pins. changed.)

0 | R50—R53 (output data)
1 | SEG28—SEG25 (segment data)

0 | R60—RB3 {output data)

1 | SEG24—SEG21 (segment data)

0 | R70—R73 (output data)

1 | SEG20—SEG17 (segment data)

0 | R80—R83 (output data)

1 { SEG16—SEG13 (segment data)

Figue 46. LCD Output Register (LOR: $024)

The SEM/SEMD and REM/REMD instructions
cannot be used.

[ bita | bit2 [ bit1 | bito |

(Initial value)

Fixed to O

(Read/Write)

Display ON/OFF control
O | Display OFF
1 | Display ON

Power Switch ON/OFF control
0 | On-chip liquid crystal power switch (power switch) OFF

1 | On-chip liquid crystal power switch (power switch) ON, V{—Vce¢

Figure 47. LCD Control Register (LCR: $025)
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mﬁi | bit 2 l bit 1 | bit O |

The SEM/SEMD and REM/REMD instructions
cannot be used.

- o] (Initial value)
- wW (Read/Write)
t ot |
I Display duty selection
Fixed to O Bit | Bit
1 0 Contents
0 0 [ Cannot be selected (Note 1)
h——— [o] 1 1/3 DUTY
1 0 | 1/2 DUTY
1 1 STATIC

or STATIC after reset.

Frame Frequency

Duty Frame Frequency
STATIC 274 .6 Hz
1/2 duty 137.3 Hz
1/3 duty 91.6 Hz

Note 1: During MCU reset, bits O and 1 are O. accordingly,
the mode register must be setto 1/3 duty, 1/2 duty,

Figure 48. LCD Mode Register (LMR: $S026)
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Large LCD Panel Driving and Driving
Voltage (Vicp): When using the large LCD
panel, lower the dividing resistance by im-
plementing the external resistors parallel to
the internal dividing resistors as shown in
figure 49.

Since the liquid crystal display board is of
matrix configuration, the path of the charge/
discharge current through the load
capacitors is very complicated. Moreover, as it
varies depending on display condition, a val-
ue of resistance cannot be simply determined
by referring to the load capacitance of liquid

crystal display. A value of resistance must be
experimentally determined according to the
demand for power consumption of the
equipment in which the liquid crystal display
is implemented. (A capacitor,C=0.1 to 0.3 yF
can be used if necessary.) In general, R is 1 kQ2
to 10 kQ.

The following figure shows a connection
when changing the liquid crystal driving
voltage (Vicp). In this case, power supply
switch for dividing resistor (power switch)
should be turned OFF. (Bit 1 of the LCR regis-
ter is 0).

VeelV1) I VeclV)
>
:E R -[ :: R
v2 o4 V2
:E R J_ 3R
V3 c _L [ v3 -
=0.1-0.
3R I c _1_ :E R ¢ “
GND _ > GND
— 3-digit with
I V¢ com1 o kQ
vi tl signal v
Vce Vieo s ‘L—— v2 SEG1 28 |
I \ézo SEG28
Static Drive
2
Vee  Comzf—+—f &} 7-digitLcD
V1 —
Vee v2 28
Vico 7 SEG1
ot O¥ s _,__1
GND SEG28
1/2 Duty, 1/2 Bias Drive
3 n
Vee comi| M 9-digit with
l vi  com3 0. signal
Y I -
° Vico :’/z SEG1 28 |
| I Gnp  SEG28
Vec2Vico2GND 1/3 Duty, 1/3 Bias Drive

Figure 49. An Example of LCD Connection
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Input/Output Port

The MCU has 47 I/O pins comprising 29 I/O
pins, 2 input pins, and 16 output pins (multi-
plexed with SEG pins). The I/O ports (D, RO-
R3) have individual data direction registers so
that data direction (I/O) can be selected for
each bit.Port R4 is an input port. All ports are
standard ports.The registers which control
the I/O ports of each module are shown in
figure 52.

Port D (Do-Di3): The D port is an I/O port
composed of 14 I/O pins accessed on a bit
basis. All bits of the port D data register are
set to 1 by MCU reset. Data direction (input/
output) of each pin can be selected by the
data direction register provided for each bit
(0: input, 1: output). The data direction regis-
ter is cleared by reset, so that the D port
becomes an input port by reset. (See figure
50.) The D port can be set and reset by the
SED/RED and SEDD/REDD instructions, and
can be tested by the TD/TDD instructions.
Pins Do-D; and Dsg-Dy3 are multiplexed with
INT;, INT;, INT,, SCK;, SI;, SO4, SCK3, Sz, and
SO3, respectively.

Ports R0O-R3: These are the I/O ports acces-
sed in 4-bit units. The initial value of the port
R data register by MCU reset depends on the
value of the data retention bit. When it is O,
register value is 1, when it is 1, the register
value before reset is retained. Data direction
(input/output) of each bit of port R can be
controlled by the port R data direction regis-
ter (DDRO-DDR3) (0: input, 1: output). Since
the data direction register is cleared by reset,
the R port becomes an input port by reset.
However, when the data retention bit is 1, I/
O direction of the R port remains unchanged
since the previous data is maintained without
being cleared. (See figure 51.)

Data is input as well as output through ports
RO-R3 by the LAR and LBR instruction.

Pin R3; of port R3 is multiplexed with timer
output pin TO;. TO; is an output pin of timer
1, which can output optional frequency clock
and PWM output signal utilizing reload func-
tion. For details, see section “Timer”.

Circuit types of I/O pins are shown in table
13.

Port R4: Port R4 is an input port accessed in
2-bit units. Pin R4 is multiplexed with
external interrupt input INT, and timer input
TI,, and R4; is multiplexed with external
interrupt input INT; and timer input TIa.
Operation mode of each pin is selected by the
timer mode register and timer output regis-

ter. (for details, see section “Timer”".)

Data is input through port R4 by the LAR and
LBR instructions.

Circuit types of the R4 port pins are shown in
table 13.

Ports R5-R8: These ports are output ports
accessed in 4-bit units. Pins Rb50-R53 are
multiplexed with SEG28-SEG25; R60-Ré63,
with SEG24-SEG21; R70,-R73 with SEG20-
SEG17; and R80-R83, with SEG16-SEG13,
respectively. Operation mode of each pin is
selected by the LCD output register (for
details, see section “LCD Circuit”).

During reset, these ports are used as R ports
and 1 is output. However, when the data
retention bit is 1, these pins are not switched
to R ports and 1 is not set in the data register,
so that the previous data is maintained.
Circuit types of the R5-R8 pins are shown in
table 13.

Data Direction Register (S030-S033,
SO03B-S03E): The data direction register
(DDR) is a 4-bit write-only register which
controls input and output of the I/O ports.
Each I/O port bit has a DDR and data direc-
tion can be selected on a bit basis. Data is
input from each pin when a port is an input
port. For an output port, data is accessed from
the data register.

The I/0 ports become input ports when DDR
is cleared by reset. However, the R port data
direction register is not cleared by reset
when the data retention bit is 1, so that the
previous data is retained.

D port data direction register (DDRDO:
$03B, DDRD1: $03C, DDRD2: S$03D,
DDRD3: S03E): This register can select D
port data direction on a bit basis. RAM bit
manipulation instruction cannot be used. The
D port becomes an input port by reset (figure
50).

R port data direction register (DDRO:
$030, DDR1: $031, DDR2: $032, DDR3:
$033): This register can select data direction
for ports RO-R3 on a bit basis. RAM bit
manipulation instruction cannot be used.
When the R port data direction register is
cleared by MCU reset, the R ports become
input ports. However, if the data retention bit
is 1, this register is not cleared by reset and
the previous data is retained (figure 51).
Note: I/O pins unused on the user system.

If unused I/O pins are left floating, the LSI
may malfunction because of noise. To prevent
this, unused pins should be pulled up to Vec
through a resistor of approximately 100 kQ.
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3 2 1 0
DDRDO D3 D: D1 Do The SEM/SEMD and REM/REMD
{$ 03B} DDR DDR DDR DDR instructions cannot be used.
0 (Initial value)
w (Read/Write)
3 2 1 0 Port 1/0 selection
DDRD1 D7 Ds Ds Da Data direction A
($03C) DDR DDR DDR DDR register Function
[¢] (Inttial value)
0o Input
w (Read/Write)
3 2 1 0 1 Output
DDRD2 D Do Ds Da
($03D) DDR DDR DDR DDR
o (Initial value)
w {Read/Write)
3 2 1 0
DDRD3 _ _ Dis D12
{$ O3E) DDR DDR
0 ¢} (Initial value)
w w {Read/Write)
Note: '—' : Reserved bit
Figure 50. D Port Data Direction Register
3 2 1 o] Port 1/0 selection
DDRO RO3 RO: RO: ROo Data direction Funct
unction
($030) ODR DDR DDR - DDR register
* * * * {Initial value)
o] Input
w {Read/Write)
3 2 - ! 0 1 Qutput
DDR1 R1s R1: R11 Rlo
{$031) DDR DDR DOR DDR
o Note 1: *; The initial value of the
* * * * {Initial value) R port data direction
w {Read/Write) register by MCU reset
depends on the value
3 2 1 0 of the data retention
DDR2 R23 R22 R2: R2o bit (MIS3: $004.3).
($032) DDR DDR DODR DDR
* * * * (Initial value) Reset when Reset when
wW {Read/Write) Itern power on reset datg retention
and when data | bitis 1
3 2 1 0 retention bit is O
DDR3 R3 R3
($033) - oOR DDA BOR R port | 0000 Retained
data R port becomes | (R port function
* * * {Initial value) direction} input port does not change)
w (Read/Write) register
Note 2: —; Reserved bit
The SEM/SEMD and REM/REMD
instructions cannot be used.

Figure 51. R Port Data Direction Register
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Table 13. Circuit Type of I/O Pins

1/0 Pins Circuit Type Applied Pins
1/0 common pin Input SiQEL:D)_, Input data Do-D13
Vce
STOP
@—ﬂ DDR
gy . S Output data
Input signal —1™; e Input data RO-R3
Vee
F@Q‘ "
}_@—— Output data
— o= §CK SCK7, SCK2
VCC
STOP
@_ /O Select signal
| L~ SCK(internal)
Output pin R5-R8
Vee
SEG/R select signal
T Output data
Vee SO;, SO,,
TO; (STOP="1")
STOP
Output data
Input pin . R4
InpgiFDo—» Input data
INTo, INTy, INT,
: INT3, INTs, Sly
@ L Slz, Thy, T2
@ HITACHI
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SMR1 (Serial mode register 1}

[s[z]1]c¢o |
[¢]
R/W

SMR2 (Serial mode register 2}

L= 121>

o]

o |

R/W
I [ -

TMR1 (Timer mode register 1}

(2121 1c¢°]|

o

w

TMR2 (Timer mode register 2)

[sT=z2T o]

o

w
ot
TOR1 {Timer output register 1)
[sT=2]+]0°]
[}

R/W

2."—": Reserved bit

I t L___L_‘} R32/TO1 pin selection

ADR = $010

(Initiat value)
(Read/Write}

D10/S0O1 pin selection
Do/Sh pin selection
Ds/SCKy pin selection

ADR =$014

(Initiat value)
(Read/Write}

D13/80: pin selection
D12/Sl2 pin selection
D11/SCKz. pin selection

ADR = $018

{Initial value)

(Read/Write)

¢ ey
} Rao/INTo/TT7 pin selection

TOR2 {Timer output register 2) ADR = $01D
[l:]'10]
o] {Initial value)
R/W {Read/Write)
* R41/INT1/Tl2 pin selection
LOR (LCD output register) ADR = $024
[2l:1+T7]
* * * * {Initial value)
{Read/Write)
f— R5,-R53/SEG28-SEG25 pin selection

R60-R63/SEG24-SEG21 pin selection
R70-R73/SEG20-SEG17 pin selection

R80-R83/SEG16-SEG13 pin selection
PMRA (Port mode register A) ADR = $02E

[=T2011¢°]

-— 0 ——

-— W

[

{Initial value)
{Read/Write)
Do/INT2 pin selection

D1/INT3 pin selection

ADR = $01C D2/INT4 pin selection
(Initial value) Reset by power-on reset Reset when data
nita Item or when data retention retention bit MIS3 1s "1"
{Read/Write) bit MiS; is "0”
}RAV/INT‘/TIZ pin selection LCD 0000 Retained
output SEG/R port pins become (SEG/R port does not
ADR =$019 register R port pins change)
{Initial value)
PMRA PMRA PMRA
{Read/Write) Pin Pin Pin N
bit2 selection bit 1 selection bit 0 selection
R [4] Dz o] D 0o Do
R40/INTo/ Tl pin 1
1 INTa 1 INT3 1 INT2

Notes: 1. Initial value of the LCD output register depends on the value of the data retention bit.

3. See section "Serial Interface” for SMR1 and SMR2, section “Timer”
for TMR1, TMR2, TOR1, and TOR2, and section "LCD circuit” for LOR.

Figure 52.
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Oscillation Circuit

The oscillation circuit configuration is shown

in figure 53.

Figure 54 shows an internal oscillation circuit
block diagram. 4.5 MHz crystal should be

attached.

Figure 55 is an example of a crystal oscillation
circuit, and its layout example is shown in

Notes: 1. The circuit parameters are changed
by crystal resonator and the float-
ing capacitance in the board. In
employing a resonator, please con-
sult with the engineers of the crys-
tal maker to determine the actual
circuit parameter.

2. Wiring between OSC1, OSC2, and
elements should be as short as pos-
sible, and never cross other wires.
(See figure 56.)

figure 56.
STOP L
signal — T_o d;»wde
circuit
WV
® @
0SC; 0SC,
Figure 53. Oscillator
Oscillator
0Ssc, .
Divide Timing System clock
@ 5 MHz) circuit generator - (gﬁz.s kHz)
0SC, (divide-by-8)
Figure 54. Internal Oscillation Circuit
Cy —
':L% 0SC:  Crystal : 4.5 MHz
c, :TBD [ S02/D1s
Dgrés;::.{ Cc, :TBD N ] 0SC,
. z pulld
} 0SC, \~“\ 0sC;,
c, P~ \\\\Qa Nano
Figure 55. Crystal Oscillation Circuit

Figure 56. Crystal Oscillation Circuit
Layout
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Miscellaneous Register

The function of the miscellaneous register,
shown in figure 57, is described below.

RESET: The RESET pin level can be read by
reading the MIS, bit.

Data retention bit: This bit is cleared if Vcc
voltage supply stops. This bit is set before the
MCU enters into stop mode. Then, if this bit is
set when the MCU recovers from stop mode
by MCU reset, Vcc voltage is applied during
stop mode and RAM data is retained.

T

3 2 1 0
MIS: § 044 |7MIS:, | - | — | miso |
O at power-on,
retained in any
other cases. (Initial vatue)
R/W R (Read/Write)

L— RESET pin level

Data retention bit

2. "—": Reserved bit.

Notes: 1. MiIS, cannot be written to. When the miscellaneous register
is written to, MISy does not change.

3. The TM/TMD instructions can be used. The SEM/SEMD and REM/REMD
instructions can not be used.

RAM data invalid after

0 stop mode

RAM data valid after
stop mode

Figure 57. Miscellaneous Register
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PROM Mode Pin Description

The HD4074509 is a ZTAT microcomputer PROM. PROM mode signals are listed in table
incorporating PROM. When the MCU enters 14, and PROM mode pin assignment is in
PROM mode, the MCU stops to program the figure 58.

Table 14. PROM Mode Signals

MCU mode PROM mode MCU mode PROM mode
Pin No. Pin name 1/0 Pin name 1/0  Pin No. Pin name 1/0 Pin name /0
1 ANo [ Mo | 41 R2; /0 An 1
2 v 42 R23 /0 A2 i
3 V2 43 R3o I/0  Aiz |
4 V3 44 R3, 1/0 Asa |
5 IF i 45 R32/TO; 1/0
6 TEST [ TEST I 46 R4o/INTo/Tly | Vep
7 2 o] 47 R4.1/iINT\/TI2 | Ag !
8 $2 o] 48 Vce Vee
9 Vce (PLL) Vee 49 SEG1 o Oo 1/0
10 PLL(D) | 50 SEG2 o] 0, 1/0
11 PLL{P} | 51 SEG3 o] 02 1/0
12 RESET I RESET ! 52 SEG4 o O3 1/0
13 GND (PLL) GND 53 ' SEGS o Os /0
14 INT2/Do /0 Op 1/0 54 SEG6 (o] Vee
15 INT3/D; /0 0O, /0 55 SEG7 o
16 INT4/D2 /0 02 1/0 56 SEG8 (o]
17 Ds 1/0 O3 1/0 57 SEG9 (o]
18 Da 1/0  Os4 /0 58 SEG10 (o]
19 Ds /0 Os /0 59 SEG11 o
20 De 1/0  Os 1/0 60 SEG12 (o]
21 D7 170 0Oy 170 61 SEG13/R83; O
22 SCK;/Ds 1/0 OE ! 62 SEG14/R8; O
23 Sh/Dg /0 CE I 63 SEG15/R8; O
24 S01/D1o 1/0 Vece 64 SEG16/R8¢g o
25 SCK2/Dny /0 Vce 65 SEG17/R73 o
26 Sl2/Dh2 1/0 66 SEG18/R7, O
27 S02/D13 1/0 67 SEG19/R7: o
28 0SC2 [o] 68 SEG20/R7o O
29 0SC, | 69 SEG21/R63 o
30 GND GND 70 SEG22/R62 o
31 ROo 1/0 Ay | 7 SEG23/R6, o
32 ROy 170 Az | 72 SEG24/R6¢ O
33 ROz /0 As | 73 SEG25/R53 O
34 RO3 170 A4 | 74 SEG26/R5:2 (o]
35 Rio 1/0  As | 75 SEG27/R64 o
36 R1, 1/0  As | 76 SEG28/R50 o
37 R12 1/0 Ay i 77 COM1 (o]
38 Ri3 /0 As 1 78 COM2 (o]
39 R2o 1/0 Ao | 79 CcOomM3 o]
40 R2, /0 Ao ! 80 AN, 1 My 1
Notes: 1. 1/0: Input/output pin, |: Input pin, O: Output pin
2. Pins Op to O4 each have two pins. Each pair must be closed when using.
G©HITACHI
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Pins for PROM mode

Vep: Vpp applies program voltage (125 V +
03V)._

CE: CE inputs the control signal which
enables PROM programming and verifying.
OE: OE inputs the data output control signal
for verify.

Ao-Ais: These are the address input pins of
on-chip PROM.

00-O7: These are the data I/O pins of on-chip
PROM.

Mo, Mi: These are used for setting PROM
mode. PROM mode is set by bringing Mo, M,
and TEST pins to low and RESET pin to high.

|=
/' 82RRIRREINPNIRZIBEBS
Mo [ 64| |
e s
=1 e[
m e ]
] =
TEST e ss[ ]
] s8]
[ |s 57 ]
Vee []e s6[_]
[Jo ss[ ]
] sa ]V,
= = "cC
RESET(_|12 s3]0,
GND |13 s2[ ] 0,
Oo[]14 s11_]0,
0. []s so[ ] 0,
0.} 29[ ] 0g
OaL_J]v7 48[ _JVce
0. e 47:A9
Os[_J1o 46[_] Vee
06=|20 45=
o, [ JAw
OE[ ] a3 JAus
CE[ ]2 a2 A,
Veel |24 41 Ay
WO N DO Q- NmY WO N @D Q
N N N NN MMM MM ®m ™M M S
(%3 - o o
3 ERREPEREEE 8§
(V)

Figure 58. Pin Arrangement in PROM Mode
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Programmable ROM Programming

The MCU enters into PROM mode by setting
TEST, Mo, M, to low, and RESET pin to high
(figure 59).

The specification of the on-chip PROM is the
same as that of EPROM 27256. It can be
programmed by the standard PROM pro-
grammer using a 80-to-28 pin socket adapter.
In order to program the PROM using a
general-purpose  PROM programmer, the
HD4074509 incorporates the conversion cir-
cuit which divides a 10-bit HMCS400 series
instruction into 5 higher bits and 5 lower bits
as shown in figure 60. One MCU address is
assigned to two PROM addresses. For exam-
ple, in programming an 16 k word PROM with
a general-purpose PROM programmer, the
user should assign 32 kbyte address locations
($0000-$7FFF).

Precautions

1. Addresses $0000 to $7FFF should be
specified if the PROM is programmed by
the PROM programmer. If addresses of
$8000 or higher is accessed, the PROM

may not be programmed or verified. Note
that the plastic package type cannot be
erased and reprogrammed. Unused
address data must be set to $FF.

2. Be careful that an index of the PROM
programmer socket, socket adapter, and
LSI match. Using the wrong programmer
of socket adapter may cause an over-
voltage and damage the LSI. Make sure
that the LSI is firmly fixed in the socket
adapter, and that the socket adapter is
firmly fixed in the programmer.

3. The PROM should be programmed with
Vep = 12.5 V. Other PROMs also use 21 V.
If 21 V is applied to the HD4074509, the
LSI may be permanently damaged.

12.5 V is Intel's 27256 Vep.

Programming and verification

The HD4074509 can accomplish high-speed
programming without causing voltage stress
or degrading data reliability. The flowchart is
shown in figure 61. For details, see “Charac-
teristics and Applications of PROM".

Table 15. Mode Selection

Table 16. PROM Programmers and
Socket Adapters

Pin

Mode CE OE Ver 00-O7 PROM Programmer Socket Adapters
Programming Low High Vpp Data input Maker Type name Maker Type name

- - DATAI/O 22 B Hitachi HS450ESFO1H
Verify High Low Vpp Data output 29 B
Programming  High High Ve High impedance AVAL Corp PKW-1000 Hitachi HS450ESFO1H
inhibited PKW-7000
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Vece
Vee T
Vi
LRESET ce
TEST
Mo
e .
o
Vep Data
/8 s> G0,
07
Ao
\% /‘\,Zl Address
7 ‘ Ao—A1s
Ara
le—— OF
l«—  _CE
GND

”

Figure 59. PROM Mode

$0000

t, v ) bed ba3 ) br2 , biad |, biO |Lower Sbits-
> } so000
sooor [[[[[ 7, 1 . 1 , ©btd |, oiB  btu7_ bib  beb | Upper Sbits
Vector Address
$001F $000F
$0020 o
S Zero Page Subroutine
164 Wordst
$007F $003F
$0080 0040
Pattern
14096 Words!
SIFFF $OFFF
$2000 $1000
Program
(16384 Words)
(Note)
S7FEF N N X N N $3FFF

N ———2
Three bits are not used

(Setto 111}
Note: When this address space is read. $FF I1s output

Figure 60. PROM Mode Memory Map
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Set Prog./Verify Mode
Vpp = 125+03 V, Vec = 6.0+0.25 V

Address = 0

[ Program tpyy 1ms = 5% ]

I Address + 1 — Address

No

Address ?

Set Read Mode
Vee = 50+05 V, Vpp = Ve £06 V

Read
All Address

Figure 61. A Sequence of High Speed Programming
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Characteristics and Applications of PROM

Principles of Programming/Erasing

The configuration of the ZTAT micros’ mem-
ory cells are the same as that of an EPROM'’s
(figure 62). Therefore they are programmed
by applying high voltage to control gates and
drains, which injects hot electrons into the
floating gate. The stored electrons become
stable since they are surrounded by an
energy varrier of SiOz film. Such a cell
becomes a 0 bit due to the memory threshold
voltage change. A cell with so condensed
electrons at its floating gate appears as a 1
bit.

The electron charge in memory cells may

decrease as time goes by. This can be caused

by:

@ Ultraviolet light, discharged by photo-
emitting electrons (erasure principle)

@ Heat, discharged by thermal emitting
electrons

@ High voltage, discharged by a high elec-
tric field at the control gate or drain

If the oxide film covering a floating gate is

defective, the erasure rate is great. Normally,

electron erasure does not occur, because such

defective devices are found and removed

during testing.

Control gate

Floating gate

e e
Source OO / Drain
N- N

Programming ( O )

Control gate
SiO2
Floating gate
Source\ /Drain
” o7 ”
Erasing{ 1 )

Figure 62. Cross-section of PROM Memory Cell
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Programming precautions

The PROM memory cells should be pro-
grammed under specific voltage and timing
conditions. The higher the program voltage
and the longer the program pulse is applied,
the more electrons will be injected into the
floating gate. However, if an overvoltage is
applied to Vpp, the p-n junction may be per-
manently damaged. Pay particular attention
to PROM programmer overshot. Negative
voltage noise will cause a parasitic transistor
effect, which may reduce break-down volt-
age.

The ZTAT micros are connected electrically
to the PROM programmer through a socket
adapter. Therefore, pay attention to the fol-
lowings:

@ Confirm that the socket adapter is firmly

fixed on the PROM programmer.

@ Do not touch the socket adapter or the
LSI during programming.
Misprogramming can be caused by poor
contacts.

On-chip PROM reliability after pro-
gramming

Generally, semiconductors are reliable except
for initial failures. To avoid failures, screening
can be performed. Exposure to high temper-
ature is a kind of screening which removes
PROM memory cells with data hold failures in
a short time. This is done to the ZTATs in the
wafer stage, so ZTAT data hold characteris-
tics are high. Exposing the LSI to 150 °C after
user programming can effectively upgrade
these characteristics. Figure 63 shows the
recommended screening flow.

Programming
Verification

Exposure in high temperature
without applying any power
150°C + 10°C, 48Hr + 8Hr*
150°C * 10°C, 48Hr — OHr*

Confirmation of reading
Vec =4.5Vor55V

Hitachi engineer.

* Exposing time is the time after the temperature
in fireplace reaches 150°C.

Note: If programming erros occur continuously during programming with one PROM programmer, stop pro-
gramming and check the PROM programmer or socket adapter.
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a

Figure 63. Recommended Screening Flow
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RAM Addressing Mode

As shown in figure 64, the MCU has three
RAM addressing modes: register indirect ad-
dressing, direct addressing, and memory reg-
ister addressing.

Register Indirect Addressing: Contents of
registers W, X, and Y (10 bits) are used as the
RAM address.

Direct Addressing: A direct addressing
instruction consists of two words, with the
word (10 bits) following the opcode used as
the RAM address.

Memory Register Addressing: The mem-
ory register (16 addresses; from $040 to $04F)
is accessed by executing the LAMR and
XMRA instructions.

ROM Addressing Mode and P Instruc-
tions

The MCU has four ROM addressing modes, as
shown in figure 65.

Direct Addressing Mode: The program can
branch to any address in the ROM memory
space by executing a JMPL, BRL, or CALL
instruction. These instructions replace the 14
program counter bits (PC13 to PCo) with the
14-bit immediate data.

Current Page Addressing Mode: A page is
256 words. By executing a BR instruction, the
program can branch to an address in the
current page. This instruction replaces the
low-order eight bits of the program counter
(PC+ to PCy) with the 8-bit immediate data.

When BR instruction is on a page boundary
(256n + 255) (figure 67), executing a BR
instruction transfers the PC contents to the
next page according to the hardware archi-
tecture. Consequently, the program branches
to the next page when BR is used on a page
boundary. The HMCS400-series cross macro
assembler has an automatic paging facility
for ROM pages.

Zero-Page Addressing Mode: By execut-
ing a CAL instruction, the program can
branch to the zero-page subroutine area,
which is located at $0000-$003F. When a CAL
instruction is executed, 6 bits of immediate
data are placed in the low-order 6 bits of the
program counter (PCs to PCy) and Os are
placed in the high-order 8 bits (PCi3 to PCe).

Table Data Addressing: By executing a
TBR instruction, the program can branch to
the address determined by the contents of
the 4-bit immediate data, accumulator, and
register B.

P Instruction: ROM data accessed by table
data addressing can be referred to by a P
instruction (figure 66). When bit 8 in the
referred ROM data is 1, 8 bits of ROM data are
written into the accumulator and register B.
When bit 9 is 1, 8 bits of ROM data are written
into the R1 and R2 port data registers. When
both bits 8 and 9 are 1, ROM data are written
into the accumulator and register B and also
to the R1 and R2 port data registers at the
same time.

The P instruction has no effect on the pro-
gram counter.
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Register W Register X Register Y
[ N/ N
Wi | Wo | Xa | X2 [ X[ Xo| Ya| Y2 | Y1 | Yo
RAM Address | APs| APs| AP7 | APs | APs | APs | AP3 | AP2| APy | APo
Register Indirect Addressing
Instruction 1st Word Instruction 2nd Word
— ~ )
Opcode do [ ds | d7 | d6 | ds | da | da | d2 | dv | do
1 A 1 1 i 1 1 1 1
RAM Address | APy | APs | AP7 | APs | APs | APs| AP3| AP2 | AP1 | APo
Direct Addressing
Instruction
< 7\
Opcode malmz | m |mo
1 1 i 1 )
0 [0} [0} 1 o] o
RAM Address| APs| APs| AP;| APs| APs | APa| AP3| AP2| AP1 | AP,
Memory Register Addressing
Figure 64. RAM Addressing Modes
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(UMPL)
(BRL)
(CALL)
Instruction 1st Word Instruction 2nd Word
r N —\
L} T T T ¥ T T T T T L] T T ¥ Ll T B
Opcode [ P3 p2 pr po|lds ds d7 de ds da diz d2 do ]

) 1 ] I 1 1 A 1 1 1 I 1 1 i
T

CTTT T T T IT

Program Counter|PC13 PCi2 PC11 PC101 PCs lPCs R PCy lF’(:slPCSI PCA‘ PCs PC: PC: \ PCo
L A ' 1 1

Direct Addressing

Instruction

7 N\
T T Y T T T T

[BR]FOD%Odelbvlbslbslb4l balbzlb|lbo
] HENERRN

L] T T
Program Counter ’EwlPCulPCn‘PC‘o. PCQIPCBJPC7 lPCGIF’Cs lF"Ca \ PCs ) PCzl PC, . PCo

Current Page Addressing

Instruction
[ N
T T T T T T

[CAL)I Opcode [ as as a3 az a1 ao
A A ' 1 1 i " L
o 0 0 O O O 0 O l l l l I l
" *l * T ‘ Ll * L) *1 ‘ ¥ i T T L) T A T

Program Counter ’PC1::PC12 PCnIPCm. PCo . PCs , PCy PCe. PCs PC4l PCs PC2 PC|l PCo
A L i i

Zero Page Addressing

Instruction
£ N
T Ll 1 T L] T Ll
(TBR][ Opcode I ps p2 P poJ Register B Accumulator
1 1 3 J 1 1 i 1 —— S

v T T T T

rBa B2 B» BoIAs Az A1IAol

P TIITITIT

T T T T
Program CounterlPCmPCuz PC11 PC1o PCs PCs PC; PCs PCs PCs PCs PC2 PCi ) PCo
1 A L it A A i 1 1 1 i '

Table Data Addressing

Figure 65. ROM Addressing Mode
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Instruction

P Opcode

! I N N N Register B Accumulator

N~

T T

T T T T
B Bz By Bo|As A2z A1 Ao

P LTI T T T T

T T T 1

Referred ROM Address |3A13 RA12 RA11RA10RAs RAs RA7 RAs RAs RAs RA3 RAz RA: RAo
A 1 A 1 i AL 1 ' 1 i 1 1 1

Address Designation

ROM Data lROs 'LROe :RO7:R06:R05 : R04: RO3 , ROleO1|R00
R N

Accumulator, Register B | B3 lB; B Bo | As Az A1 Ao If ROs=1
1 1 1 1 1

T T T T T

T T T
ROM Data I;)QlROB|RO7lHOGIROS |RO41 R031R021R01‘ROOI
N N N N T

Output Register R1, R2 [RZJ R22 R2, RZOIR13 R12 R1, R1o] If ROs=1
Il A - - A A i

Pattern

Figure 66. P Instruction

N

256 (n — 1) + 265
I BRAAA 256n

AAA NOP

L. BR AAA 256n + 254

- BR BBB 256n + 255
256 (n + 1)

BBB NOP

—

Figure 67. Branch Destination of BR
Instruction on the Boundary
between Pages
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Instruction Set

The MCU provides 101 instructions which are
classified into 10 groups as follows:
Immediate instructions
Register-to-register instructions

RAM address instructions
RAM-register instructions

Arithmetic instructions

OB WN e

©EN®

10.
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Compare instructions

RAM bit manipulation instructions

ROM address instructions
Input/output instructions
Control instructions

Tables 17-26 list their functions, and table 27
is an opcode map.

Table 17. Immediate Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Immediate LAL i 10001 1 i3z 07 ig i -A 11
Load B from Immediate LBl i 100 00O izgizigig 1 B 11
Load Memory from LMID i,d 01 101 0igizgunnip I M 2,2
Immediate dg dg dy dg d5 dg d3 d2 dy do
Load Memory from LMY i 10100 1 032 i1 ip ‘M Y+1 Y NZ 1.1
Immediate, Increment Y
Table 18. Register-to-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from B LAB 0001001000 B A 11
Load B from A LBA 0011001000 A B 11
Load A from W LAW 01 0000000OGC W A 2/2

00000O0O0OOOO (Note)
Load A from Y LAY 0010101111 Y -A 1.1
Load A from SPX LASPX 0001101000 SPX A 1.1
Load A from SPY LASPY 0001011000 SPY 11
Load A from MR LAMR m 100 1 1 1 mgmpymymg MR(m) -+ A 1/1
Exchange MR and A XMRA m 101 1 1 1 mymymymg MR(m) -~ A 11
Note: An operand is automatically provided for the second word of LAW and LWA instruction by assembler.
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Table 19. RAM Address Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load W from Immediate LWI i 00111100 i i *W 1/1
Load X from Immediate LXI i 1 0001 0i3iz2igig i-+X 1/1
Load Y from Immediate LYli 10000 1i3i2i1i0 i Y 1/1
Load W from A LWA 0100010000 A W 2/2

0000000000 {Note)

Load X from A LXA oo011101000 A X 1/1
Load Y from A LYA 0011011000 A Y 1/1
Increment Y Y 0001011100 Y+1 Y NZ 1/1
Decrement Y DY oo011011111 Y-1_-.Y NB /1
Add Ato Y AYY 0001010100 Y+A +Y OVF 1/1
Subtract A from Y SYY 0011010100 Y-A- Y NB 1/1
Exchange X and SPX XSPX 0000000O0O01 X-—SPX 1/1
Exchange Y and SPY XSPY 0000000010 Y—SPY 1/1
Exchange X and SPX.Y XSPXY 000000001 1 X—SPX Y—-SPY 1/1

and SPY

Note: An operand is automatically provided for the second word of LAW and LWA instruction by the assembler
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Table 20. RAM-Register Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Load A from Memory LAM(XY) 00100100y x M:-A, 1/1
{X—SPX, Y—~SPY)
Load A from Memory LAMD d 0110010000 M A 2/2
dg dg d7 dg ds dg d3 d2 dy do
Load B from Memory LBM(XY) 00010000y x M -8B, 1/1
{(X—SPX, Y—SPY)}
Load Memory from A LMA(XY) 00100101y x A -M, 1/1
(X—=SPX, Y--SPY}
Load Memory from A LMAD d 0110010100 A -M 2/2
dg dg d7 dg ds dq d3 d2 dq do
Load Memory from A, LMAIY(X} 000101 000x A -MY+1 Y NZ 11
Increment Y (X—SPX)
Load Memory from A, LMADY(X) 001 101000x A - -MY-1"Y NB 11
Decrement Y {X--SPX})
Exchange Memory and A XMA(XY) 00100000y x M-—A, 1/1
{X—SPX, Y—SPY}
Exchange Memory and A XMAD d 0110000000 M-—-A 2/2
dg dg d7 dg ds d4 d3 dz dy do
Exchange Memory and B XMB(XY) 00110000y x M™M-B, 1/1

(X—SPX, Y—SPY)

Note: (XY) and (X} have the following meaning:

(1} The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM (XY) is given below)
The op-code X or Y is assembled as follows:

Mnemonic Y X Function

LAM 0 0

LAMX 0 1 X — SPX

LAMY 1 (o] Y — SPY
LAMXY 1 1 X~SPX, Y—~SPY

2)

The op-code X is assembled as follows:

Mnemonic X Function
LMAIY [o]
LMAIYX 1 X — SPX
® HITACHI
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Table 21. Arithmetic Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Add Immediate to A Ali 101 000i3iyi1ip A+i A OVF 1/1
Increment B B 0001001100 B+1 8B NZ 1/1
Decrement B DB oo11001111 B-1-8B NB 1/1
Decimal Adjust for Addition DAA 0010100110 1/1
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1 A 1/1
Complement B cowms 0101000000 B -8B 11
Rotate Right A with Carry ROTR 0010100000 1/1
Rotate Left A with Carry ROTL 0010100001 1/1
Set Carry SEC oo1110111 1 1 - CA 1/1
Reset Carry REC 0011101100 0 CA 1/1
7Test Carry TC 0011011 11 CA 1/1
Add A to Memory AM 0000001000 M+A A OVF 1/1
Add A to Memory AMD d 0100001000 M+A A OVF 2/2
dg dg d7 de ds da d3 d2 dq do
Add A to Memory with Carry AMC 0000011000 M+A+CA A OVF 1/1
OVF - CA
Add A to Memory with Carry AMCD d 0100011000 M+A+CA A OVF 2/2
dg dg d7 de ds da d3 d2 dy dop OVF - CA
Subtract A from Memory SMC 0010011000 M-A- CA A NB 1/1
with Carry NB - CA
Subtract A from Memory SMCD d 0110011000 M-A-CA A NB 2/2
with Carry dg dg d7 de d5 da d3 d2 d1 do NB - CA
OR A and B OR 0101000100 AUB A 1/1
AND Memory with A ANM 0010011100 ANM A NZ 1/1
AND Memory with A ANMD d 0110011100 ANM A NZ 2/2
dg dg d7 de d dg d3 d2 dy do
OR Memory with A ORM 0000001100 AUM A NZ 1/1
OR Memory with A ORMD d 0100001100 AUM A NZ 2/2
dg dg d7 dg ds d4 d3 d2 dj do
EOR Memory with A EORM 0000011100 AFM A NZ 1/1
EOR Memory with A EORMD d 0100011100 AEM A NZ 2/2

dg dg d7 de ds d4 d3 d2 dy do

Note: N : Logical AND
U : Logical OR
+ : Exclusive OR

@ HITACHI
1346 Hitachi America Ltd. » Hitachi Plaza e 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819  (415) 589-8300

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD404508, HD4074509

Table 22. Compare Instructions

Words/
Operation Mnemonic Operation Code Function Status Cycles
Immediate Not Equal INEM i 0 0O0O0 1 0.i3i2 i ip =M NZ 1/1
to Memory
Immediate Not Equal INEMD i,d 0100 1 0iziz i ig = M NZ 2/2
to Memory dg dg d7 dg ds dq d3 d2 dy do
A Not Equal to Memory ANEM 0000000100 Az M NZ 1/1
A Not Equal to Memory ANEMD d 0100000100 A=M NZ 2/2
dg dg d7 dg ds dg d3 d2 dy do
B Not Equal to Memory BNEM 0001000100 B=M NZ 1/1
Y Not Equal to immediate YNE} i 00011 1.3i2i g Y =i NZ 1/1
Immediate Less or Equal ILEM i 00001 1 i3z ig is=M NB 11
to Memory
Immediate Less or Equal ILEMD i, d 0100 1t 132 iy g isM NB /2
to Memory dg dg d7 dg ds dgq d3 d2 dy do
A Less or Equal to Memory ALEM 00O 0 010100 A=M NB 1/1
A Less or Equal to Memory ALEMD d 0100010100 AsM NB 2/2
dg dg d7 de ds da d3 d2 dy do
8 Less or Equal to Memory BLEM 0011000100 B=M NB 1/1
A Less or Equal to Immediate ALEl i 101 01 132 iy ip A= NB 11
Table 23. RAM Bit Manipulation Instructions
Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Memory Bit SEM n 001t O0O0O0O0 1nng 1 - M(n) 1/1
Set Memory Bit SEMD n,d 0110000 1nng 1 - M(n) 2/2
dg dg dy dg ds dg d3 d2 dq do
Reset Memory Bit REM n 0010001 O0nying 0 -M(n) 1/1
Reset Memory Bit REMD n,d 0110001 O0ning 0 - M(n) 2/2
dg dg d7 dg ds da d3 dz di do
Test Memory Bit TM n 0010001 1nmng M(n) 1/1
Test Memory Bit TMD n.d 0110001 1nno Mi(n) 2/2
dg dg d7 dg ds da d3 dz dq do
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Table 24. ROM Address Instructions Words/
Operation Mnemonic Operation Code Function Status  Cycles
Branch on Status 1 BR b 1 1 by bg bs bsg bz bz by bo 1 1/1
Long Branch on Status 1 BRL u 0101 1 1p3apz2p1Po 1 2/2
dg dg dy dg ds da d3 d2 dy do
Long Jump Unconditionally ~ JMPL u 01010 1p3pzp1Po 2/2
dg dg d7 dg ds da d3 d2 d1 do

Subroutine Jump on Status 1 CAL a O 1 1 1 asas azaz al a 1 1/2
Long Subroutine Jump on CALL u 01 011 0 p3zpzp1Po 1 2/2
Status 1 dg dg d7 dg ds da d3 d2 dq do

Table Branch TBR p O 01 0 1 1 p3p2pPIPO 1/1
Return from Subroutine RTN 0000010000 1/3
Return from Interrupt RTNI 000001 00O01 1 ~I/E ST 1/3

CA Restore
Table 25. Input/Output Instructions Words/
Operation Mnemonic Operation Code Function Status Cycles
Set Discrete 1/0 Latch SED 001110011 00O0 1 . DtyY) 1/1
Set Discrete i/0 Latch Direct SEDD m 10111 0mgmmmg 1 - D(m) 1/1
Reset Discrete |/0 Latch RED 0001100100 0 - D{Y) 1/1
Reset Discrete |/O Latch Direct REDD m 1 001 1 0 mzgmymy mg O - Dim) 1/1
Test Discrete /0 Latch D 00t1t11000O0O00O0 DY) 1/1
Test Discrete 1/0 Latch Direct TDD m 101 01 0 mamym mg D{m) 1/1
Load A from R Port Register LAR m 1001 01 mygmym mg R{m) - A 1/1
Load B from R Port Register LBR m 1 001 0 0 mgmym mo R{m) - B 1/1
Load R Port Register from A LRA m 101101 mygmygmymg A - R(m) 1/1
Load R Port Register from B LRB m 101 10 0 mgmym mg B8 - R(m) 1/1
Pattern Generation Pp 01101 1 p3p2ptpPo 1/2
Table 26. Control Instructions Words/
Operation Mnemonic Operation Code Function Status Cycles
No Operation NOP 000000O0O0O0O 11
Start Serial STS 0101001000 1/1
Standby Mode sBY 0101001100 1/1
Stop Mode STOP 0101001101 1/1
@© HITACH!
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Table 27. Opcode Map

R8 o) 1

IR EIE 2344 5/6]/7]s]9]als]c[o]e[Flo]1]2]3 445]6[789]A[BCD]E1F
0 INorisexxsey XoHAN, AM lorM LAW e famp 0
1 [RTNJRTNS M lamg R fwa e ACNE')‘ -of
2 INEM H4) INEMD i(4)
3 ILEM i4) ILEMD i{4)
4 LBM(XY) Bnev LAB 1B CN?B‘/! OR [/FTsl/[savao
5 [LMAIY(X) AYY LASFY] Y JMPL p{4)
6 RED LASPH LTC CALL pi{4)

0|7 YNEI i{4) BRL p{4)
8 XMA(XY} SEM n(2) REM n(2) TM n(2}  pvaD SEMD n{2) | REMD n(2) TMD n(2)
9| LAMIXY) | LMA(XY) BMC lannt Vo) N
A ROTF+‘OTL{/[DAA/!DASE/“U\Y LMID i(4)
B TBR p(4) P pl4)
C | XMB(XY) BLEM LBA 0B
D |.MADYIX) SYY| LYA DY
E|m] SED LXA IREC\ sEC CAL a0l
F LW i(2)
o] LBl i(4)
1! LYl i(4)
2 LXt i4)
3 LAI i1(4) |
4] L8R m(4) ‘
5 LAR m(4)
6 REDD mi{4)

1.7 LAMR m(4) BR b(8)
8 Al H4)
9 LMY i(4)
Al TDD mi4) J
B ALEI it4) !
c LRB mi(4) V
D LRA m(4) !
E: SEDD mi(4)
Fi XMRA m{4)

L ]-1-word/2-cycle [ __Y-1-word/3-cycle [ - RAM Direct Address r—}--2-word/2-cycle
Instruction Instruction Instruction instruction
{2-word/2-cycle)
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Absolute Maximum Ratings

Item Symbol Constant Unit Notes
Supply Voltage Vccv -0.3to + 7.0 \"

Programming Voltage Vee -0.3t0 + 14.0 \ 2,8
Terminal Voltage V1 -0.3t0 V¢ + 0.3 v

Total Allowance of Input Current . S to 50 mA 3
Total Allowance of Output Current — Z lg 50 mA 4
Maximum Input Current lo 4 mA 5,7
Maximum Output Current - lo 4 mA 6,7
Operating Temperature Topr -40to + 85 ‘C

Storage Temperature Tstg -551t0 + 125 C

Storage Temperature (bias) Tbias —45 to +90 ‘C 8

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation
should be under the conditions of electrical characteristics. If these conditions are exceed-
ed, it may cause a malfunction or affect the reliability of LSI.

. R4¢/INTo/Tly (Vee)

. Total allowance of input current is the total sum of input current which flows in from all I/
O pins to GND simultaneously.

. Total allowance of output current is the total sum of the output current which flows out
from Vcc to all 1/0 pins simultaneously.

. Maximum input current is the maximum amount of input current from each 1/0 pin to GND.

. Maximum output current is the maximum amount of output current from Vcc to each 1/0
pin.

. RO-R3, R5-R8, Do-D13, 61, ¢2.

. Applied for the HD4074509.

oN O A WN
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Electrical Characteristics

DC Characteristics

(Vcc =5V +10%, GND = 0V, T. = —40 to + 85°C, unless otherwise noted)
ftem Symbol Pins Min Typ Max Unit Test Condition
input High Viy RESET, 0.8 Vce Vee + 0.3V
Voltage INTg, INTq,
INT2, INT3,
INT4, Thh,
Tlp, SCKy,
SCKa, Slt,
Sla
Input fow ViL - 03 0.2 Vce A
Voltage
Output High VoH SCK;,8CKa, Vec—1.0 \Y ~loH=1.0mA
Voltage S04, SO,
TO;,
é1, ¢2 0.5 Vce —loH=2mA
Output Low Vou SCK;,SCK2, 0.4 loL=1.6mA
Voltage SO,, SOz,
TO;
$1, #2 0.4 Y loL=2mA
Input i RESET, 1 #A Vin=0V to Vcc
Leakage INTo, INTy,
Current INT2, INT3,
INT4,Tly, T,
SCK1q,SCK2
Three-state Iyl 1, 2 1 uA Vin=0V to Vce
Current
. Power Dissipation |cc Vee TBD T8BD mA Vee=5V,
in CPU Operation fosc=4.5MHz
PLL halts
Power Dissipation |¢¢ Vce TBD TBD mA Vec=5V,
in PLL Operation CPU, PLL operating
(fp=160MH2z)
fosc=4.5MHz
Power Dissipation Iggy Vee TBD TBD mA Vee=5V,
in Standby Mode fosc=4.5MHz
Power Dissipation g, Vee 10 uA Vec =5V
in Stop Mode
Stop Mode Vstop Vee 2 \

Retain Voltage

Notes: 1. Output buffer current is excluded.
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Input/Output Characteristics for Standard Pins
(Vec =5V *+10 %, GND = 0V, T, = —40 to + 85°C, unless otherwise noted)

item Symbol Pins Min Typ WMax Unit Test Condition Note
tnput High ViH Do-D13 0.7 Vee Vec + 0.3V
Voltage RO-R4
Input Low ViL - 0.3 0.22 Vee v
Voltage
Output High VoH1 Do-D13 Vec—1.0 A —lon=1.0mA
Voltage (1) RO-R3
Output Low VoL1 0.4 \ loL=1.6mA
Voltage (1)
Output High VoH2 R5-R8 Vee—1.0 \ —lon=0.2mA
Voltage (2)
Output Low Vou2 0.4 \'4 lo.=0.3mA
Voltage {2)
Input/Output I Do-D13 1 uA Vin=0V to V¢c 1
Leakage RO-R3, R44
Current
il R4 (Vpp) 8D uA Vin=0V 10 Vcc

Notes: 1. Output buffer current is excluded.

A/D Converter Characteristics

(Vcc =5V +10%, GND = 0V, T. = —40 to + 85°C, unless otherwise noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Resolution 8 bit

Absolute 6 LSB

Accuracy

Liquid Crystal Circuit Characteristics

(Vece =5V +10%, GND = 0 V, Ta = —40 to + 85°C, unless otherwise noted)
Item Symbol Pins Min Typ Max Unit Test Condition Note
Segment Driver Vgs SEG1-SEG28 0.6 v 19=3uA 1
Descending
Voltage
Common Driver Ve COM1-COM3 0.3 \% —1g=3uA 1
Descending
Voltage
LCD Power RweLL TBD TBD TBD kQ Vee=5V
Supply Dividing
Resistor
LCD Frame fe SEG1-SEG28 2746 Hz STATIC
F
requency COM1-COM3 137.3 Hz  1/2 duty
91.6 Hz 1/3 duty
Note 1: Descending voltage from power supply pins V1, V2, V3, and GND to the segment and

common pins.
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PLL and IF Circuit Characteristics

(Veec = 5V % 10 %, GND=GND (PLL) = 0 V, T. = —40 to + 70°C, unless otherwise noted)

item Symbol Pins Min Typ Max Unit Test Condition Note
PLL Power Vee Vee (PLL) Vec—-0.3  Vge  Vec+0.3 \4

Supply Voltage {PLL)

tnput Frequency fin1 PLL(P) 20 - 160 MHz v, =0.3Vp_p

Input Frequency  f,2 PLL{D) 0.4 - 20 MHz v, = 0.3 Vp-p

input Frequency  fi 3 IF 0.4 - 15 MHz v, =0.3Vp_p

AC Characteristics

(Vcc =6V *10%, GND = 0 V, T. = —40 to + 85°C, unless otherwise noted)

tem Symbol Pins Min Typ Max Unit Test Condition Note
Clock fosc 0SCy, 0SCy 4.5 MHz

& Oscillation
% © Freguency
9=
2 & Instruction 1o, 1.78 us Divide-by-8
©o Cycle Time
External Interrupt 1, INTo, INTy, 2 teye 1
Signal High, Low ), INT2, INT3,
Width INT,4
RESET High 1RSTH RESET 2 teye Other than stop 2
Width mode

20 ms Stop mode
RESET Rise 1RSTr RESET TBD ms 2
Time
Input Capacity Cin All pins other 15 pF f=1 MHz,
than Rdg{Vpe Vin=0V,
To=25C
Rdo(Vpp) TBD @

Power Supply tree TBD 8D ms 3
Voltage Rise
Time

Notes: 1. See figure 68
2. See figure 69
3. See figure 70
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Serial Interface Timing Characteristics
(Vecc =5V 10 %, GND = 0V, T. = —40 to + 85°C, unless otherwise noted.)

« At Transfer Clock Output

Test
Item Symbol Pins Min Typ Max Unit Condition Note
Transfer Clock Cycle Time tgcyc SCKy, SCKy 1 — - teye Load 1,2
circuit
Transfer Clock “High” tsckH SCK;, SCK, 0.4 — — tscyc in Fig. 1,2
Level Width 72
Transfer Clock “Low” tscke SCK;, SCK20.4 - - tscye 1.2
Level Width
Transfer Clock Rise Time  tgck: SCK4, SCKy — — 100 ns 1,2
Transfer Clock Fall Time  tgegs SCK1, SCKa — - 100 ns 1,2
Serial Output Data tpso SO+, SO, — — 300 ns 1.2
Delay Time
Serial Input Data tssi Sly, Sl2 300 — — ns 1
Set-up Time
Serial Input Data tHs) Sty, Slz 150 - - ns 1
Hold Time
- At Transter Clock input
Pin Test
Item Symbol Name Min Typ Max Unit Condition Note
Transfer Clock tsckHD SCKy, SCK3 1 — - teye 1.3
End Detection Time
Transfer Clock “High” tsCKH SCK;, SCK,0.4 — — teye 1
Level Width
Transfer Clock “Low” tscki SCK;, SCK,0.4 — - teye 1
Level Width
Transfer Clock Rise Time  tgcy, SCK;4, SCKy — — 100 ns 1
Transfer Clock Fall Time  tgexs SCK1, SCKy — - 100 ns 1
Serial Output Data tpso S01, SO, — - 250 ns Load 1,2
Delay Time circuit in
Fig. 72
Serial input Data tssi Sly, Slz 300 — _ ns 1
Set-up Time
Serial Input Data tHs) Sly, Sy 150 - — ns 1
Hold Time

Notes: 1. See figure 71
2. See figure 72
3. Transfer clock end detection time is an input transfer clock high level width after 8 transfer
clock inputs. If the following clock is input before this, the serial interrupt request flag may
not be set.
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INTo,INT,,
INT,,INT,,
INT,s
Figure 68. Interrupt Timing
08 Vcc
RESET 0.2 Vee zﬂ—tnsm_'—\
tRsTr
Figure 69. Reset Timing
4.5V
Vee
tree
Figure 70. Supply Voltage Rise Time
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SCK,, SCK, vcc—z.ovmavcc)'t
0.8V(0.2V¢e)*

S0,. SO,

tsckHD

tssi- -—tnsl-‘1
0.8V
| cc
Sl,. Si, —< 0.2Vcc }__C

* Vee—2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8 V¢c and 0.2 Ve are the threshold voltage for transfer clock input.

Figure 71. Serial Interface Timing

Vee
R.=2.6kQ
Test
Point
c R 1820748
30pF 12ka T °f Equiv.

Figure 72. Timing Load Circuit
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Programming Electrical Characteristics for HD4074509

DC Characteristics
(Vec =6V £ 025V, Vep =125V + 0.3V, Vss =0V, T. = 26°C * 5°C, unless otherwise

noted)
item Symbol Min Typ Max Unit Test Condition
Input high voltage 00—O07, Ap—A1s, OE, CE Vi 2.2 Vec+0.3  V
Input low voltage 00—07, Ag—A1a, OE, CE VL -0.3 0.8 Y
Output high voltage 0Op—07 Vor 2.4 \% lon=—200 uA
Output low voltage 00—07 VoL 0.4 A\ lor=1.6 mA
Input leakage current Oo—O7, Ao—A1a4, OE, CE |Iy| 2 uA Vi =5.25V/0.5V
Vcce current Icc 30 mA
Vpp current lpp 40 mA

AC Characteristics
(Vcc =6V £ 025V, Vep =125V = 0.3V, Ta = 25°C * 5°C, unless otherwise noted)

Item Symbol Min Typ Max Unit Test Condition
Address set-up time tas 2 us Fig. 73
—— J input Puise level:
OE set-up time toes 2 us 0.8-2.2V
Input rise/fall
Data set-up time tos 2 us time = 20 ns
Timing reference
Address hold time tAH (¢} us level )
{input: 1.0V, 2.0V
Data hold time ton 2 us {output: 0.8V, 2.0V
Data output disable time tor 130 ns
Vpp set-up time typs 2 us
Program pulse width tpw 095 1.0 1.05 ms
CE puise width when overprogramming topw 2.85 78.75 ms
Vce set-up time tves 2 us
Data output delay time toe 0 500 ns
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Figure 73. PROM Programming/Verify Timing
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Package Dimensions
Unit: mm (inch)
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