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PREFACE

The HMCS400 Series is a CMOS 4-bit single-chip microcomputer which contains
variety of on-chip resources such as CPU, ROM, RAM, serial interface, and I/0.

The HMCS400 Series, advanced product of the HMCS40 Series, realizes high-speed
speed operation, high-level function and program-productive efficiency. 1In
addition, it adopts the latest CMOS high break-down process and can drive

fluorescent display tube directly.

For additional information reference:
eSection 2, HMCS400 Series Software Application Notes
eSection 3, HMCS400 Series Hardware Application Notes
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Symbols and Abbreviations

PC
SP
1/E
IFO
IF1
IFTA
IFTB
IFS
MO
™M1
IMTA
IMTB
IMS

PMR
SMR

TCA
TCBL
TCBU
TLRL
TLRU
SRL
SRU
ST
CA

SPX

SPY

Program Counter

Stack Pointer
Interrupt Enable Flag
INTO Interrupt Flag
INT1 Interrupt Flag
Timer A Interrupt Flag
Timer B Interrupt Flag
Serial Interface Interrupt Flag
INTO Interrupt Mask
INT1 Interrupt Mask
Timer A Interrupt Mask
Timer B Interrupt Mask

Serial Interface Interrupt Mask

Port Mode Register

Serial Mode Register

Timer Mode Register A

Timer Mode Register B

Timer Counter A

Timer Counter B Lower Digits
Timer Counter B Upper Digits
Timer Load Register Lower Digits
Timer Load Register Upper Digits
Serial Data Register Lower Digits
Serial Data Register Upper Digits
Status

Carry

Accumulator

B Register

W Register

X Register

SPX Register

Y Register

SPY Register

Memory (RAM)

Memory Register

Random Access Memory

Read Only Memory

Data I/0 Pin or Data I/O Register

Discrete I/0 Pin or Discrete Latch







1.
1.1

OVERVIEW

Features

The new CMOS 4-bit microcomputer HMCS400 series satisfies the microcomputer

system which needs a large program capacity and high-level functions to meet

advanced applications. The HMCS400 series offers high software-productive

architecture, enhanced peripheral functions, high speed instruction execution,

and support tools. It also has the characteristics of low power dissipation

with CMOS process, and it is applicable to the product which needs low power

dissipation as portable machine.

Process : CMOS

Architecture is compatible with the HMCS40 series for easy replacement.
One cycle per instruction execution utilizing 10 bits per instruction
Powerful ROM and RAM addressing capability

16 nesting levels

Reinforced instruction system including logic arithmetic

operating instruction, BCD arithmetic operating instruction, and pattern
generating instruction

Reinforced interrupt function ; Five interrupt levels (External : 2, Timer/
Counter : 2, Serial Interface : 1)

8-bit serial interface

Two timer/counters

o 8-bit free running timer

o 8-bit autoreload timer/event counter

58 1/0 lines (including 26 High Voltage (40V) I/O Lines); HMCS402/404/408
36 1/0 lines (including 24 High Voltage (40V) I/0 Lines); HMCS412/414

High-speed instruction execution HMCS408AC/412AC/414AC : 0.89us
HMCS402AC/404AC : 1.2%us

EPROM on-package type : HD614P080S/HD614P0160S
HD614P180/HD40P4181
EPROM in-package type : HD4074008

HITACHI
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Table 1-1 HMCS400 Series Function List
Type Name HMCS402C/CL/AC HMCS404C/CL/AC HMCS408C/CL/AC HMCS412C/CL/AC HMCS414C/CL/AC
° Supply Voltage (V) 5/3/5 5/3/5 5/3/5 5/3/5 5/3/5
(9]
E Max.I/O Terminal Voe-40 Vog-40 Vee-40 Voe-40 Vee-40
w Voltage w)
& operating Temperature -20 to +75 -20 to +75 -20 to +75 -20 to +75 -20 to +75
8 Range (°C)
w8
A G Package DP-64S,FP-64 DP-64S,FP-64 DP-64S,FP-64 DP-42 ,DP-42S DP-42,DP-42S
Memory ROM (vits) 2,048 x 10 4,096 x 10 8,192 x 10 2,048 x 10 4,096 x 10
RAM (bits) 160 x 4 256 x 4 512 x 4 160 x &4 160 x 4
I/0 Ports 58 58 58 36 36
Interrupt External 2
@ Timer/Counter 2 1
2 Serial 1 1 - -
g Interface
& Instruction 99 99 99 98 98
Timer 8 bit x 2 8 bit x 2 8 bit x 2 8 bit x 1 8 bit x 1
scI 8 bit x 1 8 bit x 1 8 bit x 1 - -
EPROM on the Package HD614P080S HD614P080S HD614P080S HD614P180 HD614P180
Type HD614P0160S HD40P4181 HD40P4181
EPROM in the Package HD4074008 HD4074008 HD4074008

Type




1.2 Block Diagram
1.2.1 HMCS402/404 Block Diagram

Rao/Rar/Raz/ Ray/ n,,/
SCK si SO iNT, NTo ST 0SC1 0SC2 VccGND

W — 7 711

SERIAL | TIMER | TIMER EXTERNAL SYSTEM CONTROL

K= INTER-
FACE A 8 INTERRUPT

ROM

INTERRUPT CONTROL

HMCS402C/CL/AC; 2048X 10 bits
RAM HMCS404C/CL/AC; 4096X 10 bits

INSTRUCTH
K= HMCS402C/AC/CL; 160X 4 bit lrsscogg o K—
HMCS404C/AC/CL; 2564 bit

B I PC I

|

Rs3
Rs2
Rsy
Rso

]
D-PORT —l
:

h ' -+ ‘f'f'f'i'f'i'm {
RA:Rn/Hn/;_Wln_/R_HLR:!Rw 1_5_2"_11“10“'"‘13_5*::_3_\1_{!5 RoaRozRo1Roo; 1Drs Dvg D13 D12 011 D10 D9 Ds D7 Ds Ds D

SO SI SCK INT,INTo

223 High Voltage Pins

1.2.2 HMCS408 Block Diagram

Rao/Ra1/Raz/ Ras/ Raa/
§CK 5150 NT, iNT, RESET TEST OSC, 0SC2 VecGND

: : ‘S&R&L TIMER | TIMER EXTERNAL | SYSTEM CONTROL

FACE A 8 INTERRUPT

E
2

>
]= ff:
) §

ROM
INTERRUPT CONTROL

8192 x 10-bit

) - 51254 IS

ez
:;.i T

-]

i

’n °‘
]
g i
I‘[Tg[‘—rl R R ITFUJ E'H‘ + mm‘”‘ il

RazRaz/Ra/Rao/ a,,/aum:mu 23R22R21 Rao | R13RiaRi Rig 1Ro3RorRor Roo ! Dis D1aDy3 13011 D1oDsDs Dy Ds
SO St SCK INT;INTo

T HHHE
-
".l:ag

K—
"
N
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1.2.3 HMCS412/414 Block Diagram

====" |

]

|RA|/Va.p' n—b
[

R3s/ R32/
INT: INTo

— 1

RESET TEST 0SC:0SC2Veec GND

NN

Timer
B

External
Interrupt

Interrupt Control

RAM 160x4 bit

4

System Control
ROM
(HMCS412C/AC/CL;
2048x 10 bit)
- (HMCS414C/AC/CL;
Instruction 4096X 10 bit)
Decoder
i
” 8 PC
4
: (¥4

I

WHiNT;  b——mmm b

]
!

I
Eno,nomo.n i ntoti-jj;-i:i-i_};-}ﬂf}i 3, )

1 j High Voltage Pins
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1.3 Pin Description

(o]

The MCU input and output signals are described below.

GND, Vces Vdisp

These are the Power supply pins for the MCU. Connect the GND to the
ground (OV) and apply the Vg power supply voltage to the Vgg pin. The
Vdisp pin (multiplexed with Rjj) is a power supply for high voltage I/0
pins with maximum voltage of 40V(Vcc). For details, see '"2.7 Input/Output'.

TEST

This pin is not for use by users. It should be connected to Vg¢ pin.

RESET

This pin is used to reset the MCU. For details, see '"2.8 Reset".

0SCy, 0SCy

These are input pins for the internal oscillator circuit. They can be
connected to the crystal resonator, ceramic filter resonator, resistor
(resistor oscillation is applied to the HMCS402C and HMCS404C)
or external oscillator circuits. For details, see "2.9 Internal Oscillator

Circuit".

D-port

The D-port is input/output port addressed by one bit. The pins Dy to D3
are standard-type pins and D4-Di5 are high voltage pins. The Circuit type
for each pin can be selected using a mask option. For details, see

"2.7 Input/Output'.

R-ports (Rg to Rp)

These are 4-bit I/0 ports. (Rp however, is 2-bit comstruction.) Rg, Rg,
R7 and Rg are output ports, Rg and Ry are input ports, and Ry to Rs5 are I/0
ports. RQ, R1, R2 and Rp are high voltage ports, and R3-Rg are standard
ports. Each pin has a mask option which selects its circuit type. The
pins R32, R33, R40, R41, and R4 are multiplexed with INTg, INIj, SCK, SI,
and SO respectively. For details, see "2.7 Input/Output'.

INTg, TNT]

These are input pins with which MCU operations can be interrupted
externally. INI] can be used as and external event input pin for Timer B.
INTg and TﬁTI'are multiplexed with R32, R33 respectively. For details,

see "2.4 Interrupt".

HITACHI 5



o SCK, SI, SO
The Transfer Clock I/0 pin (SCK), Serial Data Input pin (SI), and Serial
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are
multiplexed with R40, R41, and R,4o respectively. - For details, see "2.5

Serial Interface".

2. INTERNAL STRUCTURE AND ITS OPERATION
2.1 ROM Memory Map

Table 2-1 shows the ROM capacity of each family. ROM memory map is
illustrated in Fig. 2-1 and described in the following paragraphs.

Table 2-1 Capacity of HMCS400 Series ROM

Family ROM Capacity
HMCS402C, HMCS402CL, HMCS402AC 2,048 words x 10 bits
HMCS404C, HMCS404CL, HMCS404AC 4,096 words x 10 bits
HMCS408C, HMCS408CL, HMCS408AC 8,192 words x 10 bits
HMCS412C, HMCS412CL, HMCS412AC 2,048 words X 10 bits
HMCS414C, HMCS414CL, HMCS414AC 4,096 words x 10 bits
(1) Vector Address Area ——- $0000 to $00OF

Locations $0000 through $000F are reserved for JMPL instructions to branch
to the starting address of the initialization program and of the interrupt
service programs. After reset of interrupt routine is serviced, the program

is executed from the vector address.

(2) Zero-Page Subroutine Area —--- $0000 to $003F
Maximum Locations $0000 through $OFFF are reserved for ROM data. P instruc-

tion allows to branch to the subroutine.

(3) Pattern Area --- $0000 to $07FF (HMCS402C/CL/AC, HMCS412C/CL/AC)
$0000 to $OFFF (HMCS404C/CL/AC, HMCS408C/CL/AC,
HMCS414C/CL/AC)
Maximum locations $0000 through SOFFF are reserved for ROM data. P in-

struction allows referring to the ROM data as a pattern.

(4) Program Area --- $0000 to $07FF (HMCS402C/CL/AC, HMCS412C/CL/AC)
$0000 to $OFFF (HMCS404C/CL/AC, HMCS414C/CL/AC)
$0000 to $1FFF (HMCS408C/CL/AC)
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o $ 0000 ] L JMPL Instruction y $ 0000
Vector Address 1 (Jump to RESET Routine) [$ 0001
15 '$ 00OF 2 JMPL Instruction $ 0002
18 $ 0010 3[_ (Jump to TNT; Routine) _]$ 0003
4 JMPL Instruction $ 0004
Zero- i - nsin -
ero-Page Subroutine s (Jump 10 INT; Routine) s
(64Words) -
63 $ 003F 6 B JMPL Instruction s 0006
64 $ 0040 7] (Jump to TIMER-A Routine) | ¢ 0007
Program 8] JMPL Instruction _|s o008
Pattern 9| (Jump to TIMER-B Routine) |$ 0009
(2048 Words) 10| $ 000A
; 1 $ 0008
223:8 g;;: 12| JMPL Instruction N $ 000C
. 13| (Jump to SERIAL Routine) |$ 000D
Not Used 14| $ O00E
16383 $3FFE 15 $ O0OF
HMCS402C/AC/CL
° $ 0000 o JMPL Instruction_|$ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15 $ O00F 2] JMPL Instruction s 0002
16 '$ 0010 3 (Jump to TNTo Routine) $ 0003
Zero-Page Subrouti 4 JMPL Instruction _|$ 0004
€ s4?~ : outine 5[ (Jump to INTy Routine) | § 0005
6311/ ‘ ords) $ O03F 6] JMPL Instruction ] $ 0006
64 $ 0040 71 (Jump to TIMER-A Routine) |¢ 0007
Program 8] JMPL Instruction _|s 0008
Pattern 9] (Jump to TIMER-B Routine) |$ 0009
(4096Words) 10 $ 000A
1 $ 000B
prod oty 12}_ JMPL Instruction _| $000C
13 (Jump to SERIAL Routine) |$ 000D
Not Used
14| $ 000E
16383 $3FFF 135 $ 000F
HMCS404C/CL/AC

Fig. 2-1 ROM Memory Map
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8 .

0 $ 0000 ] JMPL Instruction $ 0000
Vector Address : 1[ (Jump to RESET Routine) | $ 0001
15| : $ 000F 2y JMPL Instruction $ 0002
18 '$ 0010 3 (Jump to TNT; Routine) $ 0003
. . 4 JMPL Instruction _]s 0004
Zero (:::;:::)"’“""‘ 5[ (Jump to INTy Routine) | $ 0008
63 $ 003F 1 JMPL Instruction | $ 0006
64 $ 0040 7[ (Jump to TIMER-A Routine) | 0007
Pattern 8l "JMPL Instruction | $ 0008
(4096 Words) 9| _(Jump to TIMER-B Routine) | $ 0009
4095 $ OFFF 10 $ 000A
4096 $ 1000 " $ 0008
Pr ‘am 12 JMPL Instruction qs 000C
ogr 13[" (Jump to SERIAL Routine) s 000D
J (8192 Words) ; $ 000E
8191 $ 1FFF 1} $ 000F
8192 $2000
Not Used
16383 $ 3FFF
HMCS408C/CL/AC
o $ 0000 o| JMPL Instruction | $ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15 s oooF 2| JMPL Instruction _| $ 0002
16 0010 3 (Jump to TNTo Routine) $ 0003
. 4 JMPL Instruction $ 0004
2"0.(::?; S::)routme 5 (Jump to TNT; Routine) $ 0005
or
s3flJ $ 003F 6 $ 0006
64 $ 0040 7 $ 0007
Program 8| JMPL Instruction _|s 0008
Pattern 9| (Jump to TIMER-B Routine) }|$ 0009
(2048 Words) 10| $ 000A
‘ 1 $ 0008
12 $ 000C
13 $ 000D
14 $ 000E
2047)) $O7FF | $ 000F
2048 $ 0800
Not Used
16383 $ 3FFF
HMCS412C/CL/AC
Fig. 2-1 ROM Memory Map
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0 $ 0000 o JMPL Instruction _}$ 0000
Vector Address 1 (Jump to RESET Routine) |$ 0001
15 $ 000F 2 JMPL Instruction $ 0002
16 $0010 3[ Wump to TNT; Routine) | $ 0003
. 4 JMPL Instruction $ 0004
Zero-Page Subroutine 5 - (Jump to INTy Routine) - $ 0005
(64Words)
83| $ 003F 6 $ 0006
84 $0040 7 $ 0007
Program 8] JMPL Instruction $ 0008
Pattern 9] (Jump to TIMER-B8 Routino)- $ 0009
(4096 Words) 10 $ 000A
n $ 0008
12 $ 000C
13| $ 000D
14] $ 000E
4095 $ OFFF 15[ $ 000F
4096 $1000
Not Used
16383 $ 3FFF
HMCS414C/CL/AC

2.2 RAM Memory Map

The MCU includes RAM as the data area and stack area.

Fig. 2-1 ROM Memory Map

In addition to these

areas, interrupt control bits and special function registers are also mapped

on the RAM memory space.

Table 2-2 shows the RAM capacity of each family.

RAM memory map is illustrated in Fig. 2-2 and described in the following

paragraphs.

Table 2-2 Capacity of HMCS400 Series RAM

Family

RAM Capacity

HMCS402C, HMCS402CL, HMCS402AC

160 digits X 4 bits

HMCS404C, HMCS404CL, HMCS404AC

256 digits X 4 bits

HMCS408C, HMCS408CL, HMCS408AC

512 digits X 4 bits

HMCS412C, HMCS412CL, HMCS412AC

160 digits X 4 bits

HMCS414C, HMCS414CL, HMCS414AC

160 digits X 4 bits

(1) Interrupt Control Bit Area --- $000 to $003

This area is used for interrupt controls, and is illustrated in Fig. 2-3.

It is accessable only by RAM bit manipulation instruction.

interrupt request flag cannot be set by software.

However, the
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(2) Special Function Registers Area --- $004 to $00B

The Special Function Registers are the mode or data registers for the
external interrupt, the serial interface, and the timer/counter. These
registers aré classified into three types: Write-only, Read-only, and Read/
Write as shown in Fig. 2-2. These registers cannot be accessed»by RAM bit

manipulation instruction.

(3) Data Area --- $020 to $O07F (HMCS402C/CL/AC, HMCS412C/CL/AC, HMCS414C/CL/AC)
$020 to $ODF (HMCS404C/CL/AC)
$020 to $1DF (HMCS408C/CL/AC)
16 digits of $020 through $02F are called memory register (MR) and
accessable by LAMR and XMRA instructions. The configuration is shown in

Fig. 2-4.

(4) Stack Area --- $3CO to $3FF

Locations $3CO through $3FF are reserved for LIFO stacks to save the
contents of the program counter (PC), status (ST) and carry (CA) when inter-
ruption is serviced. This area can be used as 16 nesting level stack which
one level requires 4 digits. A save condition is shown in Fig. 2-4. The
program counter is restored by RTIN and RINI instructions. Status and Carry
are restored only by RINI instruction. The area, not used for stacking, is

available as a data area.

0 $ 000

(0] $ 000
RAM-mapped Registers 1 . $ 001
| Bit:
31 $01F 2 Interrupt Control Bits $ 002
32 " $ 020 3 $ 003
M Regist: M T
ag| Momory RegistersiMA) {s\ozp 4[_Port Mode Reg. (PMR) W |$ 004
48 ‘ $ 030 5| Serial Mode Reg. (SMR) | W |$ 005
Data 6| Serial Data Reg. Lower (SRL) iR/W[$ 006
L 7| Serial Data Reg. Upper (SRU) 'R/W $ 007
(96 Digits) -
8| Timer Mode Reg. A (TMA) | W |$ 008
9| Timer Mode Reg. B (TMB) | W |$ 009
TCBL/TLRL) 'R/W
1% $07F L Timers* ( /W[$ 00A
1 $080 (TCBU/TLRU)iR/W|$ 008
Not Used $00C
959 $ 38F Not Used
960 $ 3C0
ﬁ?Ck 31 $01F
4Digit:
1023 (6400t $ 3FF
* Two registers are mapped on same address.
:Read Onl! i T
Cv -v:rai‘e OT:I'VV 10 Tnmer/Even‘lTCcoBu;.r;ter B Lowe! R Timer LO(?&SE)Q Lower ;W $00A
: Ti E C B U ) T Load Reg. Uj H
R/W:Read/Write 17| Timer/Event Cosnyer 8 Upper 1 | Timer Lesilyg VPP w [ $008

(1) HMCS402C/CL/AC

10

Fig. 2-2 RAM Memory Map

HITACHI




0 $ 000 o $ 000
RAM-mapped Registers 1 . $ 001
t:
31 $01F 2 Interrupt Control Bits $002
32 $ 020
. . 3 $ 003
M Registers(MR)
47 __ _f’ff'_y__"f'_fj(_ _)__ | s\ozp 4| Port Mode Reg. (PMR) | W |$ 004
48 $ 030 5| Serial Mode Reg. (SMR) | W |$ 005
Data 6| Serial Data Reg. Lower (SRL) !R/W|$ 006
(192Digits) 7| Serial Data Reg. Upper (SRU) 'R/W|$ 007
8| Timer Mode Reg. A (TMA) ! W |$ 008
9| Timer Mode Reg. B (TMB) | W |¢ 009
223 ¢ ODF 10| TIMER-B® (TCBL/TLRL) |R/W|$ 00A
224 $ OE0 1 (TCBU/TLRU) |R/W|$ 008
Not Used 12 $ 00C
959 $ 3BF Not Used
960 $ 3C0
6:‘;9" 31 $01F
1023 (64Digits) $3FF
* Two registers are mapped on same address.
3/ fc:ra:e %r:‘l:/ 10 Timer/EveniT%caﬂter B Loweri R Timer Lo&dL Sf)g Lower JXV $00A
R /W;Rea d /Writye 11 Timer/Evem(TCco;G;er B Uppari R Timer L?_?ERRUG)Q. Upper Jiw $008
(2) HMCS404C/CL/AC
0 $ 000 ) $ 000
RAM-mapped Registers 1 . $ 001
| Bit:

31 $O01F 2 interrupt Control Bits $002
s Memory Registers(MR) tozo 3 $003
mo egisters T
a7 r_y__gl_._e_ ______ $ O2F 4| Port Mode Reg. (PMR) ! W |$ 004
48 € 030 5| Serial Mode Reg. (SMR) | W |$ 005

Data 6| Serial Data Reg. Lower (SRL) R/W|$ 006
7| Serial Data Reg. Upper (SRU) 'R/W|$ 007
(448 Digits) -
8| Timer Mode Reg. A (TMA) | W |$ 008
9| Timer Mode Reg. B (TMB) | W {¢ 009
479 $1DF 10 . (TCBL/TLRL) |R/W|$ 00A
- TIMER-B
480 $1E0 1 (TCBU/TLRU)|R/W|$ 008
Not Used 12 $00C
959 $ 3BF Not Used
960 $ 3C0 ot Use
SI?CP( 31 $ O1F
1023 (64Digits) s 3FF
* Two registers are mapped on same address.
R :Read Onl i T Timer Load Reg. L T
W Write 0n|yy 10 Tumer/Even;T%%uater B8 Lower! R imer o(er LRSJ ower ;W $00A
R/W:Read/Write 11 Timer/Even((TCcogs;er 8 Upperi R Timer L?‘IngILelgA Upper ;W $008B
(3) HMCS408C/CL/AC

Fig. 2-2 RAM Memory Map
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(0] $ 000 0 $ 000
RAM-mapped Registers 1 : $ 001
| Bit
31 $01F 2 Interrupt Contro s $002
32 $ 020
. 3 $ 003
47, ____T:Tir_y_'?g'i‘:rj(f f)__ s\ 02F 4|_Port Mode Reg. (PMR) i W |$ 004
48 18 030 5 Not Used $ 005
Data 6 Not Used $ 006
(96Digits) 7 Not Used $ 007
8 Not Used $ 008
9] Timer Mode Reg. B (TMB) | W |$ 009
127 $ O7F L TIMER-B” (TCBL/TLRL) !R/W|$ 00A
128 $ 080 (TCBU/TLRU){R/W| $ 00B
Not Used $ 00C
959 $ 3BF ¢ Used
960 $ 3C0 Not Use
6:;°F 31 $01F
1023 64Dttt $3FF
* Two registers are mapped on same address.
R :Read Onl i T Timer Load Reg. Lower T
W e 0,,:;, 10 Tnmer/Even{T%%qu;tar B Lower IR LAty 'w | $00A
) X Timer/Event Counter B Upper | Timer Load Reg. Upper
R/W:Read/Write 11| Timer/Ev TCBU) : R (TLRU) w | $00B
(4) HMCS412C/CL/AC, HMCS414C/CL/AC
Fig. 2-2 RAM Memory Map
bit 3 bit 2 bit 1 bit 0
0 IMO IFO RSP \/E
(IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
1 IMTA IFTA M1 IF1 $001
(IM of TIMER-A) (IF of TIMER-A) (IM of iNT,) (IF of INT,)
IMTB IFTB
2 Not Used Not Used (IM of TIMER-B) (F of TIMER-B) | 3002
IMS IFS
3 Not Used Not Used (IM of SERIAL) (F of SERIAL) | 3003
IF : Interrupt Request Flag
IM : Interrupt Mask
I/E : Interrupt Enable Flag
SP : Stack Pointer
(Note)

Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD

instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction.
The content of Status becomes invarid when “"Not Used" bit is tested.

(1) HMCS402, HMCS404, HMCS408

12

Fig. 2-3 Configuration of Interrupt Control Bit Area
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IF:

I/E:
SP:
Note:

bit 3 bit 2 bit 1 bit O
IMO IFO RSP I/E
__ __ . / $000
(IM of INTy ) (IF of INTy) (Reset SP Bit) (Interrupt Enable Flag)
Not Used Not Used M IF1 001
t _ J—
ot Use ot Use (IM of TNT, ) (IF of INT; ) $
IMTB IFTB
Not Used Not Used 002
ot Use ot Use (IM of Timer B) (F of TimerB) | °
Not Used Not Used Not Used Not Used $003

Interrupt Request Flag
Interrupt Mask
interrupt Enable Flag
Stack Pointer

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is 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 “Not Used” bit and RSP bit are tested by a TM or TMD instruction.

(2) HMCS412, HMCS414

Fig. 2-3

Configuration of Interrupt Control Bit Area

Memory Registers

960

023

Stack Area

Level 16 |$3CO

Level 15

Level 14

Level 13

Level 12

Level 11

Level 10

©o

Level

Level

Level

Level

Level

Level

Level

Level

={Nvwis|ln]|O|N |

Level $ 3FF

) bit3

bit1

1020 ST

PCia

1021

1022

1023

32 |-MRO_1 ¢ 020
33 L. MR | g 021
3a | MR2) |s o022
35 | MR | s 023
36 LMR4) | s 024
37 L_MR(5) $ 025
38| MR6) | s o026
39| MR(D) |s 027
40| MR8 | s 028
41| MR9) | s o029
42| MR(10) | $ 02A
43| MR(11) | $ 028
a4 | MR(12) | $ o2C
45 | MR(13) | $ 02D
46| MR(14) | $ 02€
47 |_MR(15) | $ 02F ,

PCi3 toPCo ; Program Counter

ST, Status

CA; Carry

Note) 1.

2.

$ 3FC

$ 3FD

$ 3FE

$ 3FF

As the HMCS402/HMCS412 have 2k ROM version, PCi1;, PCy2, PCy3 are not

used.

As the HMCS404/HMCS414 have 4k ROM version, PCy2 , PCy3 are not used.
As the HMCS408 have 8k ROM version, PC;3 is not used.

Fig. 2-4 Configuration of Memory Register, Stack Area and Stack Position
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2.3 Registers and Flags

The MCU has nine registers and two flags for the CPU operations. They are
illustrated in Fig. 2-5 and described in the following paragraphs.

(1) Accumulator (A), B Register (B)
The 4-bit registers Accumulator and B Register are used to hold the results
of Arithmetic Logic Unit (ALU), and to transfer data to/from memories, I/0,

and other registers.

(2) W Register (W), X Register (X), Y Register (Y)

W Register is 2-bit, and X and Y Registers are 4-bit registers used for
indirect addressing of RAM. Y Register is also used for D-port addressing.
W Register is a write-only register. For details, see "8.1 Precautions on

Using W Register'.

(3) SPX Register (SPX), SPY Register (SPY)
The 4-bit registers SPX and SPY Registers are used to assist X and Y

Register respectively.

(4) carry (CA)
The Carry (CA) stores the overflow of ALU generated by the arithmetic
operation. It is also affected by SEC, REC, ROTL and ROTR instructions.
During interrupt is serviced, Carry is pushed onto the stack and restored

by RTNI instruction (not by RTN instruction).

(5) Status (ST)

The Status (ST) latches and overflow and Not Zero generated from ALU,
results of bit test. It is a branch condition of BR, BRL, CAL or CALL
instructions. The value of the Status remains unchanged until the next
arithmetic compare of bit test instruction is executed. Status becomes "1"
after the BR, BRL, CAL or CALL instruction is executed irrespectively whether
it is executed or skipped. During the interrupt servicing, Status is pushed
onto the stack and restored back from the stack by RINI instruction (not by
RTN instruction).

(6) Program Counter (PC)
The Program Counter is a l4-bit binary counter which controls the sequence

in which the instructions stored in ROM are executed.
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(7) Stack Pointer (SP)

The 10-bit Stack Pointer contains the address at which the last data was
pushed onto the stack.

The Stack Pointer is initialized to locate $3FF on the RAM address, and
is decremented by 4 when data is pushed onto the stack, and incremented by
4 when data is restored back from there. Upper 4 bits of the Stack Pointer
are fixed to "1111", so that the stack can be used up to 16 levels.

The Stack Pointer is initialized to $3FF in two ways; one is MCU reset

and the other is to reset RSP bit by REM or REMD instruction.

[: 8 Regnter
E W Register
0
E X Register
Y Regmter
[II SPX Raguster
E SPY Register
[

Program
Counter

LT = ).

Fig. 2-5 Registers and Flags
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2.4 Interrupt

Maximum interrupt sources are five available on the MCU: External Request
(INTg, INT7), Timer/Counter (TIMER-A, TIMER-B), and Serial Port (SERIAL).
For each source, the Interrupt Request Flag (IF), Interrupt Mask (IM) and
interrupt vector addresses are provided to control and maintain and interrupt
request. The Interrupt Enable Flag (I/E) is also used to control the total

interrupt operationms.

(1) Interrupt Control Bits and Interrupt Service

The interrupt control bits are mapped on $000 through $003 of the RAM
space and are accessable by RAM bit manipulation instruction. (The Inter-
rupt Request Flag (IF) cannot be set by software.) The Interrupt Enable
Flag (I/E) and IF are set to "0", and the Interrupt Mask (IM) is set to "1"
at initialization by MCU reset.

Fig. 2-6 is a block diagram of the interrupt control circuits. Table 2-3
shows the interrupt priority and vector addresses, and Table 2-4 shows the
interrupt conditions corresponding to each interrupt source. The interrupt
request is generated when the IF is set to "1" and IM is "0". If the I/E is
"1" at this time, the interrupt will be activated and vector addresses will
be generated from the priority PLA corresponding to the five interrupt sources.

Fig. 2~7 shows the interrupt service sequence, and Fig. 2-8 shows the
interrupt service flowchart. If the interrupt is requested, the instruction
being executed finishes in the first cycle. The I/E is reset in the second
cycle. In the second and third cycles, the Carry, Status and Program Counter
are pushed onto the stack. In the third cycle, the instruction is re-executed
after jumping to the vector address.

In each vector address, program JMPL instruction to branch to a starting
address of the interrupt service program. The IF which caused the interrupt

service has to be reset by software in the interrupt service program.
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{Sequence Control

13 * Push PC/CA/ST
D—— + Reset I/E

+ Jump to Vector

Address
$000,2 - .
'

$000,3 I
Priority Control |— vector Address
PLA —
$001,0
sooty ] )

(1) HMCS402, HMCS404, HMCS408

5000,0 Sequence
Control
I/E Push PC/CA/ST
|Reset I/E
"Jump to Vector
| Address
$000,2 B
IFO
$000,3 L
IMO —Vector Address
Priority Control PLA -
$001,0
IF1
$001,
M1
$002,0
IFTB
$002,1
IMTB

(2) HMCS412, HMCS414

Fig. 2-6 Interrupt Circuit Block Diagram
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Table 2-3 Vector Address and Interrupt Priority

(1) HMCS402, HMCS404, HMCS408 (2) HMCS412, HMCS414
Reset . Interrupt | Priority Vector addresses Reset, Interrupt | Priority | Vector addresses
RESET - $0000 RESET - $0000
iNTo 1 $0002 —
iNT: 2 $0004 INTo 1 $0002
TIMER-A 3 $0006 mi 2 $0004
TIMER-B 4 $0008
SERIAL 5 $000C Timer B 3 $0008

Table 2-4 Conditions of Interrupt Service

(1) HMCS402, HMCS404, HMCS408

Interrapit—— B el TNT5 INT; TIMER-A | TIMER-B | SERIAL
control bits
\/E 1 1 1 1 1
IF0-TMO 1 0 0 0 0
IF1 - IMT * 1 o o 0
IFTA - IMTA * * 1 (o] o]
IFT8 - IMTB * * * 1 )
IFS - IMS * * * * 1
* Don't care

(2) HMCS412, HMCS414

Interrupt Control Bit| INTo | INT; | TimerB

I/E 1 1 1

IFO-IMO 1 0 0

IF1-IM1 * 1 0

IFTB-IMTB * * 1

* Don’t care
Instruction 1 2 3 4 5 5

Cycles

-

Instruction
execution

. Stacking

Interrupt Stacking, !
Vector address

accepted Reset of I/E is generated

JMPL instruction execution on the
vector address

Instruction
Execution at
starting address
of the interrupt
routine

Fig. 2-7 Interrupt Servicing Sequence
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ON
RESET>N0
Yes
Interrupt Yes
Request
Y
No
No | g==179
(A) (B) (C)
Reset Execute Interrupt
MCU Instruction Accept
PC—(PC)+1 1/E—0
Stack—(PC)
I Stack—(CA)
Stack«—(ST)

e PC—$ 0002

il PC—$ 0004

1 PC—$ 0006

] PC—$ 0008

-] PC«$ 000C

(SERIAL Interrupt)

(1) HMCS402, HMCS404, HMCS408

Fig. 2-8 Interrupt Servicing Flowchart
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Power
ON
RESE>‘0
Yes
InterN
Request 3
/
No
No IVE=117
Yes
(A) (B) (C
Execute Interrupt
Reset MCU Instruction Accept
PC«— (PC)+1 I/E<0
Stack < (PC)
| Stack < (CA)
Stack < (ST)
INTo
PC < $0002 Interrupt
INT:
PC «— $0004 Interrupt
PC — $0008 (Timer B Interrupt)
(2) HMCS412, HMCS414
Fig. 2-8 Interrupt Servicing Flowchart
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(2) Interrupt Enable Flag (I/E:$000, bit 0)
The Interrupt Enable Flag controls enable/disable of interrupt requests
from the sources as shown in Table 2-5. It is reset by the interrupt servic-

ing and set by RINI instruction.

Table 2-5 Interrupt Enable Flag

Interrupt Enable Flag Interrupt Enable/Disable
0 Disable
1 Enable

(3) External Interrupts (INTg, INTy)

The external interrupt request inputs (INTy, INT;) can be selected by the

Port Mode Register (PMR:$004). Setting the bit 3 and bit 2 of PMR causes
R33/INT] pin and R33/INT( pin to be used as INI] pin and INT; pin respectively.
The External Interrupt Request Flags (IF0, IFl) are set at the falling edge
of INTp, INT; inputs. (Refer to Table 2-6).
INT] input can be used as a clock signal input of TIMER-B. Then, TIMER-B
counts up at each falling edge of input. When using INT; as TIMER-B external
event, and External Interrupt Mask (IM1l) has to be set so that the interrupt

request by INT] will not be accepted. (Refer to Table 2-7.)

Table 2-6 External Interrupt Request Flag

External Interrupt Request Flags Interrupt Requests
0 No
1 Yes

Table 2-7 External Interrupt Mask

External Interrupt Masks Interrupt Requests
0 Enable
1 Disable (masks)

(4) External Interrupt Request Flags (IF0:$000 bit 2, $001 bit 0)
The External Interrupt Request Flags (IF0, IFl) are set at the falling
edge of INT(y, INT; inputs respectively.

(5) External Interrupt Masks (IM0:$000 bit 3, $001 bit 1)
The External Interrupt Masks are used to mask the external interrupt

requests.
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(6) Port Mode Register (PMR:$004)

The Port Mode Register is a 4-bit write-only register which controls the
R32/INTg pin, Rg3/INT] pin, R41/SI pin and R42/SO pin as shown in Table 2-8.
The Port Mode Register will be initialized to $0 by MCU reset, all these pins

are therefore used as ports.

Table 2-8 Port Mode Register

PMR A
R33/INT, pin
bit3 33 1 P
0 Used as R33 port input/output pin
1 Used as INT, input pin
PMR —
R3,/IN i
bit 2 32/ To pIn
0 Used as R32 port input/output pin
1 Used as INT, input pin
PMR
R4 /S1 pin
bit 1 41/51P
0 Used as Rq4; port input/output pin
1 Used as S| input pin
PMR
R4, /SO pin
bit0 /S0P
0 Used as Rq; port input/output pin
1 Used as SO output pin

2.5 Serial Interface

The serial interface is used to transmit/receive 8-bit data serially. This
consists of the Serial Data Register, the Serial Mode Register, the-Oétal
Counter and the multiplexer as illustrated in Fig. 2-9. Pin R40/SCK and the
transfer clock signal are controlled by the Serial Mode Register. 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.

STS instruction is used to initiate serial interface operations and to
reset the Octal Counter to $0. The counter starts to count at the falling
edge of the transfer clock (SCK) signal and increments by one at the rising
edge of the SCK. When the Octal Counter is reset to $0 after eight transfer
clock signals, or when a transmit/receive operation is discontinued by reset-

ting the Octal Counter, the SERIAL Interrupt Request Flag will be set.
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SYSTEM OC(3bit)
Lok PRESCALER(11bit) —  ocTaL SROF .f ies
COUNTER
| INTERRUPT
MERE REQUEST FLAG
D REIHE of SERIAL INTER-
Gy FACE
IN 1
SERIAL MPX +2 |- MPX L 'NT;:NAL BUS ;4 T
SCK SR (8 bit
3 SERIAL DATA REGISTER
SMR(4bit) PMR(4bit
SERIAL MODE PORT (M'(J)ID)E 14 *4
N REG. REG. | INTERNAL BUS LINE  (52) |
SCK 1
[ INTERNAL BUS LINE | (s2) | 42

R,/ SCK R../S
PORT PORT
@= O

Fig. 2-9 Serial Interface Block Diagram

(1) Serial Mode Register (SMR:$005)

The 4-bit write-only Serial Mode Register controls the R4(0/SCK, prescaler
divide ratio, and transfer clock source as shown in Table 2-9.

The Write Signal to the Serial Mode Register controls 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 simultaneously. Therefore, when the Serial Interface is in the
"Transfer State'", the Write Signal causes the Serial Mode Register to case
the data transfer and to set the SERIAL Interrupt Request Flag.

Contents of the Serial Mode Register will be changed on the second
instruction cycle after writing into the Serial Mode Register. 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.

(2) Serial Data Register (SRL:$006, SRU:$007)
The 8-bit read/write Serial Data Register consists of a low-order digit
(SRL:$006) and a high-order digit (SRU:$007).
The data in the Serial Data Register will be output from the SO pin, from
LSB to MSB, synchronously with the falling edge of the transfer clock signal.

At the same time, external data will be input from the SI pin to the Serial
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Data Register, to MSB first, synchronously with the rising edge of the
transfer clock. Fig. 2-10 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.

Table 2-9 Serial Mode Register

SMR Ra4o/SCK
Bit 3 40
1] Used as R4o port input/output pin
1 Used as SCK input/output pin
SMR Transfer Clock
] Prescaler System Clock

Bit2 Bit1 Bit0 R40/SCK Port Clock Source Divide Divide
Ratio Ratio
0 0 0 ‘E-OEtpu ¢ Prescaler +2048 + 4096
0 0 1 sg':tpu " Prescaler + 512 +1024
0 1 0 S%E—tpu t Prescaler + 128 + 256
0 1 1 §8§tpul Prescaler + 32 + 64

SCK . .
1 0 0 Output Prescaler + 8 + 16

SCK . .
1 0 1 Output Prescaler + 2 + 4

SCK System "
! ! 0 Output Clock - !

1 1 1 SCK External _ _
Input Clock

(3) Serial Interrupt Request Flag (IFS:$003 bit 0)
The Serial Interrupt Request Flag will be set when the Octal Counter
counts eight transfer clock signals, or when data transfer is discontinued

by resetting the Octal Counter. Refer to Table 2-10.

(4) Serial Interrupt Mask (IMS:$003 bit 1)
The Serial Interrupt Mask masks the interrupt request. Refer to Table
2-11.

(5) Selection and Change of the Operation Mode
Table 2-12 shows the serial interface operation modes which are determined
by a combination of the value in the Port Mode Register and that in the
Serial Mode Register.
Initialize the serial interface by the Write Signal to the Serial Mode
Register, when the Operation Mode is changed.
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Transfer Clock |||||l||‘|‘||‘l|

2 3 4 5 6 7 8

1

Serial Output Data

-]

|

Serial Input Data
Latch Timing

RN

Fig. 2-10 Serial Interface I/0 Timing Chart

Table 2-10 SERIAL Interrupt Request Flag

SERIAL Interrupt Request Flag Interrupt Request
0 No
1 Yes

Table 2-11 SERIAL Interrupt Mask

SERIAL Interrupt Mask

Interrupt Request

0

Enable

1

Disable (mask)

Table 2-12 Serial Interface Operation Mode

il PMR " Serial Interface Operating Mode
Bit3 | Bit1 | Bit0
1 0 0 Clock Continuous Output Mode
1 0 1 Transmit Mode
1 1 0 Receive Mode
1 1 1 Transmit/Receive Mode

(6) Operating State of Serial Interface

The serial interface has three operating states, the STS waiting state,

SCK waiting state, and Transfer state, as shown in Fig. 2-11.

The STS waiting state is the initialization state of the serial interface

internal state. The serial interface enters this state in one of two ways:

either by changing the operation mode through a change in the data in the

Port Mode Register, or by writing data into the Serial Mode Register. 1In

this state, the serial interface does not operate even if the transfer clock

is applied. If an STS instruction is executed, the serial interface shifts

to "SCK waiting state".
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In this state the falling edge of the first transfer clock causes the
serial interface shift to "transfer state', while the Octal Counter counts—up
and the Serial Data Register shifts simultaneously. As an exception, if the
clock continuous output mode is selected, the serial interface stays in
'""SCK waiting state' while the transfer clock outputs continuously.

The Octal Counter becomes ''000" again by 8 transfer clocks or by execution
of STS instruction, so that the serial interface returns to "SCK waiting
state", and the Serial Interrupt Request Flag is set simultaneously.

When the internal transfer clock is selected, the transfer clock output

is triggered by the execution of an STS instruction, and stops after 8 clocks.

(7) Example of Transfer Clock Error Detection

The serial interface functions abnormally when the transfer clock is
disturbed by external noises. 1In this case, transfer clock error can be
detected by the procedure shown in Fig. 2-12.

If more than 8 transfer clocks are applied in the '"SCK waiting state",
the state of the serial interface shifts as the following sequence: first,
"transfer state', second, "SCK waiting state" and third, "transfer state'
again. The Serial Interrupt Flag should be reset before entering into the
STS state by writing data to SMR. This procedure causes the serial IRF to

be set again.

* ““Change PMR'’ means the change of
operation mode as below:

STS Waiting State

Octal Counter = 000"
Transfer Clock Disable

| * Transmit Mode
Clock Continuous * Receive Mode

Change PMR "
Output Mode  [*~*] « Transmit/Receive

Transfer Clock

Transfer State
8 Transfer Clocks, (Octal Counter # “000")
STS Instruction

SCK Waiting State
(Octal Counter = 000"

FS <1

26

Fig. 2-11 Serial Interface Operation State
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Transmit/Receive
(IFS="1")

Interrupt
Disable

Transfer Clock
Error Processing

Fig. 2-12 Example of Transfer Clock Error Detection

2.6 Timer

The MCU contains a prescaler and two timer/counters (TIMER-A, TIMER-B).
A block diagram is shown in Fig. 2-13. The prescaler is an 1l-bit binary
counter, TIMER-A an 8-bit free-running timer, and TIMER-B an 8-bit auto-

reload timer/event counter.

| INTERNAL BUS LINE 0 |
TIMER MODE REGISTER B

4

TL(4bit)
TIMER LATCH

_ [far:] TCB(8bit) TBOF
@——-L TIMERB  MPX TIMER/EVENT COUNTER B l - -'FTa
o

INTERRUPT
R ARAE: ToREDY REQUEST FLAG
" TIMER LOAD REGISTER OF TIMER-8
M
I‘S:Ig?‘ I-—.L PRESCALER(11bit) ] I‘ }‘

I INTERNAL BUS LINE (S2)

TMB(4bit)

1S

=

+4
+8
+32
+128
b ]
+512
+2048,

+1024
+2048

+8
+32
+128

—

TIMER-A MPX CPTA TCA(8bit) mor [
TIMER COUNTER A

INTERRUPT
REQUEST FLAG

3
OF TIMER-A
TMA(3bit)

TIMER MODE REGISTER A

Fig. 2-13 Timer/Counter Block Diagram

(1) Prescaler

The input to the prescaler is a system clock signal. The prescaler is
initialized to $0000 by MCU reset, and it starts to count up the system clock
signal as soon as RESET input goes to logic "0". The prescaler keeps
counting up except in MCU reset and stop mode. The prescaler provides clock
signals to TIMER-A, TIMER-B and the serial interface. The prescaler divide
ratio of the clock signals are selected according to the contents of the mode

registers, e.g. Timer Mode Register A (TMA), Timer Mode Register B (TMB),
Serial Mode Register (SMR).
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(2) TIMER-A Operation

After TIMER-A is initialized to $00 by MCU reset, it counts up at every
clock input signal. When the next clock signal is applied after TIMER-A
becomes $FF, it will generate an overflow and become $00. This overflow
causes the TIMER-A Interrupt Request Flag (IFTA:$001 bit 2) to go to "1".
This timer can function as an interval timer periodically generating overflow
output at every 256th clock signal input.

The clock input signals to TIMER-A are selected by the Timer Mode Register
A (TMA:$008).

(3) TIMER-B Operation

Timer Mode Register B (TMB:$009) is used to select the auto-reload func-
tion, input clock source, and the prescaler divide ratio of TIMER-B. When
the external event input is used as an input clock signal to TIMER-B, select
the R33/TﬁT1 as INT] and set the External Interrupt Mask (IM1) to prevent an
external interrupt request from occurring.

TIMER-B is initialized according to the value written into the Timer Load
Register by software. TIMER-B counts up at every clock input signal. When
the next clock signal is applied to TIMER-B after it is set to $FF, TIMER-B
will generate overflow output. In this case, if the auto-reload function is
selected TIMER-B is initialized according to the value of the Timer Load
Register, and if it is not selected, TIMER-B goes to $00. The TIMER-B
Interrupt Request Flag (IFTB:$002 bit 0) will be set at this overflow output.

(4) Timer Mode Register A (TMA:$008)

The Timer Mode Register A (TMA) is a 3-bit write-only register. The TMA
controls the prescaler divide ratio of TIMER-A clock input, as shown in
Table 2-13.

The TMA is initialized to $0 by MCU reset.

(5) Timer Mode Register B (TMB:$009)

The Timer Mode Register B (TMB) is a 4-bit write-only register which
controls the selection of the auto-reload function of TIMER-B and the
prescaler divide ratio, and the source of the clock input signal, as shown
in Table 2-14.

The Timer Mode Register B is initialized to $0 by MCU reset.

The operation mode of TIMER-B is changed at the second instruction cycle
after writing into the Timer Mode Register B. Initialization of TIMER-B by
the write instruction to Timer Load Register should be performed after the
contents of TMB are changed. Configuration and function of Timer Mode

Register is shown in Fig. 2-14.
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Table 2-13 Timer Mode Register A Table 2-14 Timer Mode Register B

B2 .::A‘ 810 Prescaler Divide Ratio ::g Auto-reload Function
) 0 0 +2048 0 No
0 0 1 +1024 1 Yes
0 1 0 + 512
o 1 1 + 128 T™B Prescaler Divide Ratio,
1 0 0 + 32 Bit 2 Bit 1 Bit0 Clock Input Source
1 0 1 + 8 0 0 0 +2048
1 1 0 + 4 0 0 1 + 512
1 1 1 F 2 0 1 0 + 128
0 1 1 + 32
1 0 0 + 8
1 0 1 + 4
1 1 0 + 2
1 1 1 INT, (External Event Input)
PMR:$ 004 SMR:§ 005

PMR3|PMR2|PMR1{PMRO SMR3|SMR2|SMR1|{SMRO

[N ——

Q—- Transfer clock selection

R4 /SCK pin mode selection

R43 /SO pin mode selection

R4; /S| pin mode selection

Ry, /INT, pin mode selection

R,3/INT, pin mode selection

TMA:$ 008 TMB:$ 009
TMA2| TMA 1JTMAO TMB3]ETMBZ TMB1]TMBO

L—- TIMER-B input clock selection
Auto-reload fi

TIMER-A input clock selection

Fig. 2-14 Mode Register Configuration and Function
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(6) TIMER-B (TCBL:$00A, TCBU:$00B, TLRL.$00A, TLRU:$00B)

TIMER-B consists of an 8-bit write-only Timer Load Register, and an 8-bit
read-only Timer/Event Counter. Each of them has a low-order digit (TCBL:$00A,
TLRL:$00A) and a high-order digit (TCBU:$00B, TLRU.S$O00B). (Refer to Fig. 2-2.)

The Timer/Event Counter can be initialized by writing data into the Timer
Load Register. In this case, write the low-order digit first, and then the
high-order digit. The Timer/Event Counter is initialized at the time when
the high-order digit is written. The Timer Load Register has been initialized
to $00 by the MCU reset.

The counter value of TIMER-B can be obtained by reading the Timer/Event
Counter. In this case, read the high-order digit first, and then the low-
order digit. The count value of the low-order digit is latched at the time

when the high-order digit is read.

(7) TIMER-A Interrupt Request Flag (IFTA:$001 bit 2)
The TIMER-A Interrupt Request Flag is set by the overflow output of
TIMER-A. Refer to Table 2-15.

(8) TIMER-A Interrupt Mask (IMTA:$001 bit 3)
The TIMER-A Interrupt Mask prevents an interrupt request from being

generated by TIMER-A Interrupt Request Flag. Refer to Table 2-16.

(9) TIMER-B Interrupt Request Flag (IFTB:$002 bit 0)
The TIMER-B Interrupt Request Flag is set by the overflow output of
TIMER-B. Refer to Table 2-17.

(10) TIMER-B Interrupt Mask (IMTB:$002 bit 1)

The TIMER-B Interrupt Mask prevents an interrupt request from being
generated by TIMER-B Interrupt Request Flag. Refer to Table 2-18.

Table 2-15 TIMER-A Interrupt Request Flag Table 2-16 TIMER-A Interrupt Mask

TIMREeg::sl‘ng;';upt Interrupt Request TIMER'-;\asI:terrupt Interrupt Request
0 No 0 Enable
1 Yes 1 Disable (Mask)
Table 2-17 TIMER-B Interrupt Request Flag Table 2-18 TIMER-B Interrupt Mask
TIMER-B Interrupt TIMER-B Interrupt
Request Flag Interrupt Request Mask Interrupt Request
0 No 0 Enable
1 Yes 1 Disable (Mask)
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2.7 Input/Output

The MCU has 58 I/0 pins, 32 standard pins and 26 high voltage pins. One
of these circuit types, CMOS, with pull-up MOS, and without pull-up MOS (NMOS
open drain) can be selected for each standard pin, and one of two circuit
types, with pull-down MOS and without pull-down MOS (PMOS open drain), can be
selected for each high voltage pins. Since the pull-down MOS is connected
to the internal Vdigp line, the Vgjgp line must be selected from the RAl/Vdisp
Pin via mask option when at least one high voltage pin is selected as "With
pull-down MOS" option. See Table 2-19 as for I/0 pin circuit types.

When every input/output pin is used as an input pin, the mask option and

output data must be selected in the manner specified in Table 2-20.

(1) Output Circuit Operation of "With pull-up MOS" Standard Pins

In the "with pull-up MOS" standard pin option, the circuit shown in Fig.
2-15 is used to shorten rise time of output.

When an output instruction is executed, a write pulse will be generated
and applied to the R port addressed by this instruction. This pulse will
switch the PMOS (B) to ON and shorten the rise time. 1In this case, the
write pulse keeps PMOS in the ON state for one-eighth of the instruction
cycle time. While the write pulse is "0", a high output level is maintained
by the pull-up MOS (C).

As the HLT signal becomes "0" in stop mode, MOS (A) (B) (C) turn OFF.

(2) D-port

The D-port is an I/0 port which has 16 descrete I/0 pins, each of which
can be addressed independently. It can be set/reset through SED/RED and
SEDD/REDD instructions, and can be tested through TD and TDD instructions.
See Table 2-19 as for the classification of standard pin, high voltage pin

and the I/0 pin circuit types.

(3) R-ports

The R-ports are 4-bit I/O ports. The eleven R-ports in HMCS408 are
composed of 20 I/0 pins, 16 output-only pins, and 6 input-only pins. Data
is input through LAR and LBR instructions and output through LRA and LRB
instructions. The MCU will not be affected by writing into the input-only
and/or non-existing ports, while invalid data will be read by reading from
the output-only and/or non-existing ports.

The R3p, R33, R4, R41, and R4y pins are multiplexed with the INTg, INI7,
SCK, SI, and SO pins respectively. See Table 2-19 as for the classification
of standard pins, high voltage pins and selectable circuit types of I/O pins.
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PMOS(8)

’ \ Write pulse
{Output

instruction)

Pull up MOS (C) M,
M3
|,_‘i ALT
O NMOS(A)
Data
Features ON Resistance Value
MOS
Buffer HMCS402C/AC,HMCS404C/AC| HMCS402CL,HMCS404CL
M approx. 2509 approx. 1k§
M, approx. 1lkQ approx. 5kQ
M approx. 40k§ approx. 75kQ to 1IMQ(Vce=3V)
3 to 160kQ (Vgg=5V) approx. 40k to 160kQ(Vcc=5V)
Features ON Resistance Value
MOS HMCS408C, HMCS408AC HMCS408CL
Buffer HMCS412C, HMCS412AC HMCS412CL
urrex HMCS414C, HMCS414AC HMCS414CL
M approx. 2509 approx. 1lkQ
M, approx. lkQ approx. 1.7k
M approx. 30k approx. 60k to IMQ(Vcc=3V)
3 to 160k (Vgo=5V) approx. 30kQ to 160k (Vcc=5V)
1 instruction cycle
1 |
| 1
Output instruction execution
Write puise
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Fig. 2-15 Output Circuit Operation of Standard Pins with "with Pull-up MOS" Option




Table 2-19

I/0 Pin Circuit Type

(1) HMCS402/HMCS404/HMCS408 1/0 Pin Circuit Type

"Without pull-up MOS : ~
. With pull-up MOS Applied
(NMOS t()x?n drain) (B) CMOS (C) pins
HLT input ALT input HLT input
data v data write Vee data Do ~D3,
1/0 cc [Vee | oulse e Rio ~R33,
common AT LT Reo ~R
pins Ef?ﬁﬁ <l o ~Res,
tput Rso ~Rs3
outpu output
P data data
g Vi
= Vee Vee write 'cc Reo~R
: Output — p_ul: AT R‘0~R63:
-;: pins - EI.Hl_-r R70~R73.
s HU 80 83
o }« é output output
@ data data :::.p“'
Vee
O
Input ALt T Dol input Rgo~R
ins o__'i} input inpu 90~ Ro3
p date data
Without pull-down MOS . y . .
(PMOS open drain) (D) With pull-down MOS (E) Applied pins
Vee
ALY
\/0 "O: output D4~D;s,
common data Rio~Ry3,
pins Ry0~Ras3
HL input
data
e
£ Vee
8 HLT
o output
§ Qu(put data Roo~Ro3
pins Vee
i3
I Vdisp
o HLT i
HLT i input
:;‘,‘::‘ data Rao
Vee
Vdisp
Input
pins
O LT :‘ o— input
data
Rai

(Note) In the stop mode, HLT signal is ‘0" and |/O pins are in high impedance state.

(to be continued)

HITACHI 33




Without ”“'(';‘gmgss‘ ((L“Z'rog) open drain) With pull-up MOS () Applied pins
scK
/0 Vee WHLT Vee [ Vee e
common HLT+mode select HLT+mode select —-SCK (Note 2)
pins
o LTI T ™
internal SCK internal SCK (OUTPUT MODE)
£ Vee . m
® | Output HL
3 pins so
s
@ SO
Input L'ﬂ'
pins ' INT,,
input ( )—é o———— input sI
data data -
i ALT HLT SCK (Note 2)
(INPUT MODE)
(Note 1) 1In the stop mode, HLT signal is "0", HLT signal is "1" and I/0 pins
are in high impedance state.
(Note 2) If the MCU is interrupted by serial interface in the external clock
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input mode, the SCK terminal becomes input only.

Table 2-20 Data Input from Input/Qutput Common Pins

1/0 pin circuit type Z?slsr::'l:ltty Avanab:zfin:pzc;ndmon

CMOS No -

Standard Without pull-up

pins 0S Yes 1
(NMOS open drain)
With pull-up MOS Yes ‘1"
Without puil-down

High MOS ’ Yes “0"

voltage (PMOS open drain)

pins With pull-down .
MOS Yes 0




Table 2-19 1I/0 Pin Circuit Type
(2) HMCS412/HMCS414 1/0 Pin Circuit Type

Without pull-up MOS With pull-up MOS CMOS (€) Applicable
(NMOS open drain) (A) (B) pins
- AT input AT Input ALCT Input
13 data —:D’— data v data
a 1/0 Vee [Vee erite ce Do -D3
° [ pulse] AT
R3p -R
.5 Common ACT O HLT 30 ~R3,
§ Pins Output Output ga\:taput R4g —R4;
a data data
Without pull-down MOS ) Applicable
With pull-d MOS (E
(PMOS open drain) (D) 'th pull-down () pins
Vce
HLT
1/0 O" @0utput D4 =Dis
Common data R1p —R13
Pins 2 R2o —R2,
Vdisp WD Input
data
3
£
a Vce
& p—
HLT
] Output Vec _ |'°G:0utput ROo —RO3
3| o =TT data
= Pins Output
2 data Vce
T
Vdisp
Input OE:D___ Input RA,
Pins data
Without pull-up MOS (NMOS open drain) Applicable
With pull-up MOS (B
or CMOS (A or C) pull-up (8) pins
@
£
& J—
° ( )——E >_ Input ( }—P Input INTo
& hfpu‘ data data iNT
| Pins HLT HLT !
8
(7]

Note: In the stop mode, HLT signal is O, HLT signal is 1 and I/O pins are in high impedance state.

1/0 Pin Circuit Type Input Possible Input Pin State
Standard Pins CMOS No —

Without pull-up MOS

X Yes 1

(NMOS open drain)

With pull-up MOS Yes 1
High Voltage Pins Without pull-down MOS Yes 0

(PMOS open drain)

With pull-down MOS Yes 0

HITACHI 35




2.8 Reset

The MCU is reset by bringing the RESET pin high. At power ON, when
cancelling Stop Mode, the reset must satisfy tRc for the oscillator to
stabilize. 1In all other cases, at least two instructions cycles are required
for the MCU to be reset.

Table 2-21 shows the parts to be initialized by MCU reset and the status

of each after the reset has been carried out.

Table 2-21 1Initial Value by MCU Reset
Initial value by
Items MCU reset Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) ‘1" Enable to branch with conditional branch instructions.
Stack pointer (SP) $3FF Stack level is 0.
(A) Without pull- qer :
up MOS 1 Enable to input.
Standard pin| (B) m;g pull-up e Enable to input
(C) CMOS “r -
VO pin (D) Without pull
output register g Q" Enable to input.
High voltage down MOS inpy
pin (E) With pull- nyer .
down MOS 0 Enable to input.
Interrupt Enable Flag (I/E) 0" Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “0" No interrupt request.
Interrupt Mask (IM) e Mask interrupt request.
Port Mode Register (PMR) “0000"" See Item ““Port Mode Register’’.
Mode registe Serial Mode Register (SMR) “0000” See Item ‘‘Serial Mode Register”.
ister
9 Timer Mode Register A (TMA) 000" See Item ““Timer Mode Register A",
Timer Mode Register B (TMB) 0000’ See Item ‘“Timer Mode Register B,
Prescaler $000 -
Timer/C. Timer/Counter A (TCA) $00 -
imer/Counter, n
Serial interface | Jimer/Event Counter B (TCB) $00 -
Timer Load Register (TLR) $00 —
Octal Counter 000" -
(Note) MCU reset affects to the rest of registers as follows:
Item After recovering from STOP mode After MCU reset except for
by MCU reset the left condition
(CA)
(A) . .
~==—-——o1  The contents of the items before The contents of the items before
(B)| MCU reset are not retained. MCU reset are not retained.
_W Register (W) | 1tis necessary to intialize them It is necessary to initialize them
X/SPﬁooilnn x/sPx)| bY software again. by software again.
_Y/SPY Registers (Y/SPY)
Serial Data Register {SR)|{ Same as above Same as above
The contents of RAM before MCU
RAM reset (just before STOP instruction) Same as above
are retained.
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2.9 Internal Oscillator Circuit

Fig. 2-16 outlines the internal oscillator circuit. Through mask option,

either crystal oscillator or ceramic filter oscillator can be selected as the
oscillator type, as shown in Table 2-22, and refer to Table 2-23 for selection
of the type. In addition, see Fig. 2-17 for selection of layout of crystal or
ceramic filter. On the

HMCS408C, three divide ratios, 1/16, 1/8, and 1/4, are selectable via mask

In all cases, external clock operation is available.

option.
0SCy @-— Oscillator Divider Timing
(Selectable circuit generator System
with mask (Selectable circuit clock
0SCy @— options) with mask
options)
Fig. 2-16 Internal Oscillator Circuit
Table 2-22 Internal Oscillation Circuit Mask Option
HMCS402C, HMCS402AC, HMCS402CL,
HMCS404C HMCS404AC HMCS404CL
Crystal o o o
Oscillator Ceramic o o o
Resistor o - -
Divider 1/8 o o o
HMCS408C HMCS408CL HMCS408AC
HMCS412C HMCS412CL HMCS412AC
HMCS414C HMCS414CL HMCS414AC
Crystal o o o
Oscillator
Ceramic o o [¢)
1/16 - o -
Divider 1/8 o o -
1/4 o o o
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Table 2-23 Examples of Oscillator Circuit

Circuit constants
Circuit configuration|” pycssoac, HMCS402CL, HMCS402AC,
HMCS404C HMCS404CL HMCS404AC
Exterhal
clock Oscillator
operation 0sCy
Open—(0sCy
= +20%
Resistor Rg=20k2£20%
oscillator 0sc,
Rf{
0SCy)
Ceramic filter | Ceramic filter | Ceramic filter
Ceramic . 3& — CSA4.00MG CSA2.000MK CSA6.00MG
filter ?imuc été 1 (Murata) (Murata) (Murata)
oscillator ilter T Jf Rf 1 IMQ+20% Rf:1MQ+20% Rf:1MQ+207%
Jc2 08¢z Cy:30pF+207 C1:30pF+20% C1:30pF+207%
GND C2 :30pF+207 C2:30pF+20% Cp:30pF+207%
Rf :IMQ+20% Rf:1IMQ+207%
&G — C1:10v22pF+20% C1:10Vv22pF+207%
cryseal[ " T195% C2:10v22pF+20% C2:10v22pF+207
Crystal §9Tf Crystal: Crystal:
oscillator s equivalent equivalent
GND circuit to the circuit to the
AT cut parallel left left
resonance crystal
Co:7pF max. Cp:7pF max.
0“1—{ L4 Rsf4”°2 Rg:60Q max. Rg:100Q max.
co £:2.0v4.5MHz £:2.0v6.2MHz
Rf :2MQ+20%
¢y po C1:10v22pF+207
ceyseal| & ake C2:10v22pF+207%
T Crystal:
i+ 0SCy X
NDCZ Rd egu1v§1ent
%Tcutp“aUel circuit to the
resonance crystal left
oscl_{ L? ¢y Rs }—oscz Co:7pF max.
by Rg:100Q max.
0 £:2.0v2.25MHz
(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters

are the one recommended by crystal or ceramic filter maker. The circuit
parameters are changed by crystal, ceramic filter resonator and the floated
capacitance in designing the board. In employing the resonator, please
consult with the engineers of crystal or ceramic filter maker to determine
the circuit parameter.

(Note 2) Wiring among 0SCj, 0SC2 and elements should be as short as possible, and
never cross the other wirings. Refer to the recommendable layout of

crystal and ceramic filter.
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Table 2-23 Examples of Oscillator Circuit

Circuit constants
Circuit configuration HMCS408C HMCS408CL HMCS408AC
HMCS412C HMCS412CL HMCS412AC
HMCS414C HMCS414CL HMCS414AC
External
clock Oscillator
operation 0sCy
open-{osez
Ceramic filter | Ceramic filter | Ceramic filter
Geramic ! CSA4.00MG CSA2.000MK CSA6.00MG
filter Ceramic[™ [ 10SCy CSA2.000MK CSA4.00MG (Murata)
oscillator filter . T:ﬁf (Murata) (Murata) Rf : 1MQ+20%
1% 0sC2 Rg : 1MQ+207% Rf :1MQ+207% C1:30pF+207
GND C1: 30pF+20% C1:30pF+20% Cp:30pF+207%
Cp: 30pF+20% C2:30pF+20%
Rg:1MQ£207% R 1 1IMQ+20%
G C1:10022pF+207% C1:10nv22pF+207
crysta1 T 1195 C2:10V22pF+20% C2:10n22pF+20%
Crystal Lj?}f Crystal: Crystal:
oscillator s equivalent equivalent
GND circuit to the circuit to the
AT cut parallel left left
resonance crystal
Co:7pF max. Co:7pF max.
0“1‘{jzf:§zj§}*°“2 Rg:100Q max. Rg:100Q max.
Co f:1.0-4.5MHz f:1.0-4.5MHz
Rg:2MQ+207%
G loso. C1:10n22pF+207
Coystal| g ske C2:10v22pF+207%
! T | Crystal:
i 0sC; .
wncz Rd equ1v§1ent
GT cut parallel circuit to the
resonance crystal left
osc, ! 2? Clﬁg 0sca Co:7pF max.
i Rg:1008 max.
0 £:1.0-2.25MHz
(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters

The circuit

(Note 2)

are the one recommended by crystal or ceramic filter maker.
parameters are changed by crystal, ceramic filter resonator and the floated
capacitance in designing the board. In employing the resonator, please
consult with the engineers of crystal or ceramic filter maker to determine
the circuit parameter.

Wiring among 0SCj, 0SC2 and elements should be as short as possible, and

never cross the other wirings. Refer to the recommendable layout of
crystal and ceramic filter.
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Fig. 2-17 Recommended Layout of Crystal and Ceramic Filter
Low Power Dissipation Mode

The MCU has two low power dissipation modes, Standby Mode and Stop Mode.

Their functions are shown in Table 2-24, and a mode transition is shown in
Fig. 2-18.

Table 2-24 Low Power Dissipation Mode Function

Condition
Low Power . Timer/ Recovering
Dissipation Mode Instruction Oscillator | Instruction | Register, Interrupt RAM g"“:::/' Counter, method
circuit execution Flag function in Serial
P Interface

ssY " " : " oY . RESET Input,
Standby mode instruction Active Stop Retained Active Retained Retained Active Interrupt request

STOP N © High*2)
Stop mode instruction Stop Stop RESET Stop Retained impedance Stop RESET Input

*1) The MCU recovers from STOP mode by RESET input. Refer to Table 2-21 for

*2)

*3)

the contents of the flags and registers.

A high voltage pin with a pull-down MOS is tied to the Vdisp power supply
through the pull-down MOS. As the pull-down MOS keeps ON, a pull-down
MOS current flows when a difference between the pin voltage and the Vgjsp

voltage exists. This is the additional current to the current dissipa-
tion in Stop Mode (Istop).

As an I/0 circuit is active, an I/0 current possibly flows according to
the state of I/0 pin in Standby Mode. This is the additional current to
the current dissipation in Standby Mode (Igpy1, ISBY2)-

RESET="1"

Fig. 2-18 MCU Operation Mode Transition
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(1) Standby Mode

Executing an SBY instruction puts the MCU into Standby Mode. 1In Standby
Mode, the oscillator circuit is active and the timer, counter and serial
interface continue working. On the other hand, the CPU stops since the cleck
related to the instruction execution stops. Registers, RAM and I/0 pins
retain the state they were in just before the MCU went into Standby Mode.

Standby Mode may be cancelled by inputting RESET or by executing an
interrupt request. In the former case the MCU is reset, and in the later
case, the MCU becomes an active mode and executes the next instruction
following the SBY instruction. If the Interrupt Enable Flag is "1" at this

time, the interrupt is executed, while if it is "0", the interrupt request

is put on hold and normal instruction execution continues.

Fig. 2-19 shows the flowchart of the Standby Mode.

SBY

Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart Restart
Processor Clocks Processor Clocks

(A)

Execute Interrupt
Reset MCU Instruction Accept ]

(a) HMCS402, HMCS404, HMCS408

Fig. 2-19 MCU Operating Flowchart
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Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart
Processor Clocks

Restart
Processor Clocks

(A)

Reset MCU Execute Interrupt
Instruction Accept

(b) HMCS412, HMCS414
Fig. 2-19 MCU Operating Flowchart

(2) Stop Mode

Executing a STOP instruction brings the MCU into Stop Mode, in which the
oscillator circuit and every function of the MCU stop.

Stop ‘Mode may be cancelled by resetting the MCU. At this time, as shown
in Fig. 2-20, reset input must be applied at least to tgc for oscillation to
stabilize. (Refer to "AC CHARACTERISTICS"). After Stop Mode is cancelled,
RAM retains the state it was in just before the MCU went into Stop Mode, but
the Accumulator, B Register, W Register, X/SPX Registers, Y/SPY Registers,

Carry and Serial Data Register may not retain their contents.

Stop mode

e
SR I 1 I

RESET ] e 8 ‘l______

W

ct L L

| ol
r tres |
STOP instruction execution (more than stabilization time: tgc)

Fig. 2-20 Timing Chart of Recovering from Stop Mode
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3. INSTRUCTION SYSTEM
3.1 RAM Addressing Mode

As shown in Fig. 3-1, the MCU has three RAM addressing modes, i.e. Register

Indirect Addressing, Direct Addressing and Memory Register Addressing.

(1) Register Indirect Addressing
The total of the W Register, X Register, and Y Register contents (10 bits)

is used as the RAM address.

(2) Direct Addressing
The direct addressing instruction consists of two words, with the second

word (10 bits) following the Op-code (the first word) used as the RAM

address.

(3) Memory Register Addressing
The Memory Register (16 digits from $020 to $02F) is accessed by executing
LAMR and XMRA instructions.

3.2 ROM Addressing Mode and P Instructions
The MCU has four kinds of ROM addressing modes as shown in Fig. 3-2.

(1) Direct Addressing Mode
The program can be branched to any address in the ROM memory space by
executing JMPL, BRL or CALL instructions. These instructions replace the

14 program counter bits (PC13 to PCQ) with l4-bit immediate data.

(2) Current Page Addressing Mode

The MCU has 8 pages of ROM (256 words per page). By executing a BR
instruction, the program can be branched to an address in current page.

This instruction replaces the low-order eight bits of the program counter
(PC7 to PCp) with 8-bit immediate data.

However, when BR is on page boundary (256n + 255), executing a BR instruc-
tion transfers the PC contents to the next page according to the hardware
architecture. Consequently, the program is branched to the next page when
the BR on a page boundary is used. The outline is given in Fig. 3-3. The
HMCS400 series cross macro assembler has an automatic paging facility for

ROM pages.
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(3) Zero Page Addressing Mode

By executing a CAL instruction, the program can be branched to the zero
page subroutine area, which is located in the $0000-$003F address area.
When a CAL instruction is executed, 6-bit immediate data is placed in the
low-order six bits of the program counter (PCs to PCp) and "Os" are placed

in the high-order eight bits (PC13 to PCg).

(4) Table Data Addressing
By executing a TBR instruction, the program can be branched to the

address determined by the contents of the 4-bit immediate data, accumulator

and B register.

(5) P Instruction

By executing a P instruction, ROM data addressed by Table Data Addressing
can be referred to as shown in Fig. 3-4. When bit 8 in the referred ROM data
is "1", 8 bits of referred ROM data are written into the accumulator and B
Register. When bit 9 is "1'", 8 bits of referred ROM data are written into
the R} and Ry port output register. When both bits 8 and 9 are "1", ROM
data are written into the accumulator and B Register and also to the R} and
R2 port output register at the same time.

The P instruction has no effect on the program counter.
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W-Register X-Register Y-Register
r N N Y

Wy [ Wol X | Xa | Xo{ Xol Yol Yol Yy [ Yo

RAM Address

APy | APy JAP, [AP4| APs| AP, | AP;| AP, | AP |AP,

(a) Register Indirect Addressing

Instruction 1st Word instruction 2nd Word
N\ ™
OP Code
L 1 [ T T 1 dg | dg | d7 | dg | ds | da | d3 | da2 | dy | do

RAM Address |AP,|AP;| AP, | AP¢| APs| AP, | AP,| AP, | AP, | AP

(b) Direct Addressing

Instruction

OP Code

RAM Address | np | ap, | AP, | AP,| aP,| AP.| AP,| AR, | AP, AP,

(c) Memory Register Addressing

Fig. 3-1 RAM Addressing Mode
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(JMPL)
(BRL)
(CALL)

Instruction 1st Word Instruction 2nd Word

T T T T T T T T T

————— .
L | OP Cate ,“’."’."’.W[d' di dh de ds  di ds dy, dy

| uTHlﬂluu:

Program Counter Fc., PCi ' PC.y Pc.., PCy. Pc. PC, Pc. pC, P pC, PCy. Pc, rC, Pc.]
.

(a) Direct Addressing

Instruction

Y T T T T

(BR) IOPCode b rb.' b, b°]

IIUJHI

T T
Program CoumerIPcn PCy; PCyy PCyy PCy PCy “pC,  pe, PCs PCy Pc, PC: PC, rE]
L e T e e e e Ty

(b) Current Page Addressing

Instruction

T T T T

(CAL) [ "OP Code | a5 @ a

X A © M ‘33.81431‘3';]
u(')j'»")"'“(')"v“grhe"l:(')"I“gﬂl..(')“' l ' I l J v l ' 1 ’T

Program Coun(erlPCu PCia PC,, PCyo PC0. PCy PC, PCe PC;}PC.:C;‘PC: PCy PCo
oy M s o

(c) Zero Page Addressing

Instruction

T T T T T T
(TBR) [ OP Code | P b p.,] B R
L 1 L 1 1

L j B, Ay A; A| Aol
7Y T H TTTTT

r T
Program Counter ch., PCia PC1 Pcw PC, PCs PC-, Pc. Pc, Pc. Pc. PC, PC, PCol

(d) Table Data Addressing
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256(n-1)+ 255
2560

- BR AAA
AAA NOP
L_J—- :: :“ 25604254
—t 88 2560+ 255
258in 4 1)
\—»{ ses  nOP

Fig. 3-3 The Branch Destination by BR Instruction on
the Boundary between Pages

Instruction

— ¥
P
* [ . OPCode I Ps P2 Pt P I B Regi Accumulator

T T
[4?3 B, B anT Ay A A A,

TITT 1111

T T T T
Referred ROM Address [RAuHA,; RA;RA;, RA; RA, RA, RA¢ RAs RA, RA; RA; RA, RAoI
I i 1 4 I I Il A 1 A A e 4

(a) Address Designation

~T T

ROM Data[no, no. Ro, Ro. ao, RO. RO; RO; | RO, ﬁcﬂ

ii&Tf%iL

Accumulator,BRegisterls, a, B, BTA, Ar A, A,,l t1f ROg =1
M ey

ROM Data Iao ao. no, RO. ao, RO‘ Ro, Ro, RO, Roul

iiii%lii

Output Register R1.R2 | iy Rux Rsr Rao|Ris R Ru Ria| :IFROs =1
.

(b) Pattern Output

Fig. 3-4 P Instruction
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3.3 Instruction Set

The HMCS400 series microcomputers provide 99 instructions which are
classified into 10 groups as follows;

(1) Immediate Instruction(Table 3-1)

(2) Register—to-Register Instruction(Table 3-2)

(3) RAM Address Instruction(Table 3-3)

(4) RAM Register Instruction(Table 3-4)

(5) Arithmetic Instruction(Table 3-5)

(6) Compare Instruction(Table 3-6)

(7) RAM Bit Manipulation Instruction(Table 3-7)

(8) ROM Address Instruction(Table 3-8)

(9) Input/Output Instruction(Table 3-9)

(10) Control Instructien (Table 3-10)

(Note) In the HMCS412 and HMCS414, there is not the STS instructions,

because these ones have not the serial interface.
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Table 3-1 Immediate Instruction

(WOR|
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS -
YL
ILoad A from Immediate LAl 10001 1iziz2ihio —A 11
Load B from Immediate LBl 1T00000i3izi1 10 i—B /1
Load Memory from Immediate LMID id [OT10T0i3i21110 —M 2/2
dodsdrdsds dadydzd: do
[Load Memory from Immediate, IncrementY | LMY i 10700 Tiaizinio [I-MY+ 1Y NZ /1

Table 3-2 Register-to-Register Instruction

OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS W/::);:E
Load A from B LAB 0001001000 B-A 11
Load B from A LBA oo 1001000 A +B \Val
Load A from Y LAY 0010101111 Y—A /1
Load A from SPX LASPX 0001101000 SPX -A VAl
Load A from SPY LASPY 0001011000 SPY—A 11
Load A from MR LAMR m 100 1 1 1 myamamimg| MR(m)-A 171
Exchange MR and A XMRA m 101 1 1 1 mamamimo| MR(m). -A 11

Table 3-3 RAM Address Instruction

OPERA.TION MNEMONIC | OPERATION CODE FUNCTION STATUS W:T’::
Load W from Immediate Wi i 001111004, i—W ° 1/1
Load X from Immediate LXt i 100010i3i2hio0 i——s X 11
Load Y from Immediate Lyt i 100001 13121110 1—Y /1
Load X from A LXA 0011101000 A—X . /1
Load Y from A LYA 0011011000 A—Y /1
(Increment Y [\ 0001011100 Y+1-Y NZ 11
[Decrement Y 204 0011011111 Y-1.Y N8B "1
JAddd A to Y AYY 0001010100 Y+A-Y OVF 1/1
[Subtract A from Y SYy 0011010100 Y-A-Y NB 11
|Exchange X and SPX XSPX 0000000001 X++SPX 1/1
Exchange Y and SPY XSPY 0000000010 Y+-SPY 1.1
[Exchange X and SPX.,Y and SPY XSPXY 0000000011 | X.+SPX.Y-.SPY 1,1
Table 3-4 RAM Register Instruction
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS w/
CYCLE]

Load A from Memory LAM(XY) [00100100yx M—A, (%:38%) 1,1
Load A from Memory LAMD d gd‘. JMO‘gJ‘gggg M—A 2/2
Load B from Memory LBM(XY) 00010000y x M-8, (5..5p%) 1,1
Load Memory from A LMA(XY) [00100101yx A-M, (3:88%) 1,1
Load Memory from A LMAD d gg.;yggg.g;;g\g A—M 2/2
Load Memory from A, Increment Y LMAIY(X) 000101000 x [A—=M)Y +1-Y(x..5Px) NZ "“/1
Load Memory from A, Decrement Y LMADY(X) (001101000 x |A—=M)Y —1-Y(X--5PX) NB 1,01
Exchange Memory and A XMA(XY) [00100000vy x M-A, (¥::38%) 11
lExchnnge Memory and A XMAD d 2:;. g,ggggggg M~A 2/2
[Exchange Memory and B XMB(XY) |[00110000yx M-8, (3357 1,1
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Note) (XY)
(€3]

(2)

50. HITACHI

and (X) have the meaning as follows:

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 10 Y <SPY
LAMXY |1 ' 1 X ©SPX, Y #SPY

The instructions with (X) have 2 mnemonics and 2 object codes for each.
(example of LMAIY(X) is given below.) The op-code X is assembled as

follows.
MNEMONIC x FUNCTION
LMAIY 0
LMAIYX 1 X ©SPX
Table 3-5 Arithmetic Instruction
WORD.
OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS /
YCLE
Add Immediate to A Al i 101000izizivio A+i—=A OVF 1,1
Increment B B 0001001100 B+1-B NZ 121
Decrement B DB 0011001111 B-1-B NB 1,1
Decimal Adjust for Addition DAA 0010100110 1,21
Decimal Adjust for Subtraction DAS 0010101010 1/1
Negate A NEGA 0001100000 A+1-A 121
Complement B CcomMB 0101000000 B-8 11
Rotate Right A with Carry ROTR 0010100000 1,1
Rotate Left A with Carry ROTL 0010100001 121
Set Carry SEC 0011101111 1-CA 11
Reset Carry REC 0011101100 0—CA 1,1
Test Carry TC 0001101111 CA 11
Add A to Memory AM 0000001000 M+A—A OVF 11
Add A to Memory amp d (31990019991 M+a-a ovF [ 22
M+A+CA--A
Add A to Memory with Carry AMC 0000011000 OVE—CA OVF 11
. 1 11 M+A+CA—A
Add A to Memory with Carry AMCD d | 919000 L 4h39% OvF-ca. | OVF | 272
) M-A-CA-A
1 11 1
Subtract A from Memory with Carry | SMC 00100 000 NB—CA NB yal
011 11 M-A-CA-A
Subtract A from Memory with Carry { SMCD d dsdldvgsgs d d]%g‘& NBSCA NB 2,2
OR A and B OR 0101000100 AUB —A 121
AND Memory with A ANM 0010011100 ANM—A NZ 121
AND Memory with A anmp d [Q1T00 111001 arm—a Nz | 2,2
OR Memory with A ORM 0000001100 AUM--A NZ 121
; ‘ T
OR Memory with A ormpD d [Q100001 3331 Aum=a NZ 2/2
EOR Memory with A EORM 0000011100 AEM—A NZ /1
i 0T00011100 +M—
EOR Memory with A EORMD d [ 0 1 0 O g ATM—A Nz | 2,2




Table 3-6 Compare Instruction

WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /
YCi
immediate Not Equal to Memory INEM 0000103121110 /M NZ 11
0100710
Immediate Not Equal to Memory INEMD id :ds 0 de dsdnl ;J h ‘& i/M NZ 2,2
A Not Equal to Memory ANEM 0000000100 ArM NZ 121
(5] 1
A Not Equal to Memory Anemp 4 [0100000190] a/m NZ | 272
B Not Equal to Memory BNEM 0001000100 B/M NZ 1,1
Y Not Equal to Immediate YNEI 00011 1uinio Y#o NZ 11
Immediate Less or Equal to Memory ILEM i 0000111312110 .M NB 1,1
immediate Less or Equal to Memory ILEMD id 89;'9, g@ ss JJ&J)" ! 1M NB 2/2
A Less or Equal to Memory ALEM 0000010100 AM NB 11
010001010 R
A Less or Equal to Memory ALemp 4 [§10001019 gﬂ AM NB 2,2
[B Less or Equal to Memory BLEM 0011000100 B-.M NB 1,1
IA Less or Equal to Immediate ALEI i 10101 Vianzirio Al NB 11
Table 3-7 RAM Bit Manipulation Instruction
WOR
OPERATION MNEMONIC | OPERATION CODE FUNCTION [STATUS X:LE
Set Memory Bit SEM n 00100001 mno 1-+M(n) 1,1
011 1
Set Mamory B Sem0 na |G,LT000 ThEl T Mn 22
Reset Memory Bit REM n 00100010nno 0—M(n) 171
; 1000
Reset Memory Bit REMD nd [ Q110001000 0—Min) 2/2
[Test Memory Bit T™M n 0010001 1nino M(n) 11
011 11
[Test Memory Bit ™D nd [Q 110001 Lame Min) | 2/2
Table 3-8 ROM Address Instruction
WORD,
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS /
CyCLE|
IBranch on Status 1 BR b | 11 brbebsbabsbabibo 1 11
Long Branch on Status 1 BRL u [Q1O1L oo 1 2,2
lLong Jump Unconditionally JMPL u c’&‘d,}sgsé‘ d,’;’;“,’“},’: 2,2
Subroutine Jump on Status 1 CAL a |0 111 asasazazaiao 1 1,2
Long Subroutine Jump on Status 1 CALL u 9"1,.9, és asg‘gj‘g;g“g: 1 2,2
Table Branch TBR p {00101 1p3ppipo 121
Return from Subroutine RTN 0000010000 1,/3
1—I/E .
[Return from Interrupt RTNI 0000010001 cA RESTOR&[ ST 1,3
Table 3-9 Input/Output Instruction
WORD,
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS /
YCLE|
ISet Discrete /0 Latch SED 0011100100 1-D(Y) 1,1
et Discrete 1/0 Latch Direct SEDD m |1 0 1 1 1 0 mamymmo 1-D(m) 1,1
Reset Discrete |/0 Latch RED 0001100100 0—D(Y) 11
Reset Discrete I/0 Latch Direct | REDD m [1 0 0 1 1 O mymmmo| 0—D(m) 11
[Test Discrete I/0 Latch TD 0011100000 D(Y) 1/1
Test Discrete /O Latch Direct TODD m {1 01 0 1 0O mymmmo D(m) 11
Load A from R-Port Register LAR m (10010 1 mmmme| R(m)—A 1/1
Load B from R-Port Register LBR m |1 00100 mmmme R(m)—B 11
Load R-Port Register from A LRA m (101101 mmmme A—R(m) 11
Load R-Port Register from B LRB m {10110 0 mmmme B—R(m) 11
Pattern Generation P p |01 1011 pap2pipo 1/2
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Table 3-10 Control Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS WO}
CYcLE
No Operation NOP 0000000000 11
Start Serial sTS 0101001000 1
[Stand-by Mode SBY 0101001100 1.1
[Stop Mode STOP 0101001101 1,1
Table 3-11 Op-Code Map
RS 0 . 1
RoN{{oJ1]2]3fa]s]6[7]8[s[a[B]C[D[E[F|o0[1[2]3]a]6[6]7[8][8[A[B C[D[EF
0 [NOPspxxsPY PSP AM ORM fivenc AND (oRmo|
1 |RTNIRTNI] ALEM| AMC| IEORM| o) Amco) £0RML
2 INEM (4) INEMD it4)
3 ILEM (4) ILEMD (4)
4] LBMIXY) [BNEM LAB 8 ow] __— JOR] __— |sts]__—— |sev[si0f]
5 [Lmarvp! AVY U g JMPL pla)
6 RED Jus TTc CALL pi4)
0 7 YNE! it4) BRL pl4)
8] XMAXY) | SEMn@2 | REM n2 | TMni2) [0 SEMD n(2) T REMD n(2) [ TMD n(2)
9] LAMXY) [ LMAXY) s __— |aw Taw) Tow
Alwmpon] __—— o] __— o[ __—— |wr LMD 4
8 TBR p(4) 3 )
C| xmMBIXY) [ 18A 08
D [LMADY(X] SYY | oY AL .
€[ SED XA, — |hEC SEC
F LWIi(2)
o] L8l 4)
1 (A ]l it4)
2 X i(4)
3 LAl H4)
4 LBR m(4)
B LAR m(4)
6 REDD m(4)
7 LAMR m(a)
1 [s - - BR bi8)
9 LMY "4)
A TDD mid)
] ALEI 4
c LRB m(4)
o LRA m(4)
€ SEDD m(a)
F XMRA m(4)
... 1-word/2-cycle 7 7Y... 1-word/3-cycle roe RAM Direct Address 2-word/2-cycle

Instruction

Instruction Instruction

{2-word/2-cycle)

Instruction




3.4 Instruction Table

Three kinds of instruction tables are shown to explain the instructions

which construct Instruction System of the HMCS400 series.

3.4.1 Functional Table

Instructions are classified by function. The table shows mnemonic
code and simple explanation of the function, and shows functional com-

parison between HMCS40 series and HMCS400 series.
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CATEGORY MNEMONIC FUNCTION STATUS | 400 | 40
LAB B — A * *
LBA A — B * *
REGISTER LAY Y — A * *
TO REGISTER | LASPX SPX — A * *
LASPY SPY — A * *
LAMR m MR(m) — A *
XMRA m MR(m) «— A * *
XA A — X * *
LYA A — Y * *
IXI i i - X * *
LYI i i - v * *
LWI i i - W *
RAM ADDRESS IY Y+1 - Y NZ * *
DY Y-1—>%Y NB * *
AYY Y+A — ¥ OVF * *
SYY Y-A - Y NB * *
XSPX X <«— SPX * *
XSPY Y <«— SPY * *
XSPXY X <«— SPX, Y «— SPY * *
LAM(XY) M — A, (X<—SPX, Y«—>SPY) * *
LAMD d M(d) — A *
LBM(XY) M — B, (X«<—SPX, Y<«—SPY) * *
REGISTER XMA (XY) M — A, (X«—SPX, Y<—SPY) * *
TO RAM XMAD d M(d) — A *
XMB (XY) M «— B, (X«<—>SPX, Y<«—SPY) * *
LMA (XY) A — M, (X<>SPX, Y<«>SPY) *
LMAD d A — M(@d) *
LMATY (X) A — M, Y+1 > Y, (X<>SPX) NZ * *
LMADY (X) A — M, Y-1—Y, (X<>SPX) NB * *
IMIIY 1 i — M, Y+l =Y NZ * *
IMMEDIATE LMID i,d i — M@) *
LAI i i — A * *
LBI i i = B * *
Al i A+1i — A OVF * *
1B B+1 — B NZ * *
DB B-I — B NB * *
AMC M+A+CA — A, OVF — CA OVF * *
AMCD d M(d) + A + CA—A, OVF—CA OVF *
SMC M-A-CA— A, NB— CA NB * *
SMCD d M(d) - A-CA— A, NB — CA NB *
AM M+A — A OVF * *
AMD d M) + A — A OVF *
DAA Decimal Adjust (Add) * *
DAS Decimal Adjust (Subtract) * *
ARITHMETIC NEGA A+1 — A * *
COMB B — B * *
SEC 1 — CcA * *
REC 0 — CA * *
TC Test CA CA * *
ROTR Rotate Right A with Carry * *
ROTL Rotate Left A with Carry * *
OR AUB — A * *
ANM ANM — A NZ *
ANMD d AN MA) — A NZ *
ORM AUM — A NZ *
ORMD d AuMU{ — A NZ *
EORM A@M — A NZ *
EORMD d A@M@A) — A NZ *
(to be continued)




CATEGORY MNEMONIC FUNCTION STATUS | 400 40
INEM 1 i#M NZ * *
INEMD i,d i # M(@d) NZ *
ANEM A#M NZ * *
ANEMD d A # M(d) NZ *
BNEM B#M NZ * S %
YNEI i Y#1i NZ * *
COMPARE ILEM 1 isM NB *
ILEMD i,d i < M(d) NB *
ALEM A<M NB * *
ALEMD d A = M(d) NB *
BLEM BsM NB * *
ALET i Ac<i NB * *
SEM n 1 — M() * *
SEMD n,d 1 — M(@d,n) *
RAM BIT REM n 0 — M(n) * *
MANIPULATION | REMD n,d 0 — M(d, n) *
™ n Test M(n) M(n) * *
™D n,d Test M(d, n) M(d, n)| *
BR b Branch on Status 1 1 * *
BRL u Long Branch on Status 1 1 *
JMPL u Long Jump Unconditionally *
ROM ADDRESS CAL a Subroutine Jump on Status 1 1 * *
CALL u Long Subroutine Jump on Status 1 1 *
TBR P Table Branch * *
RIN Return from Subroutine * *
LPU u Load Program Counter Upper *
on Status 1
SELE 1 — I/E *
SEIFO 1 — IFO *
SEIF1 1 — IFl *
SETF 1 — TF *
SECF 1 — CF *
REIE 0 — I/E *
REIFO 0 — IFO *
REIF1 0 — IFl *
RETF 0 — TF *
INTERRUPT RECF 0 — CF *
TIO Test INTO INTO *
TI1 Test INT1 INT1 *
TIFO Test IFO IFO *
TIF1 Test IF1l IF1 *
TTF Test TF TF *
LTI i i — Timer/Counter *
LTA A — Timer/Counter *
LAT Timer/Counter — A- *
RINI Return from Interrupt ST * *
SED 1 — D(Y) * *
RED 0 — D(Y) * *
TD Test Discrete I/0 Latch D(Y) D(Y) * *
SEDD m 1 — D(m) * *
REDD m 0 — D(m) . * *
1/0 DD m Test Discrete I/0 Latch D(m) D(m) *
LAR m R(m) — A * *
LBR m R(m) — B * *
LRA m A — R(m) * *
ILRB m B — R(m) * *
P p Pattern Generation * *
NOP No Operation * *
CONTROL STS Start Serial *
SBY Standby Mode *
STOP Stop Mode *
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3.4.2 Alphabetical Order Table

Instructions are arranged in its mnemonic code's alphabetical order.

MNEMONIC OP CODE FUNCTION STATUS | W/C
AT i 10-1000-.... A+i — A OVF 1/1
ALEI i 10-1011-.... Asi NB 1/1
ALEM 00-0001-0100 AsM NB 1/1
ALEMD d 01-0001-0100 A — M(d) NB 2/2
AM 00-0000-1000 M+A — A OVF 1/1
AMD d 01-0000-1000 M)+ A — A OVF 2/2
AMC 00-0001-1000 M+A+CA — A, OVF — CA OVF 1/1
AMCD d 01-0001-1000 M(d)+ A + CA — A, OVF — CA OVF 2/2
ANEM 00-0000-0100 A#M NZ 1/1
ANEMD d 01-0000-0100 A # M(@d) NZ 2/2
ANM 00-1001-1100 AOM — A NZ 1/1
ANMD d 01-1001-1100 AN M@ — A NZ 2/2
AYY 00-0101-0100 Y+A —> Y OVF 1/1
BLEM 00-1100-0100 BsM NB 171
BNEM 00-0100-0100 B#M NZ 1/1
BR d 11-....-.... Branch on Status 1 1 1/1
BRL u 01-0111-.... Long Branch on Status 1 1 2/2
CAL a 01-11..-.... Subroutine Jump on Status 1 1 1/2
CALL u 01-0110-.... Long Subroutine Jump on Status 1 1 2/2
COMB 01-0100-0000 B — B 1/1
DAA 00-1010-0110 Decimal Adjust (Add) 1/1
DAS 00-1010-1010 Decimal Adjust (Subtract) 1/1
DB 00-1100-1111 B-1 — B NB 1/1
DY 00-1101-1111 Y-1—>Y NB 1/1
EORM 00-0001-1100 A®M - A NZ 1/1
EORMD d 01-0001-1100 A ®M@U@ —A NZ 2/2
1B 00-0100-1100 B+1 — B NZ 1/1
ILEM 00-0011-.... isM NB 1/1
ILEMD i,d 01-0011-.... i s M(d) NB 2/2
INEM i 00-0010-.... i#M NZ 1/1
INEMD i,d 01-0010-.... i # M(d) NZ 2/2
IY 00-0101-1100 Y+1 = Y NZ 1/1
JMPL u 01-0101-.... Long Jump Unconditionally 2/2
LAB 00-0100-1000 B — A 1/1
LAI i 10-0011-.... i - A 1/1
LAM (XY) 00-1001-00.. M — A, (X<>SPX, Y«<—>SPY) 1/1
LAMD d 01-1001-0000 M) — A 2/2
LAMR m 10-0111-.... MR(m) — A 1/1
LAR m 10-0101-.... R(m) — A 1/1
LASPX 00-0110-1000 SPX — A 1/1
LASPY 00-0101-1000 SPY — A 1/1
LAY 00-1010-1111 Y — A 1/1
LBA 00-1100-1000 A - B 1/1
LBI i 10-0000-.... i - B 1/1
LBM(XY) 00-0100-00.. M — B, (X<—SPX, Y«—SPY) 1/1
LBR m 10-0100-.... R(m) — B 1/1
LMA (XY) 00-1001-01.. A — M, (X«<—>SPX, Y-—-SPY) 1/1
LMAD d 01-1001-0100 A — M(d) 2/2
LMADY (X) 00-1101-000. A — M, Y-1 «— Y, (X < SPX) NB 1/1
LMATY (X) 00-0101-000. A — M, Y+l «— Y, (X «— SPX) NZ 1/1
LMID 1i,d 01-1010-.... i — M(@) 2/2
LMIIY i 10-1001-.... i = M, Y+l «—> Y NZ 1/1
LRA m 10-1101-.... A — R(m) 1/1
LRB m 10-1100-.... B — R(m) 1/1
LWI i 00-1111-00.. i - W 1/1

W/C --- Word/Cycle
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MNEMONIC OP CODE FUNCTION STATUS | W/C
XA 00-1110-1000 A — X 1/1
IXI i 10-0010-.... i — X 1/1
LYA 00-1101-1000 A~ Y 1/1
LYI i 10-0001-.... i —- Y 1/1
NEGA 00-0110-0000 A+1 - A 1/1
NOP 00-0000-0000 No Operation 1/1
OR 01-0100-0100 AUB — A 1/1
ORM 00-0000-1100 AuM — A NZ 1/1
ORMD d 01-0000-1100 A u M) - A NZ 2/2
P P 01-1011-.... Pattern Generation 1/2
REC 00-1110-1100 0 — CA 1/1
RED 00-0110-0100 0 — D(Y) 1/1
REDD m 10-0110-.... 0 — D(m) 1/1
REM n 00-1000-10.. 0 — M(n) 1/1
REMD n,d | 01-1000-10.. 0 — M(d,n) 2/2
ROTL 00-1010-0001 Rotate Left A with Carry 1/1
ROTR 00-1010-0000 Rotate Right A with Carry 1/1
RTN 00-0001-0000 Return from Subroutine 1/3
RINI 00-0001-0001 Return from Interrupt ST 1/3
SBY 01-0100-1100 Standby Mode 1/1
SEC 00-1110-1111 1 — CA 1/1
SED 00-1110-0100 1 — D(V) 1/1
SEDD m 10-1110-.... 1 — D(m) 1/1
SEM n 00-1000-01.. 1 — M(n) 1/1
SEMD n,d 01-1000-01.. 1 — M(d,n) 2/2
SMC 00-1001-1000 M-A-CA — A, NB — CA NB 1/1
SMCD d 01-1001-1000 M(d) - A-CA — A, NB — CA NB 2/2
STOP 01-0100-1101 Stop Mode 1/1
STS 01-0100-1000 Start Serial 1/1
SYY 00-1101-0100 Y-A 2> Y NB 1/1
TBR p 00-1011-.... Table Branch 1/1
TC 00-0110-1111 Test Carry CcA 1/1
TD 00-1110-0000 Test Discrete I/0 Latch D(Y) D(Y) 1/1
TOD m 10-1010-.... Test Discrete I/0 Latch D(m) D (m) 1/1
™ n 00-1000-11.. Test Memory Bit M(n) M(n) 1/1
TMD n,d 01-1000-11.. Test Memory Bit M(d,n) M(d,n)| 2/2
XMA (XY) 00-1000-00. . M «<— A, (X<>SPX, Y <> SPY) 1/1
XMAD d 01-1000-0000 M(d) < A 2/2
XMB (XY) 00-1100-00.. M «<— B, (X<—SPX, Y<—SPY) 1/1
XMRA m 10-1111-.... MR(m) «<— A 1/1
XSPX 00-0000-0001 X «— SPX 1/1
XSPXY 00-0000-0011 X «— SPX, Y <> SPY 1/1
XSPY 00-0000-0010 Y < SPY 1/1
YNEI 1 00-0111-.... Y #1 NZ 1/1

W/C---Word/cycle
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3.4.3 Object Code Table

Instructions are arranged in object code order.

OP-CODE MNEMONIC FUNCTION STATUS | W/C
00-0000-0000 | NOP No Operation 1/1
00-0000-0001 | XSPX X «— SPX 1/1
00-0000-0010 | XSPY Y «— SPY 1/1
00-0000-0011 | XSPXY X <> SPX, Y «— SPY 1/1

. 00-0000-0100 | ANEM A#M NZ 1/1
00-0000-1000 | AM M+A — A OVF 1/1
00-0000-1100 | ORM AuUM — A NZ 1/1
00-0001-0000 | RIN Return from Subroutine 1/3
00-0001-0001 RTNI Return from Interrupt ST 1/3
00-0001-0100 | ALEM A<M NB 1/1
00-0001-1000 | AMC M+A+CA — A, OVF — CA OVF 1/1
00-0001-1100 | EORM AOM — A NZ 1/1
00-0010-.... | INEM i i#M NZ 1/1
00-0011-.... | ILEM i isuM NB 1/1
00-0100-00.. | LBM(XY) M — B, (X<—SPX, Y <>SPY) 1/1
00-0100-0100 | BNEM B#M NZ 1/1
00-0100-1000 | LAB B — A 1/1
00-0100-1100 | IB B+1 — B NZ 1/1
00-0101-000. | LMAIY(X) A — M, Y+l —> Y, (X < SPX) NZ 1/1
00-0101-0100 | AYY Y+A > Y OVF 1/1
00-0101-1000 | LASPY SPY — A 1/1
00-0101-1100 | IY Y+1 — Y NZ 1/1
00-0110-0000 | NEGA E+1 — A 1/1
00-0110-0100 | RED 0 — D(Y) 1/1
00-0110-1000 | LASPX SPX — A 1/1
00-0110-1111 | TC Test Carry CA 1/1
00-0111-.... | YNEI i Y # i NZ 1/1
00-1000-00.. | XMA(XY) M «— A, (X<—SPX, Y<—SPY) 1/1
00-1000-01.. | SEM n 1 — M(n) 1/1
00-1000-10.. | REM n 0 — M(n) 1/1
00-1000-11.. | T™™ n Test Memory Bit M(n) M(n) 1/1
00-1001-00.. | LAM(XY) M — A, (X +> SPX, Y <> SPY) 1/1
00-1001-01.. | LMA(XY) A — M, (X <> SPX, Y <> SPY) 1/1
00-1001-1000 | SMC M-A-CA — A, NB — CA NB 1/1
00-1001-1100 | ANM ANM — A NZ 1/1
00-1010-0000 | ROTR Rotate Right A with Carry 1/1
00-1010-0001 | ROTL Rotate Left A with Carry 1/1
00-1010-0110 | DAA Decimal Adjust (Add) 1/1
00-1010-1010 | DAS Decimal Adjust (Subtract) 1/1
00-1010-1111 | LAY Y — A . 1/1
00-1011-.... TBR P Table Branch 1/1
00-1100-00.. | XMB(XY) M «<— B, (X<«—SPX, Y<«—>SPY) 1/1
00-1100-0100 | BLEM BsM NB 1/1
00-1100-1000 | LBA A —- B 1/1
00-1100-1111 | DB B-1 — B NB 1/1
00-1101-000. | LMADY (X) A — M, Y-1 = Y, (X «— SPX) NB 1/1
00-1101-0100 | SYY Y-A - Y NB 1/1
00-1101-1000 | LYA A —> Y 1/1
00-1101-1111 | DY Y-1 — Y NB 1/1
00-1110-0000 | TD Test Discrete I/0 Latch D(Y) D(Y) 1/1
00-1110-0100 | SED 1 — D(Y) 1/1
00-1110-1000 | LXA A —- X 1/1
00-1110-1100 | REC 0 — CA 1/1
00-1110-1111 | SEC 1 — CA 1/1
W/C --- Word/Cycle (to be continued)
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OP-CODE MNEMONIC FUNCTION STATUS | W/C
00-1111-00.. LWL i i - W 1/1
01-0000-0100 | ANEMD d A #M@A) — A NZ 2/2
01-0000-1000 AMD d A+ MWA) - A OVF 2/2
01-0000-1100 ORMD d A uMA) — A NZ 2/2
01-0001-0100 ALEMD d A < M(@d) NB 2/2
01-0001-1000 AMCD d M(d) + A+CA — A, OVF — CA OVF 2/2
01-0001-1100 EORMD d A ®M@ — A NZ 2/2
01-0010-.... INEMD i,d i # M(d) NZ 2/2
01-0011-.... ILEMD i,d i £ M(@d) NB 2/2
01-0100-0000 | COMB B — B 1/1
01-0100-0100 OR AuyuB — A 1/1
01-0100-1000 STS Start Serial 1/1
01-0100-1100 SBY Standby Mode 1/1
01-0100-1101 | STOP Stop Mode 1/1
01-0101-.... JMPL u Long Jump Unconditionally 2/2
01-0110-.... | CALL u Long Subroutine Jump on Status 1 1 2/2
01-0111-.... | BRL u Long Branch on Status 1 1 2/2
01-1000-0000 | XMAD d M(d) <« A 2/2
01-1000-01.. | SEMD n,d 1 — M(d,n) 2/2
01-1000-10.. REMD n,d 0 — M(d,n) 2/2
01-1000-11.. | ™D n,d Test Memory Bit M(d,n) M(d,n) | 2/2
01-1001-0000 LAMD d M) — A 2/2
01-1001-0100 LMAD d A — M(d) 2/2
01-1001-1000 SMCD d M(d) - A-CA — A, NB — CA NB 2/2
01-1001-1100 | ANMD d AN MW@ — A NZ 2/2
01-1010-.... | LMID i,d i - M) 2/2
01-1011-.... P P Pattern Generation 1/2
0l-11..-.... CAL a Subroutine Jump on Status 1 1 1/2
10-0000-.... | LBI i i - B 1/1
10-0001-.... LYIL i i — Y 1/1
10-0010-.... | LXI i i - X 1/1
10-0011-.... | LAI i i - A 1/1
10-0100-.... | LBR m R(m) — B 1/1
10-0101~-.... LAR m R(m) — A 1/1
10-0110-.... REDD m 0 — D(m) 1/1
10-0111-.... LAMR m MR(m) — A 1/1
10-1000-.... AT - i A+1 —> A OVF 1/1
10-1001-.... | LMIIY i i = M, ¥+l — Y NZ 1/1
10-1010-.... TDD m Test Discrete I/0 Latch D(m) D(m) 1/1
10-1011-.... | ALEI i A< i NB 1/1
10-1100-.... | LRB m B — R(m) 1/1
10-1101-.... LRA m A — R(m) 1/1
10-1110-.... | _SEDD m 1 — D(m) 1/1
10-1111-.... XMRA m MR(m) «— A 1/1
11-....-.... | BR b Branch on Status 1 1 1/1
W/C --- Word/Cycle
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4.
4.1

PIN ARRANGEMENT AND PACKAGE

Pin Arrangement (Top View)

DIMENSION

[s1] 0,
D2
Dy
Do
GND
0sC:
0SC»

RESET
Rey
Re2
o] Re
LT
Re
37] Ra2
[36] Re:
35] Reo
54) An
[33] Rz

D2
D3
Dia
Ra1/Vaso
Roo

Rox

Ro2

Ros

Rio

Ru

Ri2

Ris

R20

Ray

R22

R23

R3o

Ras
Raz/INTo
Raa/INT,
Ve

(DP-42, DP-42S)
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4.2 Package Dimension

Unit : mm (inch)

DP-64S
57.6(2.268)
64 58.6max.(2.307max.)
[eTalaleTulalalalnlalalolalalalalalalutelalalalslalalolalalal
_ i
o s g E
2EE=
“|1S e~
-e
(e]
e b
1.0 32
(0.039)
- - 19.05
cEai[ om0 1
B85t
wlelow
HEE

|!IE|IUI!I,I! !I,I’IwI’I’I!INI’I’I!I,I, ! ‘
e o 05—

2.54min.
(0.100min.)
o
@

25.6+0.4(1.008 +0.016)

FP-64

20.0(0.787)

L 2.9max.

Si

52

33

I

14.0(0.551)

(0.1 14max.)

196404
(0.772+0.016)

~n
o

« =

AL LR Y

1+0.15 0.35+0.1

(0.014 +0.004)

(0.039+0.006)

BB IR{AIR|SIREDIR|N) R R{RY0|RYR|8}R|9AN

\1 t0.3(0.06'l +0012)

e

15+ 005
(0,006 0.002)

A S| TS
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DP-42

52.8(2.079)
54.0max. (2.126max.)

a2 22
oooooooanpooonoooooaonon
) 2
=5 B
B &S
¢ s
L9 [ S e R g g
] 21 15.20
= D (0600
(0.0a7) ¢ E " !
ES Eé
a S48
2o 128
oz
28
2544025 048:0.1 ~ol s
(0100~ 0.010) (0019 - 0.008) 0 s o
(0¥
DP-42S
31.34(1.470)
42 38.6max. (1.520max.) 22
nnnoanonpaonoanoannonnn
=
S|ES
~|w ~
Qle v
le) T|-e
Uouuo0o 000000000000 O
| 10 |2t 15.24
e % I———T
(0.039) £ §§ (0.600)
S8is8 "
S|sS
3
1778 £0.25 e
EE % .
(0.070+0.01) + Is 0~i5
(0.0!9_0.004):§ 5 WN._%.}&\
=
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5. ELECTRICAL CHARACTERISTICS
5.1 HMCS402/404/408 Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vce —-0.3t0+7.0 \"
Terminal Voltage Vy 03 to Vec+0.3 d 3
Vee —45 to Ve +0.3 \ 4
Total Allowance of Input Currents Zip 50 mA 5
Total Allowance of Qutput Currents -Zlp 150 mA 6
Maximum Input Current lo 15 mA 7.8
4 mA 9,10
Maximum Output Current -lo 6 mA 9N
30 mA 9,12
Operating Temperature Topr —20 to +75 °c
Storage Temperature Tsg —551t0 +125 °c

(Note 1) Permanent damage may occur if ’Absolute Maximum Ratings’ are exceeded. Normal operation should be under the conditions of
“*Electrical Ch istics”. If these diti are it may cause the malfunction and affect the reliability of LSI.

(Note 2)  All voltages are with respect to GND.

(Note 3)  Applied to standard pins.

(Note 4)  Applied to high voltage pins.

(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simuitaneously.

(Note 6)  Total allowance of output current is the total sum of the output current which flow out from Vg to all 1/O pins simultaneously.

(Note 7) Maximum input current is the maximum amount of input current from each /O pin to GND.

(Note 8) Applied to D, — D; and R3 — R8.

(Note 9)  Maximum output current is the maximum amount of output current from Vg to each 1/0 pin.

(Note 10) Applied to D, — D3 and R3 — R8.

(Note 11) Applied to to RO — R2.

(Note 12) Applied to D, — D,;.
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5.2 HMCS402C Electrical Characteristics
(1) DC Characteristics

(Vcc=4V to 6V, GND=0V, Vdisp=VcC-40V to VcC, Ta=-20 to +75°C, if not specified.)

V.
Item Symbol Pin Name Test Conditions perny :J:e po— Unit Note
RESET,
X ’ . - +0. \"
Input “High" v INT,, INT, 0.7Vec Vcct0.3
Voltage ™ ) 0.7Vee - Vee+0.3 \
0sC, Vec- 05| - Veet03 | " V
RESET, SCK, ~
Input “Low” v INT,, INT, 0.3 0.22Vec |V
Voltage L SI -03 - | 0.22Vg¢e v
0SC, -0.3 - 0.5 v
Output “High" fr— —lon =1.0mA Vee-1.0 - - v
\ .
Voltage o K. 80 “lon = 001 mA Vec—03 | — - v
Output “Low” P
Vo,;’;‘ge Vou SCK, SO lo = 1.6 mA - - 04 v
RESET, 3CK,
input/Output 2 ’ L
Leakage Current Ihed 'S’;‘ T SOC').?)SI I Vin =0V to Vec - - 1 A 1
0 g 1
Crystal or
Ceramic Filter
Current g:ﬁli.t::‘or - - 2.0 mA | 2,6
Dissipation in lee Vee Vee=5V -
Active Mode _;g;isto‘r"‘”l
Oscillator
Option - - 24 mA 2,6
| foxe = 4MHz
Crystal or
Ceramic Filter
Maximum |Oscillator - - 1.2 mA | 3,6
1 v Logic Option
SBY1 cc Operation  |fosc = 4MHz
Vee =5V Sesi.?.tor
scillator
i - - 1.6 mA 3,6
Current ?:":’"4 MHz
Dissination i
Standby Molge Crystal or
Ceramic Filter
- Oscillator - - 09 mA 4,6
X Mm!mum Option
Isevy2 | Vce 3‘:‘;%“ fone =4MHzZ
Vee =5V |Resistor
Qecittator - - 13 mA | 4,6
foxc = 4MHz
Current J—
ST Vin(TEST) = V¢e-0.3V to V,
Di ti | Vv n cc cc - -
Stop Mode e ce Vin(RESET) = OV t0 0.3V 10 BA | 5
Stop Mode
Retain Voltage Vaton Vee 2 - - v
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(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state;  ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voitage
©Do— D3, R3—R9 .- Ve voltage
0 D,—D,s, RO—R2, Rag, RA1 ... Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
© input/Output; Reset state
©® TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST - Vo voltage
®D,—D;3, R3—-R9 .- Vg voltage
©D.—D;s, RO-R2, Rag, Ras - Vdisp voltage
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET.... GND voltage
® TEST ... Vo voltage
® D, —D3, R3~RY ... Vg voltage
®D,—Dys, RO~R2, Rag, Ray - Vdisp Voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When foe.=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foge=x [MH2]) =%x max. value (foec=4(MHz] )

(2) Input/output characteristics for standard pin
(Vcc=4V to 6V, GND=0V, V4isp=Vcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions i V:vl:e P Unit Note
{;‘5‘39’;"“9“" Vin g; :%’5" Ro 07Vee | — | Vect03 | v
{;‘fl"‘;;“w" Vi Do ” g;: Ro —0.3 ~ ] 022V | Vv

Do — D3,
eg:gut “High"” Vo R3 — R8 —lon =1.0mA Vee-1.0 - - v 1

9 gg - 2;‘ —lon =0.01 mA Vee-03 | - - v 1
il A2 - B B S B
o | 3% | Ve-oveves BEEEEE
G | e |RRy | Verw 0 o] ™ e

(Note 1) Applied to 1/0 pins with “CMOS*” Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with “with Pull-up MOS" selected by mask option.
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(3) Input/output characteristics for high voltage pin
(Vcc=4V to 6V, GND=OV, Vdjsp=Vcc-40V to Ve, Ta=-20 to +75°C, if not specified.)

: Val
Item Symbol Pin Name Test Conditions min :y:e T Unit Note
| t““Low” Da—D1s , R1
\;‘(?I‘:a@ o Vi R;’ R:\;, Ra1 Vcc—40 - 0.22Vcc \2
De -D —loH=15mA, Vcc=5V£10%| Vcc—3.0 - - v
—Dis
Output "“High” v —loH=9 mA ) Vee—-2.0 - - v
Voltage OH RO —R2 “Ton=3 MA, Vcc=5VE10% | Vcc—3.0 | — — v
—loH=1.8 mA Vec—2.0 - - \
Ds —D1s -
Output “Low” | RO —R2 Vaip = Vec—40V - - | Vee=37 | V 1
oL -
Voitage g:) _%'2‘ 150kS2 to Ve —40V - — | Vee=37 | Vv 2
Input/Qutput Ml Da—D1s
Leakage w RO-R2 Vin = Vcc—40V to Ve - - 20 HA 3
Current Rao. Ra1
Da—D1s _
Pull Down MOS |, RO-R2 Vaie = Voc—35V 126 | 250 | 500 uA | 4
urrent R R Vin =Vee
a0, Rai

(Note 1) Applied to |/O pins with “with Pull-down MOS" selected by mask option.

(Note 2) Applied to 1/O pins with “without Pull-down MOS (PMOS Open Drain)’ selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins with “‘with Pull-down MOS" selected by mask option.
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(4) AC characteristics
(Vcc=4V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

. Test Value .
Item Symbol Pin Name Conditions in vp max Unit Note
s;’: 5 | Oscillation Frequency foxe 0sC,, 0SC; 04 4 4.5 MHz
]
g E = | Instruction Cycle Time teye 1.78 2 20 us
28805 T
5§88 $§cullator Stabilization thc 0SC,, 0SC; _ _ 20 ms 1
ime
. 5 | Oscillation Frequency fose 0SC,,0SC, |R¢=20kQ2+2% 1.8 3.0 4.2 MHz
R
g% Instruction Cycle Time teye R¢=20k2£2%| 1.9 2.66 4.44 us
@2 - TR
8 .Cr)is't'::lator Stabilization thc 0SC,, 0SC, Re=20kQ2£2% _ _ 05 ms 1
External Clock Frequency | fcp 0SC, 0.4 - 45 MHz 2
External Clock ““High”
x
S | Level Width tem 0SC, 92 - - ns 2
9 External Clock “Low" - -
§ | Level Width tepL 0sc, e ns 2
£ | External Clock Rise Time | tcp, 0SC, — - 20 ns 2
W "External Clock Fall Time teps 0SsC, - - 20 ns 2
Instruction Cycle Time teye 1.78 - 20 us 2
iNTo “High” Level Width tion iNTo 2 — — toye 3
TNTo “Low"” Level Width tioL INTo 2 - - teye 3
INT: “High” Level Width t1m NT: 2 - - toye 3
INT1 “Low” Level Width L INT1 2 - - teye 3
RESET “High”’ Level Width tRSTH RESET 2 - - teye 4
. ] i f=1MHz
Input Capacitance Cin all pins Vi = OV - - 15 pF
RESET Fall Time: tRST - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at “Power-on”, or after RESET
input level goes to ‘“High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than tgc to obtain the necessary time for oscillator stabilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator Resistor oscillator
Ci —— C
F 0sC ———j0sc
Crysta_lL ! Ceramic ! 0sC,
=g filtere52
T«:Ft ?4:“ Rf
E?; , 0SC:2 C:z 0SC: 0sc,
GND GND
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k+2%
Rf : 1MQ 2% Rf : 1MQ2%
Ci : 22pF+20% C: : 30pF1:20%
Cz : 22pF+20% Cz : 30pF£20%
(Note 2) (Note 3)
1/fcp
Vce-0.5
osc, ——CPH tcPL
0.5

(Note 4)
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(5)

Serial interface timing characteristics

(Vgc=4V to 6V, GND=0V, Vqisp=Vcc-40V to Ve, Ta=-20 to +75°C, if not specified.)

« At Transfer Clock Output

. Test Value .

Item Symbol Pin Name Conditions in ve hax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock ““High"’ TCw _ _
Level Width tsckH SCK (Note 2) 05 tseye 1,2
Transfer Clock “Low” CCK — -
Level Width tsckL SCK (Note 2) 0.5 tseye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns 1,2
Serial Output Data
Delay Time toso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tss Sl 500 - = ns 1
Serial Input Data Hold Time tusi S 150 - - ns 1

* At Transfer Clock Input
. Test Value )

Item Symbol Pin Name Conditions [~min v oo Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock “‘High” P _
Level Width tsckH SCK 05 - tseye 1
Transfer Clock “Low” e _ -
Level Width tseke SCK 0.5 tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsext SCK - - 100 ns 1
Serial Output Data
Delay Time toso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tss) SI 500 — = ns 1
Serial Input Data Hold Time tus Si 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

Sck  Vec —2.0V(0.7Vce &
0.8V(0.22Vce) *

toso

Vec-2.0v

X

68

tssi=| |—tus: -
0.7Vec R
0.22Vee P

- —

* Ve — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Ve and 0.22 V¢ are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
Ry =2.6kq
Test
Point
c R 152074®
30pF 12k or Equiv.



(6) Characteristics Curve (Reference Data)

ST 1 Y
“Ta=-20-+75¢ Ta=—-20~+75T
Vec=5V fosc=4MHz
3 - 3T ] max.
: :
max
3?2 = 32
1 1
0 . k 4 5 ] 1 2 3 4 5 6
fosc(MHz) Vee(V)
Icc vs. foscCharacteristics Icc vs. Vo Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)

4Fa=—20-%75% #[Ta=—20-+75¢
Vcc=5V fosc=4MHz max.
3 /ma X, 3 /
< <
£ 2 / E 2 P
° -~ [ ——
L / K3
1 - 1
-
o 2 3 4 5 0o 2 4 5 6
fosc(MHz) Vee(V)
Icc vs. fosc Characteristics Icc vs. Ve Characteristics
(Resistor Oscillator Option) (Resistor Oscillator Option)
20f=—70-+75¢ 20 ="20-+75¢ ]
Vee=5V fosc=4MHz :“’a";
16 1.6} . -
< Isav1 =
£ o max s
o 1.2 T < L& SBY2
a > Issy2 .§ / max.
- max. —
£08 e <] <08 1
0.4 Z 0.4
<
£
(o] 1 2 3 4 5 [o] 2 3 4 5 ]
fosc(MHz) Vee(V)
Isgy vs. fosc Characteristics Isgy vs. Vgc Characteristics
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option)
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20[Ta=—20-+75¢ |
SBY1
Vee=5V max.
16— —+
< Isay2
€ 12 A max.
vl BV 4
5 //
5 0.8 /
2
0.4 - ,/
[o] 1 2 4 5
fosc(MHz)
Isy vs. fosc Characteristics
(Resistor Oscillator Option)
500 T T 7T
Ta=—-20~+75TC
400
< 300
£y
=
|
290 /max.
100 typ.
- ——{min.
o 2 3 4 5 6
Vee(V)
~1p (Pull-up MOS Current) vs.
Ve Characteristics
15 T T
Ta=-20~+75%C
Vec=6V
4
) 4
~10 4 Vcc=5V
‘é A 4
F Va-
£ AN etV =4V
2 a
5 /-
9 /
o 1 2 3
Vou(V)
loL min. vs. Vo Characteristics
(Standard Pin)
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Isgy1
20 Ta=-20~+75T max.
fosc=4MHz Isay2
16— max.
<
£,
~ L
£ o.sL
o
0.4
(o] 1 2 4 5 6
Vcc(V)
Isgy vs. Vg Characteristics
(Resistor Oscillator Option)
Ta=-20 ~ +75°C
500 — nax.
/
//
400 /
_ 300 //
E [ typ.
=
200 /’A
/ min,
100
e
/
0 10 20 30 40 50
| Vcc-VdiSp(V)
. lg (Puli-down MOS Current) vs.
I (Vec — Vaisp) Characteristics
4fa=—20-+75¢ |
—~ VCC=6V
‘é 3 L
] /vc'c=5 v
2 % Vee=4V|
o
T L1 —
1
0 : 1 2 3
Vee—Vou(V)

~lon min vs. (Vgc — Von) Characteristics
(Standard Pin “CMOS"’)



30
} l l [ l Vec=6V
Ta=—20~+75TC
/ ®[faC 20~ +75%
. Vee=4.5V as= |_AVec=6v
20 / / 5 ]
2 /1 _4+—Vcc=4V /
L/
£ / 4
E )4 "é B |_f—AVec=a.5v
z = / —1Vec=4V
3 Z 3 va
I E e
10 1/ £
}’ .§ 2 4/
/ [ / 74
/ 4
11 AA
/ y
(¢] 1 2 3 4 5 0 1 2 k a4 5
Vee—Vou(V) Vee—Vou(V)
-lon min. vs. (Vcc — Vou) Characteristics -lon min. vs. (Vce — Von) Characteristics
(D4 ~ D5 Pins) (RO ~ R2 Pins)
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5.3 HMCS402CL Electrical Characteristics

(1) DC characteristics (Vgc=2.7V to 6V, GND=0V, Vdjsp=Vcc-40V to Vce, Ta=-20 to +75°C,
if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RESET, SCK,
) iNTs, INTT 0.85Vee | — Vee+0.3 \'
Input “"High” v 4
Voltage H Sl 0.85Vee | — | Vec+0.3 v
OSC1 Vee-03 | - Vcc+0.3 v
RESET, SCK,
T -0.3 — | 0.18V¢c v
Input "“Low"’ v INTo, INT: i
Voltage L s -0.3 - | 0.18V¢e v
0SC: -0.3 - 0.3 \
82}&‘;‘8 High” | vou | SCK.s0 —lon =0.1 mA Vee-05 | - - v
Output “Low" <7 _
Voltage VoL SCK, SO loL =0.4mA - - 0.4 v
RESET, SCK
Input/Output T
el INTo, INT1, |Vihn=0VtoVce - - 1 MA 1
Leakage Current Sl, SO, OSC: n
Current
PSP Vec =3V
Dissipation in lec Vee cc” - - 0.6 mA | 2,6
Active Mode fosc = 2MHz
Maximum Logic Operation
Isgy1 Vce Vec =3V - - 0.5 mA 3,6
Current fosc = 2 MHz
Dissipation in — - -
Standby Mode Minimum Logic Operation
Issy2 | Vce Vec =3V - - 0.4 mA | 4,6
fosc = 2MHz
Current —
Dissipation i Vin (TEST) = Vgc-0.2V to Ve _ _
StopMoge | 'mee | Vee Vin (RESET) = 0V t0 0.2 V 10 HA | 5
Stop Mode
Retain Voltage Vstop Vee 2 - - v

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state;  ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
©Do—D;, R3—R9 - V¢ voltage
eD,~Dys, RO-R2, R, Raq - Vyisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; © Standby Mode
® Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
o TIMER-B; +2 prescaler divide ratio
© SERIAL Interface ; Stop
Pin state; ©® RESET -.-GND voltage
® TEST .-V voltage
®D,—D;, R3—-R9 .- Vg voltage
®D.-Dis, RO—R2,Rag, Rag - Vdisp Voltage
(Note 4) The-timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Qutput; Reset state
® TIMER-A; +2048 prescaler divide ratio
©® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET --- GND voltage
® TEST ... Vg voltage
®D,-D;, R3—R9 ... V(¢ voltage
©D,—D,s, RO—R2, Rag, Ra1 - Visp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When foec=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

[When Divide-by-8 (D-8) option is selected.]  max. value (fosc=x[MHz]) =%x max. value (fosc=2[MHz])
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(2) Input/output characteristics for standard pin
(Vcc=2.7V to 6V, GND=0V, Vdisp=Vcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions Value Unit | Note
min typ max
il R ooV | - | verr0a | v
{;\;\::;;Low“ Vie E,g - g%: RO -0.3 - | 015 vee v
Quiput "Hish”™ | Vou | pa_hs  |-low=01ma Vec-05 | - - v |
Vorage | Vou |R§ZRE |lor=04mA i Bl LA
[tag o] 01 |[R3ZR |0V Ve i el A L
rovspnos |, [Row Vol HEENEIE
SR xﬁ‘c:d‘;/" 30 60 120 pA | 3

(Note 1) Applied to 1/0 pins with “CMOS"’ output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins ‘‘with Pull-up MOS"’ selected by mask option.

(3) Input/output characteristics for high voltage pin
(Vce=2.7V to 6V, GND=0V, Vgigp=Vcc-40V to Vgg, Ta=-20 to +75°C, if not specified.)

Value .
Item Symbol Pin Name Test Conditions in v P Unit Note
Input “High” Da —Dps, R ~ N v
Voltage Vi R2, Rao. Ra1 0.85Vcc Vec+0.3
] t“‘Low’’ D4 — Dys, R1
\;‘maqe v Vie R42. RAIOS- Ras Vec—40 - 018Vec v
o o —lon=15mA, Vcc=5V+10%| Vcc—-3.0 - - \J
4 ~ 15
Output “High” v —lon =2.5mA Vee—-1.0 - - v
Voltage OH R0~ R2 “Ton=3 mA, Vcc=5VE10% | Vcc—3.0 | — — v
~lon=0.5 mA Vee—-1.0 - - Vv
D4 — Dys
v = Vcc—40V - - Vee =37 \" 1
Output “Low” | RO — R2 dwe ~ TcC ce
Voltage 2:) - 2{; 150kS2 to Ve —40V - — | Vee-37 | Vv 2
Input/Output el D4 — Dys
Leakage " RO — R2 Vin = V=40V to Voo - - 20 uA 3
Current Rao. Ra1
D4 — Dss -
Pull Down MOS | RO — R2 Voo Vee—38V 125 | 250 | 500 | wA | 4
Current Rao. Ra1 in cc

(Note 1) Applied to 1/0 pins ““with Pull-down MOS'* selected by mask option.

(Note 2) Applied to 1/O pins “‘without Pull-down MOS (PMOS Open Drain)” selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins ““with Puli-down MOS’ selected by mask option.
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(4) AC characteristics
(Vcc=2.7V to 6V, GND=0V, Vdijsp=VcC-40V to Vcc, Ta=-20 to +75°C, if-not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency fosc 0SC1, 0SC2 0.4 2 225 MHz
Instruction Cycle Time teye 3.55 4 20 Ms
Oscillator Stabilization Time trC 0SC:, 0SC2 - - 60 ms 1
e ek “High™ tcpH 0sCi 208 | - - ns | 2
External Slock “Low tepL 0sC: 203 | - - ns | 2
External Clock Rise Time tcpr 0OSCi - - 20 ns 2
External Clock Fall Time teps 0SCi - - 20 ns 2
TNTo “High” Level Width tioH TNTo 2 - - teye 3
TNTo “Low” Level Width tioL NTo 2 - - teye | 3
INTT “‘High” Level Width thH INT: 2 - - teye | 3
NT1 “Low” Level Width tL INTy 2 - - teye 3
RESET ""High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins :/Tn L%HVZ - - 15 pF
RESET Fall Time tRSTS - - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 2.7V at “Power-on’’, or after RESET input level goes
’High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than trc
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or

ceramic filter oscillator, please ask a crystal il maker’s or ic filter maker’s advice because oscillator stabilization time depends
on the circuit constant and stray capacity.
Crystal oscillator Ceramic filter oscillator
C Cy
- - —it osc
Crystai 0sc: Cm;qmic !
T :E" |Iter?=:h
it NW—4-0sC: + 0SC2
-+ C2 Rd C2
GND GND
Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata)
Rf = 2MQ + 2%, Rd = 2.2kQ * 2% Rf =1MQ + 2%, Ci1=C:z=30pF +20%
C, =10pF ¢ 20%
C, = 10pF + 20%
(Note 2) (Note 3)
1fcp
Vee-0.3v
osc, [— tcPH— tcPL
0.3v L
tcer tcPf

(Note 4)
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(5) Serial interface timing characteristics

(Vcec=2.7V to 6V, GND=0V, Vdisp=Ycc-40V to Vce, Ta=-20 to +75°C, if not specified.)
* At Transfer Clock Qutput

Test Value X

Item Symbol Pin Name Condeistions —_ tvp v Unit Note
Transfer Clock Cycle Time Tscyc SCK (Note 2) 1 - - toye 1,2
T f lock ‘“High"’ —
L:Iz: \;Ir“g:‘: ¢ * tsckH SCK (Note 2) 0.5 - - tscye 1,2
T fer Clock " Faa
e koW tsckL SCK (Note 2) 05 - - teeye | 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 300 ns 1,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 300 ns 1,2
sDeerllaa\: ?';J':‘;:ut Data toso so (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tss) Si 1000 - - ns 1
Serial Input Data Hold Time ths) SI 500 - - ns 1

» At Transfer Clock Input
) Test Value )

Item Symbol Pin Name Conditions [ vp i Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
T fi lock “High" oa
LL::‘S \7Vrldct"?c 9 tsckH SCK 0.5 - - tscye 1
T s | 5K o8 | - [ - e[
Transfer Clock Rise Time tsckr SCK - - 300 ns 1
Transfer Clock Fall Time tecks SCK - - 300 ns 1
gfl':\', Qutput Data toso SO (Note 2) - - 800 | ns 1,2
Serial Input Data Set-up Time tss) Sl 1000 - - ns 1
Serial Input Data Hold Time ths) Sl 500 - - ns 1

(Note 1) Timing Diagram of Serial Interface

SCK Vcc—0.5V (0.85Vge)*
0.4V (0.15V¢e)* 5

SO

e

(Ssl‘l tHss
sl 0.85Vcc
0.15Vcec

*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output.
0.85V and 0.15V ¢ are the threshold voltage for transfer clock input.

|

(Note 2) Timing Load Circuit

Vee
RL =26k
Test
Point
c R 152074®
30pF4— 12k T O Equiv
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(6) Characteristics curve (Reference data)

T T T
Ta=-20~+75T max
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400
<
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|
200 max.
v
1
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" .
min
A1 | 1
o 2 3 a4 5 6
Veelv)
—Ip (Pull-up MOS Current) vs.
Ve Characteristics
Y tac—20~+75°C |
Vce=6V
10 e
2 /
£ /
‘é Vee=4v
3 /
5
/4
/// vee =27V
0 1 2 3

Vou(V)
loL min. vs. Vg Characteristics
(Standard Pin)
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e
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400
300 //
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200 A
100 min. _|
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//
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Vee—Vdisp V)
Id (Pull-down MOS Current) vs.
(Vcec—Vdisp) Characteristics
4 T T
Ta=—20~ +75°C
3 Vee=6V
/ ] Vee=sv
2 ]
Vec=4Vv
/ L1 _4+—Vee
/ /‘
1 Z
Vee=2.7V
0 1 2 3

Vee-VoH (V)
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N
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—lon min. vs. (Vcc—Von) Characteristics
(D4 — D5 Pins)

6
Ta=-20~+75T
Veemev
5
y
Vee=5v
2 a // J/
£ v
c
E 3 Vee=4V
Py
o
2 4
// V, 2.7V
— cc=2.
1 4 =T
/
0o 1 2 3 4 5
Vce-VoH (V)
—lon min. vs. (Vcc—Vow) Characteristics
(RO — R2 Pins)
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5.4 HMCS402AC Electrical Characteristics

(1) DC characteristics (Vcc=4.5V to 6V, GND=0V, Vqisp=Vcc-40V to VCC, Ta=-20 to +75°C,
if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RESET, SCK, 0.7Vee | = | Veet0.3 | v
| - INTo, INT:
nput “High v
Voltage H sI 0.7Vee | — | Vect03 | V
0SCi Vee-05 | - Vcc+0.3 \
RESET, SCK
N T -0.3 - 0.22Vce Y
Input “Low’’ v INTo, INT:
Voltage i S| -0.3 - | 0.22V¢c Vv
0OSC1 -0.3 - 0.5 \
Output “High” v SCK. S0 —IOH =1.0mA Vcc—1.0 - - \"
Voltage OH ’ —lon =0.01 mA Vge-03 | — - v
Output “Low"’ == _
Voltage VoL SCK, SO loL = 1.6 mA - - 0.4 v
RESET, SCK
Input/Output N T -
Leakage Current Ml |S’;”S°(') lggéh Vin =0V to Vcc - - 1 MA 1
Current
AT Ve =5V
Dissipation in lce Vee cc - - - 3.0 mA 2,6
Active Mode fosc = 6 MHz
Maximum Logic Operation
Isey1 | Vee Vec =5V - - 1.8 mA | 3,6
Current fosc = 6 MHz
Dissipation in
Standby Mode Minimum Logic Operation
Isey2 | Vee Vee =5V - - 1.35 mA | 4,6
fosc = 6MHz
Current ———e
PPN Vin (TEST) = Ve —=0.3V to Ve
Dissipation in Istop Vee in I - - 10 HA 5
Stop Mode s Vin (RESET) =0V to 0.3V
Stop Mode _ _
Retain Voltage Vstop | Vec 2 v

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; © Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
© Do —D3, R3—RY .- V¢ voltage
©0D4—Dis, RO-R2,R o Raq - Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
© Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ...GND voltage
® TEST --- Vc voitage
®D,—D;, R3—R9 .- Vg voltage
#D,-D,s, RO-R2, Rag, Ray - Vdisp Voltage
(Note 4) The timer/ P with the sl clock and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
® Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
© TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET.... GND volitage
© TEST ... Ve voltage
®D,—D;3, R3—-RY ... V¢ voltage
©D,-D,s, RO—R2, Rag, Rat - Vdisp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When fo,.=x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foec=x [MH2]) =%x max. value (foec= 6 [MHz])
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(2) Input/output characteristics for standard pin
(Vee=4.5V to 6V, GND=0V, Vd15p=vcc-4OV to Ve, Ta=-20 to +75°C, if not specified.)

Val
Item Symbol Pin Name Test Conditions - e Unit Note
min typ max
| “High"’ Do — D
\;‘m;gemg Vin R03 - R; R9 07Vee | - | Vect03 | V
Input “Low" Do - D3,
Voltage Vie R3 — R5. RO -03 - 0.22V¢e \"
Do - D3,
Output “High” | R3— R8 —low = 1.0mA Vee-10 | - - v 1
Voltaoe > Og = 5. lon = 0.01 mA Vec—0.3 v 1
—lon =0.01m cc—0. - -
R3 — R8
Y Do — Ds.
3::&“9: Low Vo R°3 R; loL =1.6mA - — 0.4 v
Input/Output Do — D3, o — _
Leakage Current el R3 - R9 Vin =0V to V¢c 1 MA 2
Pull-Up MOS Do — D3, Ve =6V
Current ~lo R3 — RO Vin =0V 30 60 120 uA 3

(Note 1) Applied to 1/0 pins with “CMOS” Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins ““with Pull-up MOS" selected by mask option.

(3) Input/output characteristics for high voltage pin
(Vcc=4.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vee, Ta=-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - - Unit Note
min typ max

Input “High"’ Ds — Dys, R1
Voltage Vin R2, Rao. Ra1 0.7Vee — | Vec+0.3 v
Input “Low" D«—D1s , R1
Voltage Vie R2, Rao. Ra Vec—40 | - | 022Vec |V

Ds —D. —loH=15mA, Vgc=5V £ 10%| Vcc-3.0 - - v
Output “High” | ‘" [Flon=9mA Vee-20 | - - v
Voltage OH RO R2 “lon=3mA, Vcc=5V £ 10% | Vce—3.0 | — — v

—lon=1.8mA Vec—-2.0 - - A
D4 — Dys
Vo = Ve —40V - - -
Output “"Low” v RO — R2 dise = Vec—40 Vee=37 v 1
oL

Voltage oo 150k to Ve —40V - - | Vee=37 | v 2
Input/Output Ml Ds — Dis
Leakage s RO — R2 Vin = Vcc—40V to V¢e - - 20 HA 3
Current Rao, Ra1

D, —-D
Pull Down MOS py Vi = Vcc—35V

| RO — R2 dise " FCC 1 250 5

Current d Rao. Ra Vin = Vee 25 00 uA 4

(Note 1) Applied to /O pins “with Pull-down MOS"’ selected by mask option.

(Note 2) Applied to 1/0 pins “‘without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins “‘with Pull-down MOS’’ selected by mask option.
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(84) AC characteristics
(Vcc=4.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vgg, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency fosc 0SCi, OSC2 0.4 6 6.2 MHz
Instruction Cycle Time teye 1.29 1.33 20 Mus
Oscillator Stabilization Time | trc 0SC1, OSC2 - - 20 ms 1
E:J:m.!ﬁ:f ok “High" tcPH 0SCi 61 - - ns 2
Level Width o | OSCi o1 | - | - |m |2
External Clock Rise Time topr 0SCi - - 20 ns 2
External Clock Fall Time tept 0SC: - - 20 ns 2
iNTo “High"’ Level Width tion INTo 2 - - teye 3
INTo “Low” Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width tiH INTT 2 - - teye 3
INTT “Low” Level Width L INT1 2 - - teye 3
RESET ““High”’ Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins {/?nL“gHvz = - 15 pF ’
RESET Fall Time tRSTE - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 4.5V at ““Power-on'’, or after RESET input level goes
“High’* by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tRc
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or
ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends
on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
C! — C|
~ b 0sC —i} osc
Crvna_ll ! Ceramic !
SR ﬂlter=:zh
F 0SC2 Lo 0SC2
Cz C2
GND GND
Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata)
Rf : 1MQ £2% Rf :1MQ 2%
Ci : 20pF +20% Ci  : 30pF £20%
Cz2 : 20pF +20% Cz2 : 30pF :20%
(Note 2) (Note 3)
Ve
Vce-0.5V-
osc, [— tCPH— tCcPL
0.5V L
tcer cet

(Note 4)
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(5) Serial interface timing characteristics

(Vcc=4.5V to 6V, GND=0V, Vdisp=VYcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

* At Transfer Clock Output

. Test Value X
Item Symbol Pin Name Conditions ™ vp hax Unit Note
Transfer Clock Cycle Time Tscye SCK (Note 2) 1 - - Teye 1,2
Transfer Clock “High"” I erd _ _
Level Width tsckH SCK (Note 2) 05 tseye 1.2
Transfer Clock “Low" e _ _
Level Width tsckL SCK (Note 2) 0.5 tseye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - = 100 ns 1,2
Transfer Clock Fall Time tscxf SCK (Note 2) - - 100 ns 1,2
Serial Output Data — -
Delay Time toso SO (Note 2) 250 ns 1,2
Serial Input Data Set-up Time tssi S| 300 - - ns 1
Serial Input Data Hold Time tusi S| 150 - - ns 1
+ At Transfer Clock Input
X Test Value X
Item Symbol Pin Name Conditions —min v pove Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock ““High” P _
Level Width tsckH SCK 05 - tscye 1
Transfer Clock ““Low” o a _ -
Level Width tsckL SCK 0.5 tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckt SCK - - 100 ns 1
Serial Qutput Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tssi Sl 300 - - ns 1
Serial Input Data Hold Time ths St 150 - - ns 1
(Note 1) Timing Diagram of Serial Interface
SCK Ve —2.0V(0.7Vec » i
0.8V(0.22Vec) »
Vec—2.0V ‘><:
so X X
0.8V
tssi — lus|-'
si 0.7Vee
0.22Vee
* Vee — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Ve and 0.22 Vg are the threshold voltage for transfer clock input.
(Note 2) Timing Load Circuit
Vec
R =2.6k
Test
Point
c R 152074@
30pF 12kq T of Equiv.
HITACHI
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(6) Characteristics Curve (Reference data)

l max
4
Ta=—-20~+75T
fosc=6MHz
<
£
02
L
1
(o] 1 2 3 4 5 6
Vee(V)
lcc vs. Vg Characteristics
(Crystal, Ceramic Filter Oscillator )
500 T 1T 7T 71
Ta=-20~+75T
400
< 300
2
_Q
1
200 /max.
100 t
// yp.
S —— min.
0o 3 3 4 6
Vee(V)
—lp (Pull-up MOS Current) vs.
V¢ Characteristics
15[Ta=—20~+75¢T
Vcc=6V
/]
~10 / Vec=5V
E A A~ Vee=4.5V
< Vard
£ 4
2 /A
5 '// %
/
4
) C

Vou(V)

loL min. vs. Vo Characteristics

(Standard Pin)

82 HITACHI

24 T T
Ta=-20~+75T Isev1
fosc=6MHz malx'
20 / Issv2
/ Z max.
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f
~ 300 J
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= 200 I 7
min
100 <7
//
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é 3
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E 2
3 — 1 !
K Vec=4.5
| / " Vec
1 / /
=
Y 1 2 3
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Vec=6V

Vec=4.5V
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L]
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./
/|
y¥ vV
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/
/
/
4
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4 /
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3 / ///
2
N
o
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-lon min. vs. (Vcc — Vor) Characteristics
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5.5 HMCS404C Electrical Characteristics

(1) DC characteristics
(Vcc=4V to 6V, GND=0V, V4isp=Vcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions " Value Unit Note
min typ max
RESET, 3CK,
Ingurt “High v NT,. INT. 0.7Vee - | Vect0.3 Y,
Voltage " S 0.7Vce - | Vect0.3 v
0sc, Vee- 05 - Vee+0.3 \Y
RESET, SCK,
Input “Low" v INT,, INT, -0.3 - | 0.22V¢e \
Voltage v Si -0.3 - | 0.22V¢e \
0SC, -0.3 - 0.5 v
Output “High" —lon = 1.0mA Vce-1.0 - - Vv
Y SCK. SO
Voltage o Zlon =0.0TmA Vec—03 | - - v
egft";‘g‘e Low Vo SCK, SO loL = 1.6 MA - - 04 v
RESET, 3CK,
Input/Output I : 4
Il INT,, INT,, | Vin =0V to Ve - - 1 HA 1
Leakage Current sl, SO, 0SC, L
Crystal or
Ceramic Filter
Current 8;&;2:“" - - 2.0 mA | 2,6
Dissipation in lec Vee Vee=5V -
Active Mode | fore = AMH2z
Resistor
Oscillator
Option - - 24 mA 2,6
foxe = 4MHZ
Crystal or
Ceramic Filter
Maximum |Oscillator - - 1.2 mA | 3,6
| v Logic Option
sey1 cc Operation  |fose = 4MH2Z
Vee =5V gesQ?:or
scillator
Option - - 1.6 mA 3,6
Current n foue = 4MHzZ
Standby Mode Crystal or
Ceramic Filter
. Oscillator - - 0.9 mA 4,6
Mln!mum Option
Isav2 Vee :'.-):z'rcation fore =4MH:
Vee =5V gesitltor
peion - - 13 mA | 4.6
fox = AMHzZ
Current ==
Dissipation in lstop Vee Vin(TEST) = Vee-03Vto Veg| - 10 uA | 5
Stop Mode Vin(RESET) = 0V t0 0.3V
Stop Mode
Retain Voltage | Vstor | Vec 2 - - v
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(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow,
Test Conditions: MCU state;  ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
© Do— D3, R3—R9 .- V¢ voltage
eD,—D,s, RO—R2, RAD' Raq - Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® input/Output; Reset state
® TIMER-A; =2 prescaler divide ratio
© TIMER-B; +2 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST --- V¢ voltage
® D, —D;3, R3—R9 - V¢ voltage
®D,—D,s, RO—R2, Rag, Raj - Vgisp voltage
{Note 4) The timer/counter operate with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
® |nput/Output; Reset state
© TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST ... V¢ voltage
® D, —D3, R3—RY ... V¢ voltage
®D,-D,s, RO—R2, Rpag, Raq - Vdjsp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When f,e.=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (fo5c=x [MHz]) =%x max. value (fogc=4[MHz])

(2) Input/output characteristics for standard pin
(Vcc=4V to 6V, GND=0V, Vdisp=VCC"40V to Vgc, Ta=-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - “ Unit Note
min typ max
ik Do — D>,
'\;‘;‘gge”'g" Vin f5 Ao RO 07Vee | - | Veet03 | v
Input ““Low’’ Do — D3,
Vettage Vi RS 5. 79 03 — | 022V v
Do — D3,
Output “High” Von R3 - R8 —lon =1.0mA Vee—1.0 - — v 1
Voltage ° Do — D, lon = 0.01 mA Vec—0.3 v 1
R3 _ R8 on = 0. cc—0.
Vopus "Low” | Voo z‘; - 2;‘ oL = 1.6 mA - - 0.4 v
Input/Output Do —Ds, Vin = OV to V, _ - 1 A 2
Leakage Current el R3 — RO in = 0V'to Vee :
Pull-Up MOS Do — D3, Vee =5V
Current —lo R3 — RO Vin =0V 30 60 120 LA 3

(Note 1) Applied to 1/O pins with “CMOS" Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with “with Pull-up MOS” selected by mask option.
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(3) Input/output characteristics for high voltage pin
(Vcc=4V to 6V, GND=0V, Vd15p=Vcc-40V to Ve, Ta=-20 to +75°C, if not specified.)

. Value .
Item Symbol Pin Name Test Conditions i - p— Unit Note
Input “High”’ Dy — Dys, R1 -
Voltage Vin R2, Rao, Ra 07Vee Veet03 |V
| t “Low” Dy — Dys, R1
\;‘;’,‘:age ow Vi R> RA:, Rar Vee—40 | — | 022vee |V
—loH=15mA, Vcc=5V+10%| Vcc—-3.0 - - \
. D4 — Dis
Output “High” v —lon=9 mA Vec—20 | - - \J
Voltage OH RO R2 —Ton=3mA, Vcc=5VZ10% | Vcc—3.0 | — - v
—lon=1.8 mA Vcc—2.0 - - \
Dy —Dys
Vdisp = Vcc—40V - - Vee—-37 \Y 1
Output “Low” |, RO - R2 ame 7cC e
Voltage 240 - g:‘; 150k to Ve —40V . — | Vee=37 | Vv 2
Input/Output el Ds —Dys
Leakage it RO — R2 Vin = Vcc—40V to Ve - - 20 HA 3
Current Rao. Rat
D4—D1s -
Pull Down MOS | | RO~ R2 Vaiso = Vec—35V 125 | 250 | 500 A 4
Current R Vin = Vec
A0, Rai

(Note 1) Applied to I/O pins with “with Pull-down MOS" selected by mask option.

(Note 2) Applied to I/0 pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option.
{Note 3) -Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins with “‘with Puli-down MOS" selected by mask option.
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(4) AC characteristics
(Vgc=4V to 6V, GND=0V, Vqisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

. Test Value X
Item Symbol Pin Name Conditions n vp ax Unit Note
5 2 5 | Oscillation Frequency fos 0scC,, 0SC, 0.4 4 45 MHz
e
2 ‘é' = [ Instruction Cycle Time teye 1.78 2 20 us
>28 2 n —
553 ?;cnllator Stabilization tac 0SC,, 0SC, _ _ 2 ms 1
ime
.5 Oscillation Frequency fosc 0sc,, 0sC, R§=20k2+2% 1.8 3.0 42 MHz
O &
2= | Instruction Cycle Time teye R§=20kQ:2%| 1.9 2.66 4.44 us
o0
3 illator Stabilizati
=3 | Oscillator Stabilization | 0SC,,0SC, |Rf20kQ:2%| — - 05 ms 1
External Clock Frequency | fcp 0SC, 0.4 - 45 MHz
External Clock ‘“High”
| Level Width tepH 0SC, 92 - - ns 2
‘:’ External Clock ““Low" _ _
E | Level Width tepL 0sc, 92 ns 2
£ | External Clock Rise Time | tcp, 0scC, - - 20 ns 2
w External Clock Fall Time teps 0SC, - - 20 ns 2
Instruction Cycle Time toye 1.78 - 20 Ms 2
INTo “"High” Level Width tion NTo 2 — - toye 3
TNTo “Low’’ Level Width tioL INTo 2 - - teye 3
INT:1 “High” Level Width thn INT: 2 - - teye 3
TNT1 “Low" Level Width i NT: 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins L:':“:%i/ - — 15 pF
RESET Fall Time tRSTS - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vog reaches 4.0V at “Power-on”, or after RESET input
level goes to “High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop
mode, apply RESET input more than tRC to obtain the necessary time for oscillator stabilization. When using crystal or ceramic
filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker's advice because oscillator stabilization time depends on
the circuit constant and stray capacity.

Crystal osciflator Ceramic filter oscillator Resistor oscillator
C — Cy p—e
+ —k osc
rvstal’ 0sc Ceramic l ! 0sC,
=2 filtere=52
T<:" S Rf
t 0SC k 0SC:
¢ L e osc,
GND GND
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k2:2%
Rf: 1MQ 2% Rf : 1MQ+2%
Ci1 : 22pF+20% Ci : 30pF+20%
Cz2 : 22pF+20% Ca : 30pF £20%
(Note 2) (Note 3)
1/fcp
V¢e-0.5 —
osc, [—tcPH tcPL
0.5 L
tcPr tcef

(Note 4)

RESET
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(5) Serial interface timing characteristics
(Vge=4V to 6V, GND=0V, Vdisp=VCC‘40V to Vge, Ta=-20 to +75°C, if not specified.)

. Test Value .

Item Symbol Pin Name Conditions o e X Unit Note
Transfer Clock Cycle Time tseyve SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” <A _ _
Level Width tsckH SCK (Note 2) 05 tseye 1,2
Transfer Clock “Low"” SCK -
Level Width tsckL SCK (Note 2) 0.5 - tscye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns 1,2
Serial Output Data _ =
Delay Time toso SO (Note 2) 300 ns 1,2
Serial Input Data Set-up Time tssi Si 500 - - ns 1
Serial Input Data Hold Time thsi sl 150 - - ns 1

* At Transfer Clock Input
X Test Value .

Item Symbol Pin Name Conditions [ i vp ax Unit Note
Transfer Clock Cycle Time tscye SCK 1 - - teye 1
Transfer Clock “High” ] P _
Level Width tsekH SCK 05 - tscye 1
Transfer Clock “’Low"” T
Lovel Width tsckL SCK 0.5 - - tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tscks SCK — - 100 ns 1
Serial Output Data
Delay Time toso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tss| S 500 - - ns 1
Serial Input Data Hold Time tus) Sl 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

SCK  Vee —2.0V(0.7Vcc 1
0.8V(0.22Vcc) *

Veec —-2.0V
SO
0.8V

1SS~ [—tusi -1
sl 0.7Vce
0.22Vce

*Vce — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7 Ve and 0.22 V¢ are the threshold voltage for fer clock input,

-
X

(Note 2) Timing Load Circuit
Vee
RL =2.6kq

Test
Point

c R 152074®
30pF 12kg or Equiv.
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(6) Characteristics Curve (Reference data)
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5.6 HMCS404CL Electrical Characteristics

(1) DC characteristics
(Vge=2.7V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions Unit | Note
min typ max
RESET, SCK,
T NTo, INTT 0.85Vgee | — Vcct+0.3 v
Input “‘High Vi :
Voltage ! Si 085Vee | —- | Veet0.3 | V
0SCi Vee—03 | — Vec+0.3 Vv
RESET, SCK,
Input “Low"” NTo, INT: 03 |- | 018Vcc | V
Voltage ViL st 203 |- |018Vee | V
0SC1 -0.3 - 0.3 v
Output “High” P
Voltage 9 Vo K, SO —lon =0.1 mA Vee-05 | — - v
Output “Low” o a
Vol g VoL SCK, SO loL = 0.4mA - - 0.4 v
RESET, SCK
Input/Output NT. T -
Leakage Current el lS';lTSo' 'g;‘c'l Vin =0V to Vcc - - 1 LA 1
Current
AT Vec=3V
Dissipation in Icc Vee cc” - - 0.6 mA | 2,6
Active Mode fosc = 2MHz '
Maximum Logic Operation
M IsgY1 Vee Vec=3V - - 0.5 mA 3,6
g\.;rr.entf . fosc =2MHz
issipation in
Stangby Mode Minimum Logic Operation
Isgy2 | Ve Vee=3V - - 0.4 mA | 4,6
fosc = 2MHz
Current N
S Vin (TEST) = V¢c-0.2V to V,
Dissipatiol in cc cc _ _
StoppM tion in Igtop Vee Vin (RESET) =0V t0 0.2 V 10 HA |5
Stop Mode
Retain Voltage Vatop Vee 2 - - v

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state;  ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
@ Dy —D3, R3—R9 - Vg voltage
® D4—Dis, RO-R2, RpQ, RA1 ... Vgisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state: © Standby Mode
: © Input/Output; Reset state
© TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
o SERIAL Interface ; Stop
Pin state; ©® RESET -.-GND voltage
® TEST -- V¢ voltage
® D, —D;, R3-R9 ... Vg voltage
® D.-D;s, R0-R2, Rpg, Raj  Vdisp voltage
(Note 4) The timer/ with the sl clock and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
© |nput/Output; Reset state
® TIMER-A; 2048 prescaler divide ratio
© TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET...- GND voltage
© TEST ... V¢ voltage
® D, —-D3, R3—R9 ... Vg voltage
®D,—Dis, RO-R2, Rpg, Rap - Vdisp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When =X [MHz2] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

[When Divide-by-8 (D-8) option is selected.] max. value (fogc=x[MHz]) “%X max. value (fogc=2[MHz])
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(2) Input/output characteristics for standard pin
(Vce=2.7V to 6V, GND=0V, V4jsp=Vcc-40V to Vggs Ta=-20 to 75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High” v Do — D3, 0.85v Veet03 v
Voltage H R3 — RS, R9 -85Vee | — cc*0.
Input “’Low" Do — D3, ’
Voltage Vie R3 — R5, RO -03 |- |018Vee | V
Output "“High” Do — D3, _
Voltage Vo R3 - R8 —lon =0.1mA Vee-05 | - - v 1
Output “Low"’ Do — Ds, _
Voltage VoL R3 - R8 loL =04 mA - - 04 \Y
Input/Output Do — D3, .
Leakage Current| M| R3 — RO Vin=0V to Vcc - - 1 A 2
Do — D3, Vee = 3V
Pull-Up MOS | R3 — RO Vin= 0V 3 16 40 MA 3
Current P
Do — D3, Vee = 5V
30 120
R3 - R9 Vin =0V 60 2 HA 3

(Note 1) Applied to 1/O pins with “CMOS"’ output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins *‘with Pull-up MOS" selected by mask option.

(3) Input/output characteristics for high voltage pin
(Vcc=2.7V to 6V, GND=0V, Vdisp=Vcc—40V to Vge, Ta=-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit Note
min typ max
Input “High” Da — Dis, R1
Voltage Vin R2. Rao. Ra1 0.85V¢c — | Vee+0.3 Y
Input “Low”’ D4 — Dys, R1
vf.‘:age ow Vi R2, R A:' Ras Vec—40 | — | 018vee |V
. —D —loH=15mA, Vec=5V+10%| Vcc-3.0 - - \
Output “High” Vou e “lon=2.5mA Vee-10 | — - v
Voltage ° R0 _ R2 —Ton=3 mA, Vcc=5V10% | Vec-3.0 | — = v
- "—lon=0.5 mA Vee—1.0 - - vV
Dy —Dys
Vi = Ve —40V - — | Vec-37 v 1
Output “Low"’ VoL RO — R2 dise ce ce
Voltage 2; - :"; 150K2 to Ve —40V - - | Vee-37 | Vv 2
Input/Output el D4 — D5
Leakage n RO — R2 Vin = Vcc—40V to Vee - - 20 HA 3
Current Rao. Ra1 .
Pull Down MOS Ds —Dis Vi = Ve —35V
-— isp
Current la 220 Si‘ Vin = Vee 125 250 | 500 uA 4

(Note 1) Applied to 1/O pins “‘with Puli-down MOS’’ selected by mask option.

{Note 2) Applied to 1/O pins "‘without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Note 3) Pult-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins “‘with Pull-down MOS" selected by mask option.
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(4) AC characteristics
(Vec=2.7V to 6V, GND=0V, Vdisp=Vcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
) min typ max

Oscillation Frequency fosc 0SCi, OSC2 0.4 2 225 MHz
Instruction Cycle Time teye 3.556 4 20 us
Oscillator Stabilization Time trc 0SC:, 0OSC2 - - 60 ms 1
T i e m [ - [
Extarnal Clock “Low” topL 0sC1 203 | - - ns | o2
External Clock Rise Time teer OSC1 - - 20 ns 2
External Clock Fall Time tops 0SC: - - 20 ns 2
TNTo ““High” Level Width tioH INTo 2 - - teye 3
INTo ““Low" Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width tH INT: 2 - - teye 3
TNT1 ““Low” Level Width L INTY 2 - - teye 3
RESET "High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins {/T,,L’?)HVZ - - 15 pF
RESET Fall Time trsTS - - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcg reaches 2.7V at “Power-on”, or after RESET input
level goes ““High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input
more than tRc to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below.
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator

C E— C

k 0sc —+ [
rvstall ! Ceramic !

T SR 'l"ﬁfm‘)‘

t AW\—0sC; 1t 0SC:

Ca Rd -+ C2
GND GND
Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2,000MK (Murata)
Rf = 2MQ + 2%, Rd = 2.2k 2% Rf=1MQ + 2%, Ci=Ca2= 30pF +20%

Cy = 10pF + 20%
Cz = 10pF + 20%

(Note 2) g {Note 3) 0.85Vcc
/fcp INT,INT, HOH, H1H~] toL, UL
Vce—0.3v — \ 0.15Vce e
osc, l— tCPH tcPL

0.3v L

(Note 4)
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(5) Serial interface timing characteristics
(Vce=2.7V to 6V, GND=0V, Vdijsp=VcC-40V to Ve, Ta=-20 to +75°C, if not specified.)

+ At Transfer Clock Output

. Test Value .

Item Symbol Pin Name Conditions mn vp ax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock "High” SFR
Lovel Width 9 teckm SCK (Note 2) 05 - - tseye 1,2
Transfer Clock “Low" a3
Level Width tsckL SCK (Note 2) 0.5 - - tscye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 300 ns 1,2
Transfer Clock Fall Time tsck SCK (Note 2) - - 300 ns 1 12
Serial Qutput Data — — )
Delay Time toso SO (Note 2) 600 ns 1,2
Serial Input Data Set-up Time tssi Si 1000 - - ns 1
Serial Input Data Hold Time ths) S| 500 - - ns 1

» At Transfer Clock Input

: X Test Value X

Item Symbol Pin Name Conditions min typ max Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock “‘High” T -
Level Width tsckH SCK 05 - tseye 1
Transfer Clock “Low” F _ —
Level Width tsckL ScK 05 tseve !
Transfer Clock Rise Time tsckr SCK - - 300 ns 1
Transfer Clock Fall Time tsckf SCK - - 300 ns 1
Serial Output Data
Delay Time toso SO (Note 2) . - - 600 ns 1,2
Serial Input Data Set-up Time tss) Sl 1000 - - ns 1
Serial Input Data Hold Time tusi ] - - ns 1

(Note 1) Timing Diagram of Serial Interface

SEK Vec—0.5V (0.85Vec)® {
0.4V (0.15V¢e)*
v
. =X
0.4V

ssi~ [—thsi
st d 0.85Vcc )
0.15Vee
*Vcc—0.5V and 0.4V are the threshold voitage for clock output.
0.85Vcc and 0.15V are the threshold voltage for transfer clock input.

-
X

(Note 2) Timing Load Circuit

Vee
. RL =2.6ke
Test
Point
c R 152074@
30pF 12k ¥ or Equiv.
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(6) Characteristics Curve (Reference data)

1 1 1
Ta=—20~+75T max T T T
fosc=2MHz Ta = —20 ~ +75°C )
1.0 fosc=2MHz isay1
1.0 - max.
P P - IsBY2
E / ‘é /// max.
3 0.5 Z F o
2 7
=
o] 1 2 3 4 5 6
VeeV) . 0 1 2 3 4 5 6
lec vs. Vee Characteristics Veelv)
(Crystal, Ceramic Filter Oscillator) Isgy Vs. Ve Characteristics
500 — (Crystal, Ceramic Filter Oscillator)
Ta=-20~+75C
Te=—20~ +75°C
400 500 — e e ﬂ
. . [ max.
<
S300 S B 4
|
200 max. < 300 /
L~ ]
: typ.
100 typ. : 200 A
min.
= L — l
0o T 3 a 5. . 6 100 (11~ o
Veelv) /]
—Ip (Pull-up MOS Current) vs.
Vcc Characteristics ° 10 20 30 20 50
15 Ta- 20~ +75°C | Vee—Vdisp)
Vge=6V Id (Pull-down MOS Current) vs.
/ (Vce—Vdisp) Characteristics
/
/ Vce=5v
10
2 N
‘-E’. / Vee=4V 4 T '
< - Ta=~—20 ~ +75°C
E — <. v
_~1Vcc=6V
3 / / ES3 -
. 4 A € / / Vee=5v
E
4 x? Vee=av
CcC
o L—
/// vge =27V ] . / —1
/
k Vee=27V
0
0 1 2 3 ! 2 3
Vou(V) Vee=VoH (V)
loL min. vs. Vo Characteristics —lgn min. vs. (Vce—Von) Characteristics
(Standard Pin) (Standard Pin “CMOS")
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30

Ta=—20 ~ +75°C [T
Vee=6V
6
V Ta=-20~+75¢C
Vce=6Vv

~ 20 Vee=5v
‘é CcC 5 |
E 1 - Vee=5V
£ //'/VL'C-LV . <4 l/ -
E ,// ] E /
2 4 £,
| / 13 l— Vcc=4V

10 /Al T ] ce

¥V Vee=2.7V o
// = T 4
/aEP= 7 vegary
/ 1 /// /—/"——_ cems
8% |
] 1 2 3 4 5 0 1 2 3 4 5
Vee—VoH (V) Vee—VoH (V)
—lon min. vs. (Voc—VoR) Characteristics —lon min. vs. (Vcc—Von) Characteristics
(D4 — Dys Pins) (RO — R2 Pins)
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5.7 HMCS404AC Electrical Characteristics

(1) DC characteristics
(Vcc=4.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vgg, Ta=-20 to +75°C, if not specified.)

Value
Item - Symbol Pin Name Test Conditions - Unit | Note
min typ max
A ETiaCK. 07Vee | — | Veet0.3 | v
Input “‘High” v '
Voltage H s 07Vee | — | Veet03 | V
0OSC1 Vce-05 | — Vcc+0.3 \"
RESET, XK. 03 |- |022vec | V
Input “Low"" v !
Voltage 1 Sl -0.3 - 0.22V¢c \"
0SC1 . -0.3 - 05 \"
Output “High” v K s0 —lon =1.0mA Vee-10 | — - A\
Voltage OH ’ —lon =0.01 mA Vee-03 | — - v
Output “Low"’ T _
Voltage VoL SCK, SO loL=1.6mA - - 0.4 \
RESET, SCK
Input/Output N 1§ ’
(L INTo,lNTx Vin=0V to Vee - - 1 MA 1
Leakage Current Sl, SO, 0SC1
Current -
Dissipationin | lcc  |Vee Jec s oz - - 30 mA | 2,6
Active Mode osc
Maximum Logic Operation
Isgy1 Vee Vec =5V - - 1.8 mA 3,6
Current fosc = 6 MHz
Dissipation in — - -
Standby Mode Minimum Logic Operation
Isgy2 Vce Ve =5V - - 1.35 mA 4,6
fosc = 6MHz
Current R
PN Vin (TEST) = Ve —0.3V to Ve
Dissipation in lstop Vce n - - - 10 RA 5
Stop Mode Vin (RESET) =0V to 0.3V
Stop Mode _ _
Retain Voltage Vston | Vee 2 v
(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
® Do — D3, R3 — R9 ... V¢ voltage.
® D,—Dys, RO-R2, R . Raj - Vgisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
© Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
© TIMER-B; +2 prescaler divide ratio
o SERIAL Interface ; Stop
Pin state; ® RESET -.-GND voltage
® TEST - V¢ voitage
® Do —Ds3, R3—-RI ... Vg voltage
® D,—Dis, RO~ R2, Rpg, Rag - Vdisp voltage
(Note 4) The timer/ P with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; © Standby Mode
® Input/Output; Reset state
©® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL Interface ; Stop
Pin state; ® RESET...- GND voltage
© TEST .- Ve voltage
® D,—D;,R3-R9 ... Vg voltage
® D,—D;s, RO—R2, Rag, RA1 ... Vdisp voltage
(Note 5) Pull-down MOS current is excluded.
(Note 6) When foec=x[MHz], the Current Dissipation in Operation mode and dby mode are esti d as follows:

max. value (fogc=x [MHz]) =%x max. value (fogc= 6 [MHz])
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(2) Input/output characteristics for standard pin
(Vcc=4.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vee, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit Note
min typ max
Input “High"’ Do — D3,
Voltage Vin R3 — RS, R9 0.7Vec - Vce+0.3 \Y
Input “Low’’ Do — D3,
Voltage Vie R3 — RS, RY -03 - | 0.22v¢e v
Do — D3,
Output ““High’ v R3 - R8 —lon =1.0mA Vee—-1.0 - - Vv 1
Voltage OH Dy =D,
o e —lon =0.01 mA Vee-03 | - - 1
Output “Low” Do — D3, _
Voltage Vor R3 — RS loL =16 mA - - 0.4 v
Input/Output Do —Ds, e _
Leakage Current I R3 — RO Vin=0V to Vcc - 1 HA 2
Pull-Up MOS Do — D3, Vee = 5V
Current ~l R3 — RO Vi =0V 30 60 120 HA 3

(Note 1) Applied to 1/0 pins with “CMOS" Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to I/O pins “‘with Pull-up MOS" selected by mask option.

(3) Input/output characteristics for high voltage pin
(Vgc=4.5V to 6V, GND=0V, Vgjsp=Vcc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Val
Item Symbol | Pin Name Test Conditions — : :e - Unit | Note
Y max
Input “High” Ds — D5, R
Voltage Vin R2, Rao. Rai 0Nee | - | Vect03 | V
] t“‘Low’ D4 —D1s , R1
\;?l‘tjage o Vi R‘z, R:\o, Raq Vec—40 | — | 022Vee | V
De = D1 —loH=15mA, Vcc=5V £ 10%| Vcc—3.0 - - \
- Dis
Output “High” Von —loH=9mA Vec—-2.0 - - v
Voltage RO — R2 —lou=3mA, Vcc=5V £ 10% | Vcc—3.0 - - \
—loH=1.8 mA Vec—2.0 - - Vv
D4 — Dys -
Output ""Low” v RO - R2 Vawe = Vec—40V B ~ | Vee¥ M !
oL
Voitage 240 - 2‘25 150K to Ve —40V - - | Vee=37 | v 2
input/Output el Da—D1s
Leakage "w RO-R2 Vin = Vcc—40V to V¢e - - 20 HA 3
Current Rao. Ra1
Dsa—D1s
Pull Down MOS _R Vgisp = Vec—35V
Current la :0 F&2 Vi:p= Vee 125 250 500 uA 4
A0. Rai

(Note 1) Applied to 1/O pins “‘with Pull-down MOS" selected by mask option.
(Note 2) Applied to 1/O pins ““without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

{Note 4) Applied to 1/O pins "‘with Pull-down MOS' selected by mask option.
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(4)

AC characteristics :
(vee=4.5V to 6V, GND=0V, Vdisp=vcc-.40V to Vcc, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit | Note
min typ max

Oscillation Frequency fosc 0SCi1, 0SC2 0.4 6 6.2 MHz
Instruction Cycle Time teye 1.29 1.33 20 Ms
Oscillator Stabilization Time | tgc 0SCi, 0OSC2 - - 20 ms 1
Eoveriah | e | ose o | - | - |m |2
Cxtaral ook “Law” tepL 0sC: 61 - - ns | 2
External Clock Rise Time tepr 0OSC1 - - 20 ns 2
External Clock Fall Time tops 0SC: - - 20 ns 2
INTo “"High” Level Width tioH iNTo 2 - - teye | 3
INTo “Low’ Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width t1H INT1 2 - - teye 3
INT1 “Low’ Level Width [ INT1 2 - - teye 3
RESET “High’’ Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins LTnLN(I)H\f - - 15 pF
RESET Fall Time tRSTS - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 4.5V at “Power-on’’, or after RESET input
level goes “‘High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input
more than tRC to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below.
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator

Ceramic filter oscillator

Cy Cy
¢ 0SC1 —ik 0SCi
rystal Ceramic
T:E'h hler:E”
1} 0SC2 + 0SC2
Al | R
GND GND
Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata)
Rf : IMQ 2% Rf :1MQ 2%
. Ci1 :20pF £20% Ci : 30pF £20%
Cz2 : 20pF +20% Cz : 30pF £+20%
(Note 2) (Note 3)
1/fcp 0.7vee )
INT,INT, HOH, U1H Yo, uiL
Vee-0.5 0.22vce
osc, — tCPH—] tcPL
0.5V
e .
tcPr tcet
(Note 4)
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(5) Serial interface timing characteristics
(Vec=4.5V to 6V, GND=0V, Vgisp=Vcc-40V to Vcg, Ta=-20 to +75°C, if not specified.)

* At Transfer Clock Output

. Test Value i

Item Symbol Pin Name Conditions in e ax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock ““High"” €AY _ _
Level Width tsckH SCK (Note 2) 05 tseyc 1,2
Transfer Clock “Low" G
Level Width tsckL SCK (Note 2) 0.5 - - tseye. 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns 1,2
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tssi S 300 - - ns 1
Serial Input Data Hold Time thsi S| 150 - - ns 1

* At Transfer Clock Input
. Test Value .

Item Symbol Pin Name Conditions in P ax Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
T f lock ““High” ——
L;?/re'ls \:Iri;:tl'?c |g tsckH SCK 05 - - tseye 1
Transfer Clock “Low” < o _ _
Level Width tsckL ScK 05 ‘ tseye !
Transfer Clock Rise Time tsckr SCK - = 100 ns 1
Transfer Clock Fall Time tsckt SCK - - 100 ns 1
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss) Sl 300 - - ns 1
Serial Input Data Hold Time tHsi Si 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

-}—- tscxt tscrs
sck Vec -2.0V(0 7v:ﬁ¥&__ tscxt Z
0.8V(0.22Vee) * tsCKH

toso

Vee—-2.0v
SO
0.8V
- lsswl I thsi—f

s 0.7Vee R
% 0.22Vee A

* Ve — 2.0V and 0.8V are the threshold voltage for transfer clock output.

0.7 Vgc and 0.22 Vc are the threshold voltage for transfer clock input.

S

A

(Note 2) Timing Load Circuit
Vce
R =2.6kg

Test
Point

c* 2R 1520748
30pF4 12k or Equiv.
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(6) Characteristics Curve (Reference data)

2.4 T +—

. [max. Ta=—20~+75T :3:;
Ta=—20~ +75¢C P i |
fosc=6MHz . - / Isev2

_ 3 - / /max
E ) ) 1.6 /
K E 1.2 ./
@
1 2
£08
:
o] 1 2 3 5 6
Vee(V) 04
lcc vs. Ve Characteristics
(Crystal, Ceramic Filter Oscillator ) 0 2 3 4 5 6
Vee(V)
00— T T T 7T Isgy vs. Vcc Characteristics
Ta=—-20~+75C (Crystal, Ceramic Filter Oscillator )
400 )
Ta=-20 ~ +75°C e
500 P
§ 300, /,
3 - 400 /
! :
200 max.
~ 300 /
100 < i typ.
_—{typ. 3 / L
: —t—1—min. 200 A
o v 2 3 4 5 6 min.
Vee(V) 100 /’
—Ip (Pull-up MOS Current) vs. /
V¢ Characteristics
0 10 20 30 W) 40 50
15— — Vee—Vdisp(V
Ta=-20-475¢T ' 14 (Pull-down MOS Current) vs.
Vec=6V (Vee — Vdisp) Characteristics
// B 4a==720=775¢ T
=10 Vcc—5V — Vee=6V
< 7 < cc
E = Vee=4.5V €3 T
< // / / cc=4.5V E /ﬂ=5V
E J/ E 2 / d
o
B /s T T Vec=45)
5 /A 1 /
/-
p 4 Y 1 2 3
/ Vee—Vou(V)
-lon min vs. (Vce — Vou) Characteristics
0 E (Standard Pin “‘CMOS*’)
Vou(V)
loL min. vs. Vg Characteristics
(Standard Pin)
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—low min.(mA)

30
HEEN
Ta=-20~+75¢
20 /
/ |/
/
Va4
10
¥,
77
y.

Vee=6V

Vec=4.5V

(o] 1 2 3 4
Vee—Vou(V)

-lon min. vs. (Vgc — Vo) Characteristics

(D4 — Dys Pins)

—lon min.(mA)

6 T T T
Ta=-20~+75¢
Vec=6V
5 /
4 p= Vec=45V
, yay
8%
2 /
NV
Y
0 T2 3 & 5
Vcc—VOH(V)

-loH min. vs. (Vg — Vou) Characteristics

(RO — R2 Pins)
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5.8 HMCS408C Electrical Characteristics
(1) DC characteristics
(Vcc=3.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vee, Ta=-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name * Test Conditions - Unit | Note
min typ max
RESET, SCK,
tnput “High* |y | TNT,, INT, 08Vec | — | Vect03) V
Voltage S 07Veec | - | Vect03| V
OSC1 Vec—05] — [ Vcct0.3 Vv
RESET, SCK,
input “Low” | INT T 0.3 - lo02vee | Vv
Voltage S| 03 | - |03Vee |V
0sC, —0.3 — 0.5 v
Output “High Vo 56K, SO —lon = 1.0 mA Vee—1.0| - - \
Voltage —low = 0.5 mA Vec—0.5]| - - v
Output “Low”’ — _
Voltage VoL 3CK, SO loL = 1.6 mA - - 0.4 v
Input/Output Il RESET, SCK,
Leakage Current| ' 'IL INT,, INT,, Vin =0V to Vge - - 1 uA 1
Sl, SO, 0SC,
Vce =5V, fosc = 4MHz
Current Divided by 8 23 mA 25
Dissipation in . v
Active Mode cC cc Vce = 5V, fosc = 2MHz
Divided by 4 - - 23 mA |25
Vee = 5V, fosc = 4MHz
Current lsgy Vee Divided by 8 - - 1.2 mA 35
Dissipation in Vee = 5V, fosc = 2MHz
Standby Mode D(i:vcided by 4 - - 1.2 mA 35
Current . (TEST) = r
Dissipation in lstop Vee Vin (TEST) = Vcc-0.3V - - 10 MA 4
Stop Mode to Vee
Vin (RESET) = 0V to 0.3V
Stop Mode
Retain Voltage Vstop Vee 2 - - v -

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; © Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vo voltage
®Do—D;, R3—R9 ... V¢ voltage
©D.—Dis, RO—R2, Rag, Ra - Visp voltage
(Note 3) The timer/counter operate and input/output current does not flow.
Test Conditions: MCU state;  ® Standby Mode
© Input/Output; Reset state
® SERIAL Interface ; Stop
Pin state; ® RESET -..GND voltage
® TEST .. V¢ voltage
®D, — D3, R3 - RY ... V¢ voltage
®D, — Dis, RO — R2, Rag, Ra1 - Vdisp voltage
(Note 4) Pull-down MOS current is excluded.
(Note 5) When fge.=x[MHz2], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foqc=x [MHz] ) =%x max. value (foec=4[MHz] )
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(2)

Input/output characteristics for standard pin

(Vcc=3.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vgg, Ta=-20 to +75°C, if not specified.)

Val
Item Symbol Pin Name Test Conditions min : :e Unit Note
% max

Input “High”’ Do — D3,
Voltage Vi R3 — R5, R9 0.7Vec - | Vect03 \Y
Input “Low” Do — D3,
Voltage Vi R3 — R5, RQ -0.3 - 0.3Vee Y]

Do — D3,
Output “High” Vor R3 - R8 —lon =1.0mA Vee—-1.0 - - 1
Voltage Do — Ds, -

R3 — R8 —lon =0.5mA Vec—-0.5 - - 1
Output “Low"’ Vv, Do — D3, - _ _
Voltage oL R3 - R8 loL =1.6 mA 04 \
Input/Output Do — D3, Vi = _ _ 1 A 2
Leakage Current M R3 - R9 in =0V toVee K
Pull-Up MOS D, —D;, Vee =5V
Current —lp R3_ Ro Vin =0V 30 60 150 MA 3

(Note 1) Applied to 1/O pins specified as “CMOS Output".
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to |1/O pins specified as “with Pull-up MOS"".

(3)

Input/output characteristics for high voltage pin

(Vcc=3.5 to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

Value

i iti Unit Note
item Symbol Pin Name Test Conditions min o Tnax i
Input “High" D4 ~Dis, R1, 07V - | Vect03 | v
Voltage Vin R2, Rao, Ra1 ree ce
” v D4 — Dys, R1,
{?gll:;geuw Vie R;. HA:. Ra1 Vec—40 B 03 Vee v
lon=15mA, Vec=5V20% | Vec —3.0
Da—Dis | —lon=10mA, Vee=5V+20% | Vec —2.0 | — - v
Output “High” v —lon=4mA Vee —-1.0
Voltage o —lon=3mA, Vcc=5V+20% | Vec 3.0
RO — R2 —lon=2mA, Vea=5V#20% | Voo —2.0 | = - v
—loun =0.8mA Vee 1.0
Ds — Dis, -
= Vec—40V - - - 1
Output “Low” v RO — R2 Vdisp = Vec—40 Vee—37 v
Voltage oL D4 —Dys _ _ _ _
e o 150k to Ve —40V Vee—37 | V 2
Input/Output D4 — Dis
Leakage el RO — R2, Vin = Vee—40V to Vee - - 20 uA | 3
Current Rao. Rat
Pull Down MOS | | 340 - 2‘25' Vaisp = Vec—35V 125 | 250 | 600 HA 4
Current d Rao . Vin = Vec

(Note 1) Applied to /O pins specified as ‘with Pull-down MOS."”

(Note 2) Applied to 1/O pins specified as “without Pull-down MOS (PMOS Open Drain)".

{Note 3) Pull-down MOS current and output buffer current are excluded.
(Note 4) Applied to I/0 pins specified as ““with Pull-down MOS."”
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(4) AC characteristics
(Vec=4V to 6V, GND=0V, Vdjsp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Cor;l:;sttions min V:{l:e pors Unit Note

R Divide-by-8 0.4 4 4.5 MHz
Clock Oscillation Frequency fosc 0osc,, 0sC, Divide by 4 02 2 2.25 MHz
Instruction Cycle Time Teye 1.78 2 20 Mus
Oscillation Stabilization Time thc 0sC,, 0sC, - - 20 ms 1
External Clock Divide-by-8 92 - - ns 2
“High" Level Width fopw 08¢, Divideby-4 | 203 Z _ ns 2
External Clock Divide-by-8 92 - - ns 2
“Low" Level Width fepL 0sC, Divide-by-4 | 203 - - 2
External Clock Rise Time tepr 0S¢, - - 20 ns 2
External Clock Fall Time tept 0sC, - - 20 ns 2
INTo ““High” Level Width tioH INTo 2 - - teye 3
TNTs ““Low’ Level Width tioL INTo 2 - - teye 3
iNT1 ““High” Level Width L INT: 2 - - teye 3
INT1 “Low” Level Width L NT1 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - - toye a
Input Capacitance Cin all pins {/—I: M:(I)zv - - 15 pF
RESET Fall Time: tRSTY - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 3.5V at “Power-on”, or after RESET
input level goes to ‘“High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than tgc to obtain the necessary time for oscillator stabilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
C — Ci E—
k —t osc
"Vs"lI_L 0SC: C(.rfa{nic L 1
SR ereSsy,
sl 0SC: 1k 0SC;
G SRS arC L
GND GND
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata)
Rf : 1MQ $20% Rf : 1MHz+20%
Ci : 22pF£20% Ci : 30pF$20%
C: : 22pF+20% Ca : 30pF20%
(Note 2) (Note 3) 08
. .8Vcc
1/ice INT_INT, YOH, UTIH foL, tiL
Vce-05 0.2VecH-
osc, — tcPH tcPL
0.5

(Note 4)
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(5)

* At Transfer Clock Output

Serial interface timing characteristics
(vce=3.5V to 6V, GND=0V, Vd15p=Vcc-40V to Vgc, Ta=-20 to +75°C, if not specified.)

. Test Value X

Item Symbol Pin Name Conditions ™o vp max Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” b a7 d _ _
Level Width tsckH SCK (Note 2) 05 tscye 1,2
Transfer Clock “Low"” Tod
Level Width tsckiL SCK (Note 2) 0.5 - - tseye 1,2
Transfer Clock Rise Time tscr SCK (Note 2) - - 100 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns 1,2
Serial Output Data -
Delay Time toso SO (Note 2) - 300 ns 1,2
Serial Input Data Set-up Time tssi SI 500 - - ns 1
Serial Input Data Hold Time ths) Sl 150 - - ns 1

* At Transfer Clock Input
. Test Value .

Item Symbol Pin Name Conditions [ e oo Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Lover width - P tockn SCK 05 -] = e |
Love Wiath+ " tscx SR 05 | = | = | teye | 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Qutput Data
Delay Time toso SO (Note 2) - - 300 ns 1,2
Serial Input Data Set-up Time tssi Si 500 - - ns 1
Serial Input Data Hold Time tusi Sl 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface
tSeve

- tscxt L tscxe
§cK Vee ~2.0V(0.8 Vec)s K L 1o, L.
0.8v(0.2 \ee)» SCKH

—~+—— toso

> : Vee-2.0V
0.8V

X

i

tsSi= | thsi—~f

(Note 2)

0.7Vee 3

.3 Vec

A

* Vce — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8 Ve and 0.2 Vg are the threshold voltage for transfer clock input.

Timing Load Circuit
Vee
% Ry =2.6kg

Test e
Point Ll

CT SR
300F 12kQ

152074®@
or Equiv.
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5.9 HMCS408CL Electrical Characteristics
(1) DC characteristics
(VCC=2-5V to 6V, GND=0V, VdiSp=VCC’40V to V¢c, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions n Vtayl:e ax Unit Note
RESET, SCK,
mput “High” |\ | TNTp, INT; 08Vee | — |Vec®03 ] V
Voltage sl 07Vee | — | Vect03 | V
0sC, Vec—05 | — | Vect03 | V
RESET, SCK
—_ -0.3 - 0.2 V, \%
Input “Low” ViL INT,, INT; cc
Voltage sl —0.3 — 1 03Vee | V
0SC, -0.3 - 0.5 v
Output “High” v _ - _ _
Voltage Vo SCK, SO lony =0.3mA Vcc—0.5 A\
Qutput “Low” SCK. s = A _ _ 0.4 v
Voltage VoL SCK, SO oL m
RESET, SCK
| —_—
Lne':lll(ta/;uéz‘rj:ent Il INTo, INT;, | Vin =0V to Ve - - 1 HA 1
Sl, SO, 0SC,
Ve = 3V, fosc = 4MHz _ _ 1 A 25
Current Divided by 16 ! m :
Dissipation in lcc Vee Voo = 3V foso = 2MH
Active Mode cc = SV, Tos¢ = 2 - - 1.1 mA 25
Divided by 8
Vee = 3V, fosc = 4MHz
Current Isgy Vee Divided by 16 - - 05 mA 35
Dissipation in
Standby Mode Vee =3V, fosc = 2MHz _ _ o5 | mA | 35
Divided by 8
Current Vin (TEST) = Vg —0.3V
Dissipation in lstop Vee to Vee - - 10 MA 4
Stop Mode Vi, (RESET) =0V t0 0.3V
Stop Mode
V. Vi 2 - - \
Retain Voltage sop ce

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; © Reset state in Operation Mode
Pin state; ©® RESET, TEST ... V¢ voltage
®Do—D3, R3 — R9 ... Vo voltage
©D4—D;s, RO — R2, Rag, Rag .. Vaisp Voltage
(Note 3) The timer/counter operate and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
© Input/Output; Reset state
® SERIAL Interface ; Stop
Pin state; ® RESET .- GND voltage
© TEST - V¢ voltage
®Do—Ds, R3 — RY ... V. voitage
®D,—Dys, RO— R2, Rag, Rat - Vdisp Voltage
(Note 4) Pull-down MOS current is excluded.
(Note 5) When foe=x[MHz], the Current Dissipation in Operation mode and dby mode are esti d as

max. value (foge=x [MHz]) =%x max. value (fogc=4[MHz])
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(2)

Input/output characteristics for standard pin
(Vcc=2.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vgg, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions - Value Unit Note
min typ max
Input “High"' Do — D;,
Voltage Vi R3 — R5, R9 0.7Vee - Vec+0.3 v
Input “Low’ Dy — Dj,
Voltage Vi |R3- RS, R9 03 | -] 08Vec |V
Do — D3,
Output “High” v R3 - R8 —lon = 1.0mA Vee—1.0 - - 1
Voltage OH D, — D ;
Do = D —ion = 0.5 mA Vee-056 | - - !
Output “Low" Vv Do — D3, -
Voltage oL R3 R; loL = 1.6 mA - - 0.4 \"
Input/Output Do — Ds, - _ _
Leakage Current el R3 - R9 Vin =0V to Vee ! KA 2
Pull-Up MOS _ Do — Ds, Vee =3V, Vip =0V 3 15 50 uA 3
Current P R3 - R9 Vee =5V, V;, =0V 30 60 150

(Note 1) Applied to I/O pins specified as *'CMOS Output”.

(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/O pins specified as “with Pull-up MOS"".

Input/output characteristics for high voltage pin
(Vce=2.5V to 6V, GND=0V, Vdisp=VCC-40V to Vcc, Ta=-20 to +75°C, if not specified. )
Val
Item Symbol Pin Name Test Conditions - aue Unit Note
min typ max
Input “High*’ D4 — Dys, R1,
Voltage Vin R2, Rag: Ras 0.7Vee - | Vect0.3 v
g " D —
Wi Vi Ry Vec—40 | - | 03Vee | V
—lon = 15mA, Vec = 5V
+20% ¢ Vee —3.0
D4 — Dys —lon = 10mA, V¢e =5V Vee—2.0 - = \"
£20% Vee —1.0
Output “High” v —lon = 4mA
Voltage OH —lon = 3mA, Vee = 6V Vee —3.0
RO — R2 —lon =2mA, V¢c = 5V Vee —2.0 - - v
+20%
~lon =08 mA Vee —1.0
D, —D
Output “Low"’ FI:J - Rl?s Vdisp = Vec—40V - - Vee-37 v 1
Voo
Voltage ‘;a - 3‘25 150k to Ve —40V - | Vee-37 | v 2
Input/Output Ml D4 — Dys
Leakage L RO — R2, Vin = Vcc—40V to Ve - - 20 HA 3
Current Rao, Ra1
D4 — D5 -
Pull Down MOS Vgisp = Vec—35V
Current 1g ggo— R2, Ve Veo 125 250 600 kA 4

(Note 1) Applied to I/O pins specified as “with Pull-down MOS".

(Note 2) Applied to 1/O pins specified as “without Pull-down MOS (PMOS Open Drain)’’.

(Note 3) Pull-down MOS current and output buffer current are excluded.
(Note 4) Applied to 1/O pins specified as ““with Pull-down MOS”.
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(4) AC characteristics ‘
(Vcc=2.5V to 6V, GND=O0V, V4isp=VcC-40V to Vgc, Ta=20 to +75°C, if not specified.)

Item Symbol Pin Name COJ(;?;O“S min V'ayI:e hax Unit Note
Clock Oscillation Frequency fose 0SC,, 0sC, (::‘:::;Zj: gf‘ : ; ':’5 :::z
Instruction Cycle Time Teye 3.55 4 20 us
Oscillation Stabilization Time the 0sc, , 0sC, - - 60 ms 1
External Clock divide-by-16| = 92 - - ns 2
“High"" Level Width teen 0sC, divide-by8 | 203 - - ns 2
gt divide-by-16 92 — - ns 2
: l’ff;v""'a:.ggf l\;Vidth ‘ fepL 0S¢, divide-by-8 | 203 _ Z ns 2
External Clock Rise Time topr 0SC, . - - 20 ns 2
External Clock Fall Time topt 0SC, - - 20 ns 2
fNTo “High” Level Width tioH TNTo 2 - — teye 3
TNTo “Low” Level Width tioL INTo 2 - - teye 3
INT: “High” Level Width M NT: 2 - - teye 3
TNT: “Low" Level Width i NT: 2 - - toye 3
RESET “High” Level Width tRsTH RESET 2 - - teye 4
Input Capacitance Cin all pins :/;h:l-azv - - 15 pF
RESET Fall Time. tRsTS ’ - | - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 2,5V at “Power-on”, or after RESET
input level goes to "'High’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than tgc to obtain the necessary time for oscillator stabilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator ) Ceramic filter oscillator
§ T 5
4} 0sC — 0scC
Crysth ' Ccrqu:_]_ !
T 24 """’T:»f. R
< >
{—4AMW4-10SC2 ¥ 0SC2
€2 Rg C2 L
GND GND
Crystal: 2.097162 MHz 0.5=MGQ308C Ceramic filter: CSA2.000MK {Murata)
Rf : 1MQ£20%, Rd = 2.2k2£20% Rf: 1MHz£20%
C; : 10pFx20% C: : 30pF:20%
C, : 10 pF+20% Ca : 30pF£20%

(Note 2) (Note 3) 08V,
1/fcp .8 Vee L
NT,INT, HOH, HIH-\[—tioL, U1L
Vec—0.3 0.2 Ve E
osc, |— tCPH—=] tcPL

0.3 L |

(Note 4)
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(5) Serial interface timing characteristics

(Vec=2.5V to 6V, GND=0V, Vdigp=Ycc-40V to Vec,

* At Transfer Clock Output

Ta=-20 to +75°C, if not specified.)

. Test Value .

ftem Symbol Pin Name Conditions n vp ax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High”’ aa
Level Width 9 tsckH SCK (Note 2) 05 - - tseye 1,2
Transfer Clock “Low" o
Level Width tsckL SCK (Note 2) 0.5 - - tscye 1,2
Transfer Clock Rise Time tsckr SCK (Note 2) - - 300 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 300 ns 1,2
Serial Qutput Data
Delay Time toso SO (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tssi S| 1000 - - ns 1
Serial Input Data Hold Time ths) Si 500 - - ns 1’

* At Transfer Clock Input
) Test Value X

Item Symbol Pin Name Conditions min typ max Unit Note
Transfer Clock Cycle Time tseye SCK 1 = - toye 1
Transfer Clock “High” SEK -
Level Width tsckH SC 0.5 - tseye 1
Transfer Clock “Low” SCR -
Level Width tsckL SCK 0.5 - tscye 1
Transfer Clock Rise Time tscr SCK - - 300 ns 1
Transfer Clock Fall Time tsckt SCK - - 300 ns 1
Serial Qutput Data
Delay Time tpso SO (Note 2) - - 600 ns 1,2
Serial Input Data Set-up Time tssi S| 1000 - - ns 1
Serial Input Data Hold Time thsi S! 500 - - ns 1

(Note 1) Timing Diagram of Serial Interface
scye

SCK  Vec—2.0V (0.8 Vec)»
0.8V (0.2 Vec)»

N\

s A

toso
X Veec-2.0v
0.8V
f~tsSi =~ |~ thsi—f

f0.7Vce

0.3 vee

p

b

i

* Vog —2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8 Vg and 0.2 V¢ are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
RL =26k
Test +&-
Point kol
c: 3R 1520749
300Fé— 12ke T or Equiv.
30pF
b
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5.10 HMCS408AC Electrical Characteristics

(1) - DC characteristics
(Vec=4.5V to 6V, GND=0V, Vdisp=Vgc-40V to Vg, Ta=-20 to +75°C, if not specified.)

Item Symbol Pin Name Test Conditions n V::e " Unit Note
I max
RESET, SCK,
Input “High” v INT,, INT, 0.8Vec - | Vec+03 \
Voltage " S| 07Vee | - | Vect03 | V
0sC, Vec-05( - Vect0.3 )
RESET, SCK,
Input “Low" v INT,, INT, -0.3 - 0.2 Vee \
Voltage " Sl -0.3 - 0.3 Vee "
0SC, -03 - 0.5 Vv
Output “High" pra— —lon = 1.0mA Vee-1.0 - - v
Voltage Vou Sk, 50 Zlon =05 mA Vec—05 | — = v
Output “Low” P
v:up:g, v VoL SCK, SO log = 1.6mA - - 0.4 \Y
RESET, SCK
Input/Output N £ d
Leakage Current Ml 'ST s"é'loi S(l:' Vin =0V toVec - - 1 HA 1
0 g 1
Current
Vee =5V, =
Dissipation in lec Vee D(i:v?d bv 4"”‘ 8MH:
Active Mode e-by - - 45 | mA | 25
Current Vce =5V
Dissipation in lsay Vee fose = B MHz - - 17 mA | 35
Standby Mode Divide-by-4
Current Vin (TEST) = Ve —-0.3V
Dissipation in lgtop Vee to Vee _ _ 10 uA 4
Stop Mode Vi, (RESET)=0V to 0.3V
Stop Mode v, v, 2 _ _ v
Retain Voltage | "7 ce

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; © Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
D, — D3, R3— R9 ... Vcc voltage
e Dy — Dys, RO — R2, Rao, RAT - Vdisp voltage
(Note 3) The timer/ and input/output current does not flow.
Test Conditions: MCU state; @ Standby Mode
® Input/Output; Reset state
© SERIAL Interface ; Stop
Pin state; ® RESET ... GND voltage
® TEST - Vg voltage
® D, — D3, R3 — RY ... V¢ voltage
ep, — - "
(Note 4) Pull-down MOS current is excluded. D¢ = Bis. RO =2 Rao, R - Veisp voltage
(Note 5) When fqo.c=x[MHz2] , the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max, value (fogc=x[MH2z]) =%x max. value (fogc=4[MH2])
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(2)

Input/output characteristics for standard pin

(Vcc=4.5V to 6V, GND=0V, Vdisp=Vgc-40V to Vce, Ta=-20 to +75°C, if not specified.)

Val
Item Symbol Pin Name Test Conditions - au? Unit Note
min typ max

Input ““High”’ Do — D3,
Voltage Vi R3 — R, RO 07Vee | = | Veet0.3 | v
Input ““Low’’ Do — D3,
Voltage Vi R3 - RS, R9 -03 - | 03Vec | V

Do — D3, .
Output “High" v R3 - R8 —lon =1.0mA Vee—1.0 - - 1
Voltage OH Do =D,

R3- R8 ~lon =05mA Vec—05 | - - 1
Output “Low" V. Do — D3, _ _ _
Voltage oL R3_ R8 loLr =1.6 mA 0.4 \
Input/Output Do — D3, o _ _ 1 A 2
Leakage Current el R3 - R9 Vin =0V to Ve K
Pull-Up MOS Do — D3, Vee = 5V
Current —le R3_ RO Vin =0V 30 60 150 BA 3

(Note 1) Applied to 1/O pins specified as “CMOS Output”.
(Note 2)- Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins specified as “with Pull-up MOS".

(3)

Input/output characteristics for high voltage pin
(Vcc=4.5 to 6V, GND=0V, Vdisp=Vcc-40V to Vce, Ta=-20 to +75°C, if not

specified.)

. Value .
Item Symbol Pin Name Test Conditions - Unit Note
min typ max
Input “High"’ D, — Dys, R1, _
Voltage Vi RS, Rac. Rat 0.7Vee Vect03 |V
Input “Low" Ds — Dys, R1,
Pl Vi R3, Reg Rat Vec—40 | - | Vee=03 | Vv
Tlon=15mA, Veo=5V*20% | Vec —3.0
Ds —Dis —lon=10mA, Vec=5V+20% | Vec —2.0 | — - v
Output “High” v —loH=4mA Vee —1.0
Voltage oH Tlon=3mA, Voo=5V*20% | Vee —3.0
RO — R2 —lon=2mA, Vcc=5V+20% | Vee —20 | — - v
—low=0.8mA Vee —1.0
D4 — Dy -
. Vo = Ve —40V - - | Vec—37 A 1
Output “Low"’ VoL RO — R2 die ~ TcC ce
Voltage RD40 - 2'25' 150kS2 to Ve —40V - - | Vee—37 v 2
Input/Output ™ D4 — Dss
Leakage i RO — R2, Vin = Vcc—40V to Ve - - 20 MA 3
Current Rao. Ra1
D4 — Dys,
Pull Down MOS Vgisp = Vec—35V
ooy la ggo— R2, Vv 125 | 250 | 600 pA | 4

(Note 1) Applied to 1/0 pins specified as “with Pull-down MOS".

(Note 2) Applied to 1/O pins specified as “without Puli-down MOS (PMOS Open Drain)*.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins specified as ‘‘with Pull-down MOS".
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(4) AC characteristics
(Vcc=4.5V to 6V, GND=0V, Vdisp=Vgc-40V to Vgc, Ta=-20 to +75°C, if not specified.)

" Test Value X

Item Symbol Pin Name Conditions n e ax Unit Note
Clock Oscilation Frequency fon 0SC,, 0SC, | divide-by-4| 0.4 4 45 MHz
Instruction Cycle Time teve divide-by-4| 0.89 1 20 us
Oscillation Stabilization Time | tge 0sc,, 0sC, - - 20 ms 1
External Clock
“High” Level Width tepH 0sc, 92 - - ns 2
External Clock
“Low" Level Width fepL 0S¢, 92 - - ns 2
External Clock Rise Time tepr 0SC, - - 20 ns 2
External Clock Fall Time tept 0sC, - - 20 ns 2
NTo “High” Level Width tioH »I_N|o 2 - - teye 3
TNTo “Low” Level Width tioL INTo 2 - - teye 3
INT: “High” Leve! Width i INT 2 - - teye 3
INT: “Low"” Level Width L INT: 2 - - teye 3
RESET “High” Level Width trstn | RESET 2 - _ toye 2

. . f=1MHz
Input Capacitance Cin all pins Vin = OV - - 15 pF
RESET Fall Time- tRSTY - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at “Power-on”, or after RESET
input level goes to ‘“High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than trc to obtain the necessary time for oscillator stabilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
C C
1t 1t SC
rystn_IL osc: C.';‘nic 0st
> ﬁhnr:‘»F
::' T‘: 1
sl 0SC2 F 0SC:
o C2 C2
GND GND
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata)
Rf: 1MQ £20% . Rf : 1MH2:20%
Ci : 22pF£20% C1 : 30pF:20%
C: : 22pF+20% Cz : 30pF£20%
(Note 2) (Note 3)
1/fcp 0.8 Vcee. L
INT,INT, HOH, HIH=\I—toL, UiL
Vce-05 0.2 Vec 4
osc, —tcPH tcPL
0.5

(Note 4)
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(5) Serial interface timing characteristics
(Vcc=4.5V to 6V, GND=0V, Vdisp=VcCc-40V to Vcc, Ta=-20 to +75°C, if not specified.)

* At Transfer Clock Output

. Test Value i

item Symbol Pin Name cgndeistions min typ max Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teve 1,2
Transfer Clock “High” Fard
Level Width ¢ tsckH SCK (Note 2) 05 - - tseye 1.2
Transfer Clock ““Low” o d
Level Width tscku SCK (Note 2) 05 - - tseye | 1.2
Transfer Clock Rise Time tsckr SCK (Note 2) - . 100 ns 1,2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns 1,2
Serial Output Data -
Delay Time toso SO (Note 2) - 250 ns 1,2
Serial Input Data Set-up Time tss) Si 300 - - ns 1
Serial Input Data Hold Time tusi Si 150 - - ns 1

* At Transfer Clock Input
Test Value

Item Symbol Pin Name Condistions e v o Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock ‘“High” <~ _
Level Width tsckH SCK 05 - tseye 1
Transfer Clock ““Low” < _ —
Level Width tscke sC 05 tseve !
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Output Data
Delay Time tpso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss) Si 300 - - ns 1
Serial input Data Hold Time ths Sl 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

SCK  Vec—2.0V (08 Vec)e
08V (0.2 Vec)e Z
Vece—-2.0v
so
0.8V
1SS1~ |— thsi —~f
SI 0.7Vce 3y
0.3 Ve p

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

|

(Note 2) Timing Load Circuit
Vee
RL =2.6ko

Test
Point

c R 1520740
30pF 12kg or Equiv.

HITACHI 115




(6) Characteristics Curve (Reference Data)

7
(]
< 5 7 ~ 25
E P fosc=4MHzZ, <
< — divide-by-4 E 20 fosc=4MHz, 1
g £ [ ~ divide-by-4
3 osc=4MHz, 8 15 Z fosc=4MHz,
o /divide-by-B & |~ divide-by-
S, ] 1 fosc=4MHz, > 1.0 1 fosc=4MHz,
= divide-by-1¢€ 3 " |divide-by-16
1 = ™ 05
0 1 2 8 4 5 8 9 0 0 1 2 8 4 5 8 7 8 9 10
Ve (V) Vee (V)
Icc vs Vo Characteristics Ispy Vs Vg Characteristics
(Crystal, Ceramic Filter (Crystal, Ceramic Filter
Oscillator Option) Oscillator Option)
600 max
500 /
200 max — ~ 400
-~ <
< By /
3 - 300
~ o t
m % ==
= 100 typ| 200 |
- . / min 100 / min
0 1 2 3 4 5 6 7 8 0 10 20 30 40 50 60 70

VCC(V) Vcc'vdhp )
- Ip vs Vgc Characteristics Ig vs (Voo - V4isp) Characteristics
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5.0

VCC =85V
JRRNY/

L1

—

40 Vee =8V
|
= g - / LVec=5V
g 30 < 3.0 Ve =45V
\é E //r cc
E / Veem2sY] £ /// |
3 20 / '/ = E 20 // >t Vee =85V
= L] 3 LT
/ // T /¢/// Vch“V
1.0 4 1.0 //
L1 [

\\\

// %/
0 0z 04 06 08

10 12 14 16 18 20 0 02 04 06 08 10 12 14 16 18 20

Vo (V) Vee-Vor (V)
IoL min vs Vg, Characteristics -Iog min vs (Vgc - Vpy) Characteristics

(Standard Pin) (Standard Pin)

T
Voc =8V [Vee=5V VCIC=6V
/ Vee =2V / Vee =5V Vee =14V
20 7 4
Vee =35V
/VCC— 5V

;-E\ 15 i g =%
Z Vee=25V bt Ve =25V
E L E .
/ z
' / / I /

5 v 1

0 1 2 3 4 5 0 1 2 3 4 5 6

Vee=Vou (V) Vee=Vor (V)

-Iog min vs (Vgc - Vog) Characteristics -Igyg min vs (Voo = Vo) Characteristics

(D4 - D5 Pins) (Ro - Ry Pins)
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5.11

HMCS412/414 Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage vee —0.3t0+7.0 v
. -0.3to Vcc +0.3 A
Terminal Voltage VT
Vce —45 to Ve +0.3 \ 4
Total Allowance of Input Currents Zlo 25 mA 5
Maximum Input Current lo 15 mA 7.8
4 2 mA 9,10,13
Maximum Output Current —lo 6 3 mA 9,11,13
30 15 mA 9,12,13
Total Aliowance of Output Currents =Zlg 85 100 mA 6,13
Operating Temperature Topr —20 to +75 °c
Storage Temperature Tstg —55 to +125 °c
(Note 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 exceeded, it may cause the malfunction and affect the reliability of LSI.
(Note 2)  All voltage are with respect to GND.
(Note 3)  Applied to standard pins.
(Note 4)  Appiied to high voitage pins.
(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously.
(Note 6)  Total allowance of output current is the total sum of the output current which flow out from V¢ to all 1/0 pins simultaneously.
(Note 7)  Maximum input current is the maximum amount of input current from each 1/0 pin to GND.
(Note 8)  Applied to D, — D, and R3 — R4.
(Note 9)  Maximum output current is the maximum amount of output current from Vg to each 1/0 pin.
(Note 10) Applied to D, — D, and R3 — R4.
(Note 11) Applied to RO — R2.
(Note 12) Applied to D, — D,,.
(Note 13) —Zlp = 100mA if —i4 is equal to or less than 2mA, 3mA, or 15mA.
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5.12

HMCS412C Electrical Characteristics

(1) DC characteristics
(Ve = 3.5Vto 6V, GND = 0V, Vdisp = VcCc—40V to Ve, Ta=—20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RESET,
Input “High” R32/INT,, 08vVee | - |veet03| v
Voltage ViH R33/INT,
0sC, Vee—-0.5] - (Vcet03| V
RESET,
Input “Low” v R3,/INT,, -03 — | o2vee | Vv
Voltage IL R33/INT,
0sC, -0.3 - 05 v
RESET, .
‘L";a:;/gc:“c‘ﬂ;‘r‘em Iyl | Rs/INTS, Vin =0V to Ve . - 1 A |1
R33/INT,, OSC,
Vee =5V, fosc = 4MHz
Current diSi%e-by § o - - 1.8 mA | 25
Dissipation in Icc Vee
Active Mode Ve =5V, fosc = 2MHz — — 1.8 mA 25
divide-by-4 -
Vee =5V, fosc = 4MHz
Current diSi%e-by-B osc - - 10 | mA | 35
Dissipation in IsBY Vee
Standby Mode V_C_C =5V, fosc = 2MHz _ _ 10 mA 35
divide-by-4
Current TEST
i e Vin (TEST) = V¢ c—0.3V to V(|
Dissipation in Isto, Vee n - — 10 A 4
Stop Mode P VCC. Vin (RESET) =010 0.3V K
Stop Mode _ _
Retain Voltage Vstop | Vee 2 v
(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: ~ MCU state; @ Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
e D, —D,, R3 — R4 ... Vo voltage
e D, —D,,,R0—R2 Rag, RA1 - Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: - MCU state; e Standby Mode
® Input/Output; Reset state
Pin state; ® RESET ... GND voltage
® TEST ... Vg voltage
e D, — D,,R3 — R4 ... Vg voltage
e D; —D,,, RO —R2,Rag. RA1 .. Vdisp voltage
(Note 4) Pull-down MOS current is excluded.
(Note 5) When fogc = x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foge = X[MHz]) =-:-x max. value (fosc = 4[MHz])
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(2)

Input/output characteristics for standard pin

(Vee =35V to 6V, GND = 0V, Vgisp = Vcc—40V to Ve, Ta=—20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions -~ Unit | Note
min typ |, max
Input “High” Do — D3, R3o, -
Voltage ViH R3, R4 07Vee Vee+0.3 v
Input “Low" Do — D3 _ _
Voltage ViL Ry, R4 0.3 0.3Vce \
Do — D3, | =10m‘A Vee-1.0| — - v 1
Sufpl’t “High” Vo R . R4 OH cc
oltage
9 Do —Ds, —10H = 0.5mA Vee-05| — - v 1
Ry, R4
Output “Low"’ Do — D3, _ _ _
Voltage VoL Ry, R4 loL =1.6mA 04 \'
Input/Output Do — D3, - _ _
Leakage Current | h Ra, R4 - Vin =0V to Vce 1 HA 2
Pull-Up MOS _ Do — D3, Vee =5V
Current 'p Rj , R4 Vin =0V 30 60 150 A 3
(Note 1) Applied to 1/O pins with “CMOS"* Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with ““with Pull-up MOS"’ selected by mask option.
(3) Input/output ck istics for high voltage pin .
(Vee =35V to 6V, GND =0V, Visp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input ““High"’ D4 — Dyq, R1 _
Voltage VIH R2, Rat 0.7Vce Veet03 | V
Input “Low"” D4 — D4, R1 _
Voltage Vi R2, RA1 Vee—-40 03vVge | V
—IoH = 15mA, Vee =5V £20% | Vee—-30| — - \
D4 —Dyq —IoH = 10mA, Vcc =5V £ 20% | Vcc—2.0| — - v
Output “High" VoH —IOH = 4mA Vee-10| - - v
Voltage ZloH=3mA, VcCc =5V £ 20% | Vcc-30 | — = v
RO — R2 —loH=2mA,Vec =5V +20% |Vec—20| — - \
—IoH = 0.8mA Vee-10| - - \
Output “Low” Y Vdisp = Veo—40V - |- |vee3| v | 1
Voltpage VoL Ds-D
Ra _ R; 150kS2 to Vec—40V - - |Veec-37| Vv 2
Input/Output Dy —Dja
Leakage Ty ! RO — R2 Vin = Vcc—40V to Voe - - 20 A 3
Current RA1
Pull Down MOS D4 —Dyq Vgisp = Voo—35V
A 14 RO — R2 disp = VC! 125 |250| 600 uA 4
urrent RA1 in=Vce

(Note 1) Applied to 1/0O pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to 1/O pins with ““without Puli-down MOS (PMOS Open Drain)” selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins with “‘with Pull-down MOS" selected by mask option.

120 HITACHI



(4) AC characteristics (Vcc = 3.5V to 6V, GND =0V, Vjsp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Item Symbol Pin Name Test Value Unit Note
Conditions min typ max
' divide-by-8 04 4 45 MHz
Oscillation Frequency fosc 0sC,, 0sC,
divide-by-4 0.2 2 2.25 MHz
Instruction Cycle Time teye 1.78 2 20 us
Oscillator Stabilization Time tRC 0sc,, 0sC, - - 20 ms 1
“High" divide-by-8 92 - - ns 2

el i Hian tCPH 0scy divide-b:-4 203 | - _ ns 2
Externa! Clock “Low” tepL osc, divide-by-8 92 - - ns 2

evel Width divide-by-4 203 - - ns 2
External Clock Rise Time tCPr 0sC, - - 20 ns 2
External Clock Fall Time tCPf 0sC, - - 20 ns 2
TNT, “High” Level Width tioH NTo 2 - - teye 3
TNT; “Low” Level Width tioL INT, 2 - - teye 3
INT; “High”" Level Width t11H NT, 2 - - teye 3
INT; “Low” Level Width L INT, 2 - - teyc 3
RESET ““High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins V?n]lw:\f - - 15 pF
RESET Fall Time tRSTf - - 20 ms 4

{Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V¢ reaches 3.5V at “Power-on”, or after RESET input level goes
to “High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal

oscillator maker’s or ceramic filter maker’s advice b oscillator ilization time on the circuit constant and stray capacity.
(Note 2)
C
i osc, v 1./fCP
Crystal cc—0.5v
[~—1CPH tcPL
>3 0SC, gsv
0sC, I~
C, tepr tcpé
GND (Note 3)

Crystal: 4.194304MHz
NC-18C (Nihon Denpa Kogyo)
R¢ =1 [MQ] £ 20%,

INT,, INT
C, =C, =22 [pF] £ 20% er
c,
} osc,
Ceramic (Note 4)
filter E=RBSR
< f
RESET
F osc
c, L

GND

Ceramic filter: CSA 4.00MG (Murata)
Re=1 [MQ] * 20%,
C, =C, =30 [pF] +20%
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5.13 HMCS412CL Electrical Characteristics

(1) DC characteristics (V¢ = 2.5V to 6V, GND = OV, Vdisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

: . Value
Item Symbol Pin Name Test Conditions " Unit | Note
. min typ max
RESET,
Input “High” R32/INTg, 08vec | — | Vecto3| Vv
Voltage VIH R33/INT,
0sC, Vee-03| — | Vect0.3 v
RESET,
Input “Low" R32/INT,, -0.3 — | 02vee v
Voltage ViL R33/INT,
0SC, -0.3 - 0.3 \
RESET
Input/Output | 5
! R3,/INTg, Vin =0V to Vcc - - 1 MA 1
Leakage Current Ras/INT,. OSC;
. Ve = 3V, fosc = 4MHz
Current di(v:i%e-by-l 6 - - 08 mA | 2.5
Dissipation in Icc vVee v VT pYYm
Active Mode CC =3V, Tosc = z - -
. divide-by-8 0.8 mA 2,5
Current Ve = 3V, fosc = 4MHz - - 0.5 mA | 3,5
TR divide-by-16
Dissipation in Isgy vee -
Standby Mode Vee =3V, fosc = 2MHz - - 05 mA | 3,5
divide-by-8 7
Current TEET
i Vin (TEST) = Vgc—0.2V to Ve
Dissipation in Istop Vee n Iy - - 10 uA 4
Stop Mode Vce, Vin (RESET) =0 to 0.2V
Stop Mode . - -
Retain Voltage Vstop | Vee 2 v
(Note 1) Pull-up MOS current and output buffer current are excluded.
{Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vo voltage
e D, —D,,R3 —R4..Vcc voltage
D, —D,, RO— R2,Ra1 ... Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not tiow.
Test Conditions: ~ MCU state; e Standby Mode
® input/Output; Reset state
Pin state; ® RESET ... GND voltage
© TEST ... V¢ voltage
e D, —D;,R3 ~ R4 ... V¢ voltage
®D, - D,,,RO— R2, RA1 ... Vdjsp Voltage
(Note 4) Pull-down MOS current is excluded.
(Note 5) When fogc = X [MHz], the Current Dissipation in Operation mode and Standby mode are esti as follows:

max. value (fose = X [MH2]) =-§x max. value (fogc = 4[MHz])

122 HITACHI



(2) Input/output characteristics for standard pin

(Ve = 2.5V to 6V, GND =0V, Vdisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input ““High” Do — D3, R3o, —
Voltage ViH | g, R4 07vee Veet0d ) v
Input “Low” Do — D3, R3o,
Voltage ViL | R,,,R4 03 | - |o03vec | Vv
Output “High" Do — D3, R, _ _
Voltage VOH Ray, R4 —IoH = 0.3mA Vee-05 | — \ 1
Output “Low" Do — D3, R3o, = - -
Voltage VoL R31, R4 foL = 0.4mA 0.4 v
Input/Output Do — D3, R3o. - - —
Leakage Current il Rj;, R4 Vin =0V to Vce 1 HA 2
Pull-Up MOS ) Do — Dj3, Rso, Vee =3V, Vin =0V 3 15 50 BA 3
Current P Rs1, R4 VGG = 5V, Vin =0V 30 150 uA | 3
(Note 1) Applied to /O pins with “CMOS’’ Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with “with Pull-up MOS" selected by mask option.
(3) Input/output characteristics for high voltage pin .
(Ve = 2.5V to 6V, GND =0V, Vdisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High” D4 — D4, R1 _
Voltage VIH R2, RAt 0.7Vce Vce+0.3 \
Input “Low" D4 — Dy4, R1 . _
Voltage ViL R2, RA1 Vce—-40 0.3Vce \
—loH =15mA, Vcc =5V £20% | Vcc—-3.0| — - \
D4 —Dyy —loH =10mA, Vgc =5V £20% | Vcc—-20| — - v
Output “High" VoH —loH = 2.5mA Vee-10| — - v
Voltage —loH =3mA,Vcc =5V £20% | Voe-30| — - v
RO — R2 —loH =2mA,Vgc =5V £20% | Vcc—20| — - v
—loH =0.5mA Vee—-10| — - \
D4 —Dys
Vdisp = Vcc—40V - - | Vee-37 \ 1
Output “Low” v RO — R2 disp cc cc
Voltage oL D4 — Dy
RO — R2 150kQ2 to Vcc—40V - - | Vee-37| V 2
Input/Output D4 — Dy
Leakage Fy! RO — R2 Vin = Vgc™40V to Ve - - 20 HA 3
Current RA1
Pull Down MOS | | ny Ry Vdisp = VCC—35V 125 |280| 600 Al a
Current d RA1 Vin=Vce u

(Note 1) Applied to 1/0 pins with “‘with Pull-down MOS’’ selected by mask option.
(Note 2) Applied to 1/O pins with ““without Pull-down MOS (PMOS Open Drain) selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins with “‘with Pull-down MOS" selected by mask option.

HITACHI 123



() AC characteristics (VcC = 2.5V to 6V, GND =0V, Vyisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Item Symbol Pin Name Test - Valus Unit Note

Conditions min typ max

divide-by-16 0.8 4 45 MHz
Oscillation Frequency fosc 0SC,, 0SC,

divide-by-8 0.4 2 2.25 MHz
Instruction Cycle Time teye 3.55 4 20 us
Oscillator Stabilization Time tRC 0scC,, OSC, - - 60 ms 1
E:::r“,c:d(i:_?(:k “High"" \CPH 0sC, :ivide-by-l 6 92 - - ns 2

ivide-by-8 203 - - ns 2
i o S s B B
ivide-by-8 203 - - ns 2

External Clock Rise Time tCPr 0SC, — - 20 ns 2
External Clock Fall Time tCPf 0SsC, - - 20 ns 2
INT, ““High” Level Width tIoH NT, 2 - - teye 3
INT, “Low” Level Width tioL INT, 2 - - teye 3
INT,; “High” Level Width tIMH INT, 2 - - teye 3
TNT, “Low" Levei Width UL iNT, 2z - - teye 3
RESET "High”’ Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins {/TnLM:V2 - - 15 pF
RESET Fall Time tRSTf - - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V¢ reaches 2.6V at “Power-on”, or after RESET input level goes
to “High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal

oscillator maker’s or ceramic filter maker’s advice oscillator il ion time d ds on the circuit constant and stray capacity.
Note 2
c, (Note 2) -
0osc
rystal ! Vee-03v 1
osc +—1CPH tcPL
=2 Ry 103V '
o
0sC
C, Rd 2 tcPr tCcPf
GND
Crystal: 2.097152MHz (Note 3)
DS-MGQ 308 (Seiko)
R¢ = 1MQ  20%, Rg = 2.2k§2 + 20% INT,, INT,

C, = C, = 10pF + 20%

cl
| OSC, (Note 4)
Ceramic
filter = ¢ RESET 0.8Vee
0.2Vce
osc
c, § be—tRsT

GND

Ceramic filter: CSA, 2.000MK (Murata)
R¢ = 1[MQ] £ 20%, C, = C, = 30[pF} * 20%
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5.14 HMCS412AC Electrical Characteristics
(1) DC characteristics (Vcc = 4.5V to 6V, GND = 0V, V4isp = VcCc—40V to Ve, Ta = —20 to +75°C, if not specified.)
Value
item Symbol Pin Name Test Conditions - Unit | Note
min typ max
RESET, 8
Input “High” R32/INT,, 08vVee | — | Veeto3| Vv
Voltage ViH R33/INT,
0sC, Vee-05| - | Veet03 | Vv
RESET,
Input “Low" R32/INTo, -03 | -] o02vec | V
Voltage VIL | Ryy/iINT,
osc, -03 | - 05 v
RESET,
Input/Qutput i | .
R R32/INT, Vin =0V to Vce - - 1 MA 1
Leakage Current R,/INT;, OSC,
Current
PSSP Vee =5V, fosc = 4MHz
Dissipation in Icc Vce vt - - 3.0 mA | 2,5
Active Mode divide-by-4
Current | Ve =5V, fosc = 4MH
Dissipationin | IsBy | Vce dioCiaby4 0T - | -] 14 |ma|3s
a
Current — _
T Vin (TEST) =Vgc—0.3VtoVe
Dissipation in Isto, Vvee n _ - - 10 HA 4
Stop Mode P Ve, Vin (RESET) = 0 to 0.3V
Stop Mode _ _
Retain Voltage Vstop | VcC 2 v

(Note 1)
(Note 2)

(Note 3)

(Note 4)
(Note 5)

Pull-up MOS current and output buffer current are excluded.
The MCU is in the reset state. The input/output current does not flow.
Test Conditions:  MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
e D, —D,,R3 — R4 ... Vcc voltage
D, - D,,, RO —R2, Ra1 ... Vdisp voltage

The timer/counter operate with the fastest clock and input/output current does not flow.

Test Conditions:  MCU state; @ Standby Mode

® Input/Output; Reset state

Pin state; @ RESET ... GND voltage

© TEST ... V¢ voltage

oD, — D,, R3 — R4 ... Vcc voltage

D, —D,,, R0~ R2, Raq ... Vgisp voltage
Pull-down MOS current is excluded.
When fosc = x [MHz], the Current Dissipation in O ion mode and Standby mode are

as

max. value (fogc = X [MHz] ) =%x max. value (fosc = 4[MHz])

HITACHI 125




(2) Input/output characteristics for standard pin

(Vcc =4.5V to 6V, GND = 0V, Vdisp = Vcc—40V to V¢, Ta = —-20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High”’ Do — D3, R3o, -
Voltage ViH R3;, R4 0.7vVee Vect03 [ v
Input “Low”’ Do — D3, Rao, -
Voltage ViL Rs3i, R4 —03 03vce v
Do = D5, Rso, —I0H = 1.0mA vee-10| - | - v | o
Output “High” VoH R3;, R4 OH cc—H
Voltage Do — D3, R0,
Ray, R4 —loH =0.5mA Vee-05| — - \ 1
Output “Low” Do — D3, R3o, - - -
Voltage VoL Rs;, R4 loL = 1.6mA 0.4 Vv
Input/Output Do — D3, R3o, — _
Leakage Current el Rs;, R4 Vin =0V to Vce - 1 A 2
Pull-Up MOS _ Do — D3, R3o, Vee =5V
Current ' | R, R4 Vin =0V 30 60| 150 | pA | 3
(Note 1) Applied to 1/0 pins with “CMOS" Output selected by mask option.
{Note 2} Puii-up MOS current and output buffer current are excluded.
(Note 3) Applied to I/0 pins with “with Pull-up MOS" selected by mask option.
(3) Input/output characteristics for high voltage pin
(Ve = 4.5V to 6V, GND =0V, Vgisp = Vec—40V to Vg, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input ““High” D4 — D4, R1
Voltage ViH | R2, Ra 07vee | - | vect03| v
Input “Low"” D4 — Dy, R1 _ _
Voltage Vi R2, RA1 Vec—40 03vee | V
—I0H = 15mA vVee-30| — - \
Dy —Dys —IoH = 10mA Vee-20) — - \
Output “High"" VoH —IoH =4mA Vee—-10) — - \2
Voltage —IoH =3mA Vee-30| — - \
RO — R2 —loH =2mA Vee-20| — = v
—loH =0.8mA Vee-10| — - \
D4 —Dis Visp = VCC—40V - - |vec-37| v | 1
Output “Low"” v RO - R2 disp = VCC cc
Voltage oL Ds — Dy
RO — R2 150k$2 to Vcc—40V - — | Vee-37)| V 2
Input/Output Ds — Dyq
Leakage ! RO — R2 Vin =Vcc—40V to Voo - - 20 MA 3
Current RA1
Pull Down MOS | | 23 - g; Vdisp = VeC—35V 125 |20 600 | ual| o
Current d RA1 Vin=Vce

(Note 1) Applied to 1/0 pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to I/0 pins with ““‘without Pull-down MOS (PMOS Open Drain)’ selected by mask option.
(Note 3) Puli-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/0 pins with ““with Pull-down MOS" selected by mask option.
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(4) AC characteristics (VcC = 4.5V to 6V, GND =0V, Vgisp = VcC—40V to Ve, Ta = —20 to +75°C, if not specified.)

. Test Value .
Item Symbol Pin Name Conditions — P p— Unit Note

Oscillation Frequency fosc 0sc,, 0sC, divide-by-4 0.2 4 45 MHz
Instruction Cycle Time teye 0.89 1 20 us
Oscillator Stabilization Time tRC 0SC,, 0SC, - - 20 ms 1
External Clock “High tCPH 0SC, divideby-4 | 92 - - ns 2
External Clock “Low” tepL 0sc, divideby-4 | 92 - - ns 2
External Clock Rise Time tCPr 0sC, — — 20 ns 2
External Clock Fall Time tCcPf 0sC, - - 20 ns 2
TNT, “High” Level Width tioH INT, 2 - - toye 3
TNT, “Low” Level Width tioL INT, 2 - - teye 3
INT; “High” Level Width t11H INT, 2 - - teye 3
INT; “Low"” Level Width HL INT, 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins L:;:Ag‘vz - - 15 pF
RESET Fall Time tRSTf - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 4.5V at “Power-on”, or after RESET input level goes
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity.

‘ (Note 2)
C, 1/fcp
osc,
Crystal Vee—0.5v ‘
53 R osc, [~ toPH oL
0.5V
osc, ~
< tCPr tcpt
GND
Crystal: 4.194304MHz (Note 3)

NC-18C (Nihon Denpa Kogyo)
R =1 [MQ] +20%, INT,, INT,
C, =C, =22 [pF] + 20%

cl

osc
Ceramic ! (Note 4)
filter = R¢
RESET

losc,

C, L

GND

Ceramic filter: CSA4.00MG (Murata)
R¢ =1 [MQ] £ 20%,
C, =C, =30 [pF] + 20%
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HMCS412 Characteristics Curve (Reference Data)

1

6
~
< 5 35
E <
-

— 5
x ¢ fosc=4MHz, S 20 fosc=4MHz,
E divide-by-4 % 15 A divide-by-4
T T . N —
o fosc=bMiz, | & A~ |fosc=dMiz, |
3 ’ divide-by-8
- 2 ] divide-by-8 > 1.0 1. ¢ 4MH
|~ fosc=4MHz, | @ A= osc=alhz, |
N ] divide-by-16 | =~ os A divide-by-16
1
0 1 2 3 4 5 7 8 9 0 1 2 3 4 5 6 7 8 9
; Voo (V) Voo (V)
Icc vs Vgg Characteristics (Crystal,Ceramic Ispy Vs Vgc Characteristics (Crystal,Ceramic
Filter Oscillator) Filter Oscillator)
600 max

500

200 max—%
100 / 200 /

L~ / v I
“ | min 100 ma
__/// I

_—

0 1

0o 1 2 3 4 5 6 7 0 20 30 40 50 60 70
Vee (V) (Vee = Vaiep ) (V)

-1p vs Vg¢ Characteristics Iq vs (Vcc-Vqisp) Characteristics

v
/

300

I4(2A)

-1, (2A)

128 HITACHI



Io, min (mA)
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40 7 £0 L Veo|=6Y—
/ Vcc=5vJ
8.0 30 A A
/ : AN AAA
Vee=25V | £ 4/
2.0 « = 2.0 Vcc—3.5V—1
L1 D
| —1 P // 1 LVeo =25V
10 1.0
V4~ L—
L1 g/ L]
/ //
1
0 02 04 06 08 10 12 14 18 18 20 0 02 04 06 08 10 12 14 16 18 20 22 24
Vor (V) Vee=Vog (V)

IoL min vs VoL Characteristics
(Standard Pin)

T
Vo =6V

15

10

Vee =85V

/vci=2.5v

0 1 2 3 4

Vee=Vor (V)
-IoH min vs (Vcc-VoH) Characteristics
(D4-Ds5 Pins)

-Ipy min vs(Vcc-VoH) Characteristics
(Standard Pin)

-Iog min(mA)

Vee =8V
/ Vee=5V Vg =4V
/ /Vcc= 3.5V
/ P4
// Ve =25V
0 1 2 3 4 5
Vec=Vou (V)

~-Igy min vs (Vgg-Vou) Characteristics
(RO-R2 Pins)
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5.15 HMCS414C Electrical Characteristics
(1) DC characteristics (Vcc = 3.5V to 6V, GND =0V, Vygjsp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
' min typ max
RESET,
Input ""High"" R32/INT,, 08vcec | — [ Veeto3| Vv
Voltage ViH Ry3/TNT,
0sC, Vee=05| — | vect03 | v
RESET, )
Input “"Low” R3,/INTy, -0.3 - | 0.2vee v
Voltage ViL Ra3/INT,
0sC, -0.3 - 0.5 \
RESET
Input/Output | < —
it | Rs/INT,, Vin=0V to Vce - _ 1 wA |1
Leakage Current Ras/INT,, OSC,
VCe = 5V, fosc = 4MHz ~ ~
Current divide-by-8 1.8 mA 2,5
Dissipation in Icc Vee v VK T -
Active Mode CC =9V, Tosc = z - -
divide-by-4 18 | mA | 2,5
=5V, =4MH
Current :i/i(v:i%e-li/\{s fosc z - - 1.0 mA | 3,5
Dissipation in | Iggy vee v T T
tandby Mode CC =5V, fosc = z _ _
Standby divide-by-4 10 | mA ) 3,5
Current
arrent. - Vin (TEST) = Vec—0.3V to Voo
Dissipation in Istoy Vee n _ - - 10 uA 4
Stop Mode P Vce, Vin (RESET) = 0 to 0.3V
Stop Mode _
Retain Voltage Vstop | VeC 2 - v

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.

Test Conditions:

(Note 3) The timer/counter operate with the fastest clock and input/output current does not tiow.

Test Conditions: o Standby Mode

Pin state;

MCU state;
Pin state;

MCU state;

® Reset state in Operation Mode
© RESET, TEST ... Vg voltage

e D, - D,, R3 ~ R4 ... Vcc voltage
®D, - D,,R0O—R2, Raq ... Vgisp Vvoltage

® Input/Output; Reset state

® RESET ... GND voltage

® TEST ... Vg voltage
eD, - D,,R3 — R4 ... Vo voltage
D, -~ Dy, RO—R2, RAq .. Vdisp Voltage

{Note 4) Pull-down MOS current is excluded.

(Note ) When foge = x [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:
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(2) Input/output characteristics for standard pin

{(Vee =35V to 6V, GND = 0V, Visp = VCC—40V to Ve, Ta = —20 to +75°C, if not specified.)
p

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High"” Do — D3, R3p, _
Voltage ViH Rj;, R4 07vVee Vect03 | v
Input “Low" Do — D3, R3o, — —
Voltage Vi R3,, R4 0.3 03vee | Vv
Do - D3, Rso, —IoH = 1.0mA vee-10]| — - v 1
Output “High” R3i, R4
Voitage Rl Ty IoH = 0.5mA Vee—05 v o
Ray, R4 —loH=0. cc—0. - -
Output “Low” Do — D3, R3g, = - -
Voltage VoL Rsy, R4 loL = 1.6mA 0.4 Vv
Input/Output Do — D3, Rio, - _ _
Leakage Current ! Ry, R4 Vin =0V to VcC 1 uA 2
Pull-Up MOS Do — D3, Rso, Vec =5V
Current —lp Ray, R4 Vin =0V 30 60 150 MA 3
(Note 1) Applied to 1/0 pins with “CMOS’’ Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/O pins with “with Pull-up MOS" selected by mask option.
(3) Input/output characteristics for high voltage pin .
(Vce = 3.5V to 6V, GND = 0V, Visp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High” D4 — D4, R1
Voltage VIH R2, RA1 0.7Vcc | — | Vect03| V
Input “Low” Dy —Dya, R1 _ _
Voltage VIL | R2,Rpy Vee-40 03vee | vV
—loH =15mA, Vcc =5V £20% | Vcc—-30| — - v
D4 — D4 —IoH =10mA, Vec =5V +20% | Vgc—20| — - \"
Output “High’ VoH —loH = 4mA Vee-10| - - v
Voltage —I0H =3mA,Vcc=5V£20% |Vcc-30| — - v
RO — R2 —lOH=2mA,Vcc =5V +£20% |Vcc—-20| — - v
—loH =0.8mA Vee-10] — - \
D4 — D4 Vdisp = VCC—40V - - |Vee-37| v 1
Output “Low” | RO — R2 disp = ¥CC ce
Voltage % [D.-0s kQ 40V vee-37 | v 2
RO _ R? 150kS2 to Vge— - - cc—
Input/Output D4 —Dy4
Leakage Typ! RO — R2 Vin = Vcc—40V to Vee - - 20 HA 3
Current RA1
D4 —-D
Pull Down MOS AT oM Vdisp = Vcc—35V
Current Id ;2 1— R2 VinEVee 126 [250| 600 uA 4

(Note 1) Applied to 1/O pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to I/O pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins with “‘with Pull-down MOS" selected by mask option.
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(4) AC characteristics (Vce = 3.5V 0 6V, GND =0V, Vdisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)
sp

Item Symbol Pin Name Test Value Unit Note

Conditions min typ max

divide-by-8 04 4 45 MHz
Oscillation Frequency fosc 0sC,, 0SC,

divide-by-4 0.2 2 2.25 MHz
Instruction Cycle Time teye 1.78 2 20 us
Oscillator Stabilization Time tRC 0SC,, 0SC, - - 20 ms 1
Lovel Widan " o tcPH osc, :ivfde'bys 2 1 -1 - - 2

ivide-by-4 203 - - ns 2

e i R T I N S B S
External Clock Rise Time tCPr 0sC, - - 20 ns 2
External Clock Fall Time tCPf 0sC, - - 20 ns 2
TNT, “High” Level Width tIOH INT, 2 - - teye 3
TNT, “Low” Level Width tioL INT, 2 - - teye 3
INT; “High” Level Width t1H INT; 2 - - teye 3
INT, “Low" Level Width L INT, 2 - = | teye 3
RESET “High” Level Width | tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins LT,.Tt:'vz - - 15 pF
RESET Fall Time tRSTf - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vg reaches 3.5V at “Power-on”, or after RESET input level goes
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity.

(Note 2)

it osc : 1/fcp
! Vee—0.5
SSR¢ osc, o5V +—1CPH tCPL \
osc, - .
c, tcPr CPf
GND
Crystal: 4.194304MHz (Note 3)

NC-18C (Nihon Denpa Kogyo) P
Re=1[MQ] £20%,C, =C, =22 [pF] £ 20%  'NTo. INT,

c,
osc
Ceramic ! (Note 4)

filter
S Ry RESET

osc,

02
GND

Ceramic filter: CSA 4.00MG (Murata)
Rf=1[MQ] +20%, C, =C, =30 [pF] +20%
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5.16 HMCS414CL Electrical Characteristics
(1) DC characteristics (Vcc = 2.5V to 6V, GND =0V, Vgisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions " Unit | Note
min typ max
RESET,
Input “High” R32/INTo, 08Vee | — | veeto3| v
Voltage VIH R33/INT,
0sC, Vee-05| — | veet03| VvV
RESET,
Input “Low” v R32/INT,, -03 - | 02vee | V
Voltage L R33/INT,
0sC, -0.3 - 0.3 v
RESET,
Input/Output | Tt
1T R3,/INT,, Vin =0V to Vce - - 1 A 1
Leakage Current Ra/INT, . OSC,
Ve = 3V, fosc = 4MHz _ _
Current divide-by-16 08 | mA | 2,5
Dissipation in icc vce
Active Mode Ve =3V, fosc = 2MHz _ _ 08 mA | 2.5
divide-by-8 . !
Ve = 3V, fosc = 4MHz _ _
Current \ v divide-by-16 05 mA | 3,5
Dissipation in SBY cc
Ve =3V, fosc = 2MHz _ _
Standby Mode divide-by-8 0.5 mA | 3,5
Current TEST
PP Vin (TEST) = Vcc—0.3V to Ve
Dissipation in Isto Vce n I - - 10 A 4
Stop Mode P Vg, Vin (RESET) = 0 to 0.3V
Stop Mode _ _
Retain Voltage Vstop | VeC 2 v

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
e D, —D,,R3 — R4 ... Vo voltage
eD, -D,,RO—R2,Rp1 ... Vdisp voltage
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
© input/Output; Reset state
Pin state; ® RESET ... GND voltage
© TEST ... Vg voltage
e D, —D,,R3 ~ R4 ... Vg voltage
*D,-D,,RO—R2,RA1 ... Vdisp voltage
(Note 4) Pull-down MOS current is excluded.
(Note 5) When fqsc = x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (fogc = x[MHz]) =%x max. value (foc = 4[MHz])
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(2) Input/output characteristics for standard pin

(Vee =25V to 6V, GND =0V, Vgisp = VcC—40V to Vg, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions Unit | Note
min typ max
Input “’High”’ Do — D3, R3o, -
Voltage ViH Rsy, R4 0.7Vce Vect03 | V
Input “Low" Do — D3, R3o, — -
Voltage Vi Ri;, R4 0.3 03vee v
Output “High” Do — D3, R, _ - _ _ _
Voltage VOH Rs,, R4 I0H = 0.3mA Vee-0.5 \" 1
Output “Low”’ Do — D3, R3o, - - -
Voltage VoL Rsy, R4 loL =0.4mA 04 \
Input/Output Do — D3, Rao, A - -
Leakage Current el Rs:, R4 Vin =0V toVce 1 A 2
Pull-Up MOS i Do — D3, R3o., Vee =3V, Vip=0Vv 3 15 50 MA 3
Current P Rs1, R4 Vee =5V, Vip =0V 30 60 | 150 uA 3
(Note 1) Applied to 1/O pins with “CMOS" Output selected by mask option.
(Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with ““with Pull-up MOS" selected by mask option.
(3) Input/output characteristics for high voltage pin .
(Vge =25V to 6V, GND =0V, Vdisp = VcC—40V to Ve, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High" D4 — Dy4, R1
Voltage VIH R2, RAL 07vee | - | vecto3| v
Input “Low" D4 — Dy4, R1
Voltage ViL | Ry, Rar Vee-40 | - | 0avee | v
—loH =15mA, Vgc =5V +20% | Vcc—-30 | — - \
Ds —Dy4 —loH =10mA, Vcc =5V £20% | Vcc—-2.0 | — - v
Output “High” |/ —IoH =2.5mA vVee-10| - - v
Voltage ZI0H = 3mA, Voo =6V £ 20% | Vec—30 | — - Y
RO — R2 —loH=2mA,Vec =5V +£20% | Vgc—20| — - \'
—IgH = 0.5mA Vee-10| - - \]
Da — Dia Vdisp = VCC—40V - — |vee=37| v | 1
Output “Low” VoL RO — R2 disp = VCC cC
Voltage D4 — Dys
RO — R2 150kS2 to Vcc—40V - - | Vee-37| V 2
Input/Output D4 —Dyq
Leakage Tyl RO — R2 Vin = Vcc—40V to Ve - - 20 HA 3
Current Ra1
Pull Down MOS | | D — D Vdisp = VCC—35V 125 250! 600 Al a
Current d Vin=Vce M
RA1 n

(Note 1) Applied to 1/O pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to 1/O pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Note 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to I/0 pins with “with Pull-down MOS"’ selected by mask option.

134 HITACHI



(4) AC characteristics (VCC = 2.5V to 6V, GND =0V, Vgisp = VcC—40V to Ve, Ta = —20 to +75°C, if not specified.)

Item Symbol Pin Name Test Value Unit Note
Conditions min typ max
divide-by-16 0.8 4 45 MHz
Oscillation Frequency fosc 0scC,, 0sC,
divide-by-8 0.4 2 225 MHz
Instruction Cycle Time teye 3.55 4 20 us
Oscillator Stabilization Time tRC 0sc,, 0sC, - - 60 ms 1
“High" divide-by-16 92 - - ns 2
P divide-by-16 92 - - ns 2
E:‘t‘zm’clidi:?c'( Lo tcPL 0sCs divide-b:-s 203 - - ns 2
External Clock Rise Time tCPr 0SC, - - 20 ns 2
External Clock Fall Time tCPf 0sC, - - 20 ns 2
INT, “High” Level Width tI0H INT, 2 - - teye 3
INT, “Low” Level Width t10L INT, 2 - - teye 3
INT, “High” Level Width t1H iNT, 2 - - teye 3
INT; “Low” Level Width tL INT, 2 - - teyc 3
RESET ““High” Level Width tRSTH RESET 2 - - teye 4
Input Capacitance Cin all pins :/TnIy(:'Vz - - 15 pF
RESET Fall Time tRSTF - - 15 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V¢ reaches 2.5V at “Power-on”, or after RESET input level goes
to “High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity.

(Note 2)
C, 1/fcp
0osC
Crystal 1 Vce—0.3V b
osc, re—tCPH tcpL
=2 R¢ 0.3V
pe-
0sc, tcPr tcpf
c, Rdg
GND
Crystal: 2.097152MHz (Note 3)
DS-MGQ 308 (Seiko)
Rf = 1MQ £ 20%, Rd = 2.2kS2 + 20% INT,,INT,
C, =C, = 10pF t 20%
¢,
0sC
Ceramic 1 (Note 4)
filter &5 Ry RESET 0.8Vee
0.2Vce
¢ osc, be— tRsTY
2 \
GND

Ceramic filter: CSA 2.000MK (Murata)
R¢ =1 [MQ] * 20%,
C, =C, =30 [pF] + 20%
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5.17 HMCS414AC Electrical Characteristics
(1) DC characteristics (Vcc = 4.5V to 6V, GND = 0V, Vgisp = Vcc—40V to Ve, Ta = —20 to +75°C, if not specified.)
: Value
Item Symbol Pin Name Test Conditions - Unit | Note
: min typ max
RESET,
Input “'High” Ra2/INT,, o8vee | - | Vecto3| Vv
Voltage VIH | Rys/INT,
0SC, Vee-05| — | Veet03| V
RESET,
Input ““Low’ R32/INT,, -0.3 ~ | 02vee | Vv
Voltage Vi R33/TNT,
0sc, -0.3 - 05 v
RESET
Input/Output | L
! R3,/INTg, Vin=0V to Vg - - 1 A 1
Leakage Current Ras /INT, , OSC,
Current
PP Ve =5V, fosc = 4MHz
Dissipation in Icc Vece Pl - - 3.0 mA | 2,5
Active Mode divide-by-4
Current
reem Vee = 5V, fosc = 4MHz
Dissipation in ISBY Vce ol - - 14 mA | 3,6
Standby Mode divide-by-4 .
Current
urrent Vin (TEST] = V0.3V to Vee _ _
gtu:;;p“:gg: in 1 lstop | VeC VCC, Vin (RESET) = 0 t0 0.3V 0 JwuA | 4
Stop Mode
Retain Voltage Vstop | Vce 2 - - v

(Note 1)
(Note 2)

(Note 3)

(Note 4)
(Note 5)

Pull-up MOS current and output buffer current are excluded.
The MCU is in the reset state. The input/output current does not flow.
Test Conditions: ~ MCU state; @ Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
D, —D,, R3 ~R4 ... V¢ voltage
D, - D,,R0-R2, Ra1 .. Vdisp voltage
The timer/counter operate with the fastest clock and input/output current does not flow.
Test Conditions:  MCU state; ® Standby Mode
© Input/Output; Reset state
Pin state; ® RESET ... GND voltage
® TEST ... V¢ voltage
e D, —D,,R3 —R4 ... Vcg voltage
®D, ~D,,,RO— R2, RA1 ... Vdisp Voltage
Pull-down MOS current is excluded.
When fogc = x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (fgge = X[MHz]) =-"“:—x max. value (fogc = 4[MHZ])
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(2) Input/output ch istics for dard pin
(Vce = 4.5V to 6V, GND = 0V, Visp = Vcc—40V to Vg, Ta=~20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions Unit | Note
min typ max
Input “High" — D3, Rao, -
Voltage ViH Rsy, R 0.7Vcc Veet0.3| Vv
Input “Low" Do — D3, R3o, _ _
Voltage ViL Ry, R4 0.3 0.3vVce "
Do — D5, Rso. ~IQH = 1.0mA Vee-10] - - v o1
Output “High” VoH R3;, R4 OH cc
Volitage Do — D3, Rao,
Rs,, R4 —IoH = 0.5mA Vce-05| - - v 1
Output “Low" Do — Dy, Rso, = - -
Voltage voL Ray, R4 oL = 1.6mA 0.4 \%
Input/Output Do — D3, Rjo, - - -
Leakage Current il Rj;, R4 Vin =0V toVce 1 A 2
Pull-Up MOS _ Do — D3, Rao, Vec =5V
Current 'p R3;, R4 Vin =0V 30 60 150 HA 3
(Note 1) Applied to /O pins with “CMOS" Output selected by mask option.
{Note 2) Pull-up MOS current and output buffer current are excluded.
(Note 3) Applied to 1/0 pins with “‘with Pull-up MOS' selected by mask option.
(3) 1 h istics for high ge pin
(Voo = 45V to 6V, GND =0V, Vgisp = VCC—40V to Ve, Ta = —20 to +75°C, if not specmod )
CC disp
Value
Item Symbol Pin Name Test Conditions Unit | Note
min typ max
Input “High” D4 — D4, R1 _ "
Voltage ViH R2, RA1 0.7Vce Veet03 | VvV
Input “Low" D4 — D4, R1 . _
Voltage ViL R2, RA1 Vee—40 0.3vee v
—IQoH = 15mA Vee-30| — - A\
D4 —Dys —IgH = 10mA Vece-20| - - Vv
Output ““High” v —IQH = 4mA Vee—-1.0{ — - \%
Voltage OH —IoH = 3mA Vee-30] - - v
Ro — R2 —10H = 2mA Vee—-20| - - \2
—loH =0.8mA Vee-10| - - Y
- D 14
Vdisp = Vcc—40V - - | Vee-37 | V 1
Output “Low” Vo RO - R2 disp cc cc
Voltage T 150K2 to VCg—40V - - |vee-37| v | 2
RO — R2 cc cc
Input/Output D4y —Dys
Leakage AR RO — R2 Vin = Vce—-40V to Vee - - 20 uA 3
Current Ra1
D4 — D4
full Down MOS | 14 RO — R2 lesp vee-35V 126 |260| 600 | wA | 4
urrent RA1 Vce :

(Note 1) Applied to 1/O pins with “with Pull-down MOS" selected by mask option.
(Note 2) Applied to /O pins with “‘without Pull-down MOS (PMOS Open Drain)" selected by mask option.
(Nate 3) Pull-down MOS current and output buffer current are excluded.

(Note 4) Applied to 1/O pins with “‘with Pull-down MOS" selected by mask option.

HITACHI 137



(4) AC characteristics (Vce = 4.5V to 6V, GND = 0V, Vgisp = Vcc—40V to Vg, Ta = —20 to +75°C, if not specified.)
disp C

Item Symbol Pin Name Test Value Unit Note
Conditions min typ. max
Oscillation Frequency - fose 0SC,, 0SC, divide-by-4 0.2 4 45 MHz
Instruction Cycle Time teye 0.89 1 20 us
Oscillator Stabilization Time tRC 0sc,, 0sc, - - 120 ms 1
Lovel width 0" P | 0SC, 22 | - | - | s | 2
e o e | o @ | - | - :
External Clock Rise Time tCPr 0sC, - - 20 ns 2
External Clock Fall Time tCPf 0sC, - - 20 ns 2
TNT, “High” Level Width tIoH INT, 2 - - teye 3
INT, “Low” Level Width tioL INT, 2 - - teyce 3
INT, “High” Level Width t11H INT, 2 - - teye 3
“TNT,; “Low” Level Width 1L INT, 2 - - teye 3
RESET ““High” Level Width tRSTH RESET 2 - - “teve 4
Input Capacitance Cin all pins {/:nLM(rlvz - - 15 pF
RESET Fall Time tRSTf - - 16 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 4.5V at ““Power-on”, or after RESET input level goes
to "“High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal
oscillator maker’s or ceramic filter maker’s advice oscillator ilization time di on the circuit constant and stray capacity.

C, ——
| OSC,
Crystal
S R¢
osc,
C,
GND
Crystal: 4.194304MHz
NC-18C (Nihon Denpa Kogyo)

R¢ =1 [MQ] * 20%,
C, =C, =22 [pF] £ 20%

cl
0sC,
Ceramic
filter E=F ¢

osc,

c2
GND

Ceramic filter: CSA4.00 MG (Murata)
Ri=1 [MQ] +20%,
C, =C, =30 [pF] +20%
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Vee—0.5V 5
osc h—1tCPH tCPL—
1 0.5V
e
tcPr tepf

(Note 3)

NT,,INT, 08Vce
0.2vee
{Note 4)

RESET 0.8Vce
0.2vce
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Vee =3V Vee =5V
5.0 Vig=45V
Vee =85V
40 4.0 VCC
- / ~ / | Vee=5V
g 80 E 3.0 7 Y Ve =45V
E Vee=25V] < //
5 20 « £ 20 8 Ve =85V
o
= // ’/,/f”’ _? //,/:::: ’,,,/”‘ [
1.0 ] I 10 /// ] rVec =25V
R . 7 | —
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6. ASSEMBLY LANGUAGE

6.1 Symbols and Abbreviations

a—b Tranfer from "a" to "b"

a<s>b Exchange between "a'" and '"b"

X Logical negation (NOT)

" "High" level

"o" "Low" level

LSB Least Significant Bit

MSB Most Significant Bit

NZ Not Zero

NB No Borrow Status is set with NZ, NB, or OVF
OVF Overflow

n AND

v OR

[©) Exclusive OR

# Not Equal

H Less or Equal

DIRECT Addressing by the Operand in the ROM. Code
REGISTER Addressing by the Content of Address Register

6.2 Instruction Formats
There are eight different formats for the instructions. (See '"3.4

Instruction Table'.)

No Format Operand Contents

1 I - -

2 II n 0-3

3 II1I i ormorp $0 - $F

4 IV a $0 — $3F

5 \ b $0 - $FF

6 VI d $0 - $3FF

7 VII n, d 0 - 3, $0 - $3FF

8 VIII p, d $0 - $F, $0 - $3FF
9 VIII i, d $0 — $F, $0 — $3FF
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The symbols used in the operand have the following meanings:

Hexa
Symbo1l Contents Label |Decimal|decimall Binary

n RAM digit selection with 2 bits o o o o

m RAM (MR) digit and port selection o 0 o o
with 4 bits

P Replacement of contents of PC o ° o o
with 4 bits

a Replacement of contents of PC o . o o
with 6 bits

b Replacement of contents of PC ° < o o
with 8 bits

d Replacement of PC or RAM direct o " o o
address with 10 bits

i Immediate data with 4 bits (Note) o o o o

u u=p +d (14 bits) o x o o

O .... Can be used X .... Cannot be used

(Note) 2-bit data for LWI instruction

(1) Format I

Format I applies to the instructions having no operand.

In a format-I instruction, the operation field is directly followed by the

comment field.

(Example)
Label Operation Operand Comment
WHERE AMC COMMENT
ROTR
NOP

(2) Format 11

Format II applies to instructions having a 2-bit operand field.

10 1

T T T T T T T M

OoP n

1 1 Il 1 1 1 1 !

The statement using this type of instruction requires an operand (a binary,
decimal or hexadecimal number, or symbol name). The value must be 0 to3 in terms

of decimal number.’
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(Example)

Label Operation Operand Comment
ONE EQU 1
TWO EQU 2
SEM 1
™ TWO
REM ONE
(3) Format III
Format III applies to instructions having a 4-bit operand field.
10 1
T 1 T T T T T T
oP i ormor p

This type of instruction requires an operand (a binary, decimal or hexadecimal

number, or symbol name). The value must be O tol5 in terms of decimal number.

Note that the value must be $0 to $F in terms of hexadecimal number for
the LAR, LBR, LRA and LRB instructions.

(Example)
Label Operation Operand Comment
DATA1 EQU 3
DATA2 EQU $B
DATA3 EQU 71011
LYI 14
LXI $A
LAI $0010
LBI DATA1
Al DATA2
LRB DATA3
LRA DATA1
P DATA3
(4) Format IV
Format IV applies to instructions having a 6-bit operand field.
10 1
T T T T T T T T
L -
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This type of instruction requires an operand (a binary or hexadecimal number,

or symbol name).

This format is applied only to CAL instruction.

The value must be $0 to $3F in terms of hexadecimal number.

(Example)
Label Operation Operand Comment
SUBAD EQU 60
CAL SUBAD
CAL $3C

(5) Format V

Format V applies to instructions having an 8-bit operand field.

10

OP

This type of instruction requires an operand (a birary or hexadecimal number,

symbol name, or *in (n: a decimal number) (relative address).

This format is applied to BR instruction.

(Example)
Label Operation Operand Comment
BR LABEL1 SYMBOL
BR *+3 RELATIVE
BR $FF ABSOLUTE
LABEL1 BR 70000001

(6) Format VI

Format VI applies to 2-word instructions having

10

1

a 10-bit operand field.

1st word

2nd word

This type of instruction requires an operand (a binary or hexadecimal number,

or symbol name).
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(Example)

Label Operation Operand Comment
RAMAD EQU $3FF
AMD RAMAD LABEL
AMD $3FF ABSOLUTE
AMD Z1111111111

(7) Format VII

Format VII applies to 2-word instructions having a 12-bit operand field.

10 1
L} L T T T T B Ll
oP n lst word
1 L L 1 1 1 n L
d 2nd word
i 1 1 3 -l n i 1 F—

This type of instruction requires one operand or two operands. For a l-operand
instruction, only a symbol name is effective. 'For a 2-operand instruction, the
first operand may be a binary, decimal or hexadecimal number, or symbol name
(the value of which must be O to3 in terms of decimal number) and the second
operand may be a binary or hexadecimal number, or symbol name (the value of which

must be $0 to $3FF in terms of hexadecimal number).

(Example)
Label Operation Operand Comment
AAA EQU 3, $3FF
REMD AAA 10PERAND
SEMD 3, $3FF 20PERAND
T™D %10, $3FF

(8) Format VIII
Format VIII applies to 2-word instructions having a 1l4-bit operand field.

10 1
T T T T T T T T

OoP p or

" i 1 i A 1

1st word

L .

d 2nd word
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This type of instruction requires one operand or two operands. BRL, JMPL
and CALL are one-operand instructions, while INEMD, ILEMD and LMID are two-
operand instructions. For a l-operand instruction, a binary or hexadecimal
number, or symbol name is effective and its value must be in the range $0 to
$3FF. For a 2-operand instruction, the first operand may be a binary, decimal
or hexadecimal number, or symbol name (the value of which must be $0 to $F) and
the second operand may be a binary or hexadecimal number, or symbol name (the

value of which must be $0 to $3FF).

(Example)
Label Operation Operand Comment

LNGBR1 EQU $1FFF
BRL LNGBR1 P:ABSOLUTE
CALL $1FFF P:ABSOLUTE

BBB EQU $3FF
LMID $F, BBB 1:ABSOLUTE, SYMBOL
ILEMD 1, $3FF 1:ABSOLUTE, ABSOLUTE
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6.3 Execution Instructions

No MNEMONIC No. MNEMONIC
1 Al i 51 LMID i,d
2 ALEI i 52 IMIIY i
3 ALEM 53 LRA m
4 ALEMD d 54 LRB m
5 AM 55 LWI i
6 AMD d 56 LXA

7 AMC 57 LXI i
8 AMCD d 58 LYA

9 ANEM 59 LYI i
10 ANEMD d 60 NEGA
11 ANM 61 NOP

12 ANMD d 62 OR

13 AYY 63 ORM

14 BLEM 64 ORMD d
15 BNEM 65 P P
16 BR b 66 REC

17 BRL u 67 RED

18 CAL a 68 REDD m
19 CALL u 69 REM n
20 COMB 70 REMD n,d
21 DAA 71 ROTL
22 DAS 72 ROTR
23 DB 73 RTN

24 DY 74 RINI
25 EORM 75 SBY

26 EORMD d 76 SEC

27 1B 77 SED

28 ILEM i 78 SEDD m
29 ILEMD i,d 79 SEM n
30 INEM i 80 SEMD n,d
31 INEMD i,d 81 SMC

32 1Y 82 SMCD d
33 JMPL u 83 STOP
34 LAB 84 STS

35 LAI i 85 SYY

36 LAM(XY) 86 TBR P
37 LAMD d 87 TC

38 LAMR m 88 D

39 LAR m 89 TDD m
40 LASPX 90 ™ n
41 LASPY 91 TMD n,d
42 LAY 92 XMA (XY)
43 LBA 93 XMAD d
IAA LBI i 94 XMB (XY)
45 LBM(XY) 95 XMRA m
46 LBR m 96 XSPX
47 LMA (XY) 97 XSPXY
48 LMAD d 98 XSPY
49 LMADY (X) 99 YNEI i
50 LMATY (X)

" non

In the description of Instruction code, "i'", "m" and "p'" means one digit

in hexadecimal number ($0 to $F), and '"d" means three-digit hexadecimal
" n

number ($000 to $FFF). The Instruction codes including '"n', "a" or '"b" are

described as binary number.
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No.| Arithmetic Instruction

A+ i—>A

1 Al
Al (Add Immediate to A)
Format Status
AL i OVF
A+ 15 $F ST=0
A+ 1i>$F ST=1
Operation

Description

and stores the result in Accumulator.

Judges OVF simultaneously.

Adds the contents of Accumulator to 4 bit Immediate data (i3-Q)

Address format and the number of execution cycles

T :
Operand Instruction word Number Number ,of
sa1 VP execution
Address format Mnemonlc: format First , Second of words cycles
| 1
$AT 1 i $281 ' 1 1
Example
01830 *
01831 190 038 0620 SUBC1 LAMD $038
01832 28F 0622 AI $F
01833 194 036 0623 LMAD $036
01834 *
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No. Compare Instruction

2 ALEI
ALEI (A Less or Equal to Immediate)
Format Status
NB
ALET 1 A> i ST=0
A <1 ST=1
Operation
Asi
Description

Compares the contents of Accumulator to 4-bit Immediate data

(i3+0).

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: ?perand I?struct}og word Number executlon
! format First , Second of words cycles
| T
ALET | i $2Bi | 1 1
Example
01407 *
01408 2F7 0476 XMRA $7
01409 281 0477 AL $1
01410 2B7 0478 ALEI $7
01411 2F7 0479 XMRA $7
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No. Compare Instruction

3 ALEM
ALEM (A Less or Equal to Memory)
Format Status
NB
ALEM A>M ST=0
AsM ST=1
Operation
A =M
Description

Compares RAM addressed by W, X, and Y registers to the contents

of Accumulator.

Address format and the number of execution cycles

! i Number ,of.
Address format Mnemonic: Operand I?struct}on word Number execution
! format First . Second of words cycles
| T
REGISTER ALEM | $014 | 1 1
! 1
Example
01216 014 03Dp7 ALEM
01217 1CE 03p8 CAL OSERROR
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No.| Compare Instruction

4 ALEMD
ALEMD(A Less or Equal to Memory)
Format Status
NB
ALEMD d A>M ST=0
A s M ST=1
Operation
A<M (@)
Description

Compares RAM addressed by 10-bit direct address dg-gp to the

contents of Accumulator.

Address format and the number of execution cycles

T ; Number ,of
Address format Mnemonic ! Operand I?struct}on word Number execution
! format First . Second of words cycles
| [
DIRECT ALEMD 1 d $114 d 2 2
l 1
Example
01218 114 074 03D9 ALEMD $074
01219 1CF 03DB CAL OSERROR
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No.| Arithmetic Instruction

Judges OVF.

5 AM
AM (Add A to Memory)
Format Status
OVF
A M+ A s §F ST=0
M+ A > §F ST=1
Operation
M+A—>A
Description

Adds RAM addressed by W, X, Y registers to the contents of

Accumulator and stores the result in Accumulator.

(Note) When executing subtraction, execute AM after taking

complement of Accumulator with NEGA. (M-A—A)

Address format and the number of execution cycles

! i Number .of
Address format Mnemonic: Operand I?struct}on word Number execution
| format First ,  Second of words cycles
| )
REGISTER AM 1 $008 : 1 1
! 1
Example
00949 *
00950 093 O2FE KIARTHM6  LAMXY
00951 008 O2FF AM
00952 097 0300 LMAXY
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No.| Arithmetic Instruction

6 AMD
AMD (Add A to Memory)
Format Status
OVF
AMD d M+ A < $F ST=0
M+ A > §$F ST=1
Operation
M(d) + A —A
Description

Adds RAM addressed by 10-bit direct address dg-0 to

of Accumulator and stores the result in Accumulator.

Judges OVF.

(note) Subtraction (M-A—A) is the same as AM.

the contents

Address format and the number of execution cycles

T -
Number ,of
Address format Mnemonic: Operand I?struct}on word Number eggcgtlon
! format First ,  Second of words cycles
| T
DIRECT AMD I d $108 ! d 2 2
|
Example
00935 *
00936 190 06C 02F0 KIARTHM4  LAMD $06C
00937 001 02F2 XSPY
00938 108 04C 02F3 AMD $04C
00939 051 02F5 LMAIYX
00940 *
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No. | Arithmetic Instruction

7 AMC
AMC (Add A to Memory with Carry)
Format Status
OVF
AMC M+A+CASS$F ST=0
M+ A+ CA>§$F ST=1
Operation
M+ A + CADA
OVF — CA
Description

Adds RAM addressed by W, X, Y registers, the contents of Accumulator,

and those of Carry Flag, and stores the result in Accumulator.
Latches OVF into CA and judges it.

(Example) A CA s
(Initial contents) 9 0 0
after executing AMC 1 1 1
after re—executing AMC 10 0 0

Address format and the number of execution cycles

T i Number ,of
Address format Mnemonic: Operand I?struct}on word Number eggcutign
! format First , Second of words cycles
| 1
REGISTER ac | $018 | 1 1
1
Example
01165 *
01166 235 03a9 LAIL $5 ;A=5
01167 OEF 03aa SEC ;CA=1
01168 018 03AB AMC ;A=M(WXY) +A+CA
01169 1CE 03aC CAL OSERROR .
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No. Arithmetic Instruction

8 AMCD

AMCD (Add A to Memory with Carry)

Format Status

OVF
M+ A + CA £ $F ST=0
M+ A + CA > $F ST=1

AMCD d

Operation

M(d) + A + CA A
OVF—CA

Description

Adds RAM addressed by 10-bit direct address dg-g, the contents
of Accumulator, and those of CA, and stores the result in
Accumulator.

Latches OVF into CA and judges it simultaneously.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic]| Operand I?struct}on word Number execution
! format First ,  Second of words cycles
T
DIRECT AMCD | d 18 1 d 2 2
! 1
Example
00905 *
00906 091 02p2 LAMX
00907 118 043 02D3 AMCD $043
00908 0A6 02D5 DAA
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No. Compare Instruction

9 ANEM
ANEM (A Not Equal to Memory)
Format Status
NZ
ANEM A=M ST=0
AxM ST=1
Operation
AxM
Description

Compares RAM addressed by W, X, Y registers to the contents of

Accumulator.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic]| 2perand I?struct}on word Number execution
! format First , Second of words cycles
| T
REGISTER ANEM | $004 : 1 1
! L
Example
01195 *
01196 004 03c6 ANEM ;IF M(WXY) /=ACC
01197 1CE 03c7 CAL OSERROR
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No. Compare Instruction

10 ANEMD
ANEMD (A Not Equal to Memory)
Format Status
NZ
ANEMD d A=M ST=0
Ax M ST=1
Operation
Ax M(d)
Description

Compares RAM addressed by 10-bit direct dg-@ to Accumulator.

Address format and the number of execution cycles

! i Number ,of
Address format |Mnemonic! OPerand I?struct}on word Number execution
! format First ,  Second of words cycles
| 1
DIRECT ANEMD 1 d $104 | d 2 2
! 1
Example
01729 *
01730 190 036 05a4 LAMD $036
01731 104 038 0586 ANEMD $038
01732 171 235 05A8 BRL SUBD
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No. Arithmetic Instruction

11 ANM
ANM (AND Memory with A)
Format Status
NZ
ANM AN M=0 ST=0
AN Mx0 ST=1
Operation
ANM —> A
Description

ANDs the contents of Accumulator and RAM addressed by W, X, Y

registers, and stores the result in Accumulator.

Address format and the number of execution cycles

! i Number .of
Address format Mnemonic: Operand I?struct}on word Number execution
| format First . Second of words cycles
T
REGISTER ANM | sogc 1 1
! 1
Example
00925 091 02ES5 LAMX
00926 09c 02E6 ANM
00927 051 02E7 LMAIYX
00928 *
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No.| Arithmetic Instruction

12 ANMD
ANMD (AND Memory with A)
Format Status
NZ

ANMD d AN M=0 ST=0

AN Mx0 ST=1
Operation

ANM@W) —> A

Description

ANDs the contents of Accumulator and RAM addressed by 10-bit

direct address, and stores the result in Accumulator.

Address format and the number of execution cycles

J i Number ,of
Address format | Mnemonic| Operand I?StruCC}OH word Number execution
! format First ,  Second of words cycles
| 1
DIRECT ANMD 1 d $19Cc | d 2 2
Example
01009 OAF 0330 LAY
01010 19C 02C 0331 ANMD $02C
01011 326 0333 BR KIINPUT1
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No.

RAM Address Instruction

13 AYY
AYY (Add A to Y)
Format Status
OVF _
AYY Y + A £ $F ST=0
Y + A > §$F ST=1
Operation
Y + AY
Description

Adds the contents of Y register to those of Accumulator and stores

the result in Y register.

Judges OVF.

Address format and the number of execution cycles

T i Number ,of
Address format Mnemonic: Operand Ivstruct}on word Number execution
! format First \ Second of words cycles
] ]
AYY $054 ! 1 1
i
Example
01160 ODF 03a5 DY ;Y=Y-1
0l1e1l 054 03a6 AYY ;Y=Y+A
01162 1CE 03a7 CAL OSERROR
01163 *
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No. Compare Instruction

14 BLEM
BLEM (B Less or Equal to Memory)
Format Status
NB
BLEM
B>M ST=0
<M ST=1
Operation
B =M
Description

Compares RAM addressed by W, X, Y registers to the contents of

B register.

Address format and the number of execution cycles

T : Number ,of
Address format | Mnemonic! Operand I?StrUthon izl Number execution
| format First , Second of words cycles
T
REGISTER BLEM | socs 1 1
I 1
Example
01220 *
01221 0C4 03DC BLEM
01222 1CE 03DD CAL OSERROR
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No. Compare Instruction

Compares RAM addressed by W, X, Y registers to the contents of

B register.

15 BNEM
BNEM (B Not Equal to Memory)
Format Status
NZ
BNEM = ST=0
Bx¥M ST=1

Operation

BXM
Description

Address format and the number of execution cycles

! i Numbér ,of
Address format | Mnemonic| Operand I?struction L1 Number execution
| format First , Second of words cycles
| ]
REGISTER BNEM $044 1 1 1
! 1
Example
01201 044 03CB BNEM
01202 1CE 03cc CAL OSERROR ;IF M(WXY) /=B
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No. | ROM Address Instruction

16 BR

BR (Branch on Status 1)

Format Status

1

BR b Set to 1 irrespectively of whether

BR is executed or skipped. (ST=1)

Operation

Conditional jump to an address

in the current page (256 words).

Description

Branches to the specified address if ST=1.

If ST=0, this instruction is skipped (takes one cycle time).

(Note) When BR is used at the last address in the page, this
instruction is executed in the next page because PC is

incremented automatically.

Address format and the number of execution cycles

Address format Mnemonic?ﬁoPerand I?struct?on word Number ggggﬁgigﬁ

! format First |, Second of words cycles
3 ' %11-b7bebsby!

DIRECT (8 bits) BR : b babzblbé 1 1

Example .

01445 *

01446 2FE 0496 XMRA $E

01447 OAF 0497 LAY

01448 2B3 0498 ALEI $3

01449 3A0 0499 BR KITIMEO ;IF A=0,1,2,3

01450 2B7 049a ALEI $7

01451 3a4 049B BR KITIMEl ;IF A=4,5,6,7

01452 2BB 049C ALEI $B

01453 3a8 049D BR KITIME2 ;IF A=8,9,%A,$B

01454 000 049E NOP

01455 3AC 049F BR KITIME3 ;IF A=$C,$D, $E, $F

01456 *
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No.

ROM Address Instruction

If ST=1, jumps to the address specified by P30, dg_g-

If ST=0, BRL is skipped.

Takes 2-cycle time irrespective of execution and skip.

17 BRL
BRL (Long Branch on Status 1)
Format Status
1
BRL u Set to 1 irrespectively of whether
BRL is executed or skipped. (ST=1)
Operation
Conditional jump to any ROM
address space.
Description

Address format and the number of execution cycles

T -
Number ,of
Address format | Mnemonic) Operand I?struct}On word Number execution
| format First ,  Second of words cycles
]
DIRECT BRL | u $17p 1 4 2 2
! 1
Example
01883 18C 002 0650 TMD $0,$002 IF ST-1
01884 171 256 0652 BRL TBINTR THEN JUMP TO TBINTR
01885 171 24F 0654 BRL TLOOP1 OTHERWISE JUMP TO TLOOP1l
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No. | ROM Address Instruction

18 CAL

CAL (Subroutine Jump on Status 1)

Format Status

1

CAL a Set to 1 irrespectively of whether

CAL is executed or skipped.

(8T=1)

Operation

Conditional subroutine jump to the

address specified by agqg in

subroutine space.

Description

1f ST=1, performs subroutine jump to the specified address.
If ST=0, this instruction is skipped.

Takes l-cycle time to the skipped.

Subroutine space means 0 to 64 pages.

All bits of PC is saved on RAM.

Address format and the number of execution cycles

T ; Number ,of
Address format | Mnemonic| Operand I?struct}on word Number execution
| format First y  Second of words cycles
. ! ZOl-llasa..ag:

DIRECT (6 bits) | caL | a aparal 1 2/1 (Skip)
Example

00510 18E 000 01A3 TMD 2,$000 ;IFO

00511 1CE 01A5 CAL OSERROR ;IF ST=1
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No. | ROM Address Instruction

Conditional subroutine jump to

any ROM address space.

19 CALL
CALL (Long Subroutine Jump on Status 1)
Format Status
1
CALL u Set to 1 irrespectively of whether
CALL is executed or skipped. (ST=1)
Operation

Description

If ST=1, performs subroutine jump to the specified address (P3-p, dg9-0).

If ST=0, this instruction is skipped.

Takes 2-cycle time to be skipped.

Address format and the number of execution cycles

T : Number ,of
Address format | Mnemonic) Operand I?struct}on word Number execution
H format First h Second of words cycles
[
DIRECT CALL : u $16p ! d 2 2
- !
Example
00781 *
00782 28F 0276 KIRAMS AI $F ;A=A+F
00783 OE8 0277 LXA ;X=A
00784 160 28E 0278 CALL KIRAMS
00785 *
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No.| Arithmetic Instruction

20 CoMB

COMB (Complement B)

Format Status
COMB No effect
Operation
B—-B
Description

Stores 1'S complement of the contents of B register in B register.
(Example)
B (result)

T — L0

Address format and the number of execution cycles

T i Number ,of
Address format | Mnemonic| ?perand I?struct}on Li L Number execution
! format First y Second of words cycles
| [
COMB | $140 ! 1 1
| L
Example
00815 *
00816 048 0294 KIRAMC LAB
00817 0oD8 0295 LYA Y=
00818 076 0296 YNEI $6 ;Y/=6
00819 140 0297 COMB ;B=>B
00820 010 0298 RTN
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No.| Arithmetic Instruction

Decimal adjust for addition

21 DAA
DAA (Decimal Adjust for Addition)
Format Status
DAA No effect
Operation

Description

- If A 2
- If A<

10 or CA=1, A+6—A and 1—CA.

10 and CA=0, the contents of A and CA are unchanged.

Address format and the number of execution cycles

T : Number ,of
Address format Mnemonic ! Operand I?struct1on word Number execution
! format First ,  Second of words cycles
| [
DAA | $0A6 : 1 1
' L
Example
00898 *
00899 091 o2cc KIARTHM1  LAMX
00900 018 02¢p AMC
00901 (0. 02CE DAA
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No.| Arithmetic Instruction

22 DAS

DAS (Decimal Adjust for Subtraction)

Format Status
No effect
DAS
Operation
Decimal adjust for
subtraction
Description

.

- If A < 10 and CA=1, the contents of A and CA are unchanged.

If Az 10 or CA=0, A+10—A and 0—CA.

Address format and the number of execution cycles

10 i Number ,of
Address format | Mnemonic) 2perand I?struction word Number execution
! format First ,  Second of words cycles
| T
DAs ! $0AA | 1 1
! 1
Example
00914 *
00915 091 02DpC KIARTHM2  LAMX
00916 098 02DD SMC
00917 0aA 02DE DAS
00918 051 02DF LMAIYX
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No.| Arithmetic Instruction

23 DB
DB (Decrement B)
Format Status
NB
DB B-1<0 ST=0
B-1z0 ST=1
Operation
B - 1-B
Description
Decrements the contents of B register.
Judges NB.
Address format and the number of execution cycles
! i Number ,of
Address format Mnemonic: Operand I?struct}on word Number execution
! format First , Second of words cycles
[
DB | $OCF | 1 1
l 1
Example
01145 OCF 0399 DB iB=B-1
01146 1CE 039 CAL OSERROR
01147 *
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No. | RAM Address Instruction
24 DY
DY (Decrement Y)
Format Status
NB
DY Y-1<0 ST=0
Y-120 ST=1
Operation
Y-1-Y
Description
Decrements the contents of Y register.
Judges NB.
Address format and the number of execution cycles
) Operand Instruction word Number Number ,of
Address format | Mnemonic - a execution
! format First ,  Second of words cycles
I
Dy | $ODF 1 1
! 1
Example
00744 *
00745 ODF 025E DY
00746 064 025F RED
00747 05cC 0260 Iy
00748 *
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No.| Arithmetic Instruction

25 EORM
EORM (EOR Memory with A)
Format Status
NZ
EORM =0 ST=0
AXO ST=1
Operation
A@M—oA
Description

Performs the logical exclusive "OR" -operation between the contents

of Accumulator and those of RAM addressed by W, X, Y registers.

Address format and the number of execution cycles

T ; Number ,of
Address format Mnemonic: Operand I?struct}on word Number execution
! format First . Second of words cycles
| K !
REGISTER EORM ! $01c | 1 1
Example
00921 *
00922 091 02E2 KIARTHM3  LAMX
00923 01c 02E3 EORM
00924 051 O2E4 LMAIYX
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No. | Arithmetic Instruction

26 EORMD
EORMD (EOR Memory with A)
Format Status
EORMD d Nz
=0 ST=0
Ax0 ST=1
Operation
A®MWA) oA
Description

Performs the logical exclusive "OR" operation between the contents

of Accumulator and those of RAM addressed by 10-bit direct address

dg-Q.

Address format and the number of execution cycles

' i Number ,of
. | Operand Instruction word Number e ioE
Address format Mnemonch format Firet T Second of words el
| ]
DIRECT EORMD d $11C : d 2 2
I 1
Example
00932 091 02EC LAMX
00933 11C 04B 02ED EORMD $04B
00934 051 02EF LMAIYX
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No.| Arithmetic Instruction

27 1B
IB (Increment B)
Format Status
NZ
18 B+1=0 ST=0
B+1X%X0 ST=1
Operation
B+1—B
Description

Increments the contents of B register.

Judges NZ.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic| Operand I?struct1on word Number execution
! format First , Second of words cycles
| 1
1B ! $04C | 1 1
1
Example
01142 *
01143 04cC 0397 IB ; B=B+1
01144 1CE 0398 CAL OSERROR
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No. Compare Instruction

28 ILEM

ILEM (Immediate Less or Equal to Memory)

Format Status
ILEM 1 NB
i>M ST=0
isM ST=1
Operation
1 =M
Description

Compares the contents of RAM addressed by W, X, Y registers to

4-bit immediate data i3-q.

Address format and the number of execution cycles

T ; Number ,of
Address format Mnemonic: Operand I?struct%on word Number execution
| format First ,  Second of words cycles
T
REGISTER ILEM | i $03i 1 1 1
! 1
Example
01210 *
01211 034 03p2 ILEM $4
01212 1CE 03D3 CAL OSERROR
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No. Compare Instruction

29 ILEMD
ILEMD (Immediate Less or Equal to Memory)
Format Status
NB
ILEMD i, d i>M ST=0
isM ST=1
Operation
i s M)
Description

Compares the contents of RAM addressed by 10-bit direct address
d9-0 to 4-bit immediate data izng.

Address format and the number of execution cycles

Address format Mnemonici Operand I?structjon word Number ggggﬁgigg
! format First ,  Second of words cycles
| !

DIRECT ILEMD : i,d $131 | d 2 2

Example

01820 *

01821 133 030 060E ILEMD $3,$030

01822 171 160 0610 BRL INITD ;IF M(030)z3
01823 132 030 0612 ILEMD $2,$030

01824 171 152 0614 BRL PROGCX ;IF M(030)=2
01825 131 030 0616 ILEMD $1,$030

01826 171 140 0618 BRL PROGB ;IF M(030)=1
01827 130 030 061a ILEMD $0,$030

01828 171 12E o61cC : BRL PROGA ;IF M(030)=0
01829 151 100 061E JMPL MAIN
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No. Compare Instruction

30 INEM
INEM (Immediate Not Equal to Memory)
Format Status
NZ
INEM 1 i=w ST=0
i%¥M ST=1
Operation
ix M
Description

Compares the contents of RAM addressed by W, X, Y registers to

4-bit immediate data.

Address format and the number of execution cycles

! i Number .of
Address format | Mnemonic! Operand I?struct}on word Number execution
! format First ,  Second of words cycles
| 1
REGISTER INEM | i $021 : 1 1
! 1
Example
00700 *
00701 201 023E KIZMN LBI $1
00702 02a 023F INEM $a
00703 342 0240 BR KIZM1
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No.

Compare Instruction

31 INEMD
INEMD (Immediate Not Equal to Memory)
Format Status
NZ
INEMD i,d i =M ST=0
ixM ST=1
Operation
ix M(d)
Description

Compares the contents of RAM addressed by 10-bit direct address

d9-0 to 4-bit immediate data 13-0.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: 2perand I?struct:on word Number execution
| format First ,  Second of words cycles
| T
DIRECT INEMD | i,d $12i ' d 2 2
1 ! :
Example
01893 124 030 0656 TBINTR INEMD 4,%$030
01894 171 25C 0658 BRL INEXT1
01895 171 104 065A BRL MBACKO
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No.

RAM Address Instruction

32 1Y
IY (Increment Y)
Format Status
NZ
o Y+1=0 ST=0
Y+1%0 ST=1
Operation
Y+1—0Y
Description
Increments the contents of Y register.
Judges NZ.
Address format and the number of execution cycles
dd £ t | u . : Operand Instruction word Number ggggggigg
A %ess orma nemonchformat First 1 Second of words cycles
| ]
IY I $05C | 1 1
! I —
Example
00848 002 02aB XSFY
00849 05C 02aC ha's
00850 3a3 02AD BR KINAMEO
00851 *
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No. | ROM Address Instruction

33 JMPL
JMPL (Long Jump Unconditionally)
Format Status
JMPL u No effect
Operation
Unconditional jump to any ROM
address space.

Description

All bits of PC are replaced with 14-bit direct address P3_g, d9-0-

OP-code is as follows according to ROM capacity.

ROM 2k | P3=P2=P1=0 || ROM 8k | p3=0
ROM 4k pP3=p2=0

Address format and the number of execution cycles

T ;
. | Operand Instruction word Number Number ,of
! execution
Address format Mnemonlc: format First T Second of words cycles
| 1
DIRECT JMPL 1 u $15p ! d 2 2
1 1
Example
01611 1a0 030 O052E PROGA LMID 0,$030
01612 1A3 032 0530 LMID $3,$032
01613 1A0 035 0532 LMID $0,$035
01614 1AD 036 0534 LMID $D,$036
01615 1A3 037 0536 LMID $3,$037
01616 1AE 038 0538 LMID $E, $038
01617 1AF 039 053A LMID $F,$039
0le18 1A8 03a 053c LMID $8,$03Aa
01619 151 18B 053E JMPL PROG
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No Register-to-Register
: Instruction

34 LAB

LAB (Load A from B)

Format Status
No effect
LAB
Operation
B—oA
Description

Transfers the contents of B register to Accumulator.

The contents of B register are unchanged.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic ! Operand I?StrUthon word Number execution
! format First , Second of words cycles
| [
LAB | $048 : 1 1
' 1
Example
01839 *
01840 048 0629 LAB
01841 194 035 062A LMAD $035
01842 *
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No.| Immediate Instruction

35 LAI
LAI (Load A from Immediate)
Format Status
No effect

LAT 1

Operation
i—>A

Description

Transfers 4-bit immediate data i3-Q to Accumulator.

Address format and the number of execution cycles

T ;
Number of
Address format Mnemonic: Operand I?struct}on word Number eggcgtign
! format First ,  Second of words cycles
| : !
Lar 1 $231 | 1 1
I 1
Example
01152 / *
01153 230 039F LAI $0 ;A=0
01154 210 03a0 LYI $0 ;¥Y=0
01155 i
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No.| RAM Register Instruction

36 LAM

LAM (Load A from Memory)

Format Status

No effect
LAM (XY)

Operation

M—A,(Xe>SPX, Y«>SPY)

Description||{Transfers the contents of RAM addressed by W, X, Y registers to
Accumulator.

The contents of RAM is unchanged.
(When executing M A, exchanges x register for SPX register, and Y
register for SPY register according to the contents of x, y in OP-code.)

MNEMONIC | vy 1 x FUNCTION
LAM 0, 0 —

LAMX 0' 1 XSPX
LAMY 110 Y—SPY
LAMXY 1, 1 XSPX, Y SPY

Address format and the number of execution cycles

T -
. | Operand Instruction word Number Number .of
1 oP u execution
Address format Mnemon1c: format First ™ Second of vords ecut Lo
! 201-1001
REGISTER LAM(XY) : -00yx : 1 1
Example
00941 091 02F6 KIARTHMS LAMX
00942 198 04D 02F7 SMCD $04D
00943 094 02F9 LMA
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No. | RAM Register Instruction

to Accumulator.

The contents of RAM is unchanged.

37 LAMD
LAMD (Load A from Memory)
Format Status
LAMD d No effect
Operation
M) — A
Description

Transfers the contents of RAM addressed by 10-bit direct address

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: Operand I?structiggrword Number execution
! format First . Second of words cycles
| [
DIRECT LAMD | d $190 ; d 2 2
! 1
Example
01716 190 032 0592 PNEXT1 LAMD $032
01717 281 0594 Al 1
01718 194 032 0595 LMAD $032
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No Register-to-Register
hd Instruction

38 LAMR

LAMR (Load A from MR)

Format Status
No effect
LAMR m
Operation
MR(m) = A
Description

Transfers the contents of Memory Register (MR) addressed by 4-bit
direct address m3j.g to Accumulator.

(MR, second file of RAM, can be selected (16-digits) by m3nQ.)

Address format and the number of execution cycles

1 N
.  Operand Instruction word Number Number of
! execution
Address format Mnemonlc: format First ™ Second of words e
| [
DIRECT (4 bits)| LAMR | m $27m ! 1 1
! 1
Example
01532 *
01533 276 04E2 LAMR $6
01534 281 04E3 AI $1
01535 203 04E4 LBI $3
01536 1Bl 04ES P $1
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No. | Input/Output Instruction

39 LAR
LAR (Load A from R-Port Register)
Format Status
No effect
LAR m
Operation
R(m) > A
Description

Transfers the contents of R-Port addressed by 4-bit direct address
to Accumulator.

The contents of Port Register are unchanged.

Address format and the number of execution cycles

' i Number of
Address format Mnemonic ! Operand I?struct}on word Number eggcﬁtign
| format First , Second of words cycles
I T
DIRECT (4 bits) LAR | m $25m | 1 1
1
Example
00980 *
00981 253 0314 KIINPUTO LAR $3
00982 180 02D 0315 XMAD $02D
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Register-to-Register
No. Instruction

40  LASPX

LASPX (Load A from SPX)

Format Status
LASPX No effect
Operation
SPX— A
Description

Transfers the contents of SPX register to Accumulator.

The contents of SPX register are unchanged.

Address format and the number of execution cycles

T ;
. | Operand Instruction word Number | Number . of
' execution
Address format Mnemonlc: format First | Second of words cycles
| 1
LASPX | $068 | 1 1
| I
Example
00835 068 029F LASPX ;A=6
00836 281 02a0 AI $1 ;A=A+1 A=7
00837 OE8 02al1 LXA ;X=A  X=7
J
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No.| Trmerme
41 LASPY
LASPY (Load A from SPY)
Format Status
No effect

LASPY
Operation

SPY 5 A
Description

The contents of SPY register are unchanged.

Transfers the contents of SPY register to Accumulator.

Address format and the number of execution cycles

] ! i Number .of
Address format Mnemonic: 2perand I?struct}on word Number execution
: | format First . Second of words cycles
] 1
LASPY ! $058 | 1 1
Example
01015 002 0336 XSPY
01016 058 0337 LASPY
01017 2B3 0338 ALET $3
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No Register-to-Register
M Instruction

42 LAY

LAY (Load A from Y)

Format Status
No effect
LAY
Operation
YA
Description

Transfers the contents of Y register to Accumulator.

The contents of Y register is unchanged.

Address format and the number of execution cycles

T i Number of
Address format |Mnemonic| Operand I?StIUthon word Number execution
! format First ,  Second of words cycles
] I
LAY | $0AF : 1 1
! 1
Example
00585 OAF O1lES LAY ;A=Y
00586 281 OlE6 AI $1 A=A+
00587 108 O2F 01E7 AMD $02F ;A=A+M (02F)
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No Register—to-Register
: Instruction

43 LBA
LBA (Load B from A)
Format Status
LBA No effect
Operation
A—B
Description

Transfers the contents of Accumulator to B register.

The contents of Accumulator is unchanged.

Address format and the number of execution cycles

T : Number of
Address format Mnemonic: Operand IFStrUCCIon word Number execution
! format - First y  Second of words cycles
] i
LBA | s$ocs | 1 1
Example
00839 *
00840 234 02A3 KINAMEO LAl $4 iA=4
00841 ocs 0224 LBA ) iB=A B=4

190 HITACHI



No.| Immediate Instruction

44 LBI

LBI (Load B from Immediate)

Format Status
No effect
LBI i
Operation
i—B
Description|

Transfers 4-bit immediate data i3-0 to B register.

Address format and the number of execution cycles

| i Number . of
Address format | Mnemonic! Operand I?structlon word Number execution
| format First , Second of words cycles
] T
LBI i $201 | 1 1
! I
Example
00888 *
00889 Oar 02Cc4 LAY
00890 206 02c5 LBI $6
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NoO. | RAM Register Instruction
45 LBM
LBM (Load B from Memory)
Format Status
No effect
LBM (XY)
Operation
M — B, (X¢> SPX, Y <> SPY)
Description]|| Transfers the contents of RAM addressed by W, X, Y registers to B
register.
The contents of RAM is unchanged.
During executing the above, executes the followings according to the
value of x, y in OP-code.
MNEMONIC | vy | x FUNCTION
LBM 01 0 e
LBMX 0ol 1 X == SPX
LBMY 110 Y «— SPY
LBMXY 1,1 X <+=SPX, Y-—=SPY
Address format and the number of execution cycles
! i Number ,of
Address format |Mnemonic! OPerand I‘}Struthon word Number execution
! format First ' Second of words cycles
i ! Yy
REGISTER LBM(XY) | 200-0100 1 )
| -00yx !
Example
00809 0co 028E KIRAMS XMB ;SAVE B TO M(WXY)
00810 200 028F LBI $0 ;B=0
00811 040 0290 LBM 7 B=M(WXY)
00812 ODF 0291 DY ;Y=Y-1
00813 38E 0292 BR KIRAMS ;IF Y>=0 THEN BR
00814 010 0293 RTN
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No. | Input/Output Instruction

46 LBR

LBR (Load B from R-Port Register)

Format Status
LBR m No effect
Operation
R(m) - B
Description

Transfers the contents of R-Port addressed by 4-bit direct address
to B register.

The contents of Port Register is unchanged.

Address format and the number of execution cycles

! ] Number ,of
Address format | Mnemonic| Operand I?struct:on word Number execution
! format First y Second of words cycles
] I
DIRECT (4 bits) LBR | m $24m | 1 1
] 1
Example
LBR $3 iB+—R(3)
LMB iM(WXY)e— B
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No.

RAM Register Instruction

A—> M (Xe<>SPX , Y «>SPY)

47 LMA
LMA (Load Memory from A)
Format Status
LMA (XY) No effect
Operation

Description

Transfers the contents of Accumulator to RAM addressed by W, X, Y

registers.

The contents of Accumulator is unchanged.

MNEMONIC | v | x FUNCTION

LMA 0.0 —

LMAX 0,1 X <= SPX
LMAY 1,0 Y <= SPY
LMAXY 1| 1| X=-SPX, Y==SPY

Address format and the number of execution cycles

| i Number ,of
Address format | Mnemonic)| 2perand Instruction word Number Number of
, tormat First , Second of words cycles
| _ T
REGISTER LMA (XY) | 200-1001 | ) )
1 -Olyx !
Example
LWI $0
LXI $4
XSPX
LXI $3
LYI $0
LAI $5
LMAX 7M(030)=—$5
LAI $A
LMAX ;M(040) =—$A
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No. | RAM Register Instruction

48 LMAD

LMAD (Load Memory from A)

Format Status
LMAD d No effect
Operation
A—>M(@d)
Description

Transfers the contents of Accumulator to RAM addressed. to 10-bit
direct address.

The contents of Accumulator is unchanged.

Address format and the number of cycles

! i Number ,of
. | Operand Instruction word Number execution
Address format Mnemonlc: format First ™ Second of words yeles
| 1
DIRECT LMD I d $194 | d 2 2
Example
01901 230 0663 LAI 0
01902 118 034 0664 AMCD $034
01903 194 034 0666 LMAD $034
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No.

RAM Register Instruction

Y - 1Y (XeSPX), A—oM

49 LMADY
LMADY (Load Memory from A, Decrement Y)
Format Status
N
LMADY (X) B

Y-1<0 ST=0
Y-120 ST=1

Operation

Description

Decrements the contents of Y register and judges NB.
(During executing the above, executes the following operation
according to the value of x in OP-code.

MNEMONIC X FUNCTION
LMADY 0 —
LMADYX 1 X «— SPX

Transfers the contents of Accumulator to RAM addressed by W, X,
and Y registers.
The contents of Accumulator is unchanged.

Address format and the number of execution cycles

! i Number of
Address format Mnemonic: Operand I?struct}on word Number egecutlon
! format First . Second of words cycles
| ]
%00-1101
1 1 1
REGISTER LMADY (X) | -000x !
Example
01048 *
01049 230 0354 LAI $0
01050 (00]0] 0355 LPEl LMADY
01051 355 0356 BR LPEl
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NoO. | RAM Register Instruction

50 LMAILY

LMAIY (Load Memory from A, Increment Y)

Format Status
NZ
LMATY (X) Y+1=0 ST=0
Y+1X0 ST=1
Operation

Y + 1Y (Xe>SPX), AM

Description]||Transfers the contents of Accumulator to RAM addressed by W, X,
and Y registers.

The contents of Accumulator is unchanged.

Increments the contents of Y and judges NZ.

(During executing the above, executes the following operation according
according to the value of x in OP-code.

MNEMONIC X FUNCTION
LMATY 0 —_
LMAIYX 1 X <= SPX

Address format and the number of execution cycles

i i Number ,of
Address format | Mnemonic! Operand I?StrUCt}on word Number execution
! format First | Second of words cycles
] T
700-0101
REGISTER LMATIY (X) ! -000x | 1 1
Example
00909 051 02D6 LMAIYX
00910 091 02D7 LAMX
00911 118 044 02p8 AMCD $044
00912 0A6 02Da DAA
00913 051 02DB LMAIYX
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No. Immediate Instruction

51 LMID
LMID (Load Memory from Immediate)
Format Status
No effect
LMID i,d
Operation
i— M(d)
Description

Transfers 4-bit immediate data ij_g to RAM addressed by 10-bit
direct address dg-p-

Address format and the number of execution cycles

T : Number ,of
Address format Mnemonic'! Operand I?struct}on yword Number eggcutlon
| format First |, Second of words cycles
| 1
DIRECT LMID ! i,d $1ai | d 2 2
! 1
Example
01492 1a8 004 04B9 LMID $8,$004
01493 1AF 009 04BB LMID $F, $009 ;TMB EXT INPUT
01494 1AE 00A 04BD LMID $E, $00A ; TCBL=E
01495 1aF 00B 04BF LMID $F, $00B ; TLRU=F
01496 *
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No. Immediate Instruction

52 LMITY

LMIIY (Load Memory from Immediate, Increment Y)

Format Status
NZ
LMIIY i Y+1=0 ST=0
Y+1%0 ST=1
Operation
i—>M
Y+1->Y
Description

Transfers 4-bit immediate data 13-0 to RAM addressed by W, X, and
Y registers.

Increments the contents of Y register and judges NZ.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic! Operand I?SCruEEfon word Number execution
! format First ,  Second of words cycles
REGISTER Iy | i $29i 1 1
! X
Example
00961 *
00962 290 0309 KIARTHMS8 LMIIY $0
00963 07a 030a YNEI $A
00964 309 030B BRS KIARTHMS
00965 *
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No.

Input/Output Instruction

53 LRA
LRA (Load R-Port Register from A)
Format Status
No effect
LRA m
Operation
A — R(m)
Description

Transfers the contents of Accumulator to R-Port register addressed

by 4-bit direct address m3-q.

The contents of Accumulator is unchanged.

Address format and the number of execution cycles

J i Number of
Address format | Mnemonic! Operand I?struct}on word Number execution
! format First y ~ Second of words cycles
\ ! y
|
DIRECT (4 bits) LRA | m $2Dm : 1 1
! L
Example
00675 *
00676 000 022D KIOUTC4 NOP
00677 160 255 022E CALL KIZMC
00678 2Dl 0230 LRA $1
00679 2c2 0231 LRB $2
00680 338 0232 BR KIOUTCO
00681 *

200 HITACHI




No. | Input/Output Instruction

54 LRB

LRB (Load R-Port Register from B)

Format Status
LRB m. No effect
Operation
B — R(m)
Description

Transfers the contents of B register to R-Port register addressed
by 4-bit direct address m3-q.

The contents of B register is unchanged.

Address format and the number of execution cycles

T T
. | Operand Instruction word Number Number . of
! execution
Address format Mnemonic, format First | Second of words xcc(\;les
1 T - y
|
DIRECT (4 bits) LRB | m $2Cm : 1 1
‘ i
Example
.00664 *
00665 000 0222 KIOUTCO NOP
00666 160 255 0223 CALL KIZMC
00667 2D2 0225 LRA $2
00668 2c4 0226 LRB $4
00669 338 0227 BR KIOUTC9
00670 *
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No. | RAM Address Instruction

55 LWI
LWI (Load W from Immediate)
Format Status
LWI i No effect
Operation
i-o>W
Description

Transfers 2-bit immediate data ij_g to W register.

Specifies RAM file No. with X register.

Address format and the number of execution cycles

I i Number ,of
Address format Mnemonic: Operand I?StrUCtion word Number execution
! format First . Second of words cycles
1
LWI : i 400-1111 1 1
\ -00111():
Example
01690 222 O57E RAMINIT LXI 2
01691 OF0 0S7F LWI 0
01692 210 0580 LYI 0
01693 290 0581 RLOOP LMIIY 0
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NoO. | RAM Address Instruction

56 LXA

LXA (Load X from A)

Format Status
LXA No effect
Operation
A—X
Description

Transfers the contents of Accumulator to X register.

The contents of Accumulator is unchanged.

Address format and the number of execution cycles

! i Number of
Address format | Mnemonic| (f)perand Ir.lstruct'lon word Number execution
| format First ,  Second of words cycles
| T
LXA ! $0E8 | 1 1
! I
Example
01696 068 0584 LASPX
01697 281 0585 AI 1
01698 OE8 0586 LXA
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No. | RAM Address Instruction

57 LXI
LXI (Load X from Immediate)
Format Status
N
LXI i o effect
Operation
i—X
Description]|

Transfers 4-bit immediate data i3-g to X register.
Specifies RAM file No.

Address format and the number of execution cycles

T .
. , Operand Instruction word Number Number .of
! execution
Address format Mnemonlc: format First T Second of words cycles
T
xro| i $22i 1 1
! 1
Example
00492 OFO0 0192 LWI $0 ;W=0
00493 224 0193 LXI $4 i X=4
00494 21F 0194 LYI $F ;Y=F
00495 23F 0195 LAI $F ;A=F
00496 281 0196 Al $1 ;A=A+1
00497 [0)s]0) 0197 LMADY ;M (WXY) =A Y=Y-1
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NO. | RAM Address Instruction

58 LYA

LYA (Load Y from A)

Format Status
LYA No effect
Operation
A->Y
Description

Transfers the contents of Accumulator to Y register.

The contents of Accumulator is unchanged.

Address format and the number of execution cycles

! i Number .of
Address format Mnemonic ! Operand It:nstruct|10n word Number execution
! format First y  Second of words cycles
| 1
LYA [ $0D8 | 1 1
' e
Example
01874 190 032 0645 TIMER LAMD $032
01875 oD8 0647 LYA
01876 OE4 0648 SED
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No. | RAM Address Instruction

59 LYI
LYI (Load Y from Immediate)
Format Status
No effect

LYI i
Operation

i>Y
Description

Transfers 4-bit immediate data i3-Q to Y register.

Specifies RAM digit No. and address of discrete I/0.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: Operand I?struct}on word Number execution
! format First . Second of words cycles
[
wr o, i $211 1 1
! 1
Example
00218 OF0 00c4 LWI $0
00219 220 00c5 LXI $0
00220 210 00ce LYI $0
00221 002 0oc7 XSPY
00222 218 oocs LYI $8
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No.| Arithmetic Instruction

60 NEGA

NEGA (Negate A)

Format Status
NEGA No effect
Operation
A+1->A
Description

P

Takes 2's complement of the contents of Accumulator and stores

the result in Accumulator.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic! Operand I?struct}on word Number execution
! format First ,  Second of words cycles
] T
NEGA 1 $060 : 1 1
' 1
Example
00795 *
00796 04cC 0282 KIRAM7 IB ;B=B+1
00797 048 0283 LAB ;A=B
00798 060 0284 NEGA ;A=-A
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No.

Control Instruction

registers.

Updates the program counter only

and has no effect on the other

61 NOP
NOP (No Operation)
Format Status
NOP No effect
Operation

Description

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic! Operand I?struct}on word Number eggcﬁtign
! format First ,  Second of words cycles
I , '
NoP | $000 | 1 1
Example
01549 200 04EA KIDLYON LBI $0
01550 04cC 04EB IB
01551 000 04EC NOP
01552 000 04ED NOP
01553 000 04EE NOP
01554 000 O4EF NOP
01555 000 04F0 NOP
01556 3EB 04F1 BR *-6
01557 010 04F2 RTN
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No.| Arithmetic Instruction

62 OR

OR (OR A and B)

Format Status
OR No effect
Operation
AUB — A
Description

Performs logical OR between the contents of Accumulator and those

of B register, and stores the result in Accumulator.

Address format and the number of execution cycles

T : Number ,of
Address format Mnemonic: Operand Il:lstruct}on word Number exglcutlon
! format First ,  Second of words cycles
T
OR | $144 1 1
I 1
Example
01136 *
01137 20A 0392 LBI $A ;B=1010
01138 235 0393 LAI $5 ;A=0101
01139 144 0394 OR ;A=AUB A=1111
01140 ocs 0395 LBA ;B=F
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No.

Arithmetic Instruction

63 ORM
ORM (OR Memory with A)
Format Status
NZ
ORM AUM = 0 ST=0
AUM X 0 ST=1
Operation
AUM — A
Description

Performs logical OR between the contents of Accumulator and those

of RAM addressed by W, X, and Y registers, and stores the result

in Accumulator.

Address format and the number of execution cycles

T : Number ,of
. Operand Instruction word Number u .
I execution
Address format Mnemonlc: format First : Second of words Sy oTas
| 1
REGISTER ORM ! $ooc | 1 1
Example
01253 21F 03F6 LYI $F
01254 00c 03F7 ORM
01255 1CE 03F8 CAL OSERROR
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No. Arithmetic Instructi

64 ORMD
ORMD (OR Memory with A)
Format Status
NZ
ORMD d AUM = 0 ST=0
AUM X 0 ST=1
Operation
AUM(d) — A
Description

Performs logical OR between the contents of Accumulator and those

of 10-bit direct address dg_g> and stores the result in Accumulator.

Address format and the number of execution cycles

1

. | Operand Instruction word Number Number . of
' execution
Address format Mnemonlc: format First | Second of words X aieo
| [
DIRECT ORMD d $10C | d 2 2
! .
Example
01256 10Cc O7F 03F9 ORMD $07F
01257 1CE O3FB CAL OSERROR
01258 *
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No. | Input/Output Instruction

65 P
P (Pattern Generation)
Format Status
No effect
P
P
Operation
Rg,Rg R7 v Ro Destination
0T ROM pattern | to A,B registers |
10 ROM pattern | to Rj,Ry registers
11 ROM pattern | to A,B and Ry,K)
00 ROM pattern —

Description

Loads ROM bit pattern addressed by PC of which the contents are
replaced with Accumulator, B register, and 4-bit register into

Port register Ry, R,, or Accumulator, B register.

pc LC13 i ___PCo
LQA‘O P3Py Py Pg B3| By By By Aj TA) T A TAg]

Rg 'Rg Ry Ry Rs R4 R3 Rp Ry RO | ROM pattern

Replaced

L B3 By By B A3 A &) A9 ] oaced jnto Accumulator, B
* ' R33 R37"R31  R30 Rp3:Rpy R217 R20] Loaded into Rj,R registers

]l %

|
L
I

Address format and the number of execution cycles

v i Number ,of
Address format Mnemonic: ?perand I?structfon word Number execution
! format First ,  Second of words cycles
REGISTER + P I $1B | 1 2
DIRECT (4 bits) A P [
Example
01782 *
01783 236 05E2 LAI 6
01784 20E 0O5E3 LBI $E
01785 1B7 05E4 P 7




No.| Arithmetic Instruction
66 REC
REC (Reset Carry)
Format Status
REC No effect
Operation
0 > CA
Description
Resets Carry.
Address format and the number of execution cycles
. Operand Instruction word Number Number ,of
Address format |Mnemonic| p - T execution
! format First ,  Second of words cycles
| [
REC | $0EC : 1 1
! 1
Example
01896 000 065C INEXT1 NOP
01897 231 065D LAI 1
01898 OEC 065E REC
01899 118 033 065F AMCD $033
01900 194 033 0661 LMAD $033
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No. | Input/Output Instruction

67 RED
RED (Reset Discrete I/0 Latch)
Format Status
RED No effect
Operation
0—>D®X)
Description

Resets discrete I/0 latch addressed by Y register.

Address format and the number of execution cycles

T .
. | Operand Instruction word Number Number ,of
Address format Mnemonlc: format First ™ Second of words ex:;gfégn
[
REGISTER RED | $064 1 1 1
l 1
Example
00223 *
00224 064 00c9 RMLOOP RED
00225 002 ooca XSPY
00226 0sc 00CB IY
00227 002 oocc XSPY
00228 0sc 00CD IY
00229 3D0 00CE BR *42
00230 002 00CF XSPY
00231 042 00DO0 LBMY
00232 092 00D1 LAMY
00233 *
00234 2D1 00D2 LRA $1
00235 2Cc2 00D3 LRB $2
00236 OE4 00D4 SED
00237 *
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No. | Input/Output Instruction

68 REDD

REDD (Reset Discrete I/O Latch Direct)

Format Status
REDD m No effect
Operation
0 — D(m)
Description

Resets discrete I/0 latch addressed by 4-bit direct address m3—p.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: Operand I?struct}on word Number execution
| format First . Second of words cycles
] 1
DIRECT (4 bits) REDD | m $26m ' 1 1
! 1
Example
01240 1CE O3EB CAL OSERROR
01241 262 03EC REDD $2
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No RAM Bit Manipulation
hd Instruction

69 REM
REM (Reset Memory Bit)
Format Status
REM n No effect
Operation
0 — M(n)
Description

Resets the bit specified by nj_g of RAM addressed by W, X, and

Y registers.

Address format and the number of execution cycles

T i Number of
Address format Mnemonic: 2perand I?struct}on word Number execution
| format First . Second of words cycles
[ 200-1000
REGISTER REM : n -10 ng ngi 1 1
Example
01034 094 0347 LMA
01035 08B 0348 REM 3
01036 osa 0349 REM 2




No RAM Bit Manipulation
: Instruction

70 REMD

REMD (Reset Memory Bit)

Format Status
REMD n,d No effect
Operation
0— M(d,n)
Description

Resets the bit specified by n1-g of RAM addressed by 10-bit
direct address dg-g.

Address format and the number of execution cycles

T ; Number ,of
Address format |Mnemonic! Operand I?StrUthon k1t Number execution
! format First y  Second of words cycles
[ %01-1000 |
DIRECT REMD : n,d -10 n] n(L: 2 2
Example
01497 185 001 04C1l SEMD 1,$001 ; SET IM1
01498 188 002 04C3 REMD 0,$002 ;RESET IFTB
01499 189 002 04c5 REMD 1,%002 ;RESET IMTB
01500 184 000 04c7 SEMD 0,$000 ;SET I/E
01501 *
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No.| Arithmetic Instruction
71 ROTL
ROTL (Rotate Left A with Carry)
Format Status
ROTL No effect
Operation
Rotates the contents of Accumulator
with Carry (CA) to the left by 1 bit.
Description
(Result)

A3 A A A

Ay A Ag CA

Address format and the number of execution cycles

T i Number ,of
Address format | Mnemonic! ?perand I?structfon vord Number execution
! format First ,  Second of words cycles
T
ROTL | $OAL 1 1
! i
Example
00588 OEC 01E9 REC
00589 0Al OlEA ROTL
00590 200 O01EB LBI $0
00591 OBl OlEC TBR $1
00592 *




No.| Arithmetic Instruction

72 ROTR

ROTR (Rotate Right A with Carry)

Format Status

ROTR No effect

Operation

Rotates the contents of Accumulator
with Carry (CA) to the right by 1
bit.

Description

(Result)

A3 A2 41 A9 ~ CA A3 Ay A

Address format and the number of execution cycles -

| i Numb £
Address format Mnemonic: Operand I?struct}on word Number eggcﬁgign
! format First . Second of words cycles
ROTR | $0A0 | 1 1
! !
Example
01431 *
01432 058 0489 KISCANT LASPY
01433 (6).X0] 048a ROTR
01434 06F 048B TC
01435 390 048cC BR KISCANR
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No. | ROM Address Instruction

73 “ RN
RTN (Return from Subroutine)
Format Status
RIN . No effect
Operation
Retures from subroutine.

Description

Returnes the contents of PC saved in RAM (stack area) when occuring

subroutine instruction or interrupt to PC.

Address format and the number of execution cycles

T T
. | Operand Instruction word Number Number of
' execution
Address format Mnemonlc: format First | Second of words ecutio
T -
RIN | $010 1 1 3
! !
Example
00593 *
00594 20C 01ED KIDLYKEY LBI $R
00595 04cC OlEE 1B
00596 3EE OlEF BR *-1
00597 010 01F0 RTN
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No. | ROM Address Instruction

74 RTNI

RTNI (Return from Interrupt)

Format Status

RTNT Restores the contents of Status

-saved before.

Operation

1— I/E return from subroutine

Description

This is the return instruction (RIN) accompanied by I/E set
instruction.

Restores Carry and Status simultaneously.

Address format and the number of cycles

T .
. | Operand Instruction word Number Number ,of
! execution
Address format MnemonuiJI format First ™ Second of words yeles
1
RINI | $011 1 3
! 4
Example
01478 2FF 04B1 KITMRTN XMRA $F
01479 18a 001 04B2 REMD 2,$001
01480 011 04B4 RTNI
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No. Control Instruction

75 SBY
SBY (Stand-by Mode)
Format Status
SBY No effect
Operation
Brings to Stand-by mode.
Description

The SBY instruction puts the MCU into the Standby mode.

face continue working.

related to the instruction execution stops.
Output pins retain the state they had just before going into the Standby
The Stand-by mode is released by RESET input or CPU interrupt.

mode.

If I/E=1, enters into interrupt sequence and if I/E=0, executes the

In the Standby
mode, the oscillator circuit is active and timer/counter and serial inter-

On the other hand, the CPU stops since the clock

Registers, RAM and Input/

instruction next to SBY without executing interrupt process.

Address format and the number of execution cycles

Address format

Mnemonic

rbperand
| format

Instruction word

First

Second

Number
of words

Number ,of
execution
cycles

SBY

$14C

1
1
[
I
|
I

1

1

Example

Iy
SBY

LMAIY
LAR
LMAIY

$1

$1
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No.| Arithmetic Instruction
76 SEC
SEC (Set Carry)
Format | Status
SEC No effect
Operation
1—-CA
Description
Sets Carry.
Address format and the number of execution cycles
! i Number ,of
Address format Mnemonic: ?perand I?struct}on word Number execution
: i ! format First - Second of words cycles
] 1
SEC | $0EF | 1 ‘ 1
' 1
Example
SEC
SMCD iM-A-CA (0) —A
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No . | Input/Output Instruction

77 SED
SED (Set Discrete I/0 Latch)
Format Status
SED No effect
Operation
1—- D(Y)
Description

Sets discrete I/0 addressed by Y register.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: Operand I?Struct}on word Number execution
! format First ,  Second of words cycles
| [
REGISTER SED $0E4 ' 1 1
! '
Example
LYI $0
SED ;D(0)=1
IY
SED ;D(1)=1
IY
SED iD(2)=1
IY
SED ;D(3)=1
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No. | Input /Output Instruction

78 SEDD

SEDD (Set Discrete I/0 Latch Direct)

Format Status
SEDD m No effect
Operation
1— D(m)
Description

Sets discrete I/0 addressed by 4-bit direct address m3-Q.

Address format and the number of execution cycles

T -
. | Operand Instruction word Number Number ,of
! execution
Address format Mnemom.cJl format First T Second | of words o utas
; | :
DIRECT (4 bits) | SEDD ! m $2Em | 1 1
Example
01101 *
01102 2E0 - 037a KIDINCLR SEDD $0 ;iD(0)=1
01103 2E1 037B SEDD $1 . ;D(1)=1
01104 2E2 037C SEDD $2 ;D(2)=1
01105 2E3 037D SEDD . $3 ;D(3)=1
01106 *
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.| RAM Bit Manipulation
No. Instruction

79] .~ SEM
SEM (Set Memory Bit)
Format Status
SEM n No effect
Operation
1> M(n)
Description

Sets the bit specified by n1-0 of RAM addressed by W, X, and Y

registers.

Address format and the number of execution cycles

| Ton Number .of
Address format Mnemonic: 22?;22d ;?:ZZUCt}on;2221d g?mzzzds execu%1on
] ! cycles
REGISTER SEM | n %00-1000 | ) )
- =01 n; ng
Example
01319 *
01320 220 0428 - LXI $0
01321 08a 0429 REM 2
01322 08B 042a REM 3
01323 084 042B BEM 0
01324 *
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No RAM Bit Manipulation
: Instruction

80 SEMD

SEMD (Set Memory Bit)

Format Status
SEMD n,d No effect
Operation
1 — M(d,n)
Description

Sets the bit specified by n1-0 of RAM addressed by 10-bit direct
address dg-(.

Address format and the number of execution cycles

1 ; Numbér,of
Address format | Mnemonic| gperand I?struct}on word Number execution
| format First ,  Second of words cycles
| - T
DIRECT SEMD | n,d [|~0171000 d 2 2
| -01 n] ng!
-
Example
01062 187 043 035E SEMD $3,$043
01063 363 0360 BR LPE3
01064 18B 043 0361 REMD $3,$043
01065 000 0363 LPE3 NOP
01066 *
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No.| Arithmetic Instruction

81 -SMC
SMC (Subtract A from Memory with Carry)
Format Status
SMC NB of (M-A-CA)
M-A-CAc< ST=0
M-A-CAz ST=1
\| Operation
M-A-CA—> A, NB—> CA
\
Description

Subtracts the contents of Accumulator and CA from the contents of

RAM addressed by W, X, and Y registers and stores the result in

Accumulator.

Latches NB into CA and judges it.

Address format and the number of execution cycles

T ;
.} Operand Instruction word Number Number ,of
! - execution
Address format Mnemonlc: format First ™ Second of words cyéﬁes
[
REGISTER sMC | $098 1 1
! |
Example
01170 05cC 032D Iy ;Y=Y+1
01171 098 03AE SMC ; A=M (WXY) -A-CA
01172 1CE 03ar CAL OSERROR
01173 0sc 03BO Iy ;Y=Y+1
01174 . 008 03Bl AM ; A=M (WXY) +A
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No.| Arithmetic Instruction

82 SMCD

SMCD (Subtract A from Memory with Carry)

Format Status

NB of (M-A-CA)
M-A-CA<O0 ST=0
M-A-CAz0 ST=1

SMCD d

Operation

M(d) - A - CA-»A, NB+CA

Description

Subtracts the contents of Accumulator and CA from the contents
of RAM addressed by 10-bit direct address d9-Q, and stores the
result in Accumulator.

Latches NB into CA and judges it.

Address format and the number of execution cycles

T — y
. | Operand Instruction word Number Number ,of
' execution
Address format Mnemonlc: format First |, Second of words cycles
| T
DIRECT SMCD d $198 | d 2 2
. ] L
Example
Iy ’ ;Y=Y+1
SMCD $035 ;A=M(035)-aA-CA
CAL OSERROR
Iy Y=Y+l
AM iA=M(WXY) +A
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No. Control Instruction

83 STOP
STOP (Stop Mode)
Format Status
STOP No effect
Operation
Brings to Stop mode.
Description

Brings all operations to halt by stopping oscillation..

The contents of RAM are held.

Stop mode is released with reset and the next operation starts from

the reset state.

Address format and the number of execution cycles

T n i Number ,of
Address format | Mnemonic! Operand I?struCC}on word Number execution
| format First , Second of words cycles
1 ]
STOP : $14D : 1 1
Example
01593 134 030 0518 ELSEl ILEMD 4,%$030
01594 171 18B 051a BRL PROG
01595 133 030 051cC ILEMD 3,$030
01596 171 161 O51E BRL PROGD
01597 132 030 0520 ILEMD 2,$030
01598 171 1B6 0522 BRL PROGC
01599 131 030 0524 ILEMD 1,$030
01600 171 18B 0526 BRL PROG
STOP
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(Note) The STS instruction is not available No.| Control Instruction

in the HMCS412 and HMCS414. 84 STS

STS (Start. Serial)

Format Status

STS No effect

Operation

Serial Start

Description

Starts serial operation.
Outputs serial internal clock.
Enables itself to reset serial counter and input serial clock to

serial counter and serial shift register.

Address format and the number of execution cycles

! i Number ,of
Address format | Mnemonic! Operand I?StrUthon word Number umber. o
| format First ,  Second of words cycles
i T
STS | $148 | 1 1
\
Example
LMID $3, % ;i PMR
LMID $5, $ i SRL
LMID $a, $ ;i SRU
LMID $3, # i SMR
SEM $0, $000 ;SET I/E
REM $0, $003 ;RESET IFS
REM $1, $003 ;RESET IMS
STS ;START SCI
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No. | RAM Address Instruction

contents of Y register. (Y+A+l).

85 SYY
SYY (Subtract A from Y)
Format Status
sYY NB of (Y-A)
Y-A<O ST=0
Y-A20 ST=1
Operation
Y-A—>Y
Description

Adds two's complement of the contents of Accumulator to the

Address format and the number of execution cycles

T -
. | Operand Instruction word Number Number .of
1 oP execution
Address format MnemonlcIl format First ™ Second of words ecuLis
syy | $0D4 1 1
l
' 1
Example
01158 0D4 03a3 Syy ;Y=Y-A
01159 1CE 03a4 CAL OSERROR
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No.| ROM Address Instruction

86 TBR

TBR (Table Branch)

Format Status

TBR p No effect

Operation

Unconditional branch with
Table.

Description

PC11-0 are modified by Accumulator, B register, and 4-bit direct

address P3-g. That is, performs unconditional branch with the

data of Accumulator, B register, and 4-bit direct address.
PC13-12 are 0.

P
PCy4 » Co
T T T Ll Al 1 T T 1 1 1 T T
0O 0 P3 Py P1 Pg By B, By By Ay Ay A A
1 1 1 | ! 1 L 1 1 L 1 ! L
Address format and the number of execution cycles
' Operand Instruction word Number Number ,of
Address format | Mnemonic| . ' execution
! format First y Second of words cycles
REGISTER + ! '
TBR OB i 1 1
DIRECT (4 bits) booP $0Bp 1
Example
LAI $5
LBI $7
TBR $3 ;JUMP TO Address ($0375)
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No.

Arithmetic Instruction

The contents of CA remains unchanged.

87 TC
TC (Test Carry)
Format Status
TC CA CA=0 ST=0
CA=1 ST=1
Operation
Tests the contents of CA
(Carry).
Description

Address format and the number of execution cycles

T r
N
Address format Mnemonic: Operand I?struct}on word Number egggﬁgigg
! format First , - Second of words cycles
| 1
TC ! $06F | 1 1
! .
Example
00244 *
00245 25a 00ODB LAR $a
00246 0A0 [0]0) 1] ROTR
00247 0a0 00DD ROTR
00248 06F OODE TC
00249 OF3 OODF LWI $3
00250 3E2 0OEO BR *4+2
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No. | Input/Output Instruction
88 m
TD (Test Discrete I/0 Latch)
Format Status
TD D (Y) D(Y)=0 ST=0
D(Y)=1 ST=1
Operation
Tests D(Y).
Descfiption
Trsts discrete I1/0 addressed by Y register.
The contents of discrete I1/0 latch.
Address format and the number of execution cycles
T -
. | Operand Instruction word Number Number .of
1 VP execution
Address format Mnemonlc: format First | Second of words cycles
1
REGISTER ™ | $OEO 1 1 1
' A
Example
LYI $12
TD ;TEST D(12)
BRL OSERROR ;IF ST=1
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No. | Input/Output Instruction

The contents of discrete I/0 latch.

89 TDD
TDD (Test Discrete I/0 Latch Direct)
Format Status
TDD m D(m) D(m)=0 ST=0
D(m)=1 ST=1
Operation
Tests D(m).
Description

Tests discrete I/0 addressed by 4-bit direct address mj3_g.

Address format and the number of execution cycles

T -
Address format Mnemonic: gperand I?strucgfon word Number g???ﬁ%igﬁ
! format First | Second of words cycles
1
DIRECT (4 bits)| TOD | m $24m | 1 1
' L
Example
01581 2a3 0504 MBACKO TDD 3
01582 171 109 0505 BRL NEXT1
01583 171 12E 0507 BRL PROGA
01584 2A2 0509 NEXT1 TDD 2
01585 171 10E 050a BRL NEXT2
01586 171 140 050cC BRL PROGB
01587 2Aa1 050E NEXT2 TDD 1
01588 171 113 O050F BRL NEXT3
01589 171 152 0511 BRL PROSCX
01590 2a0 0513 NEXT3 TDD 0
01591 171 118 0514 BRL ELSE1l
01592 171 160 0516 BRL INITD

236 HITACHI




No RAM Bit Manipulation
. Ingtruction

90 ™
T™M (Test Memory Bit)
Format Status
™ n M(n) M(n)=0 ST=0
M(n)=1 ST=1
Operation
Tests M(n).

Description

Tests the bit specified by n1-0 of RAM addressed by W, X, and Y
registers.

The contents of RAM remains unchaned.

Address format and the number of execution cycles

T .
. . | Operand Instruction word Number Number ,of
! ecution
Address format Mnemon1c{ format First T Second of words excyxéles
| T
REGISTER ™ 1 n 7%00-1000 1 1
i . 1 . —llnlno:
Example
01226 *
01227 21E 03E0 LYI $E
01228 *
01229 08F 03El ™ 3
01230 1CE 03E2 CAL OBERROR
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Instruction

No. RAM Bit Manipulation

Tests M(d,n)

91 TMD
TMD (Test Memory Bit)
Format Status
™D n,d M(n) M(n)=0 ST=0
M(n)=1 ST=1
Operation

Description

W, X, and Y registers.

The contents of RAM remains unchanged.

Tests the state of bit specified by nj_g of RAM addressed by

Address format and the number of execution cycles

5 i Number ,of
Address format | Mnemonic]| Operand I?struct}on word Number execution
! format First , Second of words cycles
! 201-1000
DIRECT TMD : n,d -11 n] ng : d 2 : 2
Example
01512 *
01513 253 04D2 LAR $3
01514 2FC 04D3 XMRA $C
01515 " 18E 02C 04D4 TMD 2,%02C
01516 3D8 04D6 BR KICNTNXT
01517 3ca 04D7 BR KICNTDSP
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No. | RAM:Register Instruction

92 XMA

XMA (Exchange Memory and A)

Format Status

XMA (XY) No gffect

Operation

(X <> SPX, Y «>SPY), M A

Exchanges the contents of RAM addressed by W, X, and Y registers

Description ;
with those of Accumulator.

(During executing the above, executes the followings according to the
value of x and y in OP-code.

MNEMONIC y | x FUNCTION
XMA 010 —

XMAX 0,1 X < SPX
XMAY 110 Y == SPY
XMAXY 11 X<+SPX, Y<=SPY

Address format and the number of execution cycles

H i Number of
Address format | Mnemonic! Operand I?struct}on word Number execution
! format First y Second of words cycles
! %00-1000 |
REGISTER XMA (XY) ! —00yx I 1 1
Example
LWI $0
LXI $4
LYI $5
XSPY
LYI $0
LAI $5
XMAY iM(040)=—A, ¥=5
XMA iM(045)=—2
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No.

RAM-Register Instruction

93 XMAD
XMAD (Exchange Memory and A)
Format Status
XMAD d No effect
Operation
M(d) > A
Description

Exchanges the contents of RAM addreéssed by 10-bit direct address

d9-0 with those of Accumulator.

Address format and the number of execution cycles

T .
Number ,of
Address format |Mnemonic)| ?perand I?SCrUCE}OH word Number execution
! format First y  Second of words cycles
[}
DIRECT XMAD | 4 $180 1 d 2 2
! :
Example
01067 253 0364 KIINPUT2 LAR $3
01068 180 02D 0365 XMAD $02D
01069  23C 0367 LAI sc
01070 19Cc 02D 0368 ANMD $02D
01071 364 036A BRS KIINPUT2
01072 *
01073 010 036B RTN
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No.

RAM-Register Instruction

94 XMB

XMB (Exchange Memory and B)

Format

XMB (XY)

Status

No effect

Operation

(X & SPX, Y &>SPY),M«>B

Description

Exchanges the contents of RAM addressed by W, X, and Y registers
with those of B register.

(During executing the above, executes the followings according to the

value of x and y

in OP-code.

MNEMONIC y !'x FUNCTION

XMB 0,0 J—

XMBX 011 X <> SPX
XMBY 110 Y <> SPY
XMBXY 1,1 X<+SPX, Y <>SPY

Address format and the number of execution cycles

T .
. | Operand Instruction word Number Number ,of
‘ ! execution
Address format Mnemonlc: format First ™ Second of words oy otes
| _ |
REGISTER XMB (XY) ! 200_3333 : 1 1
Example
01129 *
01130 OAF 038C LAY ;A=0
01131 207 038D LBI $7 ; B=7
01132 1B1 038E P $1 ;B,A=ROM(17Y)
01133 0ocl 038F XMBX ;M(WXY) =B X<+—=SPX
01134 051 0390 LMATYX iM(WXY)=A Y=Y+l X<>SPX
01135 38C 0391 BR *-5
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No Register-to-Register
: Instruction

of Accumulator.

95 XMRA
XMRA (Exchange MR and A)
Format Status
. No effect
Operation
MR (m) <> A
Description

16-digits (2 files) are MR, and 4-bit direct address m3-g can
select any digit.

Exchanges the contents of Memory Register (MR) in RAM with those

Address format and the number of execution cycles

T i Number ,of
. Operand Instruction word Number .
[ execution
Address format Mnemonlc: format First ™ Second of words oycles
| [
DIRECT (4 bits) | XMRA | m $2Fm | 1 1
Example
01057
01058 230 033B LAI $0
01059 2F3 035C XMRA $3
01060
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No. | RAM Address Instruction

96 XSPX

XSPX (Exchange Y and SPX)

Format Status
XSPX No effect
Operation
X «> SPX
Description

Exchanges the contents of X register with those of SPX register.

Address format and the number of execution cycles

T ; Number ,of
Address format Mnemonic | Operand Ir'lstructlron word Number execution
! format First , Second of words cycles
[}
XSPX | $001 1 1 1
! |
Example
01123 *
01124 226 0387 KISTATUS  LXI $6 iX=6
01125 001 0388 XSPX iSPX
01126 OF0 0389 LWI $0 ;W=0
01127 227 038A LXI $7 ; SPX=7
01128 210 038B LYI $0 ;Y=0
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No.

RAM Address Instruction

97 XSPXY
XSPXY (Exchange X and SPX, Y:and SPY)
Format Status

XSPXY No effect

Operation
X > SPX
Y &> SPY

Description

Exchanges the contents of X register with those of SPX register,

and the contents of Y register with those of SPY register

simultaneously.

Address format and the number of execution cycles

T ; Number ,of
Address format | Mnemonic| Operand I?struct}on word Number execution
! format First ,  Second of words cycles
| [
XSPXY $003 '| 1 1
I '
Example
LXI $5
XSPX
LXI $0
LYI $5
XSPY
LYI $0
XSPXY ;i X=5, ¥=5
XSPXY ;X=0, Y=0
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No. | RAM Address Instruction

98 XSPY

XSPY (Exchange Y and SPY)

Format Status
XSPY No effect
Operation
Y <> SPY
Description

Exchanges the contents of Y register with those of SPY register.

Address format and the number of execution cycles

! i Number ,of
Address format Mnemonic: Operand I?struct}on word Number egecution
! format First |, Second of words cycles
| 1
XSPY l $002 : 1 1
! 1
Example
00987 *
00988 225 031D LX1 $5
00989 001 031E XSPX ;X=5
00990 OF0 031F LWI $0 ;W=0
00991 224 0320 LXI $4 ;SPX=4
00992 210 0321 LYI $0 ;Y=0
00993 002 0322 XSPY
00994 210 0323 LYI $0 ;SPY=0
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No.

Compare Instruction

99 YNEI
YNEI (Y Not Equal to Immediate)
Format Status
] NZ of (Y - i)
YNET i
Y=1 ST=0
Yxi ST=1
Operation
Y%i
Description

Compares the contents of Y register to 4-bit immediate data

(i3-0)-

Address format and the number of execution cycles

T : Nﬁmber;of
Address format Mnemonic ! Operand I?struct}on word Number execution
! format First \  Second of words cycles
] T
YNEI i $071 . 1 1
i . .
Example
01203 *
01204 07a 03CD YNEI $A
01205 1CE 03CE CAL 'OSERROR
01206 *
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7. APPLICATIONS

Note that the circuits and programs shown in this item are example. Please

examine them on your application carefully.

7.1 Example of Subroutine Program

Example of subroutine program much used in the HMCS400 series is shown in

this item.

routine 1 to 6, the following preconditions are applied.

(1) The locations from $030 to $06F of RAM are used as data area.

Subroutine call is effective only when ST is "1". As for sub-

(2) The digits 4 to 15 of data area hold data.

(3) The locations from $020 to $02F of RAM (Memory Register MRO to MR15 are

used to save the register contents during interrupt service.

(4) A', B', SPX', SPY', X', Y', and W'

Y, and W during interrupt service.

return automatically.

show save area of A, B, SPX, SPY, X,
Carry (CA) and Status (ST) save and

(5) On the program to be interrupted, if writing a value into W, the same value

is to be written into the location $020 (W''=MRO).

Address

RAM memory map —

Lower
Upper4bitsFEDCBA9876543210
6 bits

$00

$01 Unusable -

$02 A'| B'ISPX'| SPY'|X'| Y'| W' w"

$03 MSD LSD

$04

$05 Data area

$06 MSD LSD

$07

Fig. 7-1 RAM Memory Map
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7.1.1 RAM Clear

RAM is not initialized by reset function. Therefore user initializes RAM
" with program when initializing RAM.
Subroutine which clears RAM address from $030 to $03F is shown in Fig. 7-2.

(Label) (opP) (operand)
LWI $0
SBO LXI $3
$0 - W SFO LXI $0
I cL LWIIY $0
$3 > X BR CL
I RIN
$0 > Y
(Note) When clearing $PQO to $PQF, loads
$0 > M $P into W register and $Q into X
register, and performs subroutine
Y+1f*Y call for SFO at ST=1.

(oP) (Operand)

LWI $P
LXI $Q
CALL SFO

Fig. 7-2 RAM Clear Subroutine

Ao
3

o
1
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7.1.2 RAM Data Transfer
The subroutine shown in Fig. 7-3 transfers the data of $030 - $03F to $040 -

$04F
(Label) (oP) (Operand)
‘CB LWI $0
VD LXI $4
XSPX
$0 oW LXI $3
]’ CF LYI $0
5% Specifies receiving R LAMX
$4 area LMATYX
l BR TR
Xe>SPX RTN
3-X Specifies sending (Note) When transfering $RPO - $RPF to
area &
I $RQO - $RQF, loads R into W
0 — ¥ register, $Q into SPX register
and $P into X register, and
performs subroutine call for CF
(X=$3) at ST=1.
M—oA
X eSPX
(op) (Operand)
LWI $R
A—M (X=$4) LXI $Q
Y+1-Y XSPX
XeSPX LXI §2
CALL CF
Y0
y=
RIN

Fig. 7-3 RAM Data Transfer Subroutine
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7.1.3 RAM Data Exchange
The subroutine shown in Fig. 7-4 exchanges the data of $03D to $03F with that
of $040 - $04F.

(Label) (op) (Operand)
CHB LWI $0
CHF LXI $5
$0 > W XSPX
] LXI $3
$4 > X CHD LYI $0
[ EX LAMX
XeSPX HHAX
LMAIY
l BR EX
$3 —I+ X RIN
$0 - Y
: (Note) When exchanging the data of
$RPO - $RPF with that of $RQO -
Mo A $RQF, loads $P into X register
and $Q into SPX register, and
XOSPX performs subroutine call for CHD
I at ST=1.
‘A M
XeSPX (op) (Operand)
| LWL $R
A+M LXI $Q
Y+1-M XSPX
X<++SPX LXI $P
=0 CALL CHD
Y=

Fig. 7-4 RAM Data Exchange vSubroutine
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7.1.4 Decimal Addition
The subroutine shown in Fig. 7-5 performs decimal addition between decimal

12-digit data $034 - $O03F and $044 - $04F, and stores the result in $034 - $04F.

(Label) (op) (Operand)
LWI $0
LXI $3
XSPX
LXI $4
REC
LYI $4
ADD LAMX
AMC
DAA
LMAIYX
BR ADD
RTN
M—A
XOSPX (Note) Carry data of the most significant

digit remaines in Carry (CA) in

M+A+CA—A this example.

HI

A>M

Y+1—-Y

XeSPX

Fig. 7-5 Decimal Addition Subroutine
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7.1.5 Decimal Subtraction
The subroutine shown in Fig. 7-6 subtracts the decimal 12-digit data of $044 -
$04F from that of $034 - $03F, and stores the result in $034 - $O03F.

(Label) (opr) (Operand)
LWI $0
LXI $3
XSPX
LXI $4
SEC
LYI $4
SUB LAMX
SMC
DAS
LMAIYX
BR SUB
RTN

(Note) Borrow data of the most significant

M— A digit remaines in Carry (CA) in

XeSPX this example.

A—>M

Y+1-Y

XeSPX

Fig. 7-6 Decimal Subtraction Subroutine
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7.1.6 Interrupt Service

Carry (CA) and Status (ST) are saved and restored automatically. The A, B,
SPX, SPY, X, Y, and W registers should be saved by software. However, W must
be saved by the following process since it cannot be directly saved in memory
or a register. If a value is written into W with the LWI instruction by a
program requiring an interrupt service, the same value as W must be written
to RAM area MRO; MRO is then saved in W' through the accumulator. The value
of MRO should be the same as that of W during program execution. In addition,
due to RAM retriction, the value of W must be O or 3. Refer to Fig. 7-7.

(Label) (opP) (Operand) (Comment )
Register save SAVE XMRA $F A SAVE
LAB
XMRA $E B SAVE
LASPX
XMRA $D SPX SAVE
LASPY
XMRA $C SPY SAVE
XSPX
LASPX
XMRA $B X SAVE
LAY
XMRA $A Y SAVE
LAMR $0
XMRA $9 W SAVE
RIN
Register return

LOAD INEMD $3, $029
BR LOOP1
LWI $3
LMID $3, $020
BR LOOP2

LOOP1 LWI $0
LMID $0, $020

LOOP2 XMRA $A
LYA Y LOAD
XMRA $B
LXA X LOAD
XSPXY
XMRA $C
LYA SPY LOAD
XMRA $D
LXA SPX LOAD
XSPXY
XMRA $E
LBA B LOAD
XMRA $F A LOAD
RTN .

Fig. 7-7 Interrupt Service Program
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7.1.7 Display Tube Dynamic Drive

The program performs dynamic display of 9-digit BCD data, $037-$03F in
decimal. The display tube has 7 display segments (excluding decimal point)

and is composed of 9 digits in all (refer to Fig. 7-8).

Lower
Upper F E D - C B A 9 8 7 6 5

$03 | MSD LSD > Z

®2 7 t
— — — — — se en
visptay | 1| Il | Ol ol ' b
twbe digies| ||| 2| 1|2 1| 3] Riy Ry1
R1 R
Ro3

Fig. 7-8 Configuration of Display Tube

Discrete I/0 pins D7-D15 are used as digit control signals and data I/0
ports R}, R) are used as segment signals. The Y register addresses D port.

Segment display data are held in ROM pattern area and accessed by pattern
instructions. This data is then loaded into registers and output from R]l, R
ports.

For example, data '"5" is stored at address $037 as a binary number
'"(0101)2". 1If this data is displayed in decimal, each segment signal
becomes R10=0, Rjj=1, R12=1, Rpp=1l, Rp3=0, R22=1, and Rp3=l.

The above data is stored at address $115 of ROM pattern area as shown in

Table 7-1.

Table 7-1 Contents of ROM Address $115

Control
part

r9| r8 |r7 | 6 |r5 |rd |r3 |r2 |rl | x0
1y of 1y 1y o0 1} 0}1]1 1) 0

Data for segment display
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(10)2 of the control part specifies that the contents of r7-r0 are output
to R] and R2 ports.

At this time, the pattern reference address should specify $115 as shown
in Table 7-2. §$5 is written into the accumulator, $1 into B register and $1
is specified as direct data of the pattern instruction. The upper 2 bits are
fixed. Refer to pattern generation for additional information.

Fig. 7-9 shows ‘allocation of ROM pattern area. The segment data represents
"0" in $110, and "1" in $111. In the same manner, segment data from O to 9
are represented from $110 to $119, respectively.

The flowchart for the display tube dynamic drive routine is shown in Fig.
7-10. Fig. 7-11 and Fig. 7-12 show the program listing and timing chart,

respectively.
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Table 7-2 Pattern Reference Address

Display

character

Accumulator

A1 | 4

B register

B3| By | By | Bo| A3 | A

Direct

Fixed

$111

1

1

o
[«
- ~—
v..l..l.
> ]
— «méo
=%
© —
”.M
)
o
o v
W_a - -
<
-
& =
0 —
r N
o —
S v
s i
o, O~
2 ~
Fnlll P
0
— » o
o o | ™
vl [} 4
R
owdm| |~
OaAad
» o
» —
o —
~ @
]
<

$119

Fig. 7-9 Allocation of ROM Pattern Area
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1splay

tube
routine
$0 > w
1
$3 X
|
$1 B
$7 > Y
le
[
M—> A
1
Pattern
instruction
]
(Note 1)
)|
T 1 - D(Y)
u 1
C)
o (Note 2)
&
1
‘l- 0 —-D()
|
Y+1> Y
1
(Note 3)
¢ %0
Y=0

(Note 1) The latter half of blanking time.
(Note 2) Lighting time.
(Note 3) The first half of blanking time.

*  Adjust the time by inserting appropreate process in (Note 1 v 3).

Retain W, X, Y registers and status.

Fig. 7-10 Flowchart of Display Tube Dynamic Drive
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(Label) (op) (Operand) (Comment).
LWI $0
LXI $3
LBI $1
START LYI $7
TOP
$1

SED ' Light

I"z

Note 2

RED
Iy Light out

Note 3

BR TOP
BR START

Fig. 7-11 Program Lfsting of Display Tube Dynamic Drive

Dy —

R2 X N

le—— Blanking Light pulse———————e

Fig. 7-12 Timing Chart
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7.1.8 Keyboad Scan

This program is used by calling from of display tube dynamic
drive.

Fig. 7-13 is a keyboad scan routine (9%4) composed of key timing signal of

D7 ~ Dig5 pins and input of RO port.

The timing of D7 &~ Dy has already
Key board specified in the display tube
1 dynamic routine. (Y register)
Rgp ™ Rg3

D15

(Label) (op) (Operand) (Comment)

KEYSCAN  LAR $9 The first INPUT
XSPY
LYA ;
LAR $9 The second INPUT
SYY
YNEI $0 Compares
BR KEYRET Not the same key
ALEI $0
BR KEYRET No input key
XSPY
RED Lights out the display
BRL JOB Goes processing routine

(JOB) having key in Y
and A registers

KEYRET XSPY

RTN Returnes to dynamic
display

[ Ye—-spY | [ y—=spv ]

1 |
D~ | (RN )
JOB

(Note) This program inputs data twice successively and compares then to keep

from keyboard chattering. If two inputs agree, key is loaded and the
program jumps to processing routine (JOB). Return to display tube
routine by RTN instruction at the end of JOB because return address

to display tube routine remains loaded in the stack if as it is.
Retain W, X, Y registers and Status in the JOB routine.

Fig. 7-13 Keyboard Scan Routine
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7.1.9 Timer A Application Example
Timer A is used as follows. Its logical flowchart is shown in Fig. 7-17.

(1) Value is set in Timer Mode Register A (TMA).
Timer Mode Register A is a 3-bit write-only register located at address
$008 of RAM. '
Prescaler divide ratio is determined by contents of the register and
generates Timer A clock pulse. Timer Mode Register A is 0 during MCU

reset.

(2) Interrupt is initiated when an interrupt request occurs.
First, reset Timer A Interrupt Request Flag (IFTA) located in bit 2 of
$001. Then éet or reset Timer A Interrupt Mask (IMTA) located in bit 3°
of $001. Set or reset Interrupt Enable Flag (I/E).
IMTA is set to "1" and I/E to "0" during MCU reset. ’
These operations determine if the system will be interrupted or not afier

Timer A interrupt request.

(3) Timer Counter A (TCA) starts to count clock pulses generated at or after
TMA setting. TCA is $00 during MCU reset.

(4) The counter generates an overflow at the 256th pulse, and then starts to

count from $00.

(5) Overflow is latched in Timer A Interrupt Flag (IFTA) and the process is
' then performed according to the initial value. IFTA is located in bit 2
of RAM $001. This flag is reset by software.

(Note) The number of pulse counts immediately after setting Timer Mode

Register A to the first overflow is indefinite.

The followings are example of a clock using Timer A. The clock shows
minutes and seconds. Data of $030-$033 shows lower digits and upper digits
of seconds and minutes. Refer to Fig. 7-14. The clock is incremented every
second and figures are counted upward as in a normal clock.

The clock returns "0" after 59' 59", and the continues to count upwards.

The flowchart is shown in Fig. 7-15.
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Address
Lower
4 bits
Upper 3 2 1 0
6 bits
$03 minute minute second second
(upper (lower (upper (lower
digits) digits) digits) digits)
$04

Fig. 7-14 RAM Map of Clock using Timer A

When using a 4.19MHz crystal resonator as the oscillator, the system clock
becomes 525kHz.
the prescaler divide ratio to 1/2048.

Clock pulse frequency is precisely set at 256Hz by setting
Consequently, the Timer A Interrupt
Request Flag is set every second in this state.

" An example of the program is shown in Fig. 7-16.
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IHOVLIH 29C

START

‘RAM clear || (Note 1)

$0—> A
1
$0—>TMA | (Note 2)

|
0—>IMTA | (Note 3)
]
0—I/E |(Note 4)

—
NOP
|
JMPL

]

(Note 1) RAM clear subroutine.

(Note 2) Sets prescaler divide
ratio to 1/2048.

(Note 3) Resets Timer A inter-
rupt mask. ] 0 > IFTA

(Note 4) Sets interrupt enable
flag.

(Note 5) Save, return subroutine.

Fig. 7-15 Flowchart of Main Routine Fig. 7-16 Flowchart of Timer Subroutine



(Label) (op) (Operand) (Comment)
Main routine CALL RAMCLR Calls RAM clear subroutine.

LAI $0
LMAD $008 Sets prescaler divide ratio.
REMD $3, $0001 Resets timer interrupt mask.
SEMD $0, $000 Sets interrupt enable flag.

TIMER NOP
JMPL TIMER

Timer subroutine CALL SAVE Calls save routine.

LWI $0
LXI $3
LYI $0
LAM
REC
Al $1
DAA
LMAIY
TC
BR SECH
BR RET

SECH LAM
Al $1
ALEI $5
BR DISP
LMITY $0
LAM
REC
ATl $1
DAA
LMAIY
TC
BR MINH
BR RET

MINH LAM
Al $1
ALEI $5
BR DISP
LMID $0, $033
BR RET

DISP LMA

RET CALL LOAD Calls return routine.
REMD $2, $001 Resets Timer A interrupt

flag.

RTNI

Fig. 7-17 Program Listing of Timer A Application
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7.1.10 Timer B Application Example

“Timer B is used as follows when using clock as an input. Its flowchart

and program listing are shown in Fig. 7-18 and 7-19, respectively.

(1) Timer B Interrupt Mask (IMIB) is set to inhibit interrupts during setting
of each mode register. IMTB exists is located in 1 of RAM $002. It is
set to "1", and Interrupt Enable Flag to "O" during MCU reset.

(2) Setting of Timer Mode Register B
4-bit Timer Mode register B (TMB) is located at $009 of RAM. First, it
is determined whether or not the auto reload function is used by setting
or resetting bit 3.
Then the prescaler divide ratio and clock input source are specified. In
the case of an external event input, specify bit 0, 1 and 2 according to
the prescaler divide ratio. The Timer Mode Register B is not set bit by
bit, but the set value is loaded into RAM at one time. This register is
set to "0000" during MCU reset.

(3) Initial value is set in lower bits (TLRO-3) of reload register located in
$00A of RAM.
Initial value is set in upper bits (TLR4-7) of reload register located in
$00B of RAM. The value of reload register is $00 during MCU reset.

(4) Timer B Interrupt Request Flag (IFTB) is reset. IFTB is located in bit 0
of RAM $002.
Timer B Interrupt Mask (IMTB) is reset.
Interrupt Enable Flag (I/E) is set.

(5) Overflow generated from Timer Counter B is latched into Timer B Interrupt
Request Flag (IFTB) and the process is then performed according to
initialization of interrupt. IFTB is located in bit 0 of RAM $002 and is
reset only by software.

The following sentences describes an example of setting the interrupt
cycle. Suppose a 50.176 (msec) interrupt cycle is generated by using a
4MHz crystal. 8 frequency divider generates a 500kHz system clock, and
a 1.024 (msec) prescaler output cycle is obtained by using prescaler
divide ratio 1/512. If the value 207 is loaded into the reload register,

1.024 x (256-207) =50.176 (msec).

Because (207)7(=(11001111)7, set (1111)7=$F in lower digits of the reload
register and (1100)2=$3C in upper digits.
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The flowchart and program listing are shown in Fig. 7-18 and 7-19,
respectively. Note that the process time of this subroutine does not

exceed 50 msec.

(6) The contents of Timer Counter are read in twice; the lower 4 bits are
read immediately after reading the upper 4 bits because the lower 4 bits

are latched simultaneously when the upper 4 bits are read.
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Sets Timer B interrupt Mask.
Transfers the value to Timer B Mode Register.
Transfers the value to Lower Digits of Reload Register.

Transfers the Value to Upper Digits of Reload Register.

Resets Timer B Interrupt Request Flat.
Resets Timer B Interrupt Mask.

Sets Interrupt Enable Flag.

Fig. 7-18 Flowchart of Timer B Application Example

(Label) (opP) (Operand)
Main routine SEMD $1, $002

LMID $9, $009
LMID $F, $010
LMID $C, $011
REMD $0, $002
REMD $1, $002
SEMD $0, $000

TMB NOP
JMPL TMB

Timer B interrupt routine

CALL SAVE
CALL LOAD
REMD $0, $002
RINI

(Comment)
Sets Timer B Interrupt Mask.
Transfers the value to Timer B
Mode register.
Transfers the value to lower
digits of reload register.
Transfers the value to upper
digits of reload register.
Resets Timer B Interrupt Request
Flag.
Resets Timer B Interrupt Mask.
Sets Interrupt Enable Flag.

Calls save routine.

Calls return routine.
Resets interrupt request flag.

Fig. 7-19 Program Listing of Timer B Application
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7.1.11 Serial Interface Application Example
Serial interface is used as follows.

(1) Data transfer (prescaler divide ratio: 1/128)
Fig. 7-20 shows the data transfer routine. The program listing is shown

in Fig. 7-21.

Sets serial interface interrupt mask.

Transfers the contents of RAM to accumulator.
Transfers the contents of accumulator to lower bits

of serial data register.

Transfers the contents of RAM to accumulator.

Transfers the contents of accumulator to upper bits of
serial data register.

Sets R4,/SO pin as SO output pin.

Internal clock specifies prescaler divide ratio to 1/128.
Resets serial interface interrupt flag.

Resets serial interface interrupt mask.

Sets interrupt enable flag.

Serial interface start instruction

Fig. 7-20 Data Transfer Routine

After STS instruction, 8-bit data is transferred from R4p/SO pin synchro-
nously with pulse output from RAO/SCK pin. 1IFS is then set and interrupt
vector occurs. If the program does not need to jump to an interrupt routine,

set IMS or reset I/E before executing STS instruction.
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Main routine (opP) (Operand) . (Comment)
SEMD $1, $003 Sets serial interface interrupt mask.
Lo gosp  [eefers O Coeencs of M docation
LMAD $006 gﬁz?sfers the contents of accumulator to
LAMD $031 Transfers the contents of RAM location

$031 to accumulator.

LMAD $007 Egagiéfrs the contents of accumulator
LMID $1, $004 Loads the value of $1 into PMR (S0).
LMID $A, $005 Loads the value of $A into SMR.
REMD $0, $003 Resets IFS.
REMD $1, $003 Resets IMS.
SEMD $0, $000 Sets I/E.
STS >Stafts sérial interface operation;

Fig. 7-21 Program Listing of Data Transfer

(2) Data reception (external clock)

Fig. 7-22 and Fig. 7-23 are flowchart and program listing of data
reception respectively.

Sets serial interface interrupt mask.

Programs R41/SI pin as SI pin.
Specifies external clock mode.
Resets serial interface interrupt flag.

Resets serial interface interrupt mask.

Sets interrupt enable flag.

Serial interface start instruction.

END

Fig. 7-22 Flowchart of Data Reception
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rror.check

routine
Save routine
Processing

Confirms error occurrence.
Saves registers.
Interrupt service.

Restores registers.

Resets serial interface interrupt flag.

< RIN )

Fig. 7-22 Flowchart of Data Reception

Main routine (oP) (Operand) (Comment)
REPEAT SEMD $1, $003 Sets IMS.

LMID $2, $004 Loads $2 into PMR. (SI)
LMID $F, $005 Loads $F into SMR. (external clock)
REMD $0, $003 Resets IFS.
REMD $1, $003 Resets IMS.
SEMD $0, $000 Sets I/E.
STS Starts serial interface operation.

Interrupt routine

SEMD $1, $003 Sets IMS.
REMD $0, $003 Resets IFS.
LMID $F, $005 Loads $F into SMR. Error check
TMD $0, $003 Tests IFS.
BRL REPEAT
CALL SAVE Calls save routine.
Interrupt service.
CALL LOAD Calls return routine.
RTNI

Fig. 7-23 Program Listing of Data Reception
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7.2 ALU (Arithmetic Logic Unit) and Decimal Adjust Instruction

ALU basically consists of a binary adder. The block diagram of ALU is
shown in Fig. 7-24.

S2 bus S1 bus Y

AND (Micro inst.) —»f r__<::K::CA (Carry)
+1 (Micro inst.)

OR (Micro inst.) —» Binary Adder

EOR (Micro inst.) —s

Result  OVF(Overflow)

Fig. 7-24 ALU Block Diagram

When the addition of two or more digits is performed, OVF (Carry) is
latched in CA and is put into the ALU at calculation of the next digit.

Subtraction is performed by using the inverse input on the bus S2. That
is, calculation S1 - S2 is performed by the operation: S1 + S2 + 1. But in
this case, OVF means no borrow.

Wheri the subtraction of two or more digits is performed, OVF (that is, no
borrow) should be latched in CA. 1In this case, the second calculation is
performed by the operation: S1 + S2 + CA.

The following example shows the addition of 12-bit data.

(159)y + (26A)yg = (3C3)y

0001 0101 1001 (159)y
+) 0010 0110 1010 (26A)y
0011 01011 10011
+) CA CA CA « 0

. >
0011 XO1100 (Doo1il (3¢3)y

(3¢3)g - (159)y = (26A)y

0011 1100 0011 (363)y
+) 1110 1010 0110 (159)8
10001 10110 01001
+) CAy_ CA CA « 1

=
0010 (D010 01010 (26A)y

(NOTE) H means hexa-decimal number.
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Decimal Calculation

Decimal addition/subtraction using binary-coded decimal (BCD) is performed by

the combination of binary addition/subtraction and decimal adjust instruction.

The decimal adjust instruction performs the adjustment of Accumulator and

CA according to their contents.

Decimal

addition AAE?

One digit

-

Binary addition

Decimal Adjust (Addition)

Decimal subtraction (P

-

Binary subtraction

One digit

Decimal Adjust (Subtraction)

For example,

169+245=417

0001 0110 1001 169
+) 0010 0100 1000 248
00011 01010 10001
+) CA 0 i
00100\\\ o101£\\\ 10001
0110 0110
0100 (Doool (Doill 417 |
417-159=243
0100 0001 0111 417 ]
+) 1110 1001 0110 169
10010 01010 01101
+) CA CA CA 1 |

10010\ 01010 ¢0:1101
+) = 1010 1010

10010

o100 1000 248

* A210 or CA=l
A + 60A
L1—>c(ca)
. A<10 and CA=0
A,CA: unchanged

- ‘A210 or CA=0
A+ 10>A
0->CA
* A<10 and CA=1
A,CA: unchanged

Binary addition

Decimal Adjust
(Addition)

Binary subtraction

Decimal Adjust
(Substraction)
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7.3 Application of Logical Operation
Examples of bit manipulation of the data using logical operation

instruction are as follows.

(1) Resets the least significant bit of the data latched in Rl port.
Fig. 7-25 is the flowchart.

Sets $E into memory.

Transfers the contents of Rl port (latch) to
accumulator.

Performs logical AND operation between memory and
accumulator, and transfers the result to accumulator.

Transfers the contents of accumulator to Rl port
(latch).

If Rl=$5,
The contents of memory 1110
The contents of accumulator 0101
MNA 0100

\‘——-Only the least significant
bit is reset

Fig. 7-25 Flowchart Using Logical and Operation

(2) Sets the least significant bit of the data latched in Rl port.

Fig. 7-26 is the flowchart.

Sets $1 into memory.

Transfers the contents of Rl port (latch) to
accumulator.

Performs logical OR operation between memory and
accumulator, and transfers the result to accumulator.

Transfers the contents of accumulator Rl port
(latch).

* If Rl=$4
The contents of memory 0001
The contents of accumulator 0100

MUA 0101 ' .
®——Only the least significant bit

is set

Fig. 7-26 Flowchart Using Logical OR Operation

272 HITACHI



(3) Tests the most significant bit of the data latched in Rl port.

Fig. 7-27 is the flowchart.

Loads $8 into memory.

Transfers the contents of Rl port (latch) to
accumulator.

Performs logical AND operation between memory
and accumulator.

If R1=$5,
The contents of memory 1000
The contents of accumulator 0101
MA 0000 ST (status) — 0

[Consequently program does not branch because ST=0. '

{

[The value of the most significant bit of Rl port is 0. |

Fig. 7-27 Flowchart Using Logical and Operation

7.4 Checking Operation Frequency
Connecting TEST pin to GND causes Dg pin to output pulse. The cycle of the Dg
pin is eight times as that of OSCj pin. Connect external pull-down resistor if
I/0 circuit type of Dg pin is not "no pull-down MOS" S shown in Fig. 7-28.
The method in Fig. 7-28 may be inconvenient after the MCU has been

built into a system since it operates in test mode.
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Vee

Fig. 7-28 Recommended Wiring to Check Operation Frequency

7.5 Watchdog Timer - System burst preventing circuit-

A simple method of implementing the watchdog timer which is generally

known as a means of recovery from a system problem is described below.

(1) Basic circuit

Fig. 7-29 shows the basic circuit of the watchdog timer.

RES

Alive Microcomputer
Pulse‘ ::K | Port
| Monostable

|RESET Circuitl Multi-vibrator

Fig. 7-29 Basic Circuit of Watchdog Timer

(2) Operation outline

(a) System software should be designed to generate a pulse through the
port within a predetermined period (T<RC) once the program is normally
executed.

(b) When the system is deadlocked or operates outside its normal routes,
the system does not present port output change (i.e. it does not
generate an active pulse), so that the potential of the @D point
increases and the microcomputer is reset.

(c) It is necessary to preset the RC at a value above the maximum value
among all the routes that can exist in normal operation. RC is set

to greater than 10 ms in Fig. 7-30,
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Pass@: 5 ms + 2 ms=7 ms
: 5 ms + 5 ms=10 ms
©: 7 ms

= Preset as the pass = 10 ms RC

INITIALIZE

Fig. 7-30 Flowchart of Watchdog Timer

7.6 Auto Reset Circuit

Reset circuit which can perform power-on reset and auto reset at Voo <Vim

will be explained below. (Vyy; Threshold level)

(1) Basic circuit

Fig. 7-31 shows the basic auto reset circuit.

to the 4
RESET pin Va2

HD74LS14 P

(®)

Fig. 7-31 Basic Auto Reset Circuit
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(2) Operation
(a) Power-on Reset
Since Vout in the circuits of Fig. 7-32 is pulled up by Ry, Cq is
charged. The Vout rising time is determined by the charge time

€, x R1)° Thus the power on reset is applied.

vV Vce
\

Vout

NCIXRI

Fig. 7-32 Vout in Power-On Reset Circuit

(b) Auto Reset

The auto reset operation of the basic circuits (a, b) in Fig. 7-31 is

explained below.

(i) Since the voltage Vzy and VF{ applied to 2ZDy and Dy are constant
even if Voo changes, the Vout changes, the Vout level is as
follows:

Vout=Vgoc if Vgc>Vzy + Vpg
Vout=GND if Vgc<Vgzi + Vpq
(ii) Since the voltage Vzp applied to ZD7 and the ON level Vg, of Try
are constant even if the Vo, changes, the Vout level is as follows:
Vout=Voe if Vge>Vzo + Vg
Vout=GND if Vge<Vzy + Vpo
. When the Vp changes, threshold level can be changed by executing
the Zener diodes ZDy with ZDj.
(c) By feeding back the output signal to the RESET pin and fine tuhing
the reference voltage, and by providing hysteresis to the Vjyq during
the shifting from operation to reéetting and the Vyy, at the time of

recovery, the auto reset function becomes more stable. Refer to

Fig. 7-33.
v vee
/
VIM[ ™" N
v | — RESET signal
(Threshold |Yout-=
voltage)

G 1 le

Fig. 7-33 Vout in Auto Reset Operation
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7.7 Manual Reset Circuit

When the MCU is reset by an external switch, steps must be taken to prevent
chattering. The reset circuit shown in Fig. 7-34 can prevent chattering and

provide power on reset.

(1) Basic circuit

The basic circuit for manual reset is shown in Fig. 7-34.

A"/ .
OUt 7o the RESET pin

Fig. 7-34 Basic Manual Reset Circuit

(2) Operation
(a) Power on reset
During power-up, capacitor C will be charged and Vin rising time is
determined by the CR charge time as shown in Fig. 7-35. The MCU can

thus be reset normally.

v Vec
v
1.6yt Vin
: t
t=CxR

Fig. 7-35 Vin of Power-on Reset Circuit
(b) Manual reset
When SW is on, Vout is equal to Vee and the MCU is reset. When SW is
off, capacitor C is charged, and the rising time of Vin is determined
by the CR charge time. Chattering is prevented by capacitor C and the
HD74LS14 Schmitt trigger. Refer to Fig. 7-36.

OFF»; ON OFF @ wWhen SW goes from OFF to ON,

SW |“ “ Vout=Vgg if Vin<0.8V
Vin <0.8V T 6 v @ When SW goes from ON to OFF,
'ﬂ 1 Fl.
!
1

VOUC=VCC if Vin>1.6V

Fig. 7-36 Manual Reset Timing
HITACHI 277



7.8 Serial Data Transfer between HMCS402/404/408 and Other MPUs

The routine shown in Fig. 7-37 describes serial data transmission/
reception between the HMCS402/404/408 and other MPUs and storing the data in

RAM. Hardware configuration available for this routine is shown in Fig. 7-38.

HMCS402/404/408
routine, routine
Initialization )
YES When READY/ERROR signal
is transmitted within
certain time from other
Save MPU, the system judges that
ZES registers error occurs during trans-
SRLI A mission and returns to
STS instruction -
(receive 1 byte) A —M ‘ initialization of the main
SRU— A routine and waits for the
I A M
next READY signal.
Intefrupt Return
routine u
registers

& @

Fig. 7-37 Serial Data Transfer Routine

SCK (R40) CLOCK
SI (R41) S0
O s P
READY/ (R43) READY /ERROR
ERROR
HMCS402/404/408 MPU

Fig. 7-38 Example of Connection Between HMCS402/404/408 and Other MPU
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7.9 Reversing a String of Transmit/Receive Data in a Serial Interface (LSB-MSB)

Serial interface for the HMCS402/404/408 is shown in Fig. 7-39. Data is
input to the serial data register LSB first through the SI pin synchronously
with the rising edge of the transfer clock, while data is output from the
serial data register LSB first synchronously with the falling edge of the
transfer clock.

When serial data transfer is performed between the HMCS402/404/408 and
other MPUs, the string of data in the serial data register must be reversed
(LSB - MSB) if their data formats are different. Programs for data string
conversion of the serial data register are shown in Fig. 7-40 and described

as follows.

[ INTERNAL BUS LINE |
SCK
L
ST MSB LsB—— () so
v ~—o —~—
SRU SRL
SERTAL DATA REGISTER

Fig. 7-39 Serial Interface for the HMCS402/404/408

When MSB is transmitted first from another MPU to the HMCS402/404/408, the
data string input into the serial data register can be reversed using the
pattern instruction. Pattern data is provided by the DC control instruction.
First, the order of bits in the serial data register are reversed by conversion
program (a), storing the data in memory (MD). Next, by executing program (b),
this rearranged data is ioaded from memory to the SDR in the correct bit
significance order. The pattern data provided for ROM in the above case is

shown in Fig. 7-41.
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SRU ($007) SRL ($006)
Other MPU-——e |[LSB . l l ' ; ' MSB Serial data register
. ) . : ) , .
Program (1) Program (2)
MSB j : : t Ar 17LSB Memory
MD ($010) MD ($011)

Fig. 7-40 LSB - MSB Conversion

(a) Serial data + program for (b) Memory - program for conversion
conversion to memory to serial data register

LBI 1 LBI 1

LAMD  $006 (SRL) @ LAMD $011

P 0 ® P 0

LMAD  $011 ©) LMAD  $006 (SRL)

LAMD $007 (SRU) LAMD $010

P 0 P 0

LMAD  $010 LMAD $007 (SRU)

Program example (a) is explained as follows.

Another MPU transmits serial data $ES5 MSB first to the HMCS402/404/408.
$E5 is input to the HMCS402/404/408 serial data register in reverse bit
order.

The real SRL is loaded into A (Accumulator) from $7 because of this
reverse byte order.

After executing the pattern instruction (p), $E and $0 are loaded into A
and B, respectively, since the specified address is $0017 at this time.
The contents of A are stored in memory.

Processes the real SRU in the same way as (O to ®.

QOO 6 6 06

Consequently the bit order is reversed and stored in memory correctly.
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ADDRESS ROM
$0010 | 100
$0011 | 108
$0012 | 104
$0013 | 10C
$0014 | 102
$0015 | 10A
$0016 | 106
$0017 | 10E
$0018 | 101
$0019 | 109
$001A | 105
$001B | 10D
$001Cc | 108
$001D | 10B
$001E | 107
$00;F 10F

Fig. 7-41 Pattern Data
7.10 Expansion of Input Ports

The number of MCU input ports can be expanded using the HD14021B
(8-bit Static Shift Register) as shown in Fig. 7-42.

HD14021B
Co P/S P p—-
Pol——
HMCS400 C1 CK P3 T—
Family MCU
C2 Q8
C3 - ) /7 P—
HD14021B
CK PZ H
Q8
_

Fig. 7-42 Expansion of Input Ports
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The number of total input pins depends on the number of HD14021Bs. Thus,

the number of I/0 lines in a system can be multipled as shown in Table 7-3.

Table 7-3 Expansion of I/0 Pin

The number of the The number of I/0
HD14021Bs lines in a system

0 58

1 63

2 70

3 77

7.11 A/D Conversion Circuit (I) - High speed version

Implementing a simple A/D conversion (analog-digital conversion) using a

resistance ladder (R-2R system) is described in this section.

(1) Basic Circuit
The A/D conversion basic circuit and timing chart are shown in Fig. 7-43

and 7-44, respectively.

- . V:Voltage of the output
Microcomputer v, = *Q;I%H*D +D)xv Yol
Analog _ Vin . Vout REF & 2 an-T ?E‘ 1 ':'me port

o Vaes
g —m*ﬂ—m Vout =0 : Vin S VREF
R

__ﬂi;\..qa'-! Necessary number of \4 Vout = 1 : Vin > VREF
[ : Port port=Accuracy bit+1

. D;
rEA<H Vin

1
E VREF

:

2R

CMOs w .

I
HD14050 Yow r —

Fig. 7-43 A/D Conversion Basic Fig. 7-44 Timing Chart
Circuit

(2) Operation
(a) to (c) describes a circuit for 3-bit accuracy.
(a) Digital outputs (D3, D, Dy) range from (1, 1, 1) to (0, 0, 0) at the
ports. Vppp is reduced from 7/8 V to 0 in 1/8 V decrements as shown in
Table 7-4.

(b) Output Vout, which is the result of comparison between the analog input
Vin and Vgpp, is reversed from O to 1 when Vin is greater than Vpgpp as

shown in Fig. 7-44.
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(c) The value of (D3, Dy, D;) when Vout is reversed from 0 to 1 is a

digital value corresponding to the analog input Vin as shown in
Fig. 7-45.

Table 7-4 Value of VRgF

D3 Dy Dl VREF

D3 D2 Dl
0 0 v e+ +=7) xV
0 0 REF (21 22 T 53

0 0 ! 1/8xv D1 to Dy are denoted by "1" or "O"

0 1 0 2/8xv

V: Voltage of the port output "1"

0 1 1 3/8xv

1 0 0 4/8xv

1 0 1 5/8xV

1 1 0 6/8xV

1 1 1 7/8xv

START

l(D3,D2 ,D1)=(1,1,1ﬂ

\\\\¥7 Yes

out=1?

No

The value of (D3,Dp,Dy)is
lDeduct 1 from (D3,D2,D1)] digital value of Vin

Fig. 7-45 Flowchart to Obtain Digital Value of Vin
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7.12 A/D Conversion Circuit (II) - Low speed version

An A/D conversion system utilizing the time for charge/discharge of a CR
circuit is explained in this section. This system is applied when high speed

A/D conversion is not needed.

(1) Basic Circuit
An A/D conversion basic circuit of low speed version and the timing chart

are shown in Fig. 7-46 and 7-47, respectively.

ﬁ:\allog —Vin v vin
pul VREF Port VREE. - A

R Vout l
Number of T °

n : Count value

c port required = 2 n= |
scq Timer Q3234 T=Tp xn
-

To : Timer Interval

Fig. 7-46 A/D Conversion Basic Fig. 7-47 Timing Chart
Circuit

(2) Operation

(a) Set the output at A of the port to 1, and discharge external capacitor
C sufficiently. Then switch A from 1 to O synchronously with the timer
interrupt, and charge capacitor C. Refer to Fig. 7-46.

(b) Check Vout every timer interrupt to observe the time T when Vout
switches from 1 to 0. Vout becomes O when Vin is less than Vppp. T
is obtained as T=TO X n, where n represents the number of timer
interrupts and TO represents the timer interval as shown in Fig. 7-47.

(c) The obtained time T which is voltage converted is a digital value of the

analog input Vin as shown in Fig. 7-48.
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START A/D conversion
subroutine
Port counter Timer routine

0

initialize

Add +1 to

[butput '"0" to AI the counter

Timer interrupt
s No

Yes

Set conversion
Time Voltage. end flag

conversion

RTN

Fig. 7-48 Flowchart to Obtain Digital Value of Vin

7.13 Fluorescent Display Tube Drive Application(I) HMCS402/HMCS404/HMCS408

In the HMCS400 series, a fluorescent display tube can be driven by software
using a display controller. This section explains how to drive a fluorescent
display tube by timer B interrupt service routine.

Fluorescent display is performed by outputting grid signals (1G-7G) from
pins Dg-D;g and outputting segment signals (a-h) from pins Rpp-Rp3, Rjp~—Ri3.

Front view of the FL display tube is shown in Fig. 7-49, its specifications
in Table 7-5, and an application of it is in Fig. 7-51. RAM map for FL display
is shown in Fig. 7-50.

Grid and segment are selected by utilizing RAM area (for display) and the P
instruction twice. D port is addressed by the value of GRID NO ($0CO) and
outputs the grid signal. Segment signal is output from ports Ry and R; through

A register and B register.

(1) CODE data display

The value set in the display area is loaded into A register. Then segment
data is loaded into A register and B register by executing the second P
instruction. The segment signal is obtained by outputting the register value

from Ry and Ry ports.
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(2) Bit data display

The value set in the display area is loaded in A register and B register.
Segment signal is output from Ry and Ry ports in the same way as CODE data
display.

Intensity of the FL display tube is adjusted by resetting D port during

(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine.

——————— —— —_——— e — — ey - e e =y
i \Ist 2nd) SUN | MON {TUEi WED | THU | FRI ~ SAT|
| PO A T R E—b

~ ] ' ON OFF ! ;! ! | CH :
:’.__I: AM:_J:___I.-:I I:I I: ERROR ‘g_—:g
! ! ! ! END -—
e e L ==
| I SN SRR R ..._LTL__]_._L._.I__J____J___J

) I

7G 6G 5G 4G 3G 2G 1G

Fig. 7-49 FL Display Tube Front View

Table 7-5 FL Display Tube Specification

Microcomputer's| Rj3 Rip Ry1 R10 Ro3 Ro2 Rdl Roo
Ports | 5 a b c d e £ g h
D9 1G -_— COLON TUE END ERROR CH FRI SAT
D10 2G a b c d e £ g THU
D11 3G a b c d e £ g WED
D12 4G a b c d e £ g MON
p13 | 56 a b c d e £ g | sun
D14 6G _— — PM AM ON OFF 1st 2nd
D15 7G a b c d e f g PRG

286 HITACHI



w (0]
X
Y Y D
0 GRIDNO
GRID1L
1
COLON| TUE | END
GRID1H GRID12Z
2
ERROR| CH |[FRI SAT
GRID2Z
3 GRID?2
THU
GRID3Z
4 : ID3
GRID WED
GRID41Z
5 GRIDG4
MON
GRID52Z
6 GRIDS
SUN
GRIDSGL
7
PM AM
GRIDG6H GRIDG6Z
8
ON |OFF | 1st 2nd
GRID"72
9 GRID?"? .Not Used
PRG (¢)
\ J\ /\ /\

bit 3 bit2 bitl bit0

GRIDNO: Area for storing pin No. of D port outputting High level to light
the FL display tube.

Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRID5, and
GRID7 in terms of BCD. "A" will be set in them to light out. As for other
area, to light, set the corresponding bit, and to light off, reset it.

Fig. 7-50 RAM Map for FL Display
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Program Listing (1)

LT PR T R R TR R R P RS AR RS RS A2 R R L A 2 L

. .
d TIMER-B INTERRUPT ROUTIN .
- .

EEREEES XSS LRSI LR 2SS 2S00 282 S0E0008

REGISTER SAVE

REMD IFTB. $002

A A L R R R R Y Y]

hd LAST GRID RESET .

A L T Y T Y P Y T Y

LAMD GRIDNO

LYA

RED
L L Y T T P Y P PP
. FL DRIVE .
LA A L Y T Y LT

Al $1

BR FLDRIVE1

BR FLDRIVE2
FLDRIVEl LAI $9
FLDRIVE2 LMAD GRIDNO

LBI $F

P $F A:FL DATA AREA X REG
* B 0:CODE 1:BIT

LWI $0

LXI $C

LYA

DB

LBI $E

LAM

BR FLDRIVES

P $F

BR FLDRIVE+
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Program Listing (2)

FLDRIVE?2 IY

LBA
LAM
FLDRIVE3 LXI $D
™ $0
SEC
BR FLDRIVE4
REC
FLDRIVE4 ROTL
LRA $0
LRB $1
3k ok ok o o o ok e ok ok ok ok ok ok ok ok ok ok ok ok o ok oK ok oK oK ok ok ok ok ok o ok ok ok ok ok ok
* GRID ON *

R o K K R KR R o K R R K
LAMD GRIDNO
LYA
SED

REGISTER RESTORE

RTNI
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Program Listing (3) Pattern area

ok ok o ok ol o ok o e ok o e ok ok ok o e ke koo o ok ol ke ok e ke i e ok ok o o e ok o o ol e o ok e ok ok ok ok ok ok ok ok ok

* SEGMENT PATTERN DATA *
e ok 3 o 3 ok ok ok ok ok 3 ok ok ok ok 3k ok oK ok ok ok 3k ok ok o ok ok ok 3 3k ok oK ke ok ok ok ok ok o ok o ok o ok ok ok ok ok ok ok

DRG $FEO

DC $1F6 (1]

DC $160 1

DC $1D5 2

DC $1F1 3

DC $163 4

DC $1B38 5

DC $137 6

DC $1E0 7

DC $1F7 8

DC $1E3 9

DC $100 BLANK

DC $000 UNDEF INDED

DC $000 UNDEF INDED

DC $000 UNDEF INDED

DC $000 UNDEF INDED

DC $000 UNDEF INDED
o ok o ok o ok ok ok ok ok ok o ok o ook ke ok ok ook ok ok ok ok ok ok ok ke ol ok ok ok ok ok ok o i ok ok o ok ok ok ok ook ook KoKk
* GRID DATA ADDRESS PATTERN AREA *
e ok o ok ok ok ok koK o ok o ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ol o sk o o ok ok ok ok 3k ok ok o koK ok 3k ok ok ok ok ok ok K ok o

ORG $FF9

DC $109 GRID7?

DC $117 GRIDS®

DC $1086 GRIDS

DC $105 GRID#4

DC $104 GRID3

DC $103 GRID?2

DC $111 GRID1
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L6Z IHOVLIH

FLOURESCENT DISPLAY

FUTABA  8-MT-06ZYK

T T SUN | MON [TUE| WED | THU | FRI SAT |
aPGM 1st 2nd 5 ! : :
| [N 1
SW1 | "7 bl | I c¢H |
@—0/ 0 ® @p‘_] ol e ]{‘ | | ERROR |
+ +l TDK @ @F AM — }.= { : END |
76 Converter ! PM ‘ ’ 1o i ! !
-[. Unit | S . P SRR NP SR SR S, 1
GND @ ® a b ¢ d e f &8 7 6G 56 4G 3G 2G 1G
- o D O @ © ® ) @ (9 ) @O O @ O @ @
®
P‘j. +
+J"c2 ’];
© D ODODOOIE 000006 6
Rp1/Vdisp R13 R12R11 R1g Ro3 Ro2Ro1 Roo D15 D14 D13 D12 D11D10 Dy
@Vee
HMCS402/404/408
63 GND
RESET TEST R62R61R60 Rg3 Rgo Rg3 Rgg 0SCy 0sCy
@ ) @ O & @ % B @ & )
| _,,RM )|
Vee Vee f
Vee 1 ] +—i0 {
7/8/19/
T C C4=4.19MHz ==C
SW2 6 4/57167 4 5
1/2/|3/
R2 0/ /}),/
FUNCTION KEY
Fig. 7-51 Application of FL Display Tube Drive




7.14 Fluorescent Display Tube Drive Application (II) HMCS412/HMCS414

In the HMCS400 series, a fluorescent display tube can be driven by software
using a display controller. This section explains how to drive a fluorescent
display tube by timer B interrupt service routine.

Fluorescent display is performed by outputting grid signals (1G-7G) from
pins Dg-Dj4 and outputting segment signals (a-h) from pins Rgg-Rg3, Rip-R13.

Front view of the FL display tube is shown in Fig. 7-52, its specifications
in Table 7-6, and an application of it is in Fig. 7-54. RAM map for FL display
is shown in Fig. 7-53.

Grid and segment are selected by utilizing RAM area (for display) and the P
instruction twice. D port is addressed by the value of GRID NO ($0CO) and
outputs the grid signal. Segment signal is output from ports Ry and Ry through

A register and B register.

(1) CODE data display

The value set in the display area is loaded into A register. Then segment
data is loaded into A register and B register by executing the second P
instruction. The segment signal is obtained by outputting the register value

from Ry and Ry ports.

(2) Bit data display

The value set in the display area is loaded in A register and B register.
Segment signal is output from Ry and R; ports in the same way as CODE data
display.

Intensity of the FL display tube is adjusted by resetting D port during

(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine.
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T AT T T e T T T T T )
| | !st 20d| SUN | MON (TUE| WED = THU IFRI SAT)
PGM —a
| | ON OFF| | I | | cH =2
AM I l / | I ] ERROR -—ce
| | ey | | .| | | =
| [ | l 1 [ | | END | —n
bt 1 _IT'_]__J_.‘_._J_.__I___J
717G 6G 5G 4G 3G 2G 1G
g /—a
f — «~— b
e —» -— c
d
Fig. 7-52 FL Display Tube Front View
Table 7-6 FL Display Tube Specification
icrocomputer's| Ris R Ri, Rio Ros Roz Ro: Roo
Port FL a b c d e f g h
D 8 1G — | COLON | TUE END |ERROR| CH FRI SAT
D 9 2G a b c d e f g THU
D10 3G a b c d e f g WED
D11 4G a b c d e f g MON
D12 5G a b c d e f g SUN
D138 686G —_ — PM AM ON OFF 1st 2nd
D14 G a b c d e f g PRG
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w (o)
Y X c D
0 GRIDNO
GRIDI1L
1
COLON| TUE |END
GRIDI1H GRID1Z
2
ERROR| CH | FRI SAT
GRID22 ’
3 GRID:?2
THU
GRIDS8Z
4 GRIDS3 WED
GRID4Z
5
GRID+4 MON
GRIDS5Z
5
6 GRID SUN
GRIDSGL
7
PM AM
GRIDG6H GRIDS6Z
8
ON |OFF | 1st 2nd
GRID72Z
9 GRID?"? . Not Used
PRG (¢)
\ / \ AN / \ /
bit 3 bit2 bitl bit0
GRIDNO: Area for storing pin No. of D port outputting High level to
light the FL display tube.
Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRID5, and
GRID7 in terms of BCD. "A" will be set in them to light out. As for other
area, to light, set the correéponding bit, and to light off, reset it.
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Program Listing (1)

o o o ek o o ke ol o o o ok o o o ok ol o ok ok ok ok e ol ok ok e ok ok o ok o ok ok ok Rk

* *
. TIMER-B INTERRUPT ROUTIN b
* *

o oo o o o o e ol ok o e ok ok ol o ok ol o ok ok ok o ok o ok o o ke ok ol o ok ok ol ok ok ok

REGISTER SAVE

REMD IFTB,$002
L T T T P T
* LAST GRID RESET *

0o o o ok e ok ok o ok o ofe ok ok ok ok o ol ok ok ok ok o K ok o ok o ok oK ok ok ok o o ok ok K K

LAMD GRIDNO

LYA
RED
e ook ok ok ok ok ok ok ok ok ol ok ok ok ok ok ok ok ok ok o o o o ok ok ook o ok ok ok ok ok
* FL DRIVE .
e ok e ok ok ok ok o ok ok o ok ok ok ok ok ok ok ol o ok ok ok o oK ok ok ok ok o o ok ok ok ok
Al $1
ALEI $E
BR FLDRIVE1
LAI $8
FLDRIVE1 LMAD GRIDNO
LBI $F
P $F A:FL DATA AREA X REG
* B 0:CODE 1:BIT
LWI $0
LXI $C
LYA
DB
LBI $E
LAM
BR FLDRIVES
P $F
BR FLDRIVE4
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FLDRIVES

FLDRIVE4

FLDRIVES

Program Listing (2)

1Y

LBA

LAM

LXI $o0
™ $o
SEC

BR FLDRIVES
REC

ROTL

LRA $0
LRB $1

e o o o o ok o o ol ol e R e o ok o ok ke ok ol ok ok e o R ok ok ok ok o o o e ok ok ok ok

*

GRID ON *

o o o o o ok ol e ok ol ok ok ok ke ok o o o ok ok ke ok e o o ok ok ok ok ok ok ok ok ok ok

LAMD GRIDNO
LYA
SED

REGISTER RESTORE

RTNI



Program Listing (3) ... ... Pattern Area

AR AR R RR R RRRRRRRRRERRRARRRRERRk ERRRRRRS

» SEGMENT PATTERN DATA *
BMRERBERRE RN R RRRRRR R R R KRR RERR R B R R k&

ORG $FEO

DC $1F6 0

DC $160 1

DC $1D5 2

DC $1F1 3

DC $163 4

DC $1B8 5

DC $137 6

DC $1E0 7

DC $1F1 8

DC $1E3 9

DC $100 BLANK

DC $000 UNDEF INDED

DC $000 UNDEF INDED

DC $000 UNDEF INDED

DC $000 UNDEFINDED

DC $000 UNDEF INDED
ke Rk Rk Rk R R R Rk kR Rk kR Rk R R KRRk R Rk kK
. GRID DATA ADDRESS PATTERN AREA *
00 ol o o ok o ok o ok o ok e ok o o ok ok o ok ke ol ok ok ok ok ol ok o e ko ok ol o o o e o ok ok ko R R

ORG $FF9

DC $109 GRID?

DC $117 GRIDS

DC $106 GRIDS

DC $105 GRID4

DC $104 GRID3

DC $108 GRID2

DC $111 GRID1
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IHOVLIH 86Z

FLOURESCENT DISPLAY

FUTABA 8-MT-06ZYK o
-71u 2nd| SUN |MON TUm Wep T THU T FRI  SAT)
| PaM | !
SW1 ON OFF , I | | cH
(::);O (o ) ® @F . | / }| ERROR
TDK 1 l
be |t ® dr| | SR
5V =G Converter | l | |
@— T oM ) L“—i—i“]‘“ri_——' G 6G 3G 4G 3G 261G
7 a [ e g 7 3 2 1
©) @ @ ® ©® ® ® ® & @
®
©)
4o,
—= +
i -
@ @ @ ® ©® ©) O ® @
R,,/Vdisp Ris Ri2 Rn Rxo Ros Roz Roa Roo D14 D13 D32 D13 D1 g% %%
lvcc
HMCS412/414
L —G)GND
RESET TEST R32 R31 R3g Rs3 R4 Ri1 Ryo 0sC, 0sC,
@ @ QB ® & 6 @ @ (2]
12
-r—ovf/\'-—ap
Vee Vee
Voo o o 1C 1/|8/]9/ | m’[h]ml [
’ _ . /[ 5/[6/ Coq *10VH2 76
1/) 2/|8/
R: o/} ./|,/ m

FUNCTION KEY

Fig. 7-54 Application of FL Display Drive




8. USER NOTES
8.1 Precautions on Using W Register

(1) In register indirect addressing (RAM addressing), the contents of W
register are used for specifying RAM addresses. However, saving the contents
of W register in a calling routine or an interrupt service routine is not
simple because the W register is a write only register.

The contents of W register should be saved before an interrupt routine is
invoked and restored just before its return. However, as the contents of W
register cannot be read and saved, the identical contents of W register must

be stored in RAM. The contents of W register can then be restored with the

LWI instruction at the end of the interrupt service routine. This procedure
is shown in Fig. 8-1.

However, this procedure is not efficient because of (a) the increase in
the number of steps and processing time, and (b) possible problems in program
debugging. (Program error may not be found depending on the address interrupt
is serviced. For example, if interrupt is not inhibited when changing the
contents of W register, error cannot be found without interrupt servicing at

this address.)

(2) Consequently, the following procedure is recommended for not saving the
contents of W register in a calling routine and interrupt service routine,

and to prevent a situation which the contents of W register are unrecoverable.

(a) Set the contents of W register to $0.
Write $0 into W register at MCU reset and leave it unchanged from then
on. In this case, register indirect addressing instruction (W,X,Y
registers) can access the range from $000 to $0FF in RAM. When
accessing the range from $100 to $3FF in RAM, use direct addressing
instructions.

(b) Use only direct addressing in an interrupt service routine.
In the interrupt enable state with W register = $0, leave the value of
W register unchanged during an interrupt service routine, and do not

use register indirect addressing instructions.
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Interrupt
inhibit
$3—>RAM
%3
| o>
$3-> W =3
RAM=2
| $3 W
Interrupt
enable | @ X2
] RTINI
| =2 =1
$2H> W
— <>
RTNI 21
$1->WwW $0 > W
| |
RINI RTNI
Fig. 8-1 Change of the Contents of W Register (Change to $3)

8.2 Precautions regarding the Contents of RAM and Registers after Reset

The MCU is reset by setting RESET pin to 1.

from stop mode, apply RESET input longer than tgc to obtain the necessary time

for oscillator stabilization.

least two-instruction cycles of RESET input.

Table 8-1 shows the items to be initialized by MCU reset and their initial

values.
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At power ON in recovering

In all other cases, MCU reset requires at




Table 8-1 Initial Value by MCU Reset

Initial value by

Items MCU reset Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) “ Enable to branch with conditional branch instructi
Stack pointer (SP) $3FF Stack level is 0.
(A xv‘;'a‘g‘s' pull- “r Enable to input.
Standard pin| (B) agg pull-up e Enable to input
C) CMOS 1 -

1/0 pin :01 Without pull-
output register High voltage down MOS 0 Enable to input.

pin (E) :v;?v‘npxlltl)s 0" Enable to input.

Interrupt Enable Flag (I/E) "0 Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “0 No interrupt request.

Interrupt Mask (IM) ‘1 Mask interrupt request.

Port Mode Register (PMR) “0000" See Item ““Port Mode Register’’.

. Serial Mode Register (SMR) *0000" See Item “Serial Mode Register”’.

Mode register " - " "

Timer Mode Register A (TMA) ‘000" See Item “Timer Mode Register A",

Timer Mode Register B (TMB) 0000’ See Item "'Timer Mode Register B"'.

Prescaler $000 -
Timer/G Timer/Counter A (TCA) $00 =

imer/Counter, n

Serial interface |_1imer/Event Counter B (TCB) $00 -

Timer Load Register (TLR) $00 -

Octal Counter 000" -

(Note) MCU reset atfects to the rest of registers as follows:

Item After recovering from STOP mode After MCU reset except for
by MCU reset the left condition
Carry (CA)
A lato! A
-»—Ec-‘!"‘m‘-! ! — A The contents of the items before The contents of the items before
B8 Register (B)[  MCU reset are not retained. MCU reset are not retained.
W Register (W) | 1tis necessary to intialize them it is necessary to initialize them
X/SPX Registers (X/SPX) by software again. by software again.
Y/SPY Registers (Y/SPY)
Serial Data Register {SR)| Same as above Same as above
The contents of RAM before MCU
RAM reset (just before STOP instruction) Same as above
are retained.

8.3 Notes on Unused Pins

When input/output pins not used in a user system are in a floating state,
electric potential of the I/O pins should be fixed because the LSI may
malfunction by noise. The following describes some examples.

High break-down voltage pin: Select "without pull-down MOS (PMOS open
drain)" with mask option list, and connect the pin to Vo on the print board
of the user system.

Standard pins: Select "without pull-up MOS (NMOS open drain)", and connect
the pin to GND on the print board of the user system. R;0/SCK pin and
R42/S0 pin are programmed as R,g pin and R,o pin, respectively by the serial

mode register and port mode register.
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8.4 Notes on Board Design of an Oscillation Circuit

When connecting crystal and ceramic resonators with the 0SC] and 0SC2 pins

for oscillation, observe the following design precautions.

(1) Locate crystal, ceramic resonator, and load capacity C; and Cy as close to
the LSI as possible as shown in Fig. 8-2 (induction of outside noise on the

0SC; and 0SCy pins may cause problems in oscillation).

(2) Wire the signal lines adjacent to 0SC; and 0SC2 pins as far apart as

possible and not in parallel in order to prevent crosstalk.

(3) If the signal line or power supply line is laid out near the oscillator
circuit as shown in Fig. 8-3, normal oscillation may not operate as specified.

The resistor between 0SC] or 0SC; and nearby pins should be 10MQ or more.

l o Signal C
C

Cy
2 osc
o S T i
SC
0SCy It

08Cy,

UL

MCU MCU

Signal A
Signal B

Fig. 8-2 Dgsigp of Oscillation Fig. 8-3 Example of Circuit Causing
Circuit Board (I) Trouble in Oscillation

(4) When operating MCU using an external clock, be careful of a long drop

from the external clock to the 0SC} pin. Induction of noise on the 0SC;

Pin from signal lines or power supply lines can lead to malfunction of
the MCU. Refer to Fig. 8-4.
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Coupling

E -L-capacity Clock
0sC1 P~ generator

MCU

Fig. 8-4 Design of Oscillation Circuit Board (II)

8.5 Automatic Paging Facility of Cross Assembler for the HMCS400 Series

The following cross assemblers for the HMCS400 series have an automatic

paging facility.

(1) The S400XAS2F cross assembler for the H68SD operates under FDOS-III or
FDOS-II with its host computer Hitachi development system H68SD5A, H68SD5
or H68SD20.

(2) The S400XAS6F cross assembler for the H680SD200 operates under CP/M-68K*
with its host computer Hitachi development system H68SD200.

(3) The S400MDS1F and S400MDS2F cross assemblers for MDS operate under ISIS-II )
or CP/M* with their host computer Intel development system MDS-220/230.

Owing to the automatic paging facility, programmers can use conditional

branch instructions for any size ROM without being concerned with page

(256 words/page) boundaries. Two conditional branch instructions are

available for the HMCS400 series : BR and BRL. The above cross assemblers
have a unique instruction which has no object code, i.e., BRS. With the BRS
instruction, the object code is automatically converted to BR if the destina-
tion address is within the current page and to BRL if it is not within the
page. With such object code generated, the mnemonic of the instruction in the

source statement remains ''BRS".

* CP/M-68K and CP/M are registered trademarks of Digital Research.

Destina- L.
tion Within the page Out of the page
(l-word (2-word
Instruc- instruction) instruction)
tion
BRS BR BRL
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(4) When a BRS instruction appears, object code for BR is generated if the
destination address is within the current page and that of BRL if it is not

within the page.

(5) The BRS operand is a symbol name having a ROM address.

ST-NO OBJECT ADRS SOURCE STATEMENTS

00001 LBL1 EQU $1

00002 LBL2 EQU $100

00003 301 0000 BRS 15 ACEEEEEREEEEERNCY
00004 170 100 0001 BRS LBL2+vevnvseenees (D
00005 *

00006 ORG $FF

00007 300 OOFF BRS LBL2: -+ (3
00008 *

00009 ORG $1FF

00010 170 100 O1FF BRS LBL2 +trevereeese(B)
00011 *

00012 302 0201 BRS LBL3

00013 TN O]
00014 231 0202 LBL3 LAI $1

00015 *

00016 END

Fig. 8-5 Example of Automatic Paging

(:) Object code for the BR instruction is generated if LBL1 is in the
current page.

(:) Object code for the BRL instruction is generated if LBL2 is not in the
current page.

(:) Object code for the BR instruction is generated because BRS is on the
page boundary and LBL2 is in the following page.

(:) Object code for the BRL instruction is generated because BRS is on the
page boundary and LBL2 is not in the following page.

(:) If the number of automatic paging operations exceeds 255, the assembler
outputs an error message and terminates the process. In this case the

destination address of the BRS instruction is undefined.
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8.6 Precautions for Port Mode Register (PMR) Setting

IFO0 and IF1 (External Interrupt Request Flags) are set if R32/T§T6 and
R33/INT] programmed as INTq input pin, INT] input pin, respectively by
setting the bit 2 and 3 of PMR to 1 during R32/INTg and R33/INT; input
level LOW. Thus, PMR should be specified as the external interrupt input

pin (INTp or INT;) only in external interrupt disable state. Then IFO or

IF1 should be reset.
Although PMR is set as

R33/INT] input level high,

external interrupt input during R32/INTQ and
IFO and IF1l cannot be set.

External ;
interrupt Notes for PMR setting
INTo IF0 is set if R32/INTp pin is programmed as INTQ input pin
by setting bit 2 of PMR to 1 during R32/INT( input level low.
INTy IF1 is set if R33/INT; pin is programmed as INT] input pin

by setting

bit 3 of PMR to 1 during R33/INT; input level low.

The following examples

(Example 1) PMR is set in

.

SEMD IMO, $000
LMID 70100, PMR
REMD IFO, $000
REMD IMO, $000

shows the programming example of PMR for INTQ.

main routine

INTQ MASK
R32=INTg
IF0 RESET
INT; ENABLE

(Example 2) PMR is set in INTgp interrupt routine

LMID 70000, PMR

LMID %0100, PMR
REMD IF0, $0000

R32=R32

R32=INTq
IF0 RESET
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9.

type and Mask ROM type

Difference between EPROM in-package type, EPROM on-package

vl

Type Name EPROM in package EPROM on package
HD614P080S HD614P180
HD4074008 HD614P0160S HD40P4181
Items
Typical instruction
exection time 1 ps 1.33 us 1.33 us/1 us
Power supply voltage 4.5 - 5.5 4.5 - 5.5 4.5 - 5.5

4096 wordsx10 bits

(EPROM 2764)

R .
oM 8192 wordsx10 bits PROM 8192 wordsx10 bits| (EPROM 27128,27256)
. . - . 576 digitsx4 bits
RAM 512 digitsXx4 bits 576 digitsx4 bits 992 digitsxh bits
I/0 pin Standard pins |NMOS Open drain*1l NMOS Open drain NMOS Open drain
cireult  Iyieh voltage
Piﬁs 8¢ IPMOS Open drain*2 PMOS Open drain PMOS Open drain
Clock Crystal o o o
generation|Ceramic o [¢) o
Resistance - - -
Package Shrink type 64-pin dual- Shrink type 64-pin| 42 pin EPROM on
in-line plastic package. EPROM on package. | package.
64-pin flat plastic package.
Shrink type 64-pin dual-
in-line ceramic package.
Type DC-64S DP-64S | FP-64 DC-64SP DC-42P
Occupied area|18.8x57.3| 17x58 | 19.6%25.6 23%57.3 19%52.8
High from
stand—off 5.1 5.1 2.9 7.5 (max)
(mm) (max) (max) | (max) EPROM on-package

*1, *2 Typical 5V use
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Mask ROM

HMCS402AC HMCS404AC HMCS408AC HMCS412AC HMCS414AC
HMCS402C HMCS404C HMCS408C HMCS412C HMCS414C
HMCS402CL HMCS404CL HMCS408CL HMCS412CL HMCS414CL
1.33 us 1.33 us 1 us 1 us 1 us
2 us 2 us 2 us 2 us 2 us
4 us 4 us 4 us 4 us 4 us
4.5 - 6 4.5 - 6 4.5 - 6 4.5 - 6 4.5 - 6
4 -6 4 -6 3.5 -6 3.5 -6 3.5 -6
2.7 -6 2.7 - 6 2.5-6 2.5 -6 2.5 -6
2048 wordsx10 bits {4096 wordsx10 bits | 8192 wordsxl0 bits 2048 wordsx10 bits | 4096 wordsx1l0 bits
160 digitsx4 bits 256 digitsx4 bits | 512 digits*4 bits 160 digitsx4 bits 160 digitsx4 bits

Each pin selects "without pull-up MOS (NMOS open drain)",
"with pull-up MOS", or 'CMOS".

Each pin selects "without pull-down MOS (PMOS open drain)"
or "with pull-down MOS".

o

o

o

o

o

o}

HMCS402C

HMCS404C

Shrink type 64 pin dual-in-line plastic package.
64 pin flat plastic package.

42 pin dual-in-line plastic package.

Shrink type 42 pin dual-in-line

plastic package.

DP-64S, FP-64 DP-42, DP-42S

17x58, 19.4x25.6 13.4%52.8, 14x37.34

5.1 (max), 2.9 (max) 5.08 (max)
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10.

10.1

The HD4074008 is

EPROM IN PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD4074008

Overview

Under Development

a mass storage ZTAT microcomputer incorporating 8k words

of programmable ROM and 512 digits of RAM. It is a CMOS 4-bit single-chip

microcomputer which

the characteristics

low power dissipation.

(1) Features

o}

[o}

Instruction Set Compatible with the HMCS402/404/408

8,192 words X 10 bits programmable ROM (Program spec. is compatible with

the 27256 type)
512 digits X 4 bits RAM

of high program productivity, high speed operation, and

is a member of the HMCS400 series microcomputers providing

58 I/0 Lines Including 12 Large Current Pins (15mA), I/O Pin Circuit

Type; Open Drain with 5 Voltage use.
Two On-chip Timer/Counters
Clock Synchronous 8-bit Serial Interface
Five Interrupt Sources
External 2
Internal 3
Subroutine Stack
Up to 16 levels including Interrupts
Two Low Power Dissipation Mode
Standby Mode
Stop Mode
On-chip Oscillator
Crystal or Ceramic Filter (Externally drivable)
Minimum Instruction Cycle Time 0.89us
Operation Mode
MCU Mode
PROM Mode
Package
64-Pin Shrink Type Plastic DIP
64-Pin Shrink Type Ceramic DIP with Window
64~-Pin Flat Plastic Package
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(2) Pin Arrangement (Top View)

Dn
D

(DP-64S)

(3) Block Diagram

PROM Mode MCU Mode

|

Rao/Rar/Rar/
§CK s1 S0

1]

P -

3

Ray/ Raz/
iNT, iNT,

— |

2
-
d

1

I
3

SERIAL
INTER.
FACE

=)

A

TIMER

TIMER
8

EXTERNAL
INTERRUPT

INTERRUPT CONTROL

galvel

RAM  512X4bit

Ry

I SYSTEM CONTROL I

PROM

8192X 10bit

INSTRUCTION|
DECODER

»
3

Bl

(@]
[

by —

U
e ]|

piinies

)]

SO SI SCK INT,INTg

0,0,0,50,

: i“ "H"": =

RasRaz/Rar/Reo/ R33/R32/R31R30 Ra3RazRai Rao

{w"n I )

Ri3R12R1 R0

AuAis AizAnAcAs AsArAsAs AjAsA A

D-PORT

n.,n.,n.,.h DisDuD13 D12 D11 D10 Ds0s D1 Dg s Da D3 02 Di B0 +— MCU Mode

00,0, <« PROM Mode

Fi
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(4) Pin Function

Pin arrangement depending on the mode

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode

gg:g:: FP-64 Symbol 1/0 Symbol | 1/0 gg:gzg FP-64 Symbol 1/0 Symbol 1/0

1 59 D11 1/0 Vee 33 27 R40/SCK | 1/0 04 1/0

2 60 D12 1/0 34 28 R41/S1 1/0 05 1/0

3 61 D13 1/0 35 29 R42/50 1/0 06 1/0

4 62 D14 1/0 36 30 R43 1/0 07 1/0

5 63 D15 1/0 37 31 R70 0 CE 1

6 64 ROO 0 Al 1 38 32 R71 0 OE 1

7 1 RO1 0 A2 1 39 33 R72 0

8 2 RO2 0 A3 1 40 34 R73 0

9 3 RO3 0 A4 1 41 35 R80 0o

10 4 R10 1/0 As 1 42 36 R81 [}

11 5 R11 1/0 A6 1 43 37 R82 0

12 6 R12 1/0 A7 1 44 38 R83 0

13 7 R13 1/0 A8 1 45 39 R9Q 1 Vpp

14 8 R20 1/0 A 1 46 40 R91 1 Ag 1

15 9 R21 1/0 Al10 1 47 41 R92 1 Mo 1

16 10 R22 1/0 A1l 1 48 42 R93 1 ML 1

17 11 R23 1/0 A12 I 49 43 RESET 1 RESET 1

18 12 RAO 1 50 44 TEST 1 TEST 1

19 13 Ral 1 51 45 0SCy 1

20 14 R30 1/0 A13 1 52 46 0SC2 0

21 15 R31 1/0 Al4 I 53 47 GND 1/0 GND

22 16 R32/INTg 1/0 54 48 Do 1/0 09 1/0

23 17 R33/INT] 1/0 55 49 D1 1/0 01 1/0

24 18 R50 1/0 56 50 D2 1/0 02 1/0

25 19 * Rs1 1/0 57 51 D3 1/0 03 1/0

26 20 R52 1/0 58 52 Dy 1/0

27 21 R53 1/0 59 53 Ds 1/0

28 22 R60 0 60 54 D6 1/0

29 23 R61 0 61 55 D7 1/0

30 24 R62 0 62 56 Dg 1/0

31 25 R63 0 63 57 D9 1/0

32 26 Ve Ve 64 58 D10 1/0 Vee

(Note) I/0 : Input/Output Pins
I : Input Pins
0 : Output Pins
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(5) Pin Description

The MCU input and output signals are described below.

o GND, Vcc
These are the power supply pins for the MCU. Connect the GND to the
ground (OV) and apply the Vcc power supply voltage to the Vg pin.

o TEST
This pin is not for use by users. It should be connected to Vgc pin.

o RESET
This pin is used to reset the MCU.

o 0SCp, 0SCy
These are input pins for the internal oscillator circuit. They can be
connected to the crystal resonator, ceramic filter resonator, or
external oscillator circuits. The internal oscillator should be

selected using a mask option.

o D-port
The D-port is input/output port addressed by one bit. All pins
(Dp-D35) are I/0 pins. The pins Dg to D3 are standard pins and
their circuit type is NMOS open drain. The pins D4 to D35 are large

current standard pins, and their circuit type is PMOS open drain.

o R-ports (RO to RA)
These are 4-bit I/0 ports. (RA however, is 2-bit construction.) RO,
R6, R7 and R8 are output ports, R9 and RA are input ports, and Rl to
R5 are I/0 ports. All pins of port RO-RA are standard pins.
The circuit type of D4-D15 and RO-R2 is PMOS open drain, and that of
Do-D3 and R3-R8 is NMOS open drain. The pins R32, R33, R4g, R41, and
R42 are multiplexed with INTg, INT1, SCK, SI, and SO respectively.

o 1INTg, INT]
These are input pins with which MCU operations can be interrupted
externally. INT] can be used as and external event input pin for

Timer B. INT(g and INT; are multiplexed with R32, R33 respectively.

o SCK, SI, SO
The Transfer Clock I/0 pin (SCK), Serial Data Input pin (SI), and Serial
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are
multiplexed with R40, R4y, and R4 respectively.
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PROM Mode Pins

(o}

Vpp
This pin is used for applying program voltage (12.5V £0.3V) to internal
PROM.

CE

This pin is input for programming and verifying internal PROM.

OE

This pin is input of data output control signal for verify.

A0-A14
These pins are address input pins for internal PROM.

00-07

These are data buses for internal PROM.

Mg, My

These pins are used for setting EPROM mode. EPROM mode is set when
Mg, M1, and TEST pins are Low level and RESET pin is High level.
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(6) Package Dimensions
Unit: mm(inch)

DP-64S
57.6(2.268)
64 58.6max.(2.307max.) 3
fslalulalaialalelalalalalalslalalalalalalslsinlalnlalalinl
=5t
NERES
“|1S o~
-e
o]
UOUOUUooUOoU0 0000000 00000 ouOw
o 32
(0.039) M
-~ 19.05
FRC T —
< £ EE ! (0.750) !
S.ES .
5278
oS |we
,LL_ 1.778£0.25 0.48-010_]] <2 “'25:%§38‘\
+0. . <2 ot
(0.070 - 0.010) 0019 * 0.004) 588 o s (0.010%0
Yo
DC-64S
57.3(2.256)
64 - monannndd
g
=]
=
=
: rerer b -4
I 0.9(0.035)
3
i
E~ 19.05(0.750)
I
ale
el
é £ 0.2593
| 2 b e
(0.070+0.010) (0.019+0.008) =1 (0.010%338%
E| E
& X
s <

314 HITACHI



Unit: mm(inch)

FP-64

| 25.6+0.4(1.008 + 0.016)

- 20.0(0.787) __ 2.9max
5! 33 (0.114max.)
S2e= 321
= |=
wl< 5
sl
S|lela
S
=| 2|8
s
64
1£0.15] 0.35-0.1 A
(0.039 + 0.006) (0.014 - 0.008) o\5£°°5T
(00062000
_ =—<}0~ 15
12)
L 12030067200

10.2 ROM Memory Map

The MCU includes 8,192 words x 10 bits PROM. PROM is described in the
following paragraphs and PROM Memory Map is illustrated in Fig. 10-2.

o Vector Address Area —--- $0000 to $000F
Locations $0000 through $000F are reserved for JMPL instructions to
branch to the starting address of the initialization program and of the
interrupt service programs. After reset of interrupt routine is serviced,

the program is executed from the vector address.

0 Zero-Page Subroutine Area —-- $0000 to $O003F
Locations $0000 through $003F are reserved for subroutines. CAL instruc-

tion allows to branch to the subroutine.

o Pattern Area --- $0000 to $OFFF
Locations $0000 through $OFFF are reserved for ROM data. P instruction

allows referring to the ROM data as a pattern.

o Program Area --- $0000 to $1FFF
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° $ 0000 o| JMPL Instruction $ 0000
Vector Address 1 {Jump to RESET Routine) b $ 0001
15 $ 000F 2| JMPL Instruction $ 0002
186 $ 0010 3] (Jump to TNT, Routine) | $ 0003
. 4 JMPL Instruction $ 0004
Z"°'(::2:::)’°“""’ s (Jump to INTy Routine) | '$ 0005
63 $ 003F 6| JMPL Instruction $ 0006
64 $ 0040 7] (Jump 1o TIMER-A Routine) | $ 0007
Pattern 8l JMPL Instruction $ 0008
(4096 Words) o[ (Jump to TIMER.B Routine) | $ 0009
4095| J $ OFFF 10 $ 000A
4096 $1000 n $ 0008
12| JMPL instruction $ 000C
Program o . -1
13]  (Jump to SERIAL Routine) |$ 000D
(8192 Words) 14} $ 000E
8191 $ 1FFF 15| $ 000F
8192 $2000
Not Used
16383 $ 3FFF

Fig. 10-2 PROM Memory Map

10.3 RAM Memory Map

The MCU includes 512 digits X 4 bits RAM as the data area and stack area.

In addition to these areas, interrupt control bits and special function

registers are also mapped on the RAM memory space. RAM memory map is

illustrated in Fig. 10-3 and described in the following paragraphs.

o Interrupt Control Bit Area --- $000 to $003

This area is used for interrupt cont:ols, and is illustrated in Fig. 10-4.

It is accessable only by RAM bit manipulation instruction. However, the

interrupt request flag cannot be set by software. RSP bit is used to

reset the stack pointer.

o Special Function Registers Area --- $004 to $00B

The Special Function Registers are the mode or data registers for the

external interrupt, the serial interface, and the timer/counter.

registers are classified into three types: Write-only, Read-only, and

Read/Write as shown in Fig. 10-3. These registers cannot be accessed by

RAM bit manipulation instruction.
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Data Area --- $020 to $1DF

16 digits of $020 through $02F are called memory register (MR) and

accessable by LAMR and XMRA instructions.

in Fig. 10-5.

Stack Area --- $3CO to $3FF

The configuration is shown

Locations $3CO through $3FF are reserved for LIFO stacks to save the

contents of the program counter (PC), status (ST) and carry (CA) when

interruption is serviced.

stack which one level requires 4 digits.

This area can be used as 16 nesting level

A save condition is shown in

Fig. 10-5. The program counter is restored by RTN and RINI instructions.

Status and Carry are restored only by RINI instruction.

used for stacking, is available as a data area.

The area, not

N $ 000 0 $ 000
RAM-mapped Registers 1 . $ 001
trol Bits
31 $01F 2 Interrupt Control Bi $002
32 $ 020 003
; 3 $
M t MR T
47 _____f'ff'fffﬁ'ff'f‘_ __)_~ ] 3\02,: 4] Port Mode Reg. (PMR) | W |$ 004
48 $ 030 5| Serial Mode Reg. (SMR) | W |$ 005
Data 6| Serial Data Reg. Lower (SRL) R/W|$ 006
7|1 Serial Data Reg. Upper (SRU) TR/W, $ 007
(448 Digits) -
8| Timer Mode Reg. A (TMA) ! W |$ 008
9| Timer Mode Reg. B (TMB) | W |$ 009
479 $1DF 101 TIMER-B* (TCBL/TLRL) {R/W[¢ 00A
480 $1E0 1 (TCBU/TLRU){R/W|$ 008
Not Used 12 $00C
959 $ 3BF Not Used
960 $ 3C0
Sta.c.k 31 $ O1F
1023 (64Digits) $3FF
* Two registers are mapped on same address.
Cv i::::’e %’:I\’y 10 T:mer/Even:T%uBuGler B Lower)tR Timer Lo(:_t:- ;!Le)g Lower iw $00A
' T H Timer Load Reg. U |
R/W:Read/Write 11 imer/Event %o;a}er B8 Upper: R imer ?‘?LRJ)Q pper iw $008B

Fig. 10-3 RAM Memory Map
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bit 3 bit 2 bit 1 bit 0

IMO IFO RSP 1/E $000
0 (IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
, IMTA IFTA M1 IF1 5001
(IM of TIMER-A) (IF of TIMER-A) (IM of INT;) (IF of INT})
IMTB IFTB
2 Not Used Not Used (IM of TIMER-8) (F of TIMER-B) | 3002
MS IFS
3 Not Used Not Used (IM of SERIAL) (IF of SERIAL) $003
IF : Interrupt Request Flag
IM :  Interrupt Mask

I/E : Interrupt Enable Flag

SP : Stack Pointer

{Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction.
The content of Status becomes invarid when ‘“Not Used"’ bit is tested.

Fig. 10-4 Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
32 [MRO ] g g20 969 [Level 16 ]$3C0
33 LMRI) | ¢ 021 Level 15
34 |_MR(2) $ 022 Level 14
35| MRG) | s 023 Level 13
36 | _MR@4) $ 024 Level 12
37 | _MR(5) $ 025 Level 11
38 MR(6) $ 026 Level 10
39 [ MR(7) | s 027 Level 9 bit3 bit2 bit1 bit0
ao| MR | s 028 Level 8 [ I B
41| MR | s 029 Level 7 1020f ST | PCi =~ PCi. =~ PCu |S3FC
42| MR(10) | $ 02A Level 6 T __ T __
43[ MROT) | s 028 Level 5 1021] ®C,, PG, ~PC. PG, |S3ID
aa| MRO2) | $ o2c Level 4 _____
45 | MR(13) | s 020 Level 3 1022f  cA PCs N PCs | PCs [S3FE
a6 | MR(14) | s 026 Level 2 BN (IS J— I S LI $ 3FF
47 |_MR(15) | $ 02F 4023| Level 1)g 3pF ¢ | Py c ] PCo
£5p o PCo + Program Counter (Note) As the HD4074008 is 8k EPROM
CA; Carry version, PC13 is not used.

Fig. 10-5 Configuration of Memory Register, Stack Area and Stack Position
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10.4 Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vee -0.3t0+7.0 v
Pin Voltage Vvt —0.3to Ve +0.3 v 3
Total Allowance of Input Currents Zlo 50 mA 4
Total Allowance of Output Currents -Zlp 150 mA 5
Maximum Input Current lo 15 mA 6,7
4 mA 8,9
Maximum Output Current -lo 6 mA 8,10
30 mA 8,11
Operating Temperature Topr —20to +75 °c
Storage Temperature Tstg 56 to +125 °c

(Note1)  Permanent damage may occur if “Absolute Maximum Ratings”of the LS| or the EPROM are exceeded. Normal operation should be
under the conditions of “’Electricsl Characteristics”. If these conditions are exceeded, it may cause the malfunction and affect the

relisbility of LSI.
(Note 2)  All voitages are with respect to GND.
(Note 3)  Applied to standard pins.

(Note 4) Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously.
(Note 5) Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/0 pins simultaneously.
(Note 6) Maximum input current is the maximum amount of input current from each 1/0 pin to GND.

(Note 7)  Applied to D, ~ D, and R3 ~ RS,

(Note 8) Maximum output current is the maximum amount of output current from V¢ to each 1/0 pin.

(Note 8)  Applied to D, ~ D, and R3 ~ R8.
(Note 10) Applied to RO ~ R2.
(Note 11) Applied to Dy ~ Dus.
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10.5 HD4074008 Electrical Characteristics
(1) DC Characteristics (Ve = 5V * 10%, GND = 0V, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions -~ - Unit | Note
min typ max
RESET, SCK,
INT,, INT, 0.8V, = | Vect0.3 v
Input “High" | INTo. INT, «© ce
Voltage " St 0.7Vee — | veet03 | v
0SC, Vee-05| - Vce+0.3 \Y
RESET, SCK, 03 - | o2vee v
Input “Low” INTo, INT,
Voltage Vie st —0.3 = | 02Vee | V
0SC, -0.3 - 0.5 v
Output “High” —lon = 1.0mA Vee-1.0 | - - v
Voltage Von SCK. SO “lon = 0.01 mA Vcc—0.5 — - Vv
Output “Low” Fora -
Voltage Voo SCK, SO loL =1.6mA - - 0.4 v
Input/Output RESET, 1 v V to V 1
iNT. L= OVt - -
Leakage Current el ISTTS%":)S'C', in =0VtoVee HA 1
Current
Dissipation in lec Vee Vee=5V - - 45 mA 2,4
Active Mode
Current I\LA:;:num .
Dissipation in Isgy Vee 0 . - - 7 mA 3,4
peration
Standby Mode Vee = 5V
Current W
Dissipation in ltop Vee Vin(TEST) = V¢c-0.3V to Ve _ - 10 uA
Stop Mode Vin(RESET) = 0V t0 0.3V
Stop Mode _ _ v
Retain Voltage Viton Vee 2

(Note 1) Pull-up MOS current and output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... V¢ voltage
© Do ~D;3, R3~R9 - Vo voltage
eD,~D,s, RO~R2, RAD‘ Rajy -~ GND voltage
(Note 3) The timer/counter operate and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® |nput/Output; Reset state
® SERIAL Interface ; Stop
Pin state; ® RESET -..GND voltage
® TEST .- V¢ voltage
® Do,~D;, R3~R9 --- V¢ voltage
®D,~D,s, RO~R2, Rag, Ray - GND voltage
(Note 4) When foqc=x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foge=x[MHz]) =%x max. value (foec=8[MHz])
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(2) Input/Output Characteristics for standard pin — 1

(Vee =5V £ 10%, GND = 0V, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - au Unit Note
min typ max
Input “"High’’ Do ~ D3,
Voltage Vim R3 ~ R5, R9 07Vee | — | Vect03 | v
Input “Low’’ Do ~ D3,
Voltage Vie R3~ R5. RO -0.3 - | 03Vg v
Output ““Low” Do ~ D3, - — -
Voltage Vou R3~ R8 loL =1.6 mA 0.4 \%
Input/Output Do ~ D3, A —- - 1 A 1
Leakage Current et R3~ R9 Vin =0V to Vee H
(Note 1) Output buffer current are excluded.
(3) Input/output characteristics for standard pin — 2
(Vge =5V * 10%, GND =0V, Ta = —20 to +75°C, if not specified.)
Value
item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input ““High” D4 — Dys, R1 _
Voltage ViH R2. RAQ, RA1 0.7Vce Vcet+0.3 \
Input “Low”’ D4 — Dys, R1 . _
Voltage Vi R2, Rao, RA1 03 03vee | Vv
—IQH = 15mA Vee—-30| — - \%
D4 —Dys —1oH = 10mA Vec-20| - - \
Output ““High” Vo —loH = 4mA Vee-1.0| — - A
Voltage —I0H = 3mA Vec-30| — - \
RO — R2 —lQH =2mA vVee-20]| — - \%
—IoH = 0.8mA Vee-10]| — - \4
Input/Output Da —Dys
Leakage Iyed RO — R2 Vin=0toVce - - 1 HA 1
Current RAa0. RA1

(Note 1) Output buffer current are excluded.
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(4) AC Characteristics (Voe =5V + 10%, GND = 0V, Ta = —20 to +75°C, if not specified.)

. Test Value .

Item Symbol Pin Name Conditions in vp X Unit Note
Oscillation Frequency fosc 0sC,, 0sC, divide-by-8 04 8 9 MHz
Instruction Cycle Time teye divide-by-8 | 0.89 1 20 us
%s't’:‘ltlalamr Stabilization the 0SC,, 0SC, _ _ 20 ms 1
E:::I"x:(ﬁ:‘“k High tcem 0sC, divide-by-8 M - - ns 2
Love Wiagh - - ter. | OSC, avoenye | 41 | = | = | o |2
External Clock Rise Time tcpr 0sC, - - 15 ns 2
External Clock Fall Time tept 0SC, — — 15 ns 2
fNTo “High” Level Width tioH INTo 2 - - teye 3
TNTo “Low” Level Width tioL INTo 2 - - teye 3
INT1 “High” Level Width ti1H INT1 2 - - teye 3
TNT1 “Low" Level Width e INT: 2 - - toye 3
RESET “High” Level Width trsth | RESET 2 = Z toye 2

A . . f=1MHz
Input Capacitance | Cin all pins Vin =0V - - 15 pF
RESET Fall Time tRsTf - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 4.5V at ““Power-on’’, or after RESET
input level goes to "High'’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering
from stop mode, apply RESET input more than tRc to obtain the necessary time for oscillator stabilization. When using
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker's advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

Crystal oscillator Ceramic filter oscillator
CI S Cl
F osc — = osc
Crvsta_lI_ ' Ceramic L !
. filter&52
T‘:F. T‘:F
r 0SC:2 F 0SC2
C2 C2 —_
GND GND
Crystal: 8.388608MHz NC-18(Nihon Denpa Kogyo) Ceramic filter: CSA8.00MT (Murata)
Rf= 1MQ £20% Rf = 1M2:20% [
C, =C, = 10pF  20% C, =C, = 30pF £ 20%
(Note 2) (Note 3)
14
° INT, T oL, L
Vce-0.8
osc, I— tCPH tcPL
0.5
e
tcPr tcpPf

(Note 4)
0.8V¢c

RESET 0.2V
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(5) Serial Interface Timing Characteristics .
(Vce =5V £ 10%, GND = 0V, Ta = —20 to +75 C, if not specified.)

* At Transfer Clock Output

. Test Value .

Item Symbol Pin Name Conditions in vp hax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teve 1,2
Transfer Clock “High" S
Level Width ’ tsckm ScK (Note 2) 0.5 - - tseye 1.2
Transfer Clock “Low” Sr
Level Width tsckL SCK {Note 2) 0.5 - - tseve | 12
Transfer Clock Rise Time tsckr SCK (Note 2) - - 160 ns 1,2
Transfer Clock Fall Time tsckt SCK (Note 2) - - 100 ns 1,2
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss) Sl 300 - - ns 1
Serial Input Data Hold Time tus SI 150 - - ns 1

* At Transfer Clock Input

| Symbol | Pin Name Test Value i Not

tem ymbo in Nam Conditions o e o Unit ote
Transfer Clock Cycle Time tseye SCK 1 - — teye 1
Transfer Clock “High” <A _ t
Level Width tsckn SCK 05 - Scve 1
Transfer Clock “Low"” T i _ _
Level Width tscke SCK 05 tseve !
Transfer Clock Rise Time tsckr SC - - 100 ns 1
Transfer Clock Fall Time tsckt SCK - - 100 ns 1
Serial Qutput Data
Delay Time tpbso SO (Note 2) - — 250 ns 1,2
Serial Input Data Set-up Time tss Si 300 - - ns 1
Serial Input Data Hold Time tHsi S! 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface

SCKk  Vec —2.0V(0.7Vcc
0.8V(0.2vce) *

]

toso

Vec -2 0V
SO
0 8V

-
X

tSSI~f p— thsi—f
g
si 0.7Vce
< 0.3Vee p
* Ve — 2.0V and 0.8V are the threshold voltage for transfer clock output.
0.8Vce and 0.2 V¢ are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
R =2 6ky
Test
Point
ct 2n 1520748
300F 12k or Equiv.
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10.6 Programming the On-Chip Programmable ROM

The HD4074008's on-chip PROM is programmed in PROM mode. PROM mode is set
by bringing TEST, Mgy, and M] low, and RESET high as shown in Fig. 10-7.
In PROM mode the MCU does not operate. It can be programmed like a standard
27256 EPROM using a standard PROM programmer and a 64-to-28-pin socket

adapter. Table 10-2 lists recommeded PROM programmers and socket adapters.

Since an instruction of the HMCS400 series consists of 10 bits, the
HMCS400 series microcomputer incorporate conversion circuit to use general
perpose PROM programmer. By this circuit, an instruction is read or programmed
using 2 addresses, lower 5 bits and upper 5 bits as shown in Fig. 10-8. For
example, if 8k words of on-chip PROM is programmed by general purpose PROM
programmer, 16k bytes of addresses ($0000-$3FFF) should be specified.

Precautions

1. Addresses $0000 to $3FFF should be specified if the PROM is program-
med by the PROM programmer. If addresses of $4000 or higher is
accessed, the PROM may not be programmed or verified. Note that the
plastic package type cannot be erased and reprogrammed. Data in
unused address should be set to $FF. (Ceramic window packages can

be erased and reprogrammed by ultraviolet light.)

2. Be careful that the PROM programmer, 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 Vpp=12.5V. Other PROMs use 21V.
If 21V is applied to the HD4074008, the LSI may be permanently
damaged. 12.5V is Intel's 27256 Vpp.

(1) Programming and Verification

The HD4074008 can be high-speed programmed without causing
voltage stress or affecting data reliability.
Fig.1l0-9 is a programming flowchart, and Fig. 10-10 is a timing
chart. For precautions on PROM programming, refer to "ZTAT MCU On-Chip

PROM Characteristics and Precautions for Applications'.
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HD4074008 [ TEST HD4074008

=
sreszs
[2R%5)
ok

-3

o

|B]8]8]818(8|718/8|E1818/816)]

(Top View)
No mark: Open (TOP View)

Fig. 10-6 PROM Mode Pin Arrangement

Vee
Vee /r
Vv
L—-RESET ce
TEST
Mo
M Oe
ua { |=——> Data
O Oo~ 04
Ao
§ K3 Address
Ay Ao~ Ay,
e OF
[« CE
GND

i

Fig. 10-7 PROM Mode Function Diagram
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$0000 0, 0 0 , bitd _ bit3  bit2  bitl bit0 | Fase. s | JMPL instruction $0000
$0001 0, O (] bit9 . bitg , bit? , bitg , bits | LMSE 00 (Jump to RESET Routine) $0001
> | JMPL Instruction 4 $0002
Vector Address {Jump to INTo Routine) $0003
$001F $000F | JMPL Instruction ] so004
$0020 $0010 (Jump to INTy Routine) $0005
> JMPL Instruction $0008
-Page Subroutil - -
S (z::w::s) ne (Jump to TIMER-A Routine) | $0007
| JMPL instruction . $0008
$007F $003F (Jump to TIMER-8 Routine) $0009
$0080 $0040 $000A
r Pattern $0008
(4096 Words) | JMPL Instruction | so0oc
(Jump to SERIAL Routine) $0000
$ 1FFF SOFFF $000€
$2000 - $1000 $000F
d Program
S (8192 Words)
$3FFF $ 1FFF
$2000
Not Used
(Note)
$7FFF N ) ) $ FFF
—_—————
Three bits are not used.
(Set to '"111")
(Note) When reading this address space, "$FF" is output.

Fig. 10-8 PROM Mode Memory Map

(2) Erasing (Window package type)

The PROMs on HD4074008's in ceramic "window' packages can be erased
by ultra violet light. All erased bits become ones.

Erasing conditions are: ultraviolet (UV) light with wavelength 2537A
with a minimum irradiation of 15W‘S/cm. These conditions are satisfied
by exposing the LSI to a 12,000 uW/cm UV source for 15-20 minutes, at
a distance of 1 inch.

For window-type packages, refer to "Window-Type Package Precautions'.

Table 10-1 Mode Selection

Pin
Mode CE OE Vpp
Programming | Low High | Vpp Data input
Verify High | Low Vpp Data output
Programming | High | High | Vpp High impedance
inhibited
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Table 10-2 PROM Programmer and Socket Adapter

PROM Programmer Socket Adapter
Maker Type name Maker Type name
DATA 1/0 29A Hitachi HS408ESS11H
29B
AVAL Corp PKW-1000 Hitachi HS408ESS21H
PKW-7000

START

[ SET PROG./VERIFY MODE

Ver=12.5+0.3V, Vcc=6.010.25V

Address=0

[ Program ttw=1ms+5% |

[ Address+ 1—Address |

{  Program torw =3n ms ]

NO

Address?
YES

SET READ MODE
Vcec=5.0+0.5V Vee =Vcc+0.6V

NOGO READ
All Address

C_FAIL )

Fig. 10-9 High Speed Programming Flowchart
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(3)

Programming electrical characteristics

DC Characteristics (V¢c=6V +0.25V, Vpp=12.5V 0.3V, Vgg=0V, Ta=25°C +5°C,unless otherwise noted.)

Item Symbol | Test Condition min typ max Unit
Input High Voltage 00-07,Ag-A14 OE,CE VIH 2.2 - |vecto.3 v
Input Low Voltage 09-07,A0-414 OE,CE ViL -0.3 - 0.8 \
Output High Voltage 00-07 VoH Iop=-200uA 2.4 - - v
Output Low Voltage 00-07 VoL IoL=1.6mA - - 0.45 v
Input Leakage Current 0p-0;7,Ap-A14 OE,CE | |Ipz| | Vin =5.25V/0.5V | = - 2 LA
Vee Current Icc - - 30 mA
Vpp Current Ipp - - 40 mA
AC Characteristics (Vge=6V $0.25V, Vpp=12.5V #0.3V, Ta=25°C £5°C, unless otherwise noted.)
Item Symbol | Test Condition min typ max Unit
Address Set-up Time tAS 2 - - us
OE Set-up Time tOES 2 - - us
Data Set-up Time tps 2 - - us
Address Hold Time tAH 0 - - us
Data Hold Time tDH Fig.10-10 2 - - us
Output Disable Delay Time tDF - - 130 ns
Vpp Set-up Time typs 2 - - us
Program Pulse Width tPW 0.95 | 1.0 1.05 ms
CE Pulse Width when Overprogramming tOPW 2.85 - 78.75 ms
Vee Set-up Time tycs 2 - - us
Data Output Delay Time tOE 0 - 500 ns
Input pulse level 0.8 - 2.2V
Input rising/falling time < 20ns
Timing reference level input: 1.0V, 2.0V
output: 0.8V, 2.0V
Program Verify g
j |
Address
b——lﬁi——j tAH
Data Data In Stable -{ Data Out Valid
tos toH toF
Vep
Vee Vee _/l tves
vee Vee
GND ..J tves
CE
tw toes L toe
oF i I
toPw L 1

Fig. 10-10 PROM Programming/Verify Timing
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10.7 ZTAT MCU On-Chip PROM Characteristics and Precautions for Applications
(1) Principles of Programming/Erasing

The HD4074008's memory cells are the same as an EPROM's. Therefore
they are programmed by applying high voltage to control gates and drains,
which injects hot electrons into the floating gate (Fig. 10-11). The
condensed electrons in the floating gate are stable, surrounded by an
energy barrier of SiOg film. Such a cell becomes a 0 bit due to the
memory threshold voltage change. A cell with no 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:

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

() Heat, discharged by thermal emitting electrons

C) High voltage, discharged by a high electric 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 Control gate
N — 5102
Y{::: Floating gate ‘;::: Floating gate

Source OO Drain Source / Drain
AN
N+ N+ N+ e/ N+
Programming("o") Erasing("l")

Fig. 10-11 Cross-Section of EPROM Memory Cell
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(2) Programming Precautions

The PROM memory cells should be programmed 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 permanently damaged. Pay particular attention to
PROM programmer overshot. Negative voltage noise will cause a parasitic

transistor effect, which may reduce breakdown voltage.

The HD4074008 is connected electrically to the PROM programmer

through a socket adapter. Therefore, pay attention to the following:

1. Confirm that the socket adapter is firmly fixed on the PROM
programmer.
2. Do not touch the socket adapter or the LSI during programming.

Mis-programming can be caused by poor contacts.

(3) HD4074008 Reliability After Programming
Generally, semiconductors are reliable except for initial failures.
To avoid failures, screening can be performed. Screening at high
temperature removes PROM memory cells with data hold failures in a
short time. This is done to the ZTAT's in the wafer stage, so ZTAT
data hold characteristics are high. Exposing the LSI to 150°C after
user programming can effectively up grade these characteristics.

Fig. 10-12 shows the recommended screening flow.

[Programming/Verification

Exposure in high temperature
without applying any power

%
150°C +10°C, 48Hr T N

Confirmation of reading
Vee=4.5V or 5.5V

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

Fig. 10-12 Recommended Screening Flow

Note: If programming errors occur continuously during programming with
one PROM programmer, stop programming and check the PROM program-
mer or socket adapter. If trouble occurs in verification after
programming, or after exposure to high temperatures, please

inform a Hitachi engineer.
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(4)

Window-Type Package Precautions

C) Glass Erasure Window

If the glass window comes in contact with plastic or anything
with a static charge, the LSI may malfunction due to the electro-
static charge on the surface of the window. If this occurs,
exposing the LSI to ultraviolet light for a few minutes neutralizes
the charge, and restores the LSI to normal operation. However,
charge stored in the floating gate decreases at the same time, so
reprogramming is recommended.

Electrostatic charge buildup on the window is a fundamental cause

of malfunctions. Measures for its prevention are the same as those

for preventing electrostatic breakdown:

Operators should be grounded when handling equipment.

Do not rub the glass window with plastics.

Be careful of coolant sprays, which may contain a few ionms.
The ultraviolet shading label (which includes conductive

material) effectively neutralizes charge.

Ultraviolet Shading Label

If the LSI is exposed to fluorescent light or sunlight, its
memory contents may be erased by the small quantity of ultraviolet
light in these sources. In strong light, the MCU may fail under
the influence of photocurrent. To prevent these problems, it is
recommended that the device be used with an ultraviolet shading

label covering the erasure window after programming.

Special labels are sold for this purpose. They contain metal
to absorb ultraviolet light. When choosing a label, note the

following:

Adhesion (mechanical intensity) - Re-use and dust reduce
adhesion. Peeling off a label may cause static electricity.
Therefore, erasing and rewriting is recommended after peeling.
Sticking a new label over the old one is better than replacing
a label.

Allowable temperature range - The allowable environmental
temperature range of the label should be noted. If it is used
under conditions outside this range, the paste may stiffen or
adhere to the label, causing paste to remain onm the window when

the label is removed.
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Moisture resistance - The allowable moisture range and
environmental conditions of the label should be noted. It is
difficult to find a shade label applicable to all conditionms.
The proper label should be selected depending on the intended

use of the MCU.
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11. EPROM ON PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD614P080S/HD614P0160S
11.1 Overview
The HD614P080S is a 4-bit single chip microcomputer which can mount a
standard EPROM 2764/27128 as program memory, and a standard EPROM 27256 for the
HD614P0160S.

The HD614P080S/HD614P0160S is pin-compatible with the mask ROM type
HMCS402C/AC/CL, HMCS404C/AC/CL, HMCS408C/AC/CL and has the same functions
except for the range of power-supply voltage, ROM/RAM capacity, mask
option, and package. By modifying the program in the EPROM, they can be
used for the evaluation or small scale production of the HMCS402C/AC/CL,
HMCS404C/AC/CL, HMCS408C/AC/CL.

(1) Hardware Features
® 4-bit Architecture
® Capacity of Program Memory(ROM) and EPROM

4096 words x 10 bits.....HN482764, HN27C64 } HD614PO8OS

8192 words x 10 bits..... HN4827128

16384 words x 10 bits..... HN27256 } HD614P0160S
e Data Memory (RAM) Capacity...... 576 digits x 4 bits
e 58 I/0 Pins..... 26 1/0 pins are high voltage (max. 40V)

e 2 Timer/Counters

11-bit Prescaler

8-bit Free Running Counter

8-bit Auto-reload Timer/Event Counter
e Clocked Synchronous 8-bit Serial Interface
e 5 Interrupt sources

External 2

Timer/Counter 2

Serial Interface 1

e Subroutine Stack
Up to 16 levels including interrupts
e Minimum Instruction Cycle Time; 1.29 us
® 2 Low Power Dissipation Modes
Standby - Stops instruction execution while keeping clock generator and
interrupt functions.
Stop - Stops instruction execution and clock generation while retaining
RAM data
® Clock Generator
External Connection of Crystal Resonator or Ceramic
Filter Resonator (externally drivable)

e Power Voltage Range; 5V * 10%
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I/0 Pin Circuit Type

All standard pins are "without pull-up MOS'".

All high voltage pins are "without pull-down MOS".
Shrink Type 64 Pin EPROM On-package

(2) Software Features

Software Compatible with HMCS402C/AC/CL, HMCS404C/AC/CL, HMCS408C/AC/CL
Instruction Set Similar to and More Powerful than HMCS40 Series; 99 Instructions
High Programming Efficiency with 10-bit ROM/Word; 79 instructions are single-
word instructions.

Direct Branch to ROM Area

Direct Addressing to All RAM Area

Subroutine Nesting Up to 16 Levels Including Interrupts

Binary and BCD Arithmetic Operation

Powerful Logic Arithmetic Operation

Pattern Generation - Table Look Up Capability -

Bit Manipulation for Both RAM and I1/0
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(3) Pin Arrangement

Vee® PB

L —

AM® B
LK ]
MB B
An®
GND @
A @

E®

(Top View) (Top View)
HD614P080S HD614P0160S

(4) Recommended EPROM

Type No. Program Memory Capacity fosc (MH2) EPROM Type No.

HN27C64-30
HN482764-3

4096 words
HN27C64-25
HD614P080S 6 HNA82764

HN4827128-45
HN4827128-25
HN27256-30
HN27256-26

4

8192 words

HD614P0160S 16384 words

o|dlo s
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(5) Block Diagram (HD614P080S/HD614P0160S)

Rao/ Ra1/ Raz/ Ray/ Raz/ RE ES
SCKsi SO N INTo SET TEST 0SC: 0SC2 VccGND
= N On Package
] LL e T I L .
ol SERIAL SYSTEM CONT! i H
bemes k= iNTeR. | TIMER | TIMER EXTERNAL STEM CONTROL | !
" 1
Res FACE A 8 INTERRUPT ! '
)
Roz I !
R9 INTERRUPT CONTROL STOP — |
Ro: =1 sTBY ] >——+CE |
Upper I EPROM I
Rao (5bits) ! |
for v om0 {HNas2764 !
A C;:) RAM 576 X 4bit (Sbits) H HN27C64 |
a" | HN4827128 |
o {{(Note |
Rso. H A ~ A3, Ao t
pa J
Ria
Rz
R
R U
Re3
Re2 A
Re)
Rso
Rs3.
Rs2
&
Rso @
R4 R3 | D-PORT
L\TTTI lrmj T q:LO'TT?J ----- . Irrrg ------ AR SRR RN
Ra:R«z/Hn/R;o/R_n_/Ru/RaRJo 'RnRzsz\Rw RnRuRan{ Roa RoszR |5DuDv30uDquDsDeD7De Ds Da‘D: D2 Dy Do
SO SI SCKINT, INTg ~ '"7-m===-77 brmmmmmmmd bommoomoed b oo e oo m e -
T7777 High Voltag2 Pins
(Note) Aj-Aj3 for the HD614P080S, A1-Aj4 for the HD614P0L60S. bt

(6) Package Dimensions

Unit: mm (inch

)

® DC-64SP
51.3
6 (2.256) N
e 254 e =
(0.100)
a
[ 32
09 =
(0035) < 3
L IR ——— . TOnnfT ] ‘g'é’ §.§
T T v v _—— £5
1778 £0.25 04801 28
(0.070+ 0.010) (0.019+0.008) S

19.05

(0.750)

%

0.25%33
(0.01072%0%)
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11.2 ROM Memory Map

ROM memory map is illustrated in Fig. 11-1 and ROM is described in the

following paragraphs.

(1) Vector Address Area --- $0000 to $000F
Locations $0000 through $O00F are reserved for JMPL instructions to branch
to the starting address of the initialization program and of the interrupt
service programs. After reset of interrupt routine is serviced, the program

is executed from the vector address.

(2) Zero-Page Subroutine Area --- $0000 to $003F

Locations $0000 through $003F are reserved for subroutines. CAL instruc-

tion allows to branch to the subroutine.

(3) Pattern Area --- $0000 to $OFFF
Locations $0000 through $OFFF are reserved for ROM data. P instruction

allows referring to the ROM data as a pattern.

(4) Program Area --- $0000 to $1FFF (HD614P080S)
$0000 to $3FFF (HD614P0160S)

11.3 RAM Memory Map

The MCU includes RAM as the data area and stack area. In addition to
these areas, interrupt control bits and special function registers are also
mapped on the RAM memory space. RAM memory map is illustrated in Fig. 11-2

and described in the following paragraphs.

(1) Interrupt Control Bit Area --- $000 to $003
This area is used for interrupt controls, and is illustrated in Fig. 11-3.
It is accessable only by RAM bit manipulation instruction. However, the

interrupt request flag cannot be set by software.

(2) Special Function Registers Area --- $004 to $00B

The Special Function Registers are the mode or data registers for the
external interrupt, the serial interface, and the timer/counter. These
registers are classified into three types: Write-only, Read-only, and
Read /Write as shown in Fig. 11-2. These registers cannot be accessed by RAM

bit manipulation instruction.
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(3) Data Area --- $020 to $21F
16 digits of $020 through $02F are called memory register (MR) and
accessable by LAMR and XMRA instructions. The configuration is shown in

Fig. 11-4.

(4) Stack Area --- $3C0 to $3FF

Locations $3CO through $3FF are reserved for LIFQ stacks to save the
contents of the program counter (PC), status (ST) and carry (CA) when
interruption is serviced. This area can be used as 16 nesting level stack
which one level requires 4 digits. A save condition is shown in Fig. 11-4.
The program counter is restored by RTN and RTNI instructions. Status and
Carry are restored only by RTNI instruction. The area, not used for stacking,

is available as a data area.

EPROM ADDRESS MCU ROM ADDRESS
$0000 0, 0 O, bita  bit3 b2  bitl  bit0 | jower 5 bit $0000 |_ JMPL Instruction ] so000
$0001 [ 0 ] bit9 bit8 , bit? _ bit6 bits | upper 5 bit (Jump to RESET Routine) $0001
g | JMPL Instruction _| so0002
Vector Address (Jump to INTg Routine) $0003
$001F $000F | JMPL Instruction | $0004
$0020 $0010 (Jump to INTy Routine) $0005
r JMPL Instruction $0006
Zero-Page Subrout L
S (;;"w:f;s) ubroutine (Jump to TIMER-A Routine] | $0007
| JMPL Instruction J $0008
$007F $003F {Jump to TIMER-B Routine) $0009
$0020 $0040 $000A
[ Pattern $0008
(4096 Words) JMPL Instruction $000C
[ (Jump to SERIAL Routine) | $000D
$ 1FFF $ OFFF $000E
$2000 $1000 $000F
g Program
(8192 Words)
$3FFF . $ 1FFF
R ———
NOT USED
(Set to "*000"')
HD614P080S

Fig. 11-1 ROM Memory Map
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EPROM ADDRESS MCU ROM ADDRESS
$0000 0, 0 O, bué , bud  bu2 , bul , 510 | lower 5 bit] g0 JMPL Instruction $0000
$0001 o, 0 O , bt , bug , bu? | bit6 , bus | upper S bit (Jump to RESET Routine) $0001
\ [ JMPL Instruction | s0002
Vector Address {Jump to INTp Routine) $0003
$001F $ 000F | JMPL Instruction | s0004
$0020 $0010 {Jump to INT; Routine) $0005
[ 2ero-Page Subroutine JMPL Instruction | so008
(64 Words) (Jump to TIMER-A Routine) $0007
L JMPL instruction $0008
$007F $003F (Jump to TIMER-8 Routne) | $0009
$0080 $0040 $000A
r Pattern $0008
(4096 Words) | JMPL instruction $000C
(Jump to SERIAL Routine) b $000D
$ 1FFF $OFFF $000E
$2000 $1000 $000F
r Program
(16384 Words)
$TFFF $ 3FFF
 ————
NOT USED
(Setto “111")
HD614P0160S
Fig. 11-1 ROM Memory Map
o $000 [ $000
1
RAM-mapped Registers Interrupt Control Bits soo!
31 SO1F 2 $002
32 $020 3 $003
Memory Registers(MR) 4 | Port Mode Reg (PMR) | W $004
arl ] $02F 5 | Serial Mode Reg (SMR) : W | $005
48 $030 6{ Serial Data Reg. Lower (SRL) ;| R/W | $006
7 [ Serial Data Reg. Upper (SRU) | R/W | $007
Data 8| Timer Mode Reg. A (TMA) | W | $008
(512 Digits) 9| Timer Mode Reg. B (TMB) | W | $009
10 . (TCBL/TLRL) | RW | $00A
TIMER-B RO 8
543 $21F 1" (TCBU/ ) | R/W | $00
544 $220 12 $00C
Not Used
959 $3BF Not Used
960 $3c0
Stack 3) $OIF
(84 Digits)
1023 S3FF
* Two registers are mapped on same address.
R :Read Only
W : Write Only Timer/Event Counter B Lower (TCBL) R Timer Load Reg. Lower (TLRL) w $00A
R/W : Read/Write
Timer/Event Counter B Upper (TCBU) R Timer Load Reg. Upper (TLRU) w $008

Fig. 11-2 RAM Memory Map (HD614P080S/HD614P0160S)
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bit 3 bit 2 bit 1 bit 0

0 IMO IFO RSP I/E $000
(IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
1 IMTA IFTA M1 IF1 $001
(IM of TIMER-A) (IF of TIMER-A) (IM of INT) (IF of INT,)
IMTB IFTB
2 Not Used Not Used (IM of TIMER-B) (F of TIMER-B) | 3002
IMS IFS
N
3 ot Ysed Not Used (IM of SERIAL) (F of SERIAL) | 3003
IF : Interrupt Request Flag
IM : Interrupt Mask
I/E : Interrupt Enable Flag
SP : Stack Pointer

(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction,
The content of Status becomes invarid when "RSP" bit and “Not Used"’ bit is tested.

Fig. 11-3 Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
32 MR(0) $ 020 960 Level 16 $ 3Co
33 MR(1) $ 021 Level 15
34 |_MRQ2) $ 022 Level 14
35 |_MR(3) $ 023 Level 13
36 |_MR(4) $ 024 Level 12
37 |_MR(5) $ 025 Level 11
38 | MR(6) $ 026 Level 10
39 | MR(7) $ 027 Level 9 bit3 bit2 bit1 bit0
a0 | MR | s 028 Level 8 —
a1 [ MR | s 029 Lovel 7 1020) ST | PCw PC. PCu [S3FC
42| MR(10) | $ 024 Level 6 _____r__ T __
43| MR(1) | s 028 Level 5 1021| PC.o  PC, PC. | PC, |S3FD
4a| MR(12) | § o2¢C Level 4 T __ T __
45| MR(13) | $ 02D Level 3 10221 cA PCe L PCs | PC, |S3FE
a6 | MR(14) | s 02€ Level 2 SO N — I - r_ $ 3FF
47 |_MR(15) | $ 02F 4073| Level 1]¢ 3FrF PC» | Py C 1 PCo
PCi3 to PCo ; Program Counter
ST, Status
CA; Carry

Fig. 11-4 Configuration of Memory Register, Stack Area and Stack Position
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11.4 Precautions on using EPROM on Package Type Microcomputer

Since the HD614P080S/HD614P0160S has a special structure with pin sockets
installed on the surface of the package, the following should be noted when

using it.

(1) Do not apply an electrostatic voltage or surge voltage more than the

maximum ratings to the pin socket pins. This may destroy the LSI permanently.

(2) When installing this LSI in system products in the same way as the mask ROM
4-bit single chip microcomputer, observe the following in order to maintain

good ohmic contact between EPROM pins and pin sockets.

(a) When soldering the LSI on a printed circuit board, keep pin conditions

under 250°C within 10 seconds. If these conditions are exceeded, the
solder fixing the pin sockets may melt and the pins may fall out.

(b) Keep out detergent or coater from the pin sockets during flux removal
or board coating. Flux or coater may decrease pin socket contactivity.

(c) Avoid permanent use of this LSI in places with excessive vibration.

(d) Since repeated insertion/removal of EPROMs may decrease pin sockets'
contactivity, it is recommended to use new ones for your system

products.

11.5 Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vee —-0.3t0 +7.0 Vv
—0.3 to V¢ +0.3 Vv 3
Pin Voltage Vr cc
Vce —45 to Ve +0.3 \ 4
Total Allowance of Input Currents Zlo 50 mA 5
Total Allowance of Qutput Currents -Zlg 150 mA 6
Maximum Input Current o 15 mA 7.8
4 mA 9,10
Maximum Output Current =lo 6 mA 9n
30 mA 9,12
B Oper;ting Temperature Topr —20 to +75 °c
" Storage Temperature Tstg —55 to +125 °c

(Note 1) Permanent damage may occur if *’Absolute Maximum Ratings'’of the LSI or the EPROM are exceeded. Normal operation should be
under the conditions of ‘‘Electrical Characteristics”. |f these conditions are exceeded, it may cause the malfunction and affect the
reliability of LS.

(Note 2) Al voltages are with respect to GND.

(Note 3)  Applied to standard pins.

(Note 4)  Applied to high voltage 1/O pins.

(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously.

(Note 6)  Total allowance of output current is the total sum of the output current which flow out from Ve to all 1/0 pins simultaneously.

(Note 7)  Maximum input current is the maximum amount of input current from each 1/O pin to GND.

(Note 8)  Applied to D, — D3 and R3 — R8. X

(Note 8)  Maximum output current is the maximum amount of output current from Vg to each 1/0 pin.

(Note 10) Applied to D, — D3 and R3 — R8.

(Note 11)  Applied to RO~ R2.

(Note 12) Applied to Dy — Ds.
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11.6 HD614P080S/HD614P0160S Electrical Characteristics
(1) DC Characteristics
(Vcc=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not specified.)

i o Value i
Item Symbol Pin Name Test Conditions e vp P Unit Note
%E%R' 07Vee | - |Veet0.3 | v
Input “High"’ v 4
Voltage H Si 0.7V¢e - Vec+t03 | V
0SCy Vce-0.5 - Veet0.3 v
RESET, SCK,
InPUt ”Low" m" W - 0-3 - 0.22\/00 V
Voltage Vi Tsi 03 | — |022Vee | V
0SC1 -0.3 - 0.5 "
Output “High”* v 5% 0 -lop =1.0mA Vce-1.0 - - \
Voltage OH ’ -lon =0.01 mA Vee-03 | - - v
Sgl‘;‘;"'-“’" VoL |SCK,so loL = 1.6 mA - - 0.4 v
RESET, SCK,
Input/Output N T o _ _
Leakage Current The lsi\ll:r;' Eog'c'l Vin =0V to Ve 1 MA 1
Crystal or
Current Cgramic
Dissipation in lcc | Vec Ve =5V ;”m . - - 20 mA | 2,5
Operation Mode f e“;"ih::_‘z
osc
Maximum 83’::::'
Logic ; _ _
lsev1 | Vee Operation ;gzztmator 12 mA 38
Current Vee =5V fosc = AMHz
Dissipation in Crystal
Standby Mode Minimum Cgamicor
Isav2 | Vee Logic = | Ejjter - - 09 |(mA | 45
Operation Resonator
Vee =5V ¢ e = aMMz
Current Vin (TEST) = Ve
Dissipation in 1 stop Vee ~ Vcc-0.3V - - 10 MA
Stop Mode Vin (RESET) =0~ 0.3V
Stop Mode
Retain Voltage Vstop | Vec 20 ~ - v

(Note 1) Output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST — Vc voltage
©D,-D3, R3—R9 — Vg voltage
©0D.-Dis, RO-R2,R o, Ra1 — Ve toVec-40V
(Note 3) The timer/counter with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL; Stop
Pin state; © RESET — GND voltage
® TEST — Vg voltage
®D,~D;, R3=R9 — V¢ voltage
®D4—Dis, RO-R2,Rag, Rag — Vg to, Vog-40V
(Note4) The timer/counter with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
® TIMER-B; +2048 prescaler divide ratio
® SERIAL; Stop
Pin state; ® RESET — GND voltage
® TEST — V¢ voltage
®D,~-D3, R3—R9 — V( voltage
®D,—~D;s, R0O~R2, Rag. Ray — Voo toVec-40V
(Note §) The consumption of current in operation and standby mode is proportional to fosc. When fogc = x [MHz],
the value of each current is calculated as follows.

max. value (fogc = x) =%x max. value (fosc = 4 [MHz]).
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(2) Input/output characteristics for standard pin
(vgc=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not

specified.)

Val
Item Symbol Pin Name Test Conditions ~ alue Unit Note
min typ max

t “High"’ - Ds,
e Vin R me Ro 07Vee | - |Vect03 | v
Input “Low”’ Do — D3,
Voltage Vi |R3- RS, RO —03 | - |02V | V
Output ““Low”’ Do — D3, _
Voltage VoL R3 - R8 loL = 1.6 mA - - 0.4 \%
Input/Output Do — Ds, o
Leakage Current il | R3 - Ro Vin = 0V-Vcc - ~ ! HA !

{Note 1) Output buffer current are excluded.
(3) Input/output characteristics for high voltage pin
(Vcc=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not specified.)
Item Symbol Pin Name Test Conditions . Value Unit Note
min typ max
Input “"High” D4 — D1s, R1
Voltage Vi R2, Rao, Ras 0.7Vce - Vcct0.3 \
Input “‘Low”’ Ds — Di1s, R1
Voltage ViL | R2, Rag, R Vec-40 | -  [022Vee |V
Da — Dis ':Q"’ = 15mA Veer30 | _ - v
Output “High”’ v =low =9mA Vcc-2.0
Voltage " eo- R2 —lon = 3mA Vee-30| _ v
—Ton = 1.8mA Vce-2.0

Output “Low"’ Ds - D
Vo‘fm w Vou |Ro- Ro 150k2 to Vg-40V - ~ | Vee-37 | v
Input/Output D4 — Dis
Leakage el |RO-R2 Vin = Vce-40V to Ve - - 20 HA 1
Current RAOL Ra1

(Note 1) Output buffer current are excluded.
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(4) AC characteristics
(Vcc=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not specified.)

. Test Value X
Item Symbol Pin Name Conditions in o max Unit Note
_ | Oscillation Frequency fose 0SC,;,0SC, |divide-by-8] 04 - 6.2 MHz
-]
£ € | Instruction Cycle Time teye divide-by-8| 1.29 - 20 us
(5} P o n
Oscillator Stabilizat
§ Tisn:e or Stabilization tac 0SC,, 0SC, - - 20 ms 1
._§ _ | Oscillation Frequency fosc 0SC,, 0SC, divide-by-8] 0.4 - 6.2 MHz
g
2 8 | Instruction Cycle Time toye divide-by-8| 1.29 - 20 us
s g Oscillator Stabilizati
g | Qrollator Stabilization the 0SC,, 0SC; - - 20 ms 1
External Clock Frequency | fcp 0sC, divide-by-8 0.4 - 6.2 MHz
External Clock ““High” .
f‘é Level Width 9 tepH 0sC, divide-by-8 70 - - ns 2
© External Clock “‘Low"” -
g Level Width tepL 0sC, divide-by-8| 70 - - ns 2
£ | External Clock Rise Time | tcp, 0sC, — - 20 ns 2
w External Clock Fall Time tept 0sC, — - 20 ns 2
Instruction Cycle Time toye 1.29 - 20 us 2
INTo “High” Level Width tioH TNTo 2 - - teye 3
TNTo ““Low” Level Width tioL INTo 2 - - teye 3
TNT: “High” Level Width tim NT: 2 - - teye 3
INT: “Low" Level Width L TNT: 2 - - teye 3
RESET “High” Level Width tRSTH RESET 2 - — | teye 4
. . f=1MHz
Input Capacitance [of Il pin - -
pu paci in all pins Vi, = 0V 15 pF
Reset Fall Time tRsTY - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vc reaches 4.5V at ““Power-on”, or after RESET input
level goes ““High”’ by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input
more than tRC to obtain the y time for oscil ilization. The circuits used to measure the value are described below.
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator
stabilization time depends on the circuit constant and stray capacity.

c (Note 2)
osc, 1/fcp
Crystal Vee-05 ]
ESR¢ osc, }— tCPH tcpL
0.5V-
0OsC, fo
Ca tcPr tcpf
GND
Crystal: 6.0 [MHz] (Note 3)
NC-18C (Nihon Denpa Kogyo)
R¢=1[MQ] 2%, C, = C, = 20 [pF] t 20%
C,
0sC,
Cer;mi?l
filter [=pg: (Note 4)
< R¢
RESET
I 0osc,
C:

GND

Ceramic filter: CSA6.00 MG (Murata)
R¢= 1 [MQ2] £ 2%, C, = C, = 30 [pF]  20%
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(5) Serial interface timing characteristics

(Vge=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not specified.)

* At Transfer Clock Output

. Test Value .

Item Symbol Pin Name Conditions n e ax Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - teye 1,2
Transfer Clock “High” o d
Level Width s tsckH SCK (Note 2) 05 - - tseye 1,2
Transfer Clock “Low"” o
Level Width tsckL SCK (Note 2) 0.5 - - tseye 1,2
Transfer Clock Rise Time tsckr 'SCK (Note 2) - - 100 ns .2
Transfer Clock Fall Time tsckf SCK (Note 2) - - 100 ns .2
Serial Output Data
Delay Time toso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tss) ] “| 300 — - ns 1
Serial Input Data Hold Time ths) S| 150 - - ns 1

* At Transfer Clock Input,
. Test Value

Item Symbol Pin Name Conditions poe v p— Unit Note
Transfer Clock Cycle Time tscyc SCK 1 - - teye 1
Transfer Clock “High” & i _
Level Width tsckH SCK 05 - tseye 1
Transfer Clock “Low"” o -
Level Width tsexL scK 05 - tseye 1
Transfer Clock Rise Time tsckr SCK - - 100 ns 1
Transfer Clock Fall Time tsckt SCK - - 100 ns 1
Serial Output Data
Delay Time tpso SO (Note 2) - - 250 ns 1,2
Serial Input Data Set-up Time tssi Si 300 - - ns 1
Serial Input Data Hold Time tHs) SI 150 - - ns 1

(Note 1) Timing Diagram of Serial Interface
tseye
tscxt tsce
SGK  Vec —2.0V(0.7Vecls tsekt r
0.8V(0.22Vcc) * [~ tsckH Z

— toso

Vee -2.0V
SO
0.8V

X_

st 0.7Vee
0.22Vce

tss1 f—tusi~

ol

* Vce-2.0V and 0.8V are the threshold voltage for transfer clock output,
0.7Vcc and 0.22 Vg are the threshold voltage for transfer clock input.

(Note 2) Timing Load Circuit
Vee
RL =2.8kQ
Test
Point
c R 152074@
30pF{_J12kq T or Equiv.
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(6) Characteristics Curve (Reference data)

4 Ta=—20~+75T
Vec=5V

< /

€ max.

52 ]

/
1
(o] 2 3 4 5
fosc(MHz)
lcc vs. fosc characteristic
(crystal, ceramic resonator)
2.0
Ta=—20~+75TC
Vee =5V

16 Isavi
‘é max,|
g 1.2 /
= /Isav:
H 0.8 L max.—

04 =

0 1 2 3 4 5 6
fosc(MHz)

Isgy Vs. foec Characteristics
(crystal, ceramic resonator)

15

Ta=-20~ +75°C
Vee=5.5V —}
/
10 e
E Vce=4.5V J
7
3 /
5 yd
//
///
)4
/
o 1 3

loL min. vs. VoL characteristics
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VoL(v)

(Standard Pin)

4Ta==20-+75¢C
fosc=4MHz
3 max
<
€
o2
L
1
o] 1 2 3 4 5 6
Vee(V)
lee vs. Ve characteristic
(crystal, ceramic resonator)
20(Ta==20-775¢
fosc=4MHz
1.6 IsBY1
< max.
§ 12
]
2
K 0_3# JAisev2
3 max.
0.4
(0] 2 3 4 5 J
Vee(V)
Isgy vs. Vg characteristics
(crystal, ceramic resonator)
30— T
Ta=-20~ +75°C
Vece=5.5V
3 ® //
E /)
£ //</cc=4 5V
E
3 y4
s 4
/
4
0 3 4 5
Vee—VoH(V)

—lon min. vs. (Vcc—Von ) characteristics

(D4 — D15 pins)




—IQH min. (mA)

LI T ol I
Ta=-20 ~ +75°C

o

|
Vec=5.5V —

VA

Vccm4.5V

0 4

Vee=VoHr(V)
—lon min. vs. (Voc—Von) characteristics
(RO — R2 pins)
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12, EPROM ON PACKAGE TYPE MICROCOMPUTER HD614P180/HD40P4181

12.1 Overview

The HD614P180/HD40P4181 are 4 bit single-chip microcomputer which can
mount a standard EPROM 2764/27128 for program memory.

The HD614P180/HD40P4181 are pin compatible with the mask ROM type
HMCS412C/CL/AC and HMCS414C/CL/AC, and have the same function as them
except power supply voltage range, ROM capacity, RAM capacity, mask
option, and package. By modifying the program in the EPROM, the
HD614P180/HD40P4181 can be used for the evaluation of the HMCS412C/
CL/AC and HMCS414C/CL/AC or for small-scale production.

(1) Hardware features
o 4=-bit Architecture
o Application to 4k, 8k words X 10 bits of EPROM
4096 words X 10 bits ..... HN482764, HN27C64
8192 words X 10 bits ..... HN4827128
o Data Memory (RAM) Capacity ...... 576 digits X 4 bits (HD614P180)
992 digits X 4 bits (HD4OP4181)
o 36 I/0 Pins - 24 I/O pins are high voltage up to 40V (max).
o Timer/Counter
11-bit Prescaler
8-bit Auto-reload Timer/Event Counter
o 3 Interrupts
External 2
Timer/Counter 1
o Subroutine Stack
Up to 16 levels including interrupts
o Minimum Instruction Execution Time; 1.29 us (HD614P180), 0.89 us (HD40P4181)
o 2 Low Power Modes
Standby - Stops instruction execution while keeping clock generator
and interrupt functions included Timer/Counter and Serial
Interface in operation
Stop - Stops instruction execution and clock generation while
retaining RAM data
o Clock Generator
External Connection of Crystal Resonator or Ceramic
Filter Resonator (externally drivable)
o Power Voltage Range; 5V * 10%
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o I/0 Pin Circuit Form

All standard pins are "without pull-up MOS".

All high voltage pins are "without pull-down MOS".
o Shrink Type 42 Pin EPROM On-package

(2) Software features

o Software Compatibel with HMCS412/414

o Instruction Set Similar to and More Powerful than HMCS40 Series;
98 Instructions

o High Programming Efficiency with 10-bit ROM/Word; 78 instructions are
single word instructions.

o Direct Branch to All ROM Area

o Direct or Indirect Addressing to All RAM Area

o Subroutine Nesting Up to 16 Levels Including Interrupts
o Binary and BCD Arithmetic Operation

o Powerful Logic Arithmetic Operation

o Pattern Generation - Table Look Up Capability -

o Bit Manipulation for Both RAM and I/0

(3) Pin arrangement (Top View)

D12
Dis
Dia
Ra1/Vaso
Roo
Ror
Roz
Ro3
Rio
Ryt
Ri2
Ria
R2o0
R21
Ra2
Ra3
R3o
Ra:
Ryz/INTo
Raa/INT,
Vee
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(4) Recommended applicable EPROM

Type No. Program Memory Capacity | fosc(MHz) EPROM Type No.
4 HN27C64-30
HN482764-3
HD614P180 4096 words 6 Eﬂféigiﬁ’"zs
HD40P4181 4 HN4827128-45
8192 words 6 HN4827128-25

(5) Package dimension

unit: mm (inch)

DC-42p
528
12.079)
42 22
(LLLILLLIIIILL,
MR
w|@ o~
“le~|e
O ssssssssssss
! 254 2!
10.100)
<
clE -
E[Q g
ES_
ale &g
L w|S
~1e
A
0.46:0.1 2.54:0.25 1.02 E|E
~I"G:018:0.009) 10.100:0.010) 1 | 10.040) 38
50.8 o
] (2.000)

=

1524
10,6001

+0.11

0.2570" 00
10010:398%)
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(6) Block diagrams

;‘n/ L;/ RESET TEST 0SC) 0SC2 VccGND
' INTo Pl ) On-package

| i JENY TR ¥
)
@ TIMER EXTERNAL SYSTEM CONTROL : i
8 INTERRUPT : !

\
1
INTERRUPT CONTROL . !
i EPROM i
1
00-0s [HN4B2764 | ||
HN27C84 i
- RAM 576 X 4bit \
nNag27128] |!
|
A~ A3 Ao '
.

........ - ==
Ao
Control

i

R4 R3 R2 R [ RO I [ D-PORT
AREIRARRIPER R AR RERRAREE R
RaRaReReo gn,‘,r/a,,/nm,, ’Ruﬂnﬂuﬂw Rua.,n..n.o Ro: Roszﬂoo D14D13D12011010Ds 0s D104 Ds On'D: D201 Do
i R S R I ARAS: SN B S st
HD614P180 {27 Zigh vortage
Ray/ Ray/ RESET TEST 0SC: 0SC: VecGND
_ T, INTo on-package
— 1 T A WL )
K> TIMER EXTERNAL SYSTEM CONTROL !
8 INTERRUPT :
]
INTERRUPT CONTROL _—_1>_4', ot
Upper | EPROM
(5bits)

— 0o-Od [HNAB2764

ow HN27CE4
RAM 992 x 4bit t

= 2 x4 {Sbits) HN4827128

3-8 ~3+-3-1
1

!
RasRazRaiReo n,a/u,,,n,a.. :luﬁnﬂnm 'Rum.numo: R
SR Wi S

HD40P41 8] E:—_-__‘H\gh voltage

R4
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12.2 ROM Memory Map

ROM is described in the following paragraphs and ROM Memory Map is
illustrated in Fig. 12-1.

(1) Vector Address Area --- $0000 to $000F

Locations $0000 through $000F are reserved for JMPL instructions to
branch to the starting address of the initialization program and of
the interrupt service programs. After reset of interrupt routine is

serviced, the program is executed from the vector address.
(2) Zero-Page Subroutine Area --- $0000 to $003F

Locations $0000 through-$003F are reserved for subroutines. CAL

instruction allows to branch to the subroutine.
(3) Pattern Area --- $0000 to $OFFF

Locations $0000 through $OFFF are reserved for ROM data. P instruc-

tion allows referring to the ROM data as a pattern.

(4) Program Area --- $000 to $1FFF

12.3 RAM Memory Map

The HD614P180 includes 576 digits X 4 bits RAM as the data area and
stack area. Also, the HD40P4181 includes 992 digits X 4 bits RAM. ' In
addition to these areas, interrupt control bits and special function
registers are also mapped on the RAM memory space. RAM memory map is

illustrated in Fig. 12-2 and described in the following paragraphs.
(1) Interrupt Control Bit Area --- $000 to $003

This area is used for interrupt controls, and is illustrated in
Fig. 12-3. It is accessable only by RAM bit manipulation instruction.
However, the interrupt request flag cannot be set by software. RSP

bit is only used to reset the stack Pointer.
(2) Special Function Registers Area --- $004 to $00B

The Special Function Registers are the mode or data registers for

the external interrupt, the serial interface, and the timer/counter.
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These registers are classified into three types: Write-only, Read-only,
and Read/Write as shown in Fig. 12-2. These registers cannot be

accessed by RAM bit manipulation instruction.

(3) Data Area --- $020 to $21F [HD614P180]
$020 to $3BF [HD40P4181]

16 digits of $020 through $02F are called memory register (MR) and
accessable by LAMR and XMRA instructions. The configuration is shown

in Fig. 12-4.

(4) Stack Area --- $3C0 to $3FF

Locations $3C0 through $3FF are reserved for LIFO stacks to save
the contents of the program counter (PC), status (ST) and carry (CA)
when interruption is serviced. This area can be used as 16 nesting
level stack which one level requires 4 digits. A save condition is
shown in Fig. 12-4. The program counter is restored by RTN and RTNI
instructions. Status and Carry are restored only by RINI instruction.

The area, not used for stacking, is available as a data area.

EPROMT tL 2 MCU ROM Address
$0000 ] [ 0 bid b3 b2 | bitl bito Lower 5 bit} ] JMPL Instruction ] $0000
$0001 0 0 4] bits b8 | bit? bit6 bits Upper 5 bit (Jump to RESET Routine) $0001
| JMPL Instruction | s0002
{ Vector Address {Jump to INTo Routine) $0003
$001F $000F | JMPL Instruction | $0004
$0020 $0010 (Jump to INT; Routine) $0005
[ Zero-Page Subroutine $0008
(64 Words) $0007
| JMPL Instruction _| soo0s
$007F $003F (Jump to TIMER-B Routine) $0009
$0080 $0040 $000A
[ Pattern $0008
(4096 Words) $000C
$0000
$ \FFF $ OFFF $000E
$2000 $1000 $ 000F
r Program
S (8192 Words)
$ 3FFF N ) s N . N LALiii
 S——————
Not used
(Set to “111")

Fig. 12-1 ROM Memory Map
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o $000 [ $000
§ 1
RAM:-mapped Registers Interrupt Control Bits $001
31 $OIF 2 $002
32 $020 3 $003
Memory Registers(MR) 4| Port Mode Reg. (PMR) | W | $004
A $02F 5 Not Used $005
48 $030 6 Not Used $006
7 Not Used $007
Data 8 Not Used $008
(512 Digits) 91 Timer Mode Reg. 8 (TMB) | W _ | $009
10 TIMER8 = (TCBL TLRL) : R W | $00A
543 $ 21F " (TCBU, TLRU)  R-W | $008
544 $ 220 12 $ooc
Not Used
959 $3BF Not Used
960 $3C0
Stack 3 $O0IF
(64 Digns)
1023 $ 3FF
» Two registers are mapped on same address.
R :Read Only
W Write Only Timer/Event Counter B Lower (TCBL) R Timer Load Reg. Lower (TLRL) w
R/W : Read/Write
Timer/Event Counter 8 Upper (TCBU) R Timer Load Reg. Upper (TLRU) w
HD614P180
o $000 [ $000
RAM-mapped Registers ! Interrupt Control Bits soo1
31 $OIF 2 $002
32 $ 020 3 $003
Memory Registers(MR) 4| Port Mode Reg. (PMR) ;| W $004
a7l ] $02F 5 Not Used $005
a8 $030 6 Not Used $008
7 Not Used $007
8 Not Used $008
Data 91 Timer MM,TBC. !;N::] wW_ | $009
(928 Digits) 10 L rimen.s 2 (TCBL TLRL) | R/W | $00A
" (TCBU/TLRV) | R/W | $008
12 $00C
959 $36F Not Used
960 $3C0
Stack 3 $OIF
{64 Digits)
i 1023 $3FF
* Two registers are mapped on same address.
R :Read Only
W Write Only Timer/Event Counter B Lower (TCBL) R Timer Load Reg. Lower (TLRL) w
R/W . Read/Write
Timer/Event Counter B Upper (TCBU) R Timer Load Reg. Upper (TLRU) w
HD40P4181

$00A

$008

$00A
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bit 3 bit 2 bit 1 bit 0

IMO IFO RSP I/E $000
(IM of INT,) (IF of INT,) (Reset SP Bit) (Interrupt Enable Flag)
M1 IF1

Not Used Not Used (IM of m“f") (IF of INT,) $001

IMTB IFT8
2 Not Used Not Used (IM of TIMER-B) (F of TMeR-8) | 5902
3 Not Used Not Used Not Used Not Used $003

IF . Interrupt Request Flag (Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD

IM : Interrupt Mask
I/E : Interrupt Enable Flag
SP : Stack Pointer

instruction, is reset by REM/REMD instruction and is tested
by TM/TMD instruction. itis notaffected by otherinstructions.
Furthermore, Interrupt Request Flag is not affected by SEM/
SEMD instruction. The content of Status becomes invaid
when “Not Used” bit is tested.

Fig. 12-3 Configuration of Interrupt Control Bit Area

Memory Registers Stack Area
a2 MR(0) $ 020 960 Level 16 |$3CO
a3 MR(1) $ 021 Level 15
34 L_MR(2) $ 022 Level 14
35 |_MR(3) $ 023 Level 13
ag | MR4) |s 024 Lovel 12
37| MRS | s 028 Level 11
38| _MR6) |s o2 Level 10
391 MR(7) |s 027 Level 9 bit3 bit2 bit1 bit0
0] MR®) |s o028 Level 8 1 !
o1 [ MR®) $ 029 Covel 7 1020 ST PCrs . PCi2 PCin |$ 3FC
a2| MR10) | § 02a Level 6 N | J
1021
a3[ MR | s 028 Level § 021] PCo PG PG PG 830
aa | MRO2) | $ 02¢ Level 4 | R
P P
as | MR(13) | s 020 Level 3 roz2 ca | PG PG PG sk
a8 | MRi14) | s o026 Level 2 — —
P P PC $ 3FF

47 [CMR(IS) | $ 02F y023[Level 1]g3rr s I T T

PC13~PCo ; Program Counter

ST;Status

CA;Carry

Fig. 12-4 Configuration of Memory Register, Stack Area
and Stack Position
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12.4 Precautions on using EPROM on Package Type Microcomputer

Since the HD614P180S/HD40P4181 has a special structure with pin sockets
installed on the surface of the package, the following should be noted

when using it.

(1) Do not apply an electrostatic voltage or surge voltage more than the
maximum ratings to the pin socket pins. This may destroy the LSI

permanently.

(2) When installing this LSI in system products in the same way as the mask
ROM 4-bit single chip microcomputer, observe the following in order to

maintain good ohmic contact between EPROM pins and pin sockets.

(a) When soldering the LSI on a printed circuit board, keep pin
conditions under 250°C within 10 seconds. If these conditions
are exceeded, the solder fixing the pin sockets may melt and the

pins may fall out.

(b) Keep out detergent or coater from the pin sockets during flux
removal or board coating. Flux or coater may decrease pin socket

contactivity.
(c) Avoid permanent use of this LSI in places with excessive vibration.

(d) Since repeated insertion/removal of EPROMs may decrease pin sockets'
contactivity, it is recommended to use new ones for your system

products.
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12.5

Absolute Maximum Ratings

Item Symbol Value Unit Note
Supply Voltage Vce —0.3t0+7.0 v
—0.3 to Vg +0.3 v
Terminal Voltage Vy ce - 3
Ve —45 to Ve +0.3 v 4
Total Allowance of Input Currents Zlg 50 mA 5
Total Allowance of Output Currents -Zlg 150 mA 6
Maximum Input Current lo 15 mA 7.8
4 mA 9,10
Maximum Output Current =lo 6 mA 9,11
30 mA 9,12
Operating Temperature Topr —20 to +75 °c
Storage Temperature Tstg —55 to +125 °C
(Note 1)  Permanent damage may occur if ‘’Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of
“Electrical Ch istics”. If these iti are d, it may cause the malfunction and affect the reliability of LSI.
(Note 2)  Ail voltages are with respect to GND.
(Note 3) Applied to standard pins.
(Note 4)  Applied to high voltage pins.
(Note 5)  Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously.
(Note 6)  Total allowance of output current is the total sum of the output current which flow out from Vg to all /O pins simultaneously.
(Note7) Maximum input current is the maximum amount of input current from each 1/O pin to GND.
(Note 8) Applied to D, — Ds and R3, R4
(Note 9)  Maximum output current is the maximum amount of output current from Vg to each 1/0 pin.
(Note 10) Applied to D, —Ds and R3, R4.
(Note 11) Applied to RO — R2.
(Note 12) Applied to D.-D,,
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12.6 HD614P180 Electrical Characteristics
(1) DC Characteristics (Vcc = 4.5V to 5.5V, GND = 0V, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions e " — Unit | Note
RESET,
AN 0,7V, - Veet+0.3 \
Input “High** Vi NT,. INT,; cc cC
Voltage 0sC, Vee—05 | - | Vect03
RESET,
. —_——— -0.3 - .2
Input “Low” Vi INT,, INT, 0. 0.22Vee
Voltage
< osc, -03 -~ 0.5 v
RESET
Input/Output l'"—' INTo, IN’I',' Vin = 0V to Ve _ _ 1 uA 1
Leakage Current 0sc,
Current . Vee=5v
Dissipation in lec Vee . - - 2.0 mA 2.4
Active Mode fosc = 4MHz, divide-by-8
Maximum
Logic
Isay1 vee Operation _ _ 1.2 mA 34
Vee =5V . ’
fosc = 4MHz, divide-by-8
Current Minim
Dissipation in L m! um
Standby Mode Oomr(;tion
1sBY2 vee v
oc - &8V - - 0.9 mA | 45
fosc = 4MHz, divide-by-8
Current Vin (TEST) = Vee-0.3V to
Dissipation in Isop Vee in = Vec-O. cc _ _ 1 a
Stop Mode Vin (RESET) = 0V t0 0.3V 0 u
Stop Mode
Retain Voltage Vatop Vee 2 - - v
(Note 1) Output buffer current are excluded.

(Note 2) The MCU is in the reset state. The input/output current does not fiow.

(Note 3)

(Note 4)

(Note 5)

Test Conditions: MCU state; ® Reset state in Operation Mode
Pin state; ® RESET, TEST ... Vg voltage
®Do~Ds3, R3~R4 ... Ve voltage
®D.~Dis. RO~R2, Rpy ...Voo ~Vcc-40v
The timer/counter with the fastest clock and input/output current does not flow.
Test Conditions: MCU state; ® Input/Output; Reset state
The timer/counter with the slowest clock and input/output current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Output; Reset state
© TIMER-B;+ 2048 prescaler divide ratio
Pin state; © RESET ... GND voltage
® TEST ... V¢ voltage
® D,~D;, R3~R4 ... Vo voltage
® D,~Di4, RO~R2, Ra1 ... Vo ~ VeC—40V

When fogc=x [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows:

max. value (foec=X [MHz] )={- x max. value (fogc=4[MH2])
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(2) Input/output characteristics for standard pin
(Vgc = 4.5V t0 5.5V, GND = 0V, Ta= —20 to +75°C, if not specified.)

Val .
Item Symbol Pin Name Test Conditions . : :e - Unit Note
min Yy ax
Input “High" v Do ~ D3,
Voltage H R3~ R4 0.7Vcce - Vect0.3 \%
Input “"Low™ | y Do ~ D, 03 | - | 022vee | vV
Voltage 't R3~ R4
Output “Low” Do ~ D3, _ _ _ 4
Voltage Vou R3~ R4 lo = 1.6mA 0. v
Input/Output Do ~ D3, - _ _
Leakage Current | R3~ R4 Vin =0V to Vcc 1 17 1
(Note 1) Output buffer current are excluded.
(3) Input/output characteristics for high voltage pin
(Vcc =4.5V t0 5.5V, GND = 0V, Ta = —20 to +75°C, if not specified.)
. . Value
Item Symbol Pin Name Test Conditions Unit | Note
min typ max
Input “High” D4 ~ D4, R1, 0.7V, _ Vet0.3 v
Voltage Vin R2, Ras 7Vee cc
Input “Low" D4 ~ Dy, R1, Ve -840 _ 0.22V v
Voltage Vi R2, Ra4 cc cc
—lon = 15mA Vcc-3.0 - -
D4 ~ Dua o ce v
Output “High” Vou —lon =9mA Vee-2.0 - - \
Voltage —loy =3 _ - _
9 RO~ R2 oH =3mA Vee-3.0 v
—lon = 1.8 mA Vee-2.0 - — \
Output “Low" D4 ~ Dys
\Y% ’ 150kS2 to Ve ¢ -40V - - Vec-37 \"
Voltage oL RO ~ R2 ce b
Input/Output D4 ~ Dya,
Leakage el RO~ R2, Vin = Vec-40V to Vec - - 20 HA 1
Current Ra1

(Note 1) Output buffer current are excluded.
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(4) AC characteristics (Ve = 4.5V to 5.5V, GND = 0V, Ta = —20 to +75°C, if not specified.)

. Test Value i
Item Symbol Pin Name Conditions min o poo Unit Note
Oscillation Frequency fos 0SC,, 0SC, | divided-by-8 04 4 45 MHz
Instruction Cycle Time teye divided-by-8 | 1.78 2 20 us
%s;i‘lzlator Stabilization the 0sc,, 0SC, - - 20 ms 1
E:::IN\‘/;: d(iLOCk “High” tepH 0osc, divided-by-8 100 - - ns 2
Exterral Clock “Low’ te. | OSC,  divided-by-8| 100 - - ns 2
External Clock Rise Time tepr 0sC, _ - 20 ns 2
External Clock Fall Time tept 0sC, - - 20 ns 2
— TNTo “High” Level Width “tion TNTo 2 - - teye 3
iNTo “Low’ Level Width tioL NTo 2 - - teye 3
INT1 “High” Level Width tH T 2 - - toye 3
TNT1 ““Low” Level Width L TNT: 2 - - teye 3
RESET “High”' Level Width tRSTH RESET 2 = - teye 4
. . f=1MH
Input Capacitance Cin all pins Vi = OZV - - 15 pF
RESET Fall Time tRsTY - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vo reaches 4.5V at “’Power-on"’

from stop mode, apply RESET input more than tRg to obtain the
or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice b

time depends on the circuit constant and stray capacity.

Crystal oscillator

C
0sc,
rystal 52 R¢
0sC,
Ca
GND

Crystal: 4.194304MHz NC-18C (Nihon Denpa Kogyo)

R¢; IMQ £ 2%
C, : 22pF +20%
C; : 22pF +20%

(Note 2)
1/tcp
Vee-0.5V-
osc, |— tcPH tCcPL
0.5V
r.
cPr cPt
(Note 4)

RESET 0.7vee
0.22V¢c
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, or after RESET
input level goes to “High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering

(Note 3)

L

y time for

ion. When usmg crvstsl

Cy

Cerami

Ca
GND

Ceramic filter oscillator

| OSC,

A
0sC,

Ceramic filter: CSA4.00MG (Murata)

INT,INT,

R¢:
C,

1MQIt 2%
: 30pF +20%

C, : 30pF +20%

oL, L



(5) Characteristics curve (reference data)

4 [ [
"|Ta=—20~+75¢
Vee=5V
~ 3
< max.
3
:_g 2
1 4+
0 1 2 3 4 5
fosc(MHz)
lce vs. fose Characteristic
(crystal, ceramic resonator)
20 - 20~ +75¢
Vee=5V Isay1
z16 max.
3
T1.2 £
2 /
L —
f 0.8 // Isavzﬂ_
87" T —7 max
0.4
0o 1 2 3 4 5
fosc(MHz)
IsBy Vs. fosc Characteristics
(crystal, ceramic resonator)
15 - T
Ta=-20~+75°C
Vce=5.5V —
7
10
< V=45V
£ CcC
£
-
o
5 .
/4 i
74
0 1 2 3
Vor(Vv)

loL min. vs. Vg characteristics

(Standard Pin)

|cc(mA)

Isev1, Isav2(mA)

0.4

—lgH min. (mA)

0.8

Ta=—-20~+75T
fosc=4MHz

0 1 2 3

Vee(V)

lcc vs. Ve characteristic
(crystal, ceramic resonator)

Ta=—20-+75T
fosc=4MHz

IsBY1
max.

'say2

7
max.

2 3
Vee(V)

4 5

[~}

Isgy vs. Vcc characteristics
(crystal, ceramic resonator)

0r—T—T1—T 7
Ta=-20~ +75°C

\

cc=5.5V

20|

P
N

5]

/

/

0 1

2 3
Vee—VoH(V)
—lon min. vs. (Vce—VoH
(D4 ~ Dyq pins)

4 5

) characteristics
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6T T T T
Ta=-20 ~ +75°C
5 Vce=5.5V—+—
/
4 - r
z
= =4.5V
< 3 Vee=4.5
E
' 4
1
0 2 3 4
Vee—VoH(V)
—lon min. vs. (Voc—Von) characteristics
(RO ~ R2 pins)
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12.7 HD4OP4181 Electrical Characteristics
(1) DC characteristics (Ve = 4.5V to 6.5V, GND = 0V, Ta = —20 to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - " Unit | Note
min p max
RESET,
:;\plut “High" ViH TNT,, INT; 08Vee | - | Veet03| VvV
oltage
9 0SC, Vec—05| — | Vec*03| Vv
RESET,
Input “Low” v TNT,, INT; -0.3 - | 03vec | V
Voltage I
0sC, -0.3 - 0.5 v
RESET
Input/Output INT,, INT T - - -
Leakage Current el lONSCO, INTy, Vin=0V to Vcc 1 HA 1
Current
eimagiam Vee =5V
D t | Vi . - - T8D mA 2,4
Activs Mode cc cc fosc = BMHz, divide-by-8
Current
eeimaginn i Vee =5V
Dissipation in IsBy Vee = e - - T8D mA [ 3,4
Standby Mode fosc = BMHz, divide-by-8
Current
Pk Vin (TEST) = Vgc—0.3V to Vge
Dissipation in Isto| vce in - - - 10 pA
Stop Mode P Vin (RESET) =0V to 0.3V
Stop Mode - -
Retain Voltage | Ystop Vee 2 v

(Note 1) Output buffer current are excluded.
(Note 2) The MCU is in the reset state. The input/output current does not flow.
Test Conditions:  MCU state; @ Reset state in Operation Mode
Pin state; ® RESET, TEST ... Ve voltage
e D, — D,,R3 ~ R4 ... Vg voltage
D, —D,,,R0O-R2,Ra1, ... Voe — Voc—40V
(Note 3) The timer/counter with the fastest clock and input/output current does not flow.
Test Conditions:  MCU state; @ Input/Output; Reset state
(Note 4) The ption of current in operation and dby mode is proportion to foec.
When foec = x (MH2), the value of each current is calculated as follows.

max. value (foge = X) =% X max. value (fosc = 8[MHz]).
osc 8
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(2) Input/output ch

istics for

d pin

(Vee =45V to 5.5V, GND = 0V, Ta = —20

to +75°C, if not specified.)

Value
Item Symbol Pin Name Test Conditions - Unit | Note
min typ max
Input “High” Do — D3, _
Voltage ViH R3— R4 0.7Vce Vcet03 | Vv
Input “Low"’ Do — D3, L _
Voltage ViL R3— R4 03 03vee | V
Output “Low”’ Do — D3, = - -
Voltage VoL | R3-Ra4 loL = 1.6mA 4 1V
Input /Output Do — Ds, . AV — _ _
Leakage Current i R3 - R4 Vin=0V -Vcc 1 uA !
(Note 1) Output buffer current are excluded.
(3) Input/output characteristics for high voltage pin
(Vcg = 4.5V t0 5.5V, GND =0V, Ta = —20 to +75°C, if not specified.)
Value
Item Symbol Pin Name Test Conditions - Unit [ Note
min typ max
Input “High” D4 — Dys, R1 _
Voltage VIH R2, Raj 0.7Vce Veet03 | V
Input “Low” D4 —Dy4, R1 _ _
Voltage ViL R2, RAT Vce—40 0.3Vce \
—IoH = 15mA vee-30| - - \
Dy —Dya —IQoH = 10mA vee—-20 | — - v
Output “High” |/ —IOH = 4mA Vee-10| - - v
Voltage —IQH = 3mA Vee=30| - - \
RO — R2 —IoH =2mA vee—20 | — - v
(o]
—IoH =0.8mA Vee-10| — - \
Output “Low’’ Ds —Dja _ _ _ _
Voltage VoL RO — R2, 150k to Vgo—40V vVee—37| v
Input/Output Dg — Dya - _ _
Leakage Current| "L | RO—R2,Rap | Vin=VecT40VioVee - 20 |uA| 1

(Note 1) Output buffer current are excluded.
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(4) AC characteristics (Vcg = 4.5V to 5.5V, GND = 0V, Ta = —20 to +75°C, if not specified.)

- Test Value .
Item v Symbol Pin Name Conditions o e — Unit Note

Oscillation Frequency fosc 0SC,,0SC, | divided-by-8| 0.4 8 9 MHz
Instruction Cycle Time teye divided-by-8| 0.89 1 20 us
Oscillator Stabilization Time | trc 0sc,, 0sc, - - 20 ms 1
E:\jgm'“ﬁ';’ck “High” tepH 0sc, divided-by-8| 41 - - ns 2
E::z;r\‘ls:dilf?‘:k “Low” tCPL 0sC, divided-by-8 41 - - ns 2
External Clock Rise Time tCcPr 0sc, - - 15 ns 2
External Clock Fall Time tCPf OSC; - - 15 ns 2
INT, “High” Level Width tI0H INT, 2 - - teye 3
TNT, “Low" Level Width tioL INT, 2 - - teye 3
TNT,; “High” Level Width t1H INT, 2 - - teye 3
TNT; “Low” Level Width L INT, 2 - - teye 3
RESET “High” Level Width | tRSTH RESET 2 - - toye 4
Input Capacitance Cin all pins {/Tn1=MC|l-‘VZ - - 15 pF
RESET Fall Time tRSTf - - 20 ms 4

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Ve reaches 4.5V at “Power-on”, or after RESET input level
goes to '‘High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop mode, apply
RESET input more than tRc to obtain the necessary time for oscillator stabilization. When using crystal or ceramic filter oscillator, please
ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time ds on the circuit and
stray capacity.

Crystal oscillator Ceramic filter oscillator

C:

rystalE3 3 Ry

{ OSC,

Ceramic filter: CSA8.00MT (Murata)
Rt : TMQ + 20%
C, : 30pF + 20%
C, : 30pF + 20%

Crystal : 8.388608MHz NC-18 (Nihon Denpa Kogyo)
Rf : MR £ 20%
C, : 10pF £ 20%
C, : 10pF £ 20%

(Note 2) (Note 3)
1/icp
Vee-0.5V-
osc, l— 1cPH tcPL
0.5V-
tCPe tcpt
(Note 4)
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13. PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT SYSTEM

13.1 Overview

The cross assembler and hardware simulator using various types of computers
are prepared by the company as supporting systems to develop user's programs.
User's programs are mask programmed into ROM and delivered as an LSI by
Hitachi.

Fig. 13-1 shows the typical program design procedure and Table 13-1 shows

system development support tools for the HMCS400 series used in this process.

Allocation of
RAM and 1/0,

CRT Editor

@
@
O]
Q-——— Cross Assembler

Assemble
List

Pattern Generator
Tape

Hardware
Simulation Emulator

H400CMIX2

EPROM on package
type microcomputer
HD614P080S
HD614P0160S

No HD614P180
HD40P4181

EPROM in package
type microcomputer
HD4074008

Yes
Mass
Production

Fig. 13-1 Program Design Procedure

(Description)

(:) When the user programs the system for the HMCS400 series microcomputer,
functional assignment of each I/O pin and allocation of RAM area in
accordance with the design system must be specified before actual

programming.

(:)lA flowchart is prepared to implement the functions and is coded by using

the HMCS400 series' mnemonic codes.
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(:) Write a source program using the text editor and save it on a floppy disk.
(:) Assemble and debug the source program and generate an object program.

(:) Verify the program through hardware emulation with an emulator, H68SD5/5A,
H680SD200 or EPROM on package type microcomputer.

(:) Forward the completed program to Hitachi in the form of an EPROM. Send
also "Single-chip microcomputer order specification" and "Mask option list"

at this time.

(:) ROM and mask option are masked by Hitachi. The LSI is tentatively produced
and the sample given to the user. If the user does not detect any

programming programs, mass production can be started.
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Table 13-1

Hardware System

System Development Support Tool

HMCS402C/404C/408C HMCS412C/414C
Series HMCS402AC/404AC/408AC | HMCS412AC/414AC

Partition HMCS402CL/404CL/408CL | HMCS412CL/414CL
Emulator (Note 1) H400CMIX2

HS408EMLO2H

HS408EMX22H
EPROM on-package (Note 2) HD614P080S HD614P180
type microcomputer HD614P0160S HD4OP4181
EPRON in-package (Note 3) HD4074008 —_
type microcomputer

(Note 1)

Can be used in stand-alone.

(Note 2)
(Note 3)

for the HD4074008.

Software

Use the emulator with connecting to the H68SD5/5A or H680SD200.

Specifications of power supply and mask option are not applicable.

Specifications of power supply and mask option are not applicable

Host computer

Cross assembler

Interface software

H68SD5/5A

S400XAS3F (FDOSIII/IV) (Note 2)

S68EML1-F (Note 2)

H680SD200

S400XAS6M (CP/M-68k) (Note 3)

S680EMLLF (Note 3)

INTELLEC® SERIES II
MODEL 220/230

S400MDS1F (for ISIS-II®)
S4OOMDS2F (for CP/M-80®)

(Note 1)
VAX/VMS S400VAS1F HMSI SW BOX
IBM PC-DOS AS400PAILSF (Note 4) | S311IEM1-F (Note 4)
HP64000 S4O00MDS2F (for CP/M®) IN3EVM (Note 5)
(Note 1) ISIS-II® is a registered trademark of Intell.

CP/M-68k and CP/M® are registered trademarks of Digital Research.
g

(Note 2)
(Note 3)

This is included in the H400CMIX2.
This is included in the HS408EMX22H.

(Note
(Note
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13.2 Development System

13.2.1 H68SD5A Development System

The H68SD5A is a development system capable of developing system programs
for the Hitachi 4-bit and 8-bit single-chip microcomputers. It offers
high-level functions such as CRT display operations, assembler (based on
floppy disk), and debugging with emulator. Software and hardware configura-

tions are shown in Fig. 13-2, 13-3, respectively.

Features

o Basic systems such as a CRT display, keyboard, and floppy disk drivers are

provided at a moderate price.

o Easy to debug hardware and software by emulator (option) suited for each
kind of MCU.

o The .168SD5A can perform system development through a CRT editor, assembler,

linkage editor, emulator, and EPROM writer (Note 1).

o System configuration corresponding to the purpose of development is provided
by easy connection of 1/0 devices such as a printer (parallél interface),
a console typewriter (serial interface), and an EPROM writer. Serial
interface of the H68SD5A is completely provided with 3 circuits (1 circuit
for H68SDS5).

o Allows program development of other products by exchanging emulator software.

Note 1) Use the following EPROM writers available on the market.
AVAL CORPORATION; PKW-7000, PKW-1000
DATA 1/0 ; 29A, 29B
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FDOS-1IV

Monitor

CRT editor Linkage editor
Standard Expanded
configuration configuration

Fig. 13-2 H68SD5 Software Configuration

Main module 1/0
I o o o e e e S o e T
' 1
!
l |
| o |
] 0 |
l |
| l |
|
! CRT Floppy disk : *2 - *1

1ler driver : L
: contro controller -- }

7aN | i Ent
: /w , Console
I o ! typewriter*2
| =m0
1
! gl
: g : %PROM writeg
- AVAL Corp.
Controll
: ontroller K ) 2 l i (DATA I/0)
: = -—<r:ese1:ve>*l
| : !
|
: -
: \/ \Z
] Emulator
RAM

: interfaceK:
1
1
fom

*1: Option  *2: User system

Fig. 13-3 H68SD5 Hardware Configuration

370 HITACHI



13.2.2 Development System H680SD200

The H680SD200 is a desk top type development support tool devoted to design
and develop application systems (4-bit, 8-bit, 16-bit micon system) which
make use of the 16-bit microprocessor HD68000. Its front view is shown in
Fig. 13-4.

The H680SD200 consists of a CRT, two floppy disk drivers, and control
sections in one body. The hardware configuration is shown in Fig. 13-5.
The H680SD200 incorporates parallel interface (equivalent to CENTRONICS')
and serial interface for EPROM writer. The emulator for the HMCS404, HD6301X,
HD6301Y, and ASE for the real time emulator 68000, and ASE for the 64180
can be connected to the H680SD200. Refer to Fig. 13-7 and 13-8.

Software configuration is shown in Fig. 13-6. Assembler, C compiler, and
CRT editor operate under the operating system CP/M-68K®, and FORTRAN, super
PL/H (option) are provided as high level language compiler for the HD68000.

Features of the H680SD200 are listed below.

(1) General operating system CP/M-68K is applied.

(2) CRT editor which can edit on CRT display is equipped.

(3) 2M bytes of memory can be used by double sided floppy disk driver.
(4) C language, high level language for 68000 is equipped.

(5) High level language super PL/H and FORTRAN can be used for 68000 program

development.

(6) Real time emulator 68000ASE for 68000(12.5MHz max) and ASE for 64180 can
be used. (Option)

(7) Printer interface (equivalent to CENTRONICS') and EPROM writer interface
(equivalent to RS-232C) are provided to make printer-EPROM writer connection
easy. Model PKW-7000/PKW-1000 (EPROM writer of AVAL CORPORATION) and
Series 22, Model 29A (DATA I/0) can be connected. (Option)

(8) Additional equipment of serial I/0 board can supports emulator interface

to 4-bit or 8-bit device and VAX-1l interface. (Option)
(9) Assembler super PL/H is supported as 68000 symbolic debugger. (Option)

(10) High speed operation can be realized using RAM disk.

CP/M-68K® is a registered trade mark of Digital Research.
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Interface to VAX-11 of DEC Emulator interface
r—=""===== ===
| I
'
H !
| 1
' !
\ I
! M bites |
I
6|
CRT §5nk )i):tes |
control yramic 1
dule memory
Keyboard } mos module ]
! ol
! ]
] SD200 system bus 1
! Ak) 1
N I
[ |
| DEBUG MPU FHC |
] module module module 1
! 1
' L !
| 1
1 1
I !
i 1
~-B3-- - B4 :
Fig. 13-4 Front View of H680SD200
68000ASE
Printer EP!}OM
interface writer
4 interface equipment
Standard Extende
configu~- configu-
ration ration * Select 256k bytes or 2M bytes

Fig. 13-5 Hardware Configuration
of H680SD200

Fm-——————— et e D et -
| CP/M-68K !
| / LCP/M—68K resident module] :
! 1
L e e e e e e e a
' H
! )
| L 1]
! Utilit]!
: Assembl| compi iesh : CRT
such as . |

) |ler ler llnker: editor
[
L

Standard Expanded

configuration configuration

Fig. 13-6 Software Configuration of H680SD200

Crossmacro
assembler

Emulator

ASE

Macro assembler/ Cross
macro assembler High
level language compiler
(16 bits)S-PL/H, FORTRAN

Fig. 13-7 Emulator for 4-bit/8-bit
Singlechip
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13.3 Emulator

This emulator is a completely integrated hardware and software development
system for Hitachi's 4-bit singlechip microcomputer HMCS400 series. It

supports the following devices.

HMCS402C /CL/AC, HMCS404C/CL/AC, HMCS408C/CL/AC
HMCS412C/CL/AC, HMCS414C/CL/AC
HMCS424C /CL/AC, HMCS428C/CL/AC

The emulator develops application system by connecting to a host computer

or console. It provides three system configurations depending on the

host computer or console.

o H400CMIX2 for H68SD5 or H68SD5A
o HS408EMX22H for H680SD200

o HS408EMLO2H for the host computers or consoles except for above.

13.3.1 Features

o Designed to aid in development of software and hardware when connected

with the user system.

o Can be connected with host system (H68SD5/5A, H680SD200, IBM-PC, etc.)

CRT console, and console typewriter.

o Takes in and displays the result of the user program execution in real

time up to 2,048 cycles.

o Provides eight external probes, which observe user system. operations with

real-time trace, useful as breakpoint conditions.
o Provides HELP function to display all commands used in the emulator.

o Can debug with the specified frequency.
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o Break function
- Enables to set four breakpoints by any combination of program counter,
instruction word, interrupt processing execution and external prove
state.
-~ Enables to execute continuously machine cycles O to 2000 after the above

breakpoint (trigger point).

o Line assembler and disassembler
- Can display and/or change the user object program in mnemonics.
- Displays the user object program in the specified address in mnemonics.

o Displays the address (in the user object program) of detected instruction.
o Displays the execution time,

o Displays the trace data for program testing.

o Displays and/or changes MCU register, I/0 ports and memory contents.

o Program can be executed on RAM or EPROM based.

The H400CMIX2 (for H68SD5/5A)/ HS408EMX22H (for H680SD200)/ HS408EMLO2H
(for other host systems) emulator supports software and hardware when connected
with the HMCS400, 410, 420 series 4-bit Microcomputer Unit (MCU).

Normal development procedure is;

(1) make or change the user system,

(2) translate to user object program by 400 assembler on host system,

(3) download user object program through the serial interface,

(4) set the breakpoints at any conditions,

(5) execute real-time or single-step emulation from the specified address,

(6) display and/or change user object program in mnemonics, MCU internal

registers, I/0 ports and internal RAMs,

(7) repeat steps (4) to (6) and upload to host system for debugging at

next time.

The emulator itself works as the object MCU. The emulator is controlled

by host system, CRT console, or console typewriter.

BREAKPOINT FUNCTION

H400CMIX2/HS408EMX22H/HS408EMLO2H allow the user to set four break
conditions (TR, BR1l to BR3) in the user program. Each break condition
consists of PC (Program Counter) or AB (Address Bus), DB (Data Bus),
Interrupt an eight external probe signals. When one of break condition is
detected, the emulator stops the user program, and displays the next PC, next
instruction, execution time, MCU register and I/0 contents and internal RAM
contents. TR, one of break conditions, stops the user program after

proceeding the machine cycles designated by COUNT if break condition matches.
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REAL-TIME TRACE

H400CMIX2/HS408EMX22H/HS408EMLO2H can display execution results of up to
2047 machine cycles. They have two display types, one is to display by the
instruction unit, the other one is to display by the machine cycle unit. The
former one displays only program counter and instruction mnemonics, the latter
displays address bus, data bus, interrupt occurrence and eight external probes

in each machine cycle.

DISPLAY /CHANGE IN MNEMONICS

H400CMIX2 /HS408EMX22H/HS408EMLO2H have two display and/or change commands.

One is I command which is executed in hexadecimal, the other is A command which

is executed in mnemonics. Command A is very useful for debugging. And
H400CMIX2 /H408EMX22H/HS408EMLO2H display in mnemonic instruction. They are
disassemble and display the object program in the specified address with DA

command .

DEBUG WITH A SPECIFIED FREQUENCY

H400CMIX2/HS408EMX22H/HS408EMLO2H allow some frequency. The frequency is
expressed as the clock cycle in user's manual; the cycles should be 1lus,
1.33us, 2us, 3us, 4us, 5us, 7us, 1lOus, 20us. They won't allow other frequency
than the above. They select EXT by F command and input the specified
frequency to 0SC pin.

COVERAGE TRACE

Coverage trace marks the passed address into coverage memory. Coverage
function is effective to know which address will be tested. This coverage
memory can't be cleared by "G" or "S" command but can be cleared by CO RES
command. When starting the test of the user program, clear the coverage
memory. For the next step, test the user program with G or S command. G or
S command execution marks the passed address into coverage memory. Check the

passed address and continue the test until all specified addresses were passed.

EXECUTION ON USER SYSTEM POWER SUPPLY

H400CMIX2 /HS408EMX22H/HS408EMLO2H emulate on 3V to 5V. Since H400CMIX2/
HS408EMX22H/HS408EMLO2H themselves work 5V * 5%, connect Vg to
power supply for emulator. However, since evaluation chip works on user
system power supply (3V to 5V), connect Vus to user system Vgc
and Vgjsp to power supply for display (0 to -35V).
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Host

computer — - - - - -
H )
Main module Correspondence of | Evalugtion
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Control System| t| User | « i H
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ROM RAM i RAM ! !
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| SR _-_-:. ..... ——d
i o '
I o L
" N D [ A\ TS
System bus System control bus
upu —= A 4 = VEE
] : é 3
! gfl..--
Console i i
Break Real H Lo
time |
control tracer ! '
' Internal
i ! RAM QSer
' ' interface
! ,cable
--1| Coverage
-q| tracer
- ]
External probes
H400CMIX2

Hardware Configuration of the Emulator

13.3.2 System Configuration

(A) Connected with SD5/SD5A/SD200/IBM-PC/the other HOST

I
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H400CMIX2/HS408EMX22H
/ /HS408EMLO2H
(B) Connected with Console typewriter (TTL level) or CRT console

(RS-232C level) W

User's System

Table 13-2 Connectable Console Typewriter

Company Name

TYPE

CASIO COMPUTER CO.

Typuter model 750-T-02

SHARP CO.

Sharpwriter model 300%

CITIZEN WATCH CO.

Protyper model 7652

*HITACHI Specification



13.3.3 Emulator commands

COMMAND DESCRIPTION
A Displays and modify object program in mnemonics.
R Sets, displays and cancels breakpoints and trigger point.
BR1 to 3
C Compares object program.
Cco Coverage tester
DA Disassembler
Sets and displays clock cycle.
G Executes user program.
HE Displays the emulator command information.
I Displays and modifies object program in hexadecimal.
1D Dumps object program.
10 Displays and modifies I/O ports.
L Loads object program.
M Displays and modifies internal RAM.
MD Dumps internal RAM.
N Designates transfer rate.
0 Searches specified bit pattern.
P Punches object program.
Q Displays data of real-time trace.
R Displays and modifies register.
S Single-step trace of user program.
T Transfers object program.
U Sets and displays EPROM/user RAM.
v Verifies object program.

HITACHI 377



13.3.4 Host connection configulation

Configuration

Item

Remarks

1 Cable Connection

Table
0S:FDOS-III/IV CD RS-232C Interface | Included SD5/5A EMULATOR
H4OOCMIX2 Cable in H400CMIX2 | SIGNAL |no no| SIGNAL
C) Interface Program GND 1] 1jem
2| [mrh ﬂ_r-SPﬂS—A-! S68EML1-F SEND Z:X: 2| SEND
Eé IJQ.._...._: Cross Assembler RECEIVH 3 3| RECEIVE
85 > <:> S4O0XAS 3F RTS “X 4| RTS
o~ C) Format converter |Provided by cTs 3 3| CTS
@___L—ﬂ for HITACHI GND | 77— 7|GND
H68SD5/ 5A«>H680SD200 bed BT 8/ DCD
S68CNV1-F DTR 20 20|DTR
0s:CP/M-68K  |(D RS-232C Interface | Included
HS408EMX22H Cable in
o NG HS408EMX22H
§ 5 EML © gzgggﬁii; Program Same as above
e Cross Assembler
gE S400XAS6F
C) SIO Board Included in
H680SI01S H680SD200
0S:PC-DOS () RS-232C Interface |Modify it IBM-PC EMULATOR
HS408EMLO2H Cable according SIGNAL po no | SIGNAL
to the right | GND 1 r—- 1|GND
o EML C) Interface Program |Provided by | SEND ij: 2 |SEND
Z% S31IEM1-F HITEC-UK/ RECEIVE| 3 3|RECEIVE
=l DESC RTS 4 4 |RTS
(® 400 Cross Provided by |CTS 5 X 5{CTS
C)___¢[§E] Assembler for HITEC-AS/ DSR 6
IBM-PC 400PASI1F DESC DTR 20]
GND 7 7 |GND




1 Cable Connection

Host Configuration Item Remarks Table
0S:VMS (@ RS-232C Interface | Included in | SW BOX EMULATOR
HS408EMLO2H Cable (1) HS408EMLO2H | SIGNAL |no no | SIGNAL
1 (@ RS-232C Interface | Connecting GND 1—— 1|GND
_ - ;owx —— Cable(2) table is SEND ZX 2| SEND
TS TBD. RECEIVE 3 3|{RECEIVE
38 ©/ (® switch Box * Provided by | RTS 4 4|RTS
HMSI CTS SX 5|CTS
® 400 cross Provided by | GND 7+— 7|GND
@_‘@ Assembler for HITACHI DCD 8 8{DCD
VAX-11 S400VAS1F DTR ZOIZO DTR
0S:CP/M (@® RS-232C Interface |Modify it IN-III EMULATOR
HS408EMLO2H Cable according SIGNAL o no | SIGNAL
‘ E to the right| GND 1—— 1|GND
IN-III
) EML :r ----- k @ 1nterface Program | Provided by SEND ZX 2| SEND
E E """ E IN3EVM SOPHIA RECEIVH 3 3|RECEIVE
é‘% 2 ® 400 Cross Provided by i 4—\_
CTS 5 5[CTS
@_.El Assembler HITACHI GND 7}_\ 71 oNp
CP/M  S400MDS2F DCD 8
DTR 20
0S:CP/M, (D RS-232C Interface |Connecting
HS408EMLO2H ISIS-II Cable table is
‘ TBD.
@ Interface Program |Planning by
EML (under planning) [HITEC-UK/DESC
32 O e -
< CP/M S40OMDS2F
® 400 cross
7 Assembler
ISIS-II S400MDS1F
HS408EMLO2H  0S:CP/M @ 400 Cross Provided by
éa EML Assembler for YHP .
;i‘i . HP-64000 YS-1005XS*

* Under development
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13.3.5 Specifications

MODULE ITEM SPECIFICATIONS
MPU HD6303X Microcomputer Unit
Clock 4MHz
Interface level: RS-232C level
Serial TTL level
1/0 Baud rates: 300,1200,4800,
9600,19200,BPS
(Using HD6850P ACIA)
User Programs are executed from
Program 7
. optional address on the MCU.
execution
* Break at breakpoint
User (breakpoints--max. 4 places)
* Break after executing the
program p . X
break one instruction at a 51ng1g step
* Break with ABORT key or switch
Main * Break at trap
Module T
Trace memory size:
. 2048 machine cycle's worth
trace information.
Trace information:
. Program Counter (PC)
Real~time . Instruction Address (AB)
. Instruction Data (DB)
trace
. Interrupt Occurrence
. External Probes---8
Display Contents:
. Trace information, op-codes
and operands listed above
are displayed in mnemonic.
If an op-code error occurs while executing
Trap a user program, address of the next
instruction is displayed.
Module Width: 365mm Length: 275mm
dimensions (l4.4 in.) (10.8 in.)
VAGH




MODULE ITEM SPECIFICATIONS
MCU Evaluation chip: HD614088
Cate HD61L033B
array
1, 1.33
Clock cycle 2, 3, 4, 5, 7, 10, 20 ps, External
EPROM User program debugging area:
sockets 16kW (10 bit x 16k)
Evalua- Pull-up/
tion ull—stn Pull-up resistors (47kQ) or pull-down resistors
Module put! (200kf2) are mounted at all ports.
resistors
Power MOS .
transistors For high voltage ports (2SJ76 x 16)
Vdisp power 0 to -35V
supply
Vus Power +3V to +5V
supply
Module Width: 265mm Length: 275mm
dimensions (10.4 in.) €10.8 in.)
Power
supply DC +5V * 5%
voltage
Current
consumption 4 A(Typ.) 6.5 A(Max.)
Main Operation:
EESU1e Temperature 15 to 40°C
Humidity: 30 to 857 RH (with no
Evalua- .
tion condensation)
Atmosphere: Must be no corrosive
module
. gases present.
Environ-
mental Storage
conditions

Temperature: 5 to 50°C
30 to 907 RH (with no
condensation)
Atmosphere: Must be no corrosive
gases present.
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13.3.6 Ordering information

Support Devices

HMCS402C /AC/CL, HMCS404C/AC/CL,
HMCS408C /AC/CL,

HMCS412C/AC/CL, HMCS414C/AC/CL,
HMCS424C /AC/CL, HMCS428C/AC/CL

Equipment Supplied

Remarks

ITEM CONTENTS

Emulator Emulator boards for above devices -l -1-1-1-{-1-1-
64 pin User System Interface Cable =1=-1=-1=1-1-1-1-

42 pin User System Interface Cable T = —T=T=T=1=

Cables Serial 1/0 Cable (for Host system) I=1=1-1=1=1=1=-]=
Power Supply Cable for Vg, Vus, and Vdisp 31-1-1-1--1-1-]-

GND reinforcement cable 1= -1-1={-]-1-1-

Connector Serial I/O Connector (for console) il-1-1-1-1-1-]-1-
Probes External Probe for real-time trace H-t-1-1-l-1-1-1-

1

H408EMLO2HE (for Emulator)

S68EML1EM (for SD5/5A interface)

S680EML1EM (for SD200 interface)

|
—
1
|
|
|
|
|

S400XAS 3EM

[N G BN e Gl i i Y i e e
DR G R G I ) e e e

User's Manual S400XAS6EM =1-1-1-{1]-{-{-]-
S400VAS1EM T=T=T-1-1~ =T-1-
S400MDS1EM EEEEEEEEUNEE
S400MDS2EM EEEEEEEEENE
S68CNV1-EM EEEEEEEEEEE
S68EML1-F (FDOS-IV on SD5/5A) NEENEEREEEEE
Software for SDS/5A ["ZGoXASIF (FDOS-IV on SD5/5A) TTAEEEEE
S680EML1F (CP/M-68k) - -
Software for SD200 SLOOXAS6F (CP/M—68K) g g o T g ey
Cross Assembler
for VAX-11 S400VAS1F (VMS) 1
Cross Assembler S400MDS1F (ISIS-1I) EEEEEEEENEE
for MDS S400MDS2F (CP /M) “I-1-1-1-]1-1-1l- 1]-
Converter for _ EEEEEEEREEE
SD5/5A — SD200 S68CNV1-F (on SD5/5A) 1
H68SD5/5A 0S: FDOS-III/IV 0
H680SD200 0S: CP/M-68k [
IBM-PC 0S: PC-DOS ° S311EM1-F (HITEC-UK/DESC)
AS 400PASI1F (HITEC-AS/DESC)
Your Host Computer vAX-11 (DEC) 0S: VMS o o SW BOX (HMSTI)
IN-IIT (SOPHIA) 0S: CP/M o o IN3EVM (SOPHIA)
MDS (INTEL) 0S: CP/M o o
MDS (INTEL) 0S: ISIS-II ] o
HP-64000 (HP) 0S: CP/M o TS-1005XS_(YHP)




13.4 Single-chip Microcomputer ROM Ordering Procedure

(1) Development flowchart

Single-chip microcomputer device is developed according to the following

flowchart after program development.

Hitachi

Customer

Remarks

(D ROM code *1
(D) Mask Option List*2

(3 Ordering Specifica-
tions*3

lComputer processingl
(]

ROM code for confirma-
tion of ROM fabricating
specifications*4

OK

6 Confirmation of result

Mask

| Sample I

Working Sample*6

*5

5)Confirmation of func-
tion, characteristics

*7, *8
|

|

lEngineering Sample*§}

'

[Commercial Sample

(END]

Confirmation of function,
characteristics, quality

*1

*2
*3

*4

*5

*6

*7

*8

*9

Paper tape or 2 sets
of EPROM

Style by each product

Common style

The same ROM code as
delivered one.

Send it back after
partially approving

Normally 2 or 3 pcs.

Start the following
flowchart after ap-
proving

Send them back after
approving with
specified form.

Normally 9 or 10 pcs.

(Note) Please send in(D),®), and(® at ROM ordering, and send back &),(® after

approving.
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(2) Information to be submitted

(a) Ordering specifications; standard format for all Hitachi single-chip
microcomputer devices. Please enter for
the following items. The format is shown
on the next page.
Basic ITEM
Environmental Check List
Check List of attached data
Customer
(b) ROM code; Include 2 sets of ROM code identical to the EPROM contents,
with ROM code No. entered on them. A program listing

is desirable for easy confirmation of program contents.

(3) Change of ROM code
Note that if you change the ROM code once sent in or other specifications,
the ROM must be developed from the beginning. The mask charge must be

applied again in this case.

(4) Samples and mass production

Working Sample; Sample for confirmation of ROM code and that of mask option.
Normally 2 or 3 samples are sent, but not guaranteed as for
reliability. Please evaluate and approve immediately because
the following sample preparation and mass production are

determined after obtaining your evaluation.

Engineering Sample; Sample for evaluating device reliability. 10 pcs are

included in mask charge.
Commercial Sample; Sample for set trial production purchased with compensation.

Mass Production; Products for actual mass production. Please enter plan of
mass production in full. Refer to Single-chip Microcomputer
ROM Ordering Procedure (document No. HMCS-ORD-3M) for

details.
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Single Chip Microcomputer

Ordering Specifications

(1) Basic ITEM (Please £ill in blanks or enter check marks: - )

Microcomputer Family

Application (in full)

Function (in full)

ROM Code No.

ROM Code Media OFloppy (JEPROM (ROM type name)

Outline OPlastic DIP [JPlastic flat package

Operating Temperature [(OStandard ([1J specification (guarantees -40°C ~
+85°C)

Options

(2) Environment Check List
This check list is used as data of single chip microcomputer LSI's design
reliability, but not used to control its performance assurance. Please enter

usual environmental conditions.

. . average °C
Microcomputer Ambinet Temperature =
range °c ~ C
Microcomputer Ambient Humidity average b4
range % ~ %
Power ON Duration average hours/day
Max. Applied Voltage to zzwe; max. v
Microcomputer PPy
1/0 max. \
Target Level of Reliability (0500 £it (01000 fit
AQL 01.0%2 ([00.6572 ([030.4 7
Remarks
(3) Check List of Attached Data (Please fill in blanks or enter check marks:- )
ROM Code [J Attached (ODelivered [ODelivery data
Mask Option List | (] Attached ODelivered O Delivery data

Date of Order

Customer

* For Hitachi's use only Dept.

LSI Type No.

Shipping Date of ROM Fabricating
specifications

Accepted by

Approved Date of ROM Fabricating
Specifications
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HMCS402C/AC/CL
HMCS404C/AC/CL
MASK OPTION LIST

Date of Order

Customer
5V Operation :(JHMCS402C, [JHMCS404C Dept.
High Speed Operation :[JHMCS402AC, [JHMCS404AC Name
i : O HM
3V Operation O HMCS402CL, O HMCS404CL ROM Code Name

* Please enter check marks in[J

(|, x,v).

LSI Type Number
(Hitachi's entry)

(1) 1I/0 Option

Note (I/0 options masked by are not available.)

PIN INPUT/OUTPUT 1/0 OPTION PIN INPUT/OUTPUT 1/0 OPTION
A|B(C|{D|E AIB|C|DJE
Do _E Input /Output R30 Input/Output
D1 % Input/Output R31 Input/Output
D2 '% Input/Output R3 R32 Input/Output
D3 & |Input/Output R33 Input/Output
D4 Input/Output R40 Input/Output
D5 Input/Output - R41 Input/Output
D6 Input/Output R42 Input/Output
D7 g Input/Output R43 Input/Output
Dg : Input/Output R50 Input/Output
D9 ? Input/Output R51 Input /Output
D10 E Input/Output R3[Rs2 Input/Output
D11 = Input/Output R53 Input/Output o
D12 2 |Input/Output R60 ° Output ‘
D13 Input/Output 26 Re1 -E Output
D14 Input/Output R62 b Output
D15 Input/Output R63 -"‘: Output
R70 g Output
&7 R71 Output
Roo Output R72 Output
Ro1 Output R73 Output
RO Ro2 Output R80 Output
Ro3 @ Output RS Rg1 Output
R10 -E Input/Output Rg2 Output
R Ry % Input/Output Rg83 Output
Ry | 2 |Input/Output Rg0 Input
Ry3 2 Input/Output R91 Input
R2 Ryo g Input/Output R9 Rg2 Input
Ry Input/Output Rg3 Input
Ryo Input/Output A RAO Input L o
Ry3 Input/Output RAl Input one;:: /vd;p

* Please enter "O" in applicable ‘item for I/0 option selection.

A; Without Pull-up MOS (NMOS Open Drain)
C; CMOS (not be used as Input)
D; Without Pull-down MOS (PMOS Open Drain)
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(2) Ra1/Vdisp (3) Package

RAl/Vdisp Package

[ Ray:Without Pull-down MOS (D) [0 DP-64S (shrink package)

0O Vdisp O FP-64

* Please enter check marks (B, x,v) * Please enter check marks (B, x,v)
in applicable item. in applicable item.

Note) RAl/Vdisp has to be selected as Vgjgp pin exept the case that all High

Pins are option D

(4) Divider (DIV) (5)
Clock divide ratio ROM Code Media
[ ] Divided-by-8 ] EPROM: Emulator Type
) EPROM: EPROM On-Package Microcomputer
Type
[ Check List of Application 1
(A) Oscillator (CPG option)
0 402c/404C 0 402AC/404AC T 402CL/404CL
(5V Operation) (High Speed Operation) (3V Operation)
T Resistor (Rf=20kQ*27)
CPG [OCeramic Filter JCeramic Filter [0 Ceramic Filter
option OCrystal OCrystal O Crystal
O External Clock 0 External Clock O External Clock

* Please enter check marks (M, x,\) in applicable item.
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HMCS408C/AC/CL

Date of Order

MASK OPTION LIST

Customer
5V Operation : [JHMCS408C Dept.
High Speed Operation :[JHMCS408AC Name
3V Operation : O HMCS408CL ROM Code Name
* Please enter check marks in[J LSI Type Number
(|, x,v). (Hitachi's entry)
(1) 1/0 Option Note (I/0 options masked by are not available.)
PIN INPUT/OUTPUT 1/0 OPTION PIN INPUT /OUTPUT 1/0 OPTION
A|B|C|D}|E A|B|C|DJ|E
Dy ;;50 Input/Output R30 Input/Output
D ° Input/Output R31 Input/Output
D2 'g Input/Output 3 R32 Input/Output
D3 & |Input/Output R33 Input/Output
D4 Input/Output |. R40 Input /Output
D5 Input/Output - R41 Input /Output
D¢ Input/Output R42 Input /Output
D7 ‘E Input/Output R43 Input/Output
Dg : Input/Output R50 Input /Output
Dg EP Input/Output R51 Input/Output
D10 ;c; Input/Output R5[Rs2 Input/Output
D11 % |Input/Output R53 Input/Output
D12 i |Input/Output R60 - Output
D13 Input /Output 26 R61 5 Output
D14 Input/Output R62 b Output
D15 Input/Output R63 -§ Output
R70 g Output
R7 R71 Output
Rgo Output 144 R72 Output
Ro1 Output £ R73 Output
RO Ro2 Output 1T R80 Output
Rps3 a Output ’ RS Rg1 Output
Rigo | & Input/Output : Rg82 Output
RL Rip % Input/Output | ‘ RR3 Output
Ryg | 2 |Input/Output e RgQ Input
R)3 2 [Input/Output | Ro1 Input
R2 R0 g’ Input/Output : R91Rg> Input
Ry; Input/Output | | Rg3 Input
Ryp Input/Output - * BA RAO Lo Input
Ry3 Input/Output = : | RAl Eg: Input ztlle;:i/vd;:p

* Please enter "0" in applicable item for I/O option selection.
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS
C; CMOS (not be used as Input)
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS
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(2) Ra1/Vaisp (3) Package

RAl/Vdisp
[ Raj:Without Pull-down MOS (D) ] DP-64S (shrink package)

Package

0 Vdisp O FP-64

* Please enter check marks (M, x,v) * Please enter check marks (M, x,v)
in applicable item. in applicable item.

Note) RAl/Vdisp has to be selected as Vdisp pin even if one high voltage

pin is specified as "E".

(4) Divider (DIV) (5)

Divide-by-4 | Divide-by-8 | Divide-by-16 ROM Code Media

HMCS408AC
HMCS408C
HMCS408CL Sl

] EPROM: Emulator Type

J EPROM: EPROM On-Package Microcomputer

Type
Check List of Application J
(A) Oscillator (CPG option)
CJHMCS408C J HMCS408AC ] HMCS408CL
(5V Operation) (High Speed Operation) (3V Operation)

CPG OCeramic Filter ] Ceramic Filter O Ceramic Filter
option O Crystal OCrystal 0 Crystal

JExternal Clock [0 External Clock O External Clock

* Please enter check marks (M, x,\) in applicable item.
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HMCS412C/AC/CL

HMCS414C/AC/CL Date of Order
MASK OPTION LIST
Customer
5V Operation :OHMCS412C, [JHMCS414C | | Dept.
High Speed Operation :[JHMCS412AC, [JHMCS414AC Name
1 . HMCS414CL
3V Operation ;0 uMcssl2cL, O ROM Code Name
* Please enter check marks in[J LSI Type Number
(W, x,v). (Hitachi's entry)
(1) 1/0 Option Note (I/0 options masked by are not available.)
1/0 OPTION I/0 OPTION
PIN INPUT /OUTPUT PIN INPUT /OUTPUT
A|B|C|DJ|E A{B{C|D|E
7] y :
Do E Input/Output o Rio Input/Output
D E Input/Output | gri il Rl Ry1 E Input/Output
D2 2 Input/Output o Ry, | ™ [Input/Output 2
@ > o 5
D3 s Input/Output Ry | & Input/Output g i
&
D4 Input/Output R2 Ryo | g [Input/Output |t o
e =
Ds Input/Output fi.. Ry 5 Input/Output
D¢ Input/Output Ry | i@ |Input/Output | o 2 nr
D7 % Input/Output Ro3 Input/Output
Dg ': Input /Output R30 Input/Output
D9 f‘f Input/Output R3 R3] | , |[InpPut/Output
g
D10 § Input/Output R32 | ' |Input/Output
D11 < |Input/Output R33 | B [Input/Output
. ©
D12 i |Input/Output R40 | 2 |Input/Output
]
D13 Input/Output R4 R41 | & [Input/Output
D14 Input /Output R42 Input/Output
Roo Output R43 Input/Output
Qutput 2 X
R0 Ro1 Ra |RA1 E"E;‘ Input Ple;se/;utk
Ro2 Output =3 on ®A1/Vdisp
R03 Output
* Please enter "0" in applicable item for I/0 option selection.

A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS
C; CMOS (not be used as Input)
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS




(2) Ra1/V4isp

RA1/Vdisp
O Rajp :Without Pull-down MOS (D)

Od Vdisp

* Please enter check marks (M, x,V)
in applicable item.

Note) RAl/Vdisp has to be selected as Vdisp pin even if one high voltage

pin is specified as "E".

(3) Divider (DIV) %)

Divide-by-4 | Divide~by~-8 | Divide~by-16

ROM Code Media

HMCS412AC
/414AC

HMCS412C
/414C

] EPROM: Emulator Type

HMCS412CL
/414CL

J EPROM: EPROM On-Package Microcomputer

Type
Check List of Application
(A) Oscillator (CPG option)
JHMCS412C/414C ) HMCS412AC/ 414AC J HMCS412CL/414CL
(5V Operation) (High Speed Operation) (3V Operation)
CPG OJCeramic Filter JCeramic Filter [ Ceramic Filter
option JCrystal [JCrystal O Crystal
[JExternal Clock [J External Clock ] External Clock

* Please enter check marks (M, x,v/) in applicable item.
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PREFACE

HMCS400 is a series of 4-bit single chip microcomputers using an
innovative CMOS high breakdown voltage process. This series is much
improved over the HMCS40 series in such areas as direct drive of fluores-

cent character display tube, operating speed, functions, and program development.

APPLICATION NOTES consists of typical application programs for the
HMCS400 series to help users better understand the instruction set and to

provide them with references for making more customized programs.

Programs described in APPLICATION NOTES have already been debugged.

However, please verify operation in actual use.

For additional information reference:
eSection 1, HMCS400 Series User’s Manual
sSection 3, HMCS400 Series Hardware Application Notes
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1. Application Programs Explanation Format

Explanation of each program in APPLICATION NOTES is divided into four

sections as shown in Fig. 1.1.

Section 1 —— SPECIFICATION —t— FUNCTION

— ARGUMENTS

— CHANGES IN CPU REGISTERS AND FLAGS
— SPECIFICATIONS

— SPECIFICATIONS NOTES

Section 2 —— DESCRIPTION —- Function Details

— User Notes

— RAM Allocation

— Sample Application

— Basic Operation

Section 3 - FLOWCHART

Section 4 - PROGRAM LISTING

[ [ wesvoo semres] (o[
[ ][] cseoo sewtes] [taset][
e ]
[ esion sentes][imaec]_
e ]
][] seoo semtes][cmne] [
=
et T et ot || I || srtricatins
N A
Locacion | pigica ("o ¢ Soc attectes
gty
e
-
e
oo v

Fig. 1.1 Program Description
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Programs in APPLICATION NOTES can be implemented in two ways, i.e.

(1) without modification or (2) with modification.

(1) To use a program without modification, you will need:
(a) The information in section 1
(b) Function Details, User Notes, RAM Allocation and Sample
Application in Section 2

(c) PROGRAM LISTING in Section &

(2) To modify a program, you will need:
All the information in Section 1 to 4; after reading these sectionms,

change the PROGRAM LISTING according to user specifications.
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1.1 Symbols

Symbols and abbreviations used in APPLICATION NOTTES are described below.

1)

(2)

3)

4)

(5)

Operation

(

) =

a~>b =

a+b =

+

X

/

Contents

Transfer from "a" to '"b"
Exchange between "a" and '"b"
Addition

Subtraction

Multiplication

Division

Register symbols in MCU

<X o= W

SPX =
SPY =

Accumulator
B Register
W Register
X Register
Y Register
SPX Register
SPY Register

Flag symbols in MCU

CA
ST

Carry

Status

Comparison sign

= Equal
# Not-equal
> Greater than
< Less than
2 Greater than or equal
£ Less than or equal
Others
' = Delineates ASCII characters
= Indicates labels of successive addresses
$ = Indicates hexadecimal data
MD($***%) = Specifies a digit in address space ($*** indicates
address).
MR($%) = Specifies a digit in memory registers ($* indicates

address).
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MSD = Most significant digit in address space

LSD = Least significant digit in address space

1.2 SPECIFICATION Section

The SPECIFICATION Section is shown in Fig. 1.2 ( E blocked area

in Fig. 1.2). Each numbered item in the figure is descrlbed below.

o e e e e e e —
! |
¥
| [ ITEM NUMBER AND PROGRAM NAME hmcs/.oo sem:s] LABEL |
(4 ) ——-I—H FUNCTION ll :
| |
. (6) ™ ,
I } ' |
! 1
ARGUMENTS CHANGES IN CPU
) | =J 1 aigit= & bics || REGISTERS AND FLaGs || SPECIFICATIONS :
Storage | No. of
! Contents Location | Digits [|[ @ : Not affected |
1 x 1 word=10 bits I
1 4 : Result ROM_(Words, ]
: Entry ry ) AN (bigics :
| X Y Stack (Digits] ]
!
| SPX SPY Wo. of cycles :
: ] ntrant i
I [|Returns I
| CA_ | st !
| Tnterrupt OKT :
| _—————
DESCRIPTION
o o e e e e
l}
(8) ———+—{seecrrrcations mtsﬂ ll
! i
i 1
\ |
1
e o e e e e e e e e e e e e e -

Fig. 1.2 SPECIFICATION Section
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(1) 1ITEM NUMBER AND PROGRAM NAME:

Example:

=

‘9. SHIFT 8-BIT DATA

(2) Mcu:
Indicates names of microcomputer series applicable to

the program.

Example:
IMCUJ{?MCSAOO SERIESJ[::%

(3) LABEL:

Indicates the name identifying.program entry point. Use this label
to call the program.
(]

(4) FUNCTION:

Describes program function.

Example:

" FUNCTION Jl

Shifts 8-bit binary data stored in RAM a specified number of times to the
right.

(5) ARGUMENTS:

Describes entry arguments which must be initialized before program

execution, and return arguments after execution.

(a) Contents:

Describes arguments' contents, e.g., constant, starting

address, string length.
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(b) Storage Location:

Indicates registers and RAMs in which arguments must be stored.

RAM locations are denoted by "(RAM)".

Note: Absolute storage locations in RAM address space are
designated by MD ($WXY, $WXY) using W, X and Y addresses.
For example, MD ($033, $032) refers to the marked area

in the memory array shown below.

w. X Y W X Y

Y Address I——O—J , IZI '=\\

\
wox Y [rlelofc|s]alo]s]7]e]s]a\3]2]1]0
Address

02
03
04

W, X, Y correspond to registers.

W, X, Y which are used to store memory addresses.

(c) No. of Digits:

Indicates arguments' digit length.

Example:
ARGUMENTS
1 digit= 4 bits
Storage No. of
Contents Location | Digits
Unsigned
8-bit binary MD ($033,
number to be $032) 2
Entry | shifted to
the right
No. of shifts B 1

MD($033,

Returns | Shift result $032)
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(6) CHANGES IN CPU REGISTERS AND FLAGS:

Describes changes in CPU registers and flag changes in condition
code register after executing a program.

The following symbols are used.

® : Not affected : Original contents are preserved.
X : Undefined : Original contents are destroyed.
i : Result : Contains results of program execution.

CHANGES IN CPU
REGISTERS AND FLAGS

® : Not affected Example:
:,; g:gS{:ned In this example, after executing
a program, contents of Accumulator,
i i B register, X register,
5 i Y register, carry and status will
SPX SPY be destroyed. Thus, contents
; - which will be destroyed should be
[ ]

saved before executing a program.

(7) SPECIFICATIONS:

Describes program operation specificationms.

(a) ROM (Words) : Indicates amount of ROM used by the program.

1 word consists of 10 bits.

(b) RAM (Digits): Indicates amount of RAM used by the program.
1 digit consists of 4 bits.
(This value does not include memory needed for

the stack.)

(c) Stack(Digits):Indicates amount of RAM used by the stack in
the program. This memory must be reserved

when the program is executed.

(d) No. of cycles:Indicates the maximum number of machine cycles.
Calculate the execution time required for

program execution as follows:
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Execution time (sec) = Number of cycles x cycle time

Cycle time (sec) = 8/External oscillator frequency(Hz)

Note: BRS instruction is regarded as 1 cycle.

(e) Reentrant : Indicates whether a program has a structure
which can be called from two or more routines

at the same time.

(f) Relocatable : Indicates whether a program can be located in

any memory space.

(g) Interrupt OK? : Indicates whether MCU can continue a program
normally after serving an interrupt routine.
If cannot ("No'"), inhibit interrupt before

the program is called.

Example:

SPECIFICATIONS

1 word=10 bits
ROM (Words)
11
RAM (Digits)
2
Stack (Digits)
0
No. of cycles
46
Reentrant
No
Relocatable
No
Interrupt OK?
Yes

(8) SPECIFICATIONS NOTES:
Explanatory notes for items listed in (7) SPECIFICATIONS.

Example:

[SPECIFICATIONS NOTES]

"No. of cycles'" in '"SPECIFICATIONS" indicates the number of cycles required
to shift 8 bits of binary data 3 bits to the right.
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1.3 DESCRIPTION Section

The DESCRIPTION Section is shown in Fig. 1.3. L }: blocked area

in Fig. 1.3). Each numbered item in the figure is explained below.

[

] @ [m«csaoo ssnus] L JLMCUJ [m«cshoo stnzﬂ[ LA!EL]L

FUNCTION "

DESCRIPTION ]

(3) RAM Allocation

ARGUMENTS CHANGES IN CPU
#’ 1 digit= 4 bite || REGISTERS AND FLAGS SPECIFICATIONS

[¢3]

— e e ey

Storage
Contents Location e : Not affected
1 word=10 bits
Entry. ry T
X Y
SPX SPY
= (4) Sample Application
Returns
CA ST
1 Interrupt OK?
DESCRIPTION
(1) Function Details

(5) Basic Operation

User Notes

SPECIFICATIONS NOTES ]I

Fig. 1.3 DESCRIPTION Section

(1) Function Details:

Gives internal representation of arguments and results before and
after program execution, respectively, and describes basic

operation.

HITACHI 11




(2) User Notes:
Gives precautions and limitations when executing the program.

* Be sure to read these items when using the programs

without modification.

Example:

[ DESCRIPTION |[

(1) Function Details
(a) Argument details

MD($033,$032): Holds 8-bit binary number to be shifted to the right.
After SHR execution, contains shift result.

B : Holds number of shifts.
Contents of B = Number of actual shifts - 1
(See (2) User Notes)

(b) Example of SHR execution is shown in Fig. 1. If entry arguments
are as shown in part (@ of Fig. 1, 8-bit binary number is shifted
to the right as shown in part @ of Fig. 1.
In this case, "O"s are shifted into the 2 leftmost bits.

b3 B b0
361)
(:) Entry arguments
b7 MD($033,$032) b0
MD($033,$032)
($CB)

1 Il IO IO 1 IO 1]1
b7\\\:::\::\;::\;::;::\\\\ b0
(:) Return argument MD%%%%§’$032)0'{0 lO ll Ll I‘O [0]711 OJ
MD($033, $032)

Fig. 1 Example of SHR Execution

(2) User Notes
(a) ST flag is set after SHR execution.
(b) When specifying number of shifts, load B register with number of
actual shifts less 1. In part (D of Fig. 1, $1 is held in B register

since number of actual shifts is 2.

(c) Number of shifts in B register must be within the range of
$0 £ B £ $7, otherwise MD($033,%$032) becomes "0".

(d) sShift operation permits easy multiplication of 8-bit binary number
by 2°™. (n = number of shifts)

— 44_____’—’_,/’
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(3) RAM Allocation:

Provides details of RAM Allocation for program arguments and

results.

Example:

(3) RAM Allocation

. T Te s 1ats]
W,X FIEiDIC B:Ai987:6:55 131271,0
] [l 1 i 11 H [l [}

02 S L T R N N T A T I
o= —— inbate el -—1‘--|-—-‘-'--l-- - - -‘I'-—r-- P -
03 R EEEEEE SR
.......... AR SR ST SO S SO L S O L._.!-__ 4 __:__..
ou | T T T
----------- e s ar T CEE Il B S S S S
05 T
------- e it ETur S NP YRS SN SR SO NNt PUIOE N
p— T

Fig. 2 RAM Allocation

Label RAM Description
b7 b0  Holds 8-bit binary number to be shifted to the
right before execution.
- %L/S/D/ Contains shift result after execution.
X and Y addresses are defined by XSFT and YSFT,

MD($033’ 3032> respectively.

-

MSD : Most Significant Digit

LSD : Least Significant Digit
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(4) Sample Application:

Gives a sample application of calling the program from another

routine.

Example:

T

(4) Sample Application

Shown below is a sample application using SHR with address space
allocated as follows.

MD ($0A3,$0A2) : 8-bit binary number to be shifted

MD ($0A4) : No. of shifts
MD ($0A6,$0A5) : 8-bit binary shift result
LWI 0 ..., Example with W=0.
1
:
L
LAMD $0A3

LMAD  $033 Store 8-bit binary number to be shifted
“"*"° to the right in entry argument.

LAMD $0A2
LMAD $032
LAMD  $0A4 } Load number of shifts into entry
LBA argument.
| caiL  swr | Call SHR.
LAMD $033
LMAD  $0A6 Store shift result, which is contained
Lap  s032 | in return argument, in RAM.
LMAD $0AS

/—\—/
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(5) Basic Operation:

Explains basic operation of the program.

Example:

T

(5) Basic Operation
(a) 8-bit binary number is shifted to the right 1 digit at a time.

(b) B register is used to count the number of shifts, and is decremented

each time (a) is executed.
Operation loops to (a) until B register becomes $F.
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1.4 FLOWCHART Section

An example of the FLOWCHART Section is shown in Fig. 1.4. Flowchart

explanatory comments are entered to the right.

Example:
L FLOWCHART I :
SHR
SHR
XSFT » X
Load address of 8-bit binary
SHRL I number to be shifted into
""" X and Y registers,
YSFT »~ Y
1
o»ca | m==es {: Clear CA flag to clear MSB.
SHR2 I |
M- A r
T Rotate upper digit of 8-bit
Rotate A e-...] binary number to the right and
1 bit right set LSB of upper digit to MSB
I of lower digit.
A->M
_______ ] I Decrement Y address of 8-bit
Y-1 Y °
binary number.
1
Test if all digits of 8-bit
------4 binary number are rotated
1 bit to the right.

"""" {: Decrement shift counter.

B#SF
“===1 Test if shift is completed.

B=$F
RTN
Note: | A multi-instruction command is indicated by
A-~>M a dashed line separating each instruction.
Y-1->Y

Fig. 1.4 FLOWCHART Section
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PROGRAM LISTING Section

An example of PROGRAM LISTING Section is shown in Fig. 1.5. Included
with the program listing is information for modifying the program

according to user's requirements.

Example:

9. SHIFT 8-BIT DATA JIMCUJIEHCSAOO SERI!E"LABEL " SHR

PROGRAM LISTING [

ST-NO  0BJECT ADRS  SOURCE STATEMENTS
00001 010 000 LLEN 132
02

o

3 (a) ~o .

% \1:._@_: SHIFT 8-BIT DATA (SHR) .

05 M

006 (b)

008 . ENTRY * MOS033.3032) (B-BIT BINARY 0ATA)
<

8 HIFT COUNTER)
30010 <c)w : MD(3033.3032) (B-B1T BINARY OATA)
11 .
12
I [CY N 8-81T BINARY OATA ADDR(X)
15 B8-BIT BINARY DATA ADDR(Y)
6 (e) BASFT EQU 3l 8-BIT BINARY DATA LSD ADOR(Y)-1
17 -
18 oRG 30100
0019 SHR E0Y . ENTRY POINT
20 223 0100 w1 YSFT L0AD ADDRCX
21 13 0101 SHR1 LYo YSFT LOAD ADDR(Y )
000°2 QEC 0102 REC
123 090 0103 SHR2 LAM LOAD BINARY UATA
4 0 0104 ROTR ROTATE BINARY DATA
25 o0 105 LMADY CTORE SHIFT DATA AND DECREMENT ADDR(Y
e Q71 0106 YNET BASFT
27 303 0107 BRS CHRT
128 acF 0108 o8 DECREMENT SHIFT COUNTER
29 01 0102 RS SHR1 LOOP UNTIL SHIFT COUNTER = 30
30 (gt 0104 RIN
(f) - X
‘r When storing arguments in other RAM locations, change the EQU -:
1 operands for the following labels. \
|
! XSFT: Defines X address of 8-bit binary number to be shifted 1
to the right. 1
\ |
} YSFT: Defines MSD Y address of 8-bit binary number to be shifted |
| to the right. 1
| t
| BASFT: Defines LSD Y address less 1 of 8-bit binary number to be |
1 shifted to the right. (YSFT-$2; if this is negative, |
L value should be defined as $F.) J

Fig. 1.5 PROGRAM LISTING Section

(a) NAME: Name of a program. ( ) means entry point label.

(b) ENTRY: Shows storage location and contents of entry arguments.
(c) RETURNS: Shows storage location and contents of return arguments.
(d) EQU: Defines RAM and its address by label.

(e) SHR: Shows entry point label.

(f) Explains how to modify this application example.
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2. Program Execution

The programs in APPLICATION NOTES have been considering efficiency and
portability. The following shows how to execute these programs and how

to modify them according to user requirements.
2.1 Calling Programs in APPLICATION NOTES from User Programs

The procedure for calling programs in APPLICATION NOTES from user
programs is shown in Fig. 2.1. All programs in APPLICATION NOTES
written as subroutines and should be called as shown in Fig. 2.1.
An example of a user program in which a program in APPLICATION NOTES

is called as a subroutine is shown in Fig. 2.2.

User Program Program in APPLICATION NOTES

Initialize
argument (s)

- —— =1 *Note
r Save necessary 1

! register(s) !
CALL FILL e I —————— ]

Fill with a

Call subroutine
constant value

P b re oo 7 *Note
| Restore necessary

! register(s) H
-

Process results

RTN

*Note: User must save and restore register(s),
if necessary.
Refer to the comments in next page.

Fig. 2.1 Procedure for Calling Programs in APPLICATION NOTES
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User Program

LWI $0 ..... Example with W = 0.

LMAD $02D ..... Save register.
LAMD $O0AL §
LBA

LAMD $0A2
LYA

LAMD $0A3 r..... Initialize arguments.

LXA

LAMD $0A4
LMAD $04D
LAMD $0A5

LMAD $04C /

| caLL FILL|| ..... Call program.

LMAD $02D ..... Restore register.

Fig. 2.2 Sample Application

Some programs may destroy register(s) contents before returning to the
user program, since register(s) are used not only as argument(s) but as
work area for calculation. Usually, register(s) used as work area is

saved and restored in subroutine. The programs in APPLICATION NOTES,

however, do not save nor restore register content(s).

If register(s) contents need to be saved, users must save and restore
register(s) contents as shown in Figs. 2.1 and 2.2.

Refer to the "SPECIFICATIONS'" section for each program to determine
which registers should be saved as well as for details on subroutine

arguments and results.

Also, note that the amount of RAM used for thg stack by each program
indicated in "SPECIFICATIONS" is in addition fo that used when calling
the program (4 digits). The entire stack area is 64 digits allowing

for a maximum nesting level of 16. Thus, to prevent program malfunc-
tioning, both of the above must be considered when calling (and writing)

program subroutines.
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2.2 Modifying Programs in APPLICATION NOTES According to User Requirements

The programs in APPLICATION NOTES may be modified depending on user

requirements.

WX~ FiE{D!C] i3i21140
R ]

i § . -]

Lt
o5 N

\»New RAM allocation

Fig. 2.3 RAM Allocation

SHR RAM allocation
in APPLICATION NOTES

For example, to modify RAM allocation for the SHR program as shown in

Fig. 2.3, the EQU instruction for the labels shown in Fig. 2.4 must be

changed as shown in Fig. 2.5, and the program them reassembled.

RAM allocations that

listing, as shown in

can be modified are described

Fig. 2.4.

after each program

00030

XSFT:
YSFT:

BASFT:

OBJECT ADRS
010 0000
223 0100
213 0101
QEC 0102
090 0103
0A0 0104
000 010S
071 0106
303 0107
OCF 0108
01 0109
010 010A

SOURCE STATEMENTS
LLEN 132

* «

i NAME : SHIFT 8-BIT DATA (SHR) *

* «

» . -

L ENTRY : MD($033.$032) (8-BIT BINARY DATA) =

L CSHIFT COUNTER)> *

* RETURNS : MD($033.3032> (8-BIT BINARY DATA) *

« M
r_L ra——— — e mam o e e o e e =
| XSFT EOU [s3 ] 8-8IT BINARY DATA ADDR(X)
| YSFT €0u [s3 8-BIT BINARY DATA ADDR(Y)
| BASFT  EQU 8-BIT BINARY DATA LSD ADDR(Y)-1
L8AsFT g0y __LslJ__ _ _ _BIBIT BINARY DATA LSD ADOR-L.

ORG $0100
SHR EoU ENTRY POINT
LxI XSFT LOAD ADDR(X)
SHR1 Lyl YSFT LOAD ADDRCY)>
REC
SHR2 LAM LOAD BINARY DATA
ROTR ROTATE BINARY DATA
LMADY STORE SHIFT DATA AND DECREMENT ADDRCY>
YNEI BASFT
BRS SHR2
08 DECREMENT SHIFT COUNTER
BRS SHR1 LOOP UNTIL SHIFT COLNTER =
RTN

to the right.

Defines LSD Y address less 1 of 8-bit binary number to be

shifted to the right. (YSFT-$2; if this is negative,

When storing arguments in other RAM locations, change the EQU
operands for the following labels.

Defines X address of 8-bit binary number to be shifted
to the right.

Defines MSD Y address of 8-bit binary number to be shifted

value should be defined as $F.)

4

$0

Fig. 2.4 Program Listing with Original RAM Allocations
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changed

B8-BIT BINARY DATA ADDR(X)
8-BIT BINARY DATA ADDR(Y)
8-BIT BINARY DATA LSD ADDR(Y)-1

Fig. 2.5 Program Listing with New RAM Allocations

Note that in the program above, W register contents are not specified,
but have been assigned as W = 0 elsewhere (W, X, and Y register are

all needed for complete specification of a memory location). W register
has four possible selections, from 1 to 3. If necessary, change

W register contents using the LWI instruction.
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PROGRAM APPLICATION EXAMPLES



Item Program Label Page
1 FILL WITH A CONSTANT VALUE FILL 25
2 MOVE DATA BLOCK MOVE 31
3 MOVE STRING MOVES 38
4 BRANCH FROM TABLE CCASE 46
5 ggg\éiléisgscu LOWERCASE INTO TPR 54
o | o et o I
7 (IlgggEll:'gCIg—BIT BINARY DATA COBYTE 64
8 COUNT LOGICAL "1" BITS HCNT 71
9 SHIFT 8-BIT DATA SHR 77
10 4-DIGIT BCD COUNTER DECNT 83
11 COMPARE 8-BIT BINARY DATA CMP 89
12 ADD 8-BIT BINARY DATA ADD 95
13 SUBTRACT 8-BIT BINARY DATA SUB 102
14 MULTIPLY 16-BIT BINARY DATA MUL 109
15 DIVIDE 16-BIT BINARY DATA DIV 118
16 ADD 8-DIGIT BCD ADDD 126
17 SUBTRACT 8-DIGIT BCD SUBD 133
18 16-BIT SQUARE ROOT SQRT 140
B
20 | SommT oo 15
21 SORT SORT 169




1. FILL WITH A CONSTANT VALUE MCU||HMCS400 SERIES||LABEL

L FUNCTION ]

Fills a specified number of bytes in RAM with a constant value.

l ARGUMENTS CHANGES IN CPU
1 digit= 4 bits || REGISTERS AND FLAGS SPECIFICATIONS
Storage No. of
Contents Location | Digits e : Not affected
HCNST, x f Undefined 1 word=10 bits
Constant LCNST 2 $ ¢ Result ROM (Words)
(RAM) 14
Entry A B RAM (Digits)
No. of bytes B 1 X X 2
Starting X. Y By X Y Stack (Digits)
address ’ X X 0
SPX SPY No. of cycles
hd L] 155
W Reentrant
Returns —_— —_— hd No
et Relocatable
CA ST No
X X Interrupt OK?
Yes
l DESCRIPTION J

(1) Function Details

(a) Argument details
HCNST, LCNST(RAM): Holds l-byte constant to fill an area in RAM.
B : Holds number of bytes of RAM to be filled with
constant (Contents of B = actual number of bytes
- 1. See (2) User Notes).
X, Y : Holds starting address in RAM.
(b) Example of FILL execution is shown Fig. 1. If entry arguments are

as shown in part @ of Fig. 1, $57 in HCNST, LCNST(RAM) is stored
in RAM as shown in part @ of Fig. 1.

rSPECIFICATIONS NOTES

"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required
to fill 16 bytes of RAM with a l-byte constant.
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1. FILL WITH A CONSTANT VALUE MCU ||HMCS400 SERIES || LABEL FILL

DESCRIPTION J

HCNST,LCNST

(RAM)
HCNST,LCNST b7 b0
(Ri)

($57)

@ Entry arguments < B b3 B b0
(s8)

X Y
XY b7 b0

($5,$C)

N4 Starting address MD ($05C)
WXFEDCBA9876543210

05 175|715
@ Result <
06 |7|5[7]|5(7|5)7|5|7(5|7|5|7]5]|7|5
07 715|7(5
AN RAM

Fig. 1 Example of FILL Execution
(2) User Notes
(a) ST flag is set after FILL execution.

(b) A maximum number of 16 bytes of RAM can be filled by the constant
value.

(c) Value specified in B register is the actual number of bytes - 1.
In Fig. 1, as the actual byte length is 12($C), 11($B) is initialized
in B register.

(d) The program expects an even address initialized in Y register for
program operation.
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1. FILL WITH A CONSTANT VALUE MCU ||HMCS400 SERIES||LABEL FILL

L, DESCRIPTION J

(3) RAM Allocation

T I I I I T I T I 1 I T I T I
WA | FIEIDICIBIAIOI81716151413121110
02 | N N e e |
RN IS A Y SN AN FURpRY AU KSR U SNOUIOY DRI FRN SRt I SO P
03 R
I e e e e e
""""" R N 7774 = i Rt it M Bt el inbs Rl ks et Bl it
04 | @m I T R Y N IR N I I B
----- k- ML e b =t == == — A~ = — ]
05 [ T R (N TN TN RN ENNY NN N SR |
_____ SOy Y U DU (Nt ISR PR Sy RPN DRI NV AU U B
0 A A O I O
L . X
| ——— w

Fig. 2 RAM Allocation

Label RAM Description
b3 b0
igi - t d
HCNST ’/hSD qpper digit of l-byte constant to be store
in RAM.
MD ($04D)
b3 EO Lower digit of l-byte constant to be stored
LCNST ELSD 5 in RAM.
MD($04C)
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1. FILL WITH A CONSTANT VALUE MCU |[HMCS400 SERIES ||LABEL FILL

DESCRIPTION

]

(4) Sample Application

Shown below is a sample application using FILL with address space
allocated as follows.

MD ($0A1)

MD ($0A3, $0A2)

MD ($0A5, $0A4)

H

No. of bytes of RAM to be filled with constant
RAM starting address

Constant value

LWL $0

LAMD $0A1

LBA

LAMD $0A2

LYA

LAMD $0A3

LXA

LAMD $0A5

LMAD HCNST

LAMD $0A4

LMAD LCNST
[[catL  FILL

(5) Basic Operation

... Example with W=0.

... Load RAM length into entry argument.

... Load starting address into entry argument.

... Store l-byte constant in entry argument.

... Call FILL.

(a) X and Y registers are used to point to address in RAM to be filled.

(b) Consﬁant, in HCNST (RAM) and LCNST (RAM), is moved to X and Y address
1 digit at a time using indirect addressing mode.

(c) B register is used as a byte counter indicating how many bytes are
left to be filled with the constant. It is decremented after each

move and operation loops to (b) until its contents become S$F.

(d) Address in X and Y registers is incremented for next storage location.
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1. FILL WITH A CONSTANT VALUE

MCU |[HMCS400 SERIES ||LABEL

FILL

L

FLOWCHART |

FILL

FILL
HCNST ~ A

1N

Store upper digit of constant in
RAM pointed to by X and Y registers.

Increment Y address for next
storage location.

Store lower digit of constant in
RAM pointed to by X and Y registers.

Increment Y address for next
storage location.

Test if Y address is $0.

Increment X address.

Decrement byte counter indicating
number of bytes left to be filled
with constant.

Test if filling is completed.
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1. FILL WITH A CONSTANT VALUE MCU ||HMCS400 SERIES || LABEL FILL

PROGRAM LISTING J

ST-NO 0BJECT ADRS SOURCE STATEMENTS

00001 000 000 0000 LLEN 132
00002 SR o o R N OR SKOR KKK SOK KKK KKK K K K K SK K oK ok K oK K o 3K 8 K SHOK 3K ok ok HOK
00003 * #
00004 * NAME : FILL WITH A CONSTANT VALUE (FILL) *
0000s * *
00004 R o b KRR KKK AR KK K KKK K K NOK RO K SRR K
00007 * *
00008 * ENTRY ¢ HCNST (UPPER CONSTANT)> *
00002 * LCNST (LOWER CONSTANT) *
00010 * 8 (BYTE COUNTER) *
* XY (STARTING ADORESS) *
* RETURNS. @ NOTHING *
* ¥
BN AR ok KRR KKK KK SKOK SR K AR K A KoK SOR 3K AR 31K OK R HOK R KK
»
HCNST EQU $04D UPPER CONSTANT DATA ADOR
LCNST £Qu $04C LOWER CONSTANT DATA ADDR
*
ORG $0100
FILL EQU * ENTRY POINT
120 04D 0100 LAMD HCNST LOAD UPPER CONSTANT .
0s0 0102 LMATY LOAD CONSTANT AND INCREMENT ADDR(Y)>
190 04 0103 LAMD LCNST L.OAD LOWER CONSTANT
050 0105 LMATY LOAD CONSTANT AND INCREMENT ADDRCY)
08 0106 BR7 FILLL LOOP UNTIL BYTE COUNTER = SF
001 0107 XSPX INCREMENT ADDR(X)
068 0Lo8 LASFX
2/l 0L0? AL $1
QEB 010A LXxA
oCF 0108 FILL1 L] DECREMENT BYTE COUNTER
200 o10c BRS FILL
010 0100 RTN

When storing arguments in other RAM locations, change the EQU
operands for the following labels.

HCNST: Defines upper digit address of l-byte constant.

LCNST: Defines lower digit address of l-byte constant.
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2. MOVE DATA BLOCK MCU | {HMCS400 SERIES||LABEL MOVE

[7 FUNCTION J

Moves data block, stored in ROM, to a specified location in RAM.

ARGUMENTS CHANGES IN CPU
1 digit= 4 bits || REGISTERS AND FLAGS SPECIFICATIONS
Storage No. of
Contents Location | Digits e : Not affected
Source start- X : Undefined 1 word=10 bits
ing address B,A 2 ¢ : Result ROM (Words)
(ROM) 33
Entry | Destination X 1 A B RAM (Digits)
starting x X 2
address (X) SPX L X Y Stack (Digits)
Destination X x 0
starting Y 1 SPX SPY No. of cycles
address (Y) 3 X 394
No. of bytes SPY 1 W Reentrant
° No
Relocatable
Returns P — —_— _ CA ST No
° x Interrupt OK?
Yes
I DESCRIPTION 4]
(1) Function Details
(a) Argument details
B,A : Holds source starting address (ROM) as a 2-digit hexadecimal
number.
X : Holds destination (RAM) starting X address as a l-digit

hexadecimal number to indicate from where upper digits of
source data will be stored.

SPX : Holds destination (RAM) starting X address as a l-digit
hexadecimal number to indicate from where lower digits of
source data will be stored.

(Contents of SPX register = contents of X register + 1.
See (2) User Notes.)

Y - : Holds destination (RAM) starting Y address as a l-digit
hexadecimal number.

[SPECIFICATIONS NOTES

""No. of cycles'" in "SPECIFICATIONS" indicates the number of cycles required
to move 16 bytes of data.
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2. MOVE DATA BLOCK MCU ||HMCS400 SERIES ||LABEL MOVE

DESCRIPTION AA}

SPY : Holds length of data block in bytes as a 1-digit hexadecimal
number.

(Contents of SPY = actual number of bytes - 1.
See (2) User Notes.)

(b) Example of MOVE execution is shown in Fig. 1. If entry arguments are
as shown in part (O of Fig. 1, source data block in ROM ($0F12~

$0F18) is moved to destination in RAM MD($05B v $071), MD($06B " $081)
as shown in part @ of Fig. 1.

b7 8 Ao
($1,%2)
X, SPX X  SPX
@® Entry arguments ($5,%6) n
Y Y
($8) b3 b0
SPY SPY
. ]
ROM
Source ’/—-‘\\\\_‘,A
'starting address - $0F12 1 3 71
1 3 5
1 4 6 Source
T4 1 Byte data
1 3 1 length block
1 4 2
$O0F18 1 3 3
Destination
starting address
MD($05B)
MD ($06B) RaM
[ W,i\g
FEDCBA9 876543210
3
05 [3(4|4]313
() Result < 06 [1]116]|5}2 Destination
L > data
07 3 4 block
08 312
| J

Fig. 1 Example of MOVE Execution
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2. MOVE DATA BLOCK MCU |[HMCS400 SERIES || LABEL MOVE

DESCRIPTION. ]

(2) User Notes
(a) ST flag is set after MOVE execution.

(b) When storing the length of the data block in SPY register, the actual
number of bytes-1 must be stored. 1In Fig. 1, as the actual length
is 7 bytes, $6 is stored in SPY register.

(c) 1 to 16 bytes of data can be moved.

(d) When storing the destination starting address in SPX register,
contents of X register + 1 must be stored, otherwise data cannot be
moved successively to RAM. 1In Fig. 1, as contents of X register is
$5, $6 is stored in SPX register.

(e) Bit 8 of all words in the source data table must be set to
indicate loading of data into Accumulator and B register when

executing the pattern generation instruction (P).

(3) RAM Allocation

T T T _ T T T_T_T_ T_T T T _ T T
WX~ | FIEIDICIBIAIOIBI716151413121110
02 | o T U o
_____ RN R RSN ISP AU PRSI [pup FpUR RNpU Fpuies Rpup iy IR ISR PR
03 R L
| | | | | | | | | | | | | | |
""" F=T- =" 1 TTTATT I TTTATTI T T T T T T
04 | v v v MSDLSDY 1 1 0 110 b
----- b= = —4—dA——F =4 A =4 = A= =1
05 I T Y Y A T Y AN (R TR I B B |
_____ Lolod-b-dloJbododo bl Ll L]
T e A A
;—*’*L‘—f ‘—L‘~—J==£:4——r—r—1:£=v
Fig. 2 RAM Allocation
Label RAM Description
b3 b0
£ Work area for saving contents of B register
HS0U /§§P used to indicate source (ROM) address.
MD ($04B)
b3 bo
1L.SOU = .50 Work area for saving contents of Accumulator
=l used to indicate source (ROM) address.
MD ($04A)
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2. MOVE DATA BLOCK

MCU ||HMCS400 SERIES ||LABEL MOVE

[;7 DESCRIPTION AJ

as follows.

(4) Sample Application

Shown below is a sample application using MOVE with address épace allocated

MD ($0A2,$0A1)

: Source starting address

MD($0A5 Vv $0A3) : Destination starting address

MD ($0A6) : Length of data block in bytes
LWI $0 .+... Example with W=0.
1
1
LAMD $0A6
LYA Load length of data block into
*""" entry argument.
XSPY
LAMD $0A5 W
LXA
XSPX
LAMD S0AL S %oad destination starting address
into entry argument.
LXA
LAMD SOA3
LYA j
LAMD $S0A2
LBA Load source starting address into
""" entry argument.
LAMD $0A1
[| caLL Move] ..... Call MOVE.
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2. MOVE DATA BLOCK MCU {|HMCS400 SERIES ||LABEL MOVE

[¥ DESCRIPTION AJ

(5) Basic Operation

(a) Data stored at the address indicated by Accumulator and B register
is referred to Accumulator and B register, using the table look-up
function of the pattern generation instruction (P).

Program B Register Accumulator ' ROM
ROM
*(Note)
dd
LAI 83 Execution 20Fi§ss [

LBI 51 i
P SF (o] :l

After executing the pattern generation *Note:
}nstruct}ondlq the ab?ve program sequiéce, $CD If dotted area (bit 8) is $1
tgcgogtalge ;n'B feglstgrbgnd Agcumuda;or d as shown above, ROM data is
at $O;i3§ ored 1in lower its of wor ocate referred to Accumulator and

X . . B regist ft i
Since data table is allocated from $0F00~ $OFFF, g er aiter executing

X the P instruction.

subroutine MOVE uses $F as operand of the
pattern generation instruction (P).

Fig. 3 ROM Table and the P Instruction

(b) Accumulator and B register are used as a pointer to the source
data.

(c) 1 byte of the data word pointed to by Accumulator and B register
is moved to the RAM address indicated by X and Y registers.

(d) SPY register is used as a counter indicating number of bytes in
data block. SPY register is used as follows:

(i) after every execution of (c), SPY register is decremented

(ii) data continues to be moved 1 byte at a time until SPY register
is $F.
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2. MOVE DATA BLOCK

MCU ||HMCS400 SERIES||LABEL

FLOWCHART AAJ

‘ MOVE ’

Y#$0

SPY#S$F

MOVE

A - LSOU
|
B -+ HSOU
i
Pattern MTAB

HSOU - B

MOVE2

B+l - B

MOVE3

Save Accumulator and B register
indicating source address.

Load source address data indicated
by MATB, B register and Accumulator
into B register and Accumulator.

Load upper digit ofs source data
into destination.

Load destination X address
for lower digit.

Store lower digit of source data
in destination.

Increment destination Y address.

Load destination X address for
upper digit.

Test if Y register = $0.

Increment destination X address.

Restore Accumulator and B register
indicating source address.

Increment Accumulator indicating
source address.

Test if B register indicating source
address needs incrementing.

Increment B register indicating
source address.

Decrement counter indicating byte
length of data block.

Test if move is completed.
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2. MOVE DATA BLOCK MCU ||HMCS400 SERIES ||LABEL MOVE

PROGRAM LISTING J

ST-NO 0BJECT ADRS SOURCE STATEMENTS

00001 Q00 000 0000 LLEN 132
onen? HOK MK N HOROK KK K K OKK¥ 3KOK W HOR KR KKK K OF K0 R K 3b A HOK o K R b HORHOKOROKROK W e ok
0000z * *
Q000G * NAME @ MOVE OATA BLOCK (MOVE) *
000% * *
00004 FokK R b b ok K K KR R CRKOR R OROR SR 3 ROK K RO K KK ROROF W O OROK K A KORK OR KRR %
00007 * ¥
00008 * ENTRY : AB (SOURCE STARTING ADORESS) *
00002 ¥ XY (DESTINATION STARTING ADDRESS) ¥
00010 * SPY (NO. OF BYTES) *
00011 ¥ RETURNS : NOTHING *
00012 * #*
00017 MW oKk KKK K K AR SR ok KK K OR S AOK S NOK HOROK ORI KKK OROK KKK SRR IOK KOk
00014 M
00015 HSNU EGU 048 WORK AREA FOR REGISTER(E)
00016 50U EQU F04A WORK AREA FOR ACCUMULATORCA)
[alad g MTAS E0y T M3D (8-11BIT> OF DATA TABLE ADDRESS
00018 *
00019 ORG $0100
00020 MOVE EQU * ENTRY POINT
0 194 04A 0100 LMAD Lsou SAVE SOURCE ADDRCA)
00022 048 0102 LAB '
00023 194 Q4B 0103 LMAD Hsou SAVE SOURCE ADDR(B)
00024 190 04A  010% LAMD LS0U
00025 1eF 0107 P M1AB LOAD SOURCE DATA
00026 oc1 oioe XMBX LOAD UPPER SOURCE DATA
00027 0S1 0109 LMATYX LOAD LOWER SOURCE DATA AND INCREMENT ADDR(Y)
313 010A BRS MOVE1L BRANCH IF ADDR(YY =/ §0
068 0108 LASPX INCREMENT ADORCSPX)
282 010c Al w2
001 0100 XSPX
0E8 Q10 Lxa
048 owoF LASPX INCREMENT ADDR(X) :
282 0110 AT 2
001 0111 XSPX
0E8 0112 LXA
190 Q4B 0112 MOVEL LAMD HSOU LOAD SOURCE ADDR(A)
00038 ocs 011 LBA
0003e 190 04A 0114 LAMD Lsou LOAD SOURCE ADDR(B)
00040 281 0118 AL $1 INCREMENT SOURCE ADDR(A)
00041 318 oLle BRS MOVE2 BRANCH IF A = %0
00042 Z1C ol1A BRS MOVE3 BRANCH IF A =/ %0
00043 04C 011B  MOVE?2 ie INCREMENT SOURCE ADDR(8)
00044 002 o11C MOVE3 XSPY
0004s QOF 0110 [oh DECREMENT LENGTH COUNTER
onnas - 002 QLl1E XGPY
000se? 300 Q11F BRS MOVE LOOP UNTIL LENGTH COUNTER = $0
00043 010 0120 RTN

When storing arguments in other RAM locations, change the EQU
operands for the following labels.

HSOU: Defines address where B register, indicating source
data address, is saved.

LSOU: Defines address where Accumulator, indicating source
data address, 1is saved.

Defines MSD of the data table address referred to by the
pattern generation instruction (P).

3
2
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3. MOVE STRING

MCU||HMCS400 SERIES||LABEL

MOVES

[ FUNCTION

Moves string of data, stored in ROM, to a specified location in RAM using a
string terminator ($00).

ARGUMENTS CHANGES IN CPU
[ 1 digit= 4 bits || REGISTERS AND FLAGS SPECIFICATIONS
Storage No. of
Contents Locat%on Digits e : Not affected
Source start- X : Undefined 1 word=10 bits
ing address B,A 2 ¢ ¢ Result ROM (Words)
(ROM) 40
Entry [Destination X 1 A B RAM (Digits)
starting x x 2
address (X) SPX 1 X Y Stack (Digits)
Destination X X 0
starting Y 1 SPX SPY No. of cycles
address (Y) X x 478
W Reentrant
[ No
Returns - - - Relocatable
CA ST No
° X Interrupt OK?
Yes
[ DESCRIPTION ]

B,A

SPX

(1) Function Details

(a) Argument details

Holds source (ROM) starting address as a 2-digit hexadecimal
number.

Holds destination (RAM) starting X address as a 1-digit
hexadecimal number to indicate from where upper digit of
source data will be stored.

Holds destination (RAM) starting X address as a l-digit

hexadecimal number to indicate from where lower digit of
source data will be stored.

(Contents of SPX register = contents of X register + 1.

See (2) User Notes.)

Holds destination (RAM) starting Y address as a l-digit
hexadecimal number.

SPECIFICATIONS NOTES

"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required
to move a string of data with the terminator in the 16th byte.
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3. MOVE STRING MCU [[HMCS400 SERIES ||LABEL MOVES

L DESCRIPTION J

(b) Example of MOVES execution is shown in Fig. 1. If entry arguments
are as shown in part (D of Fig. 1, data in source ROM ($0F12)
is moved to destination MD($05B~ $070), MD($06B~ $080) as shown
in part @ of Fig. 1. When terminator ($00) is reached MCU
terminates moving of data block.

) b7 B Ao
BA
($1,%2) < spx
@ Entry argumentsﬁ X, SPX n
($5,56) v
b3 ~ b0
Y IIIIII
($B)

ROM
Source (ROM)
starting
address > $0F12

(

46 1
72
39 Source
48 data
92 block
65
00 |

Terminator

sor1s™

[:hJF‘H‘H i -

(

Destination (RAM) MD ($05B) 1
starting address MD ($06B)

(WXNYFEDCBAY9 876543 210

)
[l

05 |94 (37 |4

06 12181912 6:

Destination
@ Result < = data
07 6 block
08 5
\
RAM

Fig. 1 Example of MOVES Execution
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MCU ||HMCS400 SERIES ||LABEL MOVES

[3 . MOVE STRING

I DESCRIPTION ]

(2) User Notes
(a) ST flag is set after MOVES execution.

(b) When storing the destination starting address in SPX register,
contents of X register + 1 must be stored, otherwise data cannot
be moved successively to RAM. 1In Fig. 1, as contents of X register
is $5, $6 is stored in SPX register.

Bit 8 of all words in the source data table must be set to
indicate loading of data into Accumulator and B register when
executing the pattern generation instruction (P).

(c)

(3) RAM Allocation

I 1 1 1 i | I I I T ) 1 I I |
W.X FIEIDICIBIAI9181716151413121110
2 —_—

02 [ Y TR U N TR (RN (RN ER I I A
k-___p_l_J__L_l_J__L_l_J__L_L_J__L_L_J__L_4
03 [ A T T A T N T R R B I R

1 DR ML A U SO A SN SRS IO PR N U SRR N

***** ST TT T TV STTATTCTTTATTrTTTOT T
04 [ 1 SDILSD] | [ [ | | [

----- b—t— o= —— —4-d—=F—t—d- -+ =A==
05 [ [ [ L [

_____ L b bl Ll _l_J_ L L]
06 N

p——" ’ D S SR LY PO PO S

Fig. 2 RAM Allocation

Label RAM Description
b3 b0
HSOUR W Work area for saving contents of B register
used to indicate source (ROM) address.
MD ($04B)
b3 b0
= —] Work area for saving contents of Accumulator
LSOUR — LSDH used to indicate source (ROM) address.
MD ($04A)
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3. MOVE STRING

MCU | |HMCS400 SERIES ||LABEL

MOVES

DESCRIPTION J

(4) Sample Application

Shown below is a sample application using MOVES with address space
allocated as follows.

MD ($0A2,$0A1)

MD ($0A5~ $0A3) :

Source starting address

Destination starting address

LWI $0 ..... Example with W=0.

LAMD  $0A5 )

LXA
XSPX
Load destination starting address
LAMD $0A4 f """ into entry argument.
LXA
LAMD $0A3
LYA )
LAMD $0A2
LBA Load source starting address into
‘"' entry argument.
LAMD $0AL
([ caLL  moves] ..... Call MOVES.
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3. MOVE STRING MCU |[HMCS400 SERIES||LABEL|| MOVES

DESCRIPTION 1

(5) Basic Operation
(a) Data stored at the address indicated by Accumulator and B register is

referred to Accumulator and B register, using the table look-up function
of the pattern generation instruction (P).

Program B Register Accumulator ‘ ROM

ROM
LAL 33 } address \m

Execution =
LBI $1

$0F12
A -

r=1-
|

b | = |

[ S
o [lo]] w
——
E—
~ o)l &

-

After executing the pattern generation instruction *Note:
in the above program sequence, $CD is contained
in B register and Accumulator ($CD is stored

in lower 8 bits of word located at $0F13).

Since data table is allocated from $0F00~ $OFFF,
subroutine MOVES uses $F as operand of the
pattern generation instruction (P).

If dotted area (bit 8) is
$1 as shown above, ROM
data is referred to
Accumulator and B
register after executing
the P instruction.

Fig. 3 ROM Table and the P Instruction

(b) Accumulator and B register are used as a pointer to the source data.

(c) X and Y registers are used as a pointer to the destination location
in RAM.

(d) Data block, pointed to by Accumulator and B register, is moved
into Accumulator and B register using the pattern generation
instruction (P).

Data in Accumulator and B register is tested for terminator ($00).
If not, contents of Accumulator and B register is stored into
destination and destination address is then incremented.

(e) Operation loops to (d) until terminator ($00) appears.

42 HITACHI



3. MOVE STRING

MCU ||HMCS400 SERIES ||LABEL MOVES

FLOWCHART J

MOVES

MOVES
A - LSOUR

B - HSOUR

Pattern MSTAB

-
A< S0
1
B > A
0 A#$0
MOVESL =50
A< S0

SPX+$2->SPX

—

Save Accumulator and B register
L—indicating source address.

[T Load source address data, indicated

_____ -4{ by MSTAB, B register and Accumulator,

L into B register and Accumulator.

Save Accumulator before test for
terminator.

Test if source data is terminator
(Accumulator =50, B register=$0).

If "Yes", terminate subroutine
MOVES.

[ Store upper digit of source data
| into destination.

Set destination X address

for lower digit.

-"-"{:Restore Accumulator.

Store lower digit of source data
into destination.

---- {:Increment destination Y address.

—

Increment destination X address
for upper digit.

Test if destination Y address
is $0.

Increment destination X address.
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3. MOVE STRING

MCU [|HMCS400 SERIES ||LABEL|| MOVES

FLOWCHART

MOVES3

_®

H

SOUR + B

LSOUR *» A

|

A+$1 >A

MOVES4

A=$0

B

+1->8B

C : MOVES>S

BR

RTN

I

Restore Accumulator and B register
indicating source address.

Increment Accumulator

L indicating source address.

Test if B register, indicating
source address, needs incrementing.

Increment B register indicating
source address.

Test if move is completed.
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3. MOVE STRING MCU ||HMCS400 SERIES||LABEL|| MOVES

L¥7 PROGRAM LISTINGAA]

ST-NO 0B.JECT ADRS SDURCE STATEMENTS

0000l 010 0000 LLEN 1322
00002 H AR AR AK RO 4K 84RO KRR KK KK S K HOK KKK K SOKOK K KW AOKOK KK K
00003 * *
00004 * NAME : MOVE STRING (MOVES) *
0000S * *
00006 AR HOR B KK K SR HORORORROR N ROR 1 RKOR KN SR K b KK K A R
00007 » *
00008 * ENTRY :A.B C(SOURCE STARTING ADDRESS) *
00009 * Xt (DESTINATION STARTING ADDRESS) *
00010 * RETURNS : NOTHING *
00011 % *
00012 KRR K SRRSO K KN HOR M KOROK K K KRR R K 3K o SHHOHOR KKK HOKOK K K 46 oK o6 3 K KHOK ¥
Q0012 *
00014 SOUR EQU $048 WORK AREA FOR REGISTER(B)
00015 LSOUR EQU $04A WORK AREA FOR ACCUMULATORCA)
0001¢ MSTAB EQU $F MSD (8-11BIT) OF DATA TABLE ADDRESS
00017 ¥
00018 ORG +0100
00012 MOVES EQU * ENTRY POINT
00020 194 04A 0100 LMAD LSOUR SAVE SOURCE ADDR(AY
00021 048 0102 LAB
nooz22 194 048 0103 LMAD HSOUR SAVE SOURCE ADDR(B)
00023 190 D4A  010S LAMD LS0UR
00024 18F 0107 (] MSTAB LOAD SOURCE DATA

002 0108 XSPY

npe 0109 LYA LOAD SPY FROM A
(A1 [ladnd [alod 010n *SPY
no028 2e0 0108 NLET 30 A =C 80 72
00029 048 010c LAB
00030 30F 0100 BRS MOVES1 BRANCH IF A = %0
000zl 311 010E RS MOVE S2 BRANCH IF A =/ $0

260 010F  MOVES1  ALET 0 A =< %0 ?

327 0110 GRS MIOVESS BRANCH IF A = %0

0°% 0111 MOVESZ LMAX LOAD UPFER SOURCE DATA

058 0112 LASPY LOAD A FROM SPY
0 oSl 0113 LMATYX LOAD LOWER SOURCE DATA AND INCREMENT ADDRCY)
000327 1 o114 BRI MOVES3 BRANCH IF ADDR(Y) = $0
00038 068 [ LASPX INCREMENT ADDR(SPX)
00oz2 282 0l Al B2
00040 001 01L? XSPY
0no4 1 0E8 0118 LXA

0e8 0119 LASPX INCREMENT ADDR(X)>

282 0114 AT 32

001 0Lie XSPX
0004S 0E8 0l1ic LXA
Q0046 170 048 0110 MOVES3 LAMD H3OLR LOAD SOURCE ADDR¢AY

0ocs 011F LBA

120 04A 0120 L.AMD LSOUR LOAD SOURCE ADDR(B)>

281 0122 AT Tl INCREMENT SOURCE ADDRC(A)
) 20 22 0123 BRS MOVES4 BRANCH IF A = 0
anns1 200 0124 2RS MOVES BRANCH IF A =/ %0
QUOST  04C 0175 MOVES4 IR INCREMENT SOURCE ADOR(B)
0on0s3 200 0126 BRS MOVET LOOP UNTIL 8 = 10

Q10 0127 MOVE 35 RTN

When storing arguments in other RAM locations, change the EQU
operands for the following labels.

HSOUR: Defines address where B register, indicating source
data address, is saved.

LSOUR: Defines address where Accumulator, indicating source
data address, is saved.

MSTAB: Defines MSD of the data table address referred to by the
pattern generation instruction (P).
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4. BRANCH FROM TABLE

MCU|[HMCS400 SERIES

LABEL CCASE

FUNCTION |

Loads service routine starting address, which corresponds to a l-byte command
in RAM, into Accumulator and B register; permits easy decoding and processing
of keyboard data or other input data ('case' branching).

Y,SPY

B,A

ST

ST=0

ST=1

(1) Function Details

HCMMD , LCMMD (RAM) :

(a)- Argument details

Holds lower 8 bits of data table starting address.

Holds lower 8 bits of service routine starting

address.

Indicates status after CCASE execution.

Indicates data table has the same data (command)
as that in HCMMD and LCMMD (RAM).

Indicates data table does not have the same data
(command) as that in HCMMD and LCMMD (RAM) .

[ ARGUMENTS J CHANGES IN CPU
1 digit= 4 bits || REGISTERS AND FLAGS SPECIFICATIONS
Storage No. of
Contents Location | Digits e : Not affected
HOWD X : Undefined 1 word=10 bits
Command LCMMD 2 ¢ ¢ Result ROM (Words)
(RAM) 35
Entry A B RAM (Digits)
Data table 3 B 3
starting Y,SPY 2 X Y Stack (Digits)
address P X 0
. SPX SPY No. of cycles
Service Py X 75
routine B,A 2 W Reentrant
starting ? . No
Returns add?ess Relocatable
Command . CA ST No
status ST (1 bit) [ 3 Interrupt -OK?
Yes
DESCRIPTION

Holds commands such as ASCII.

lSPECIFICATIONS NOTES]

"No. of cycles'" in "SPECIFICATIONS" indicates the number of cycles required
to process a command located in the 3rd data string in the data table.
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4. BRANCH FROM TABLE MCU ||HMCS400 SERIES || LABEL CCASE

[7 DESCRIPTION ‘J

(b) Example of CCASE execution is shown in Fig. 1. If entry arguments
are as shown in part (D of Fig. 1, data table in Fig. 2 is searched
and service routine starting address is contained as shown in
part @ of Fig. 1.

HCMMD LCMMD
Command (RAM) b7 b0
($42) MD ($04B,
t
@ Entry arguments $04C) 4
Data table Y SPY

starting address

B 1 A b0

. . b7
Service routine
@ Return arguments { starting address ST| O B,A
Fig. 1 Example of CCASE Execution
Address ROM Description

Data table //———~\\\-_’/4
starting

address - $0F00

$144 Command 'A'
Jara S i tine starting
i ervice rou
string 1 $1C6 } address for command 'A'
(Lower 8 bits)
Data $142 Command 'B'
string 2 Service routine starting
g
$145 address for command 'B'

(lower 8 bits)
/'\/\—/

$100 Terminator

TN

Fig. 2 Data Table

(c) When executing CCASE, data table as shown in Fig. 2 is necessary.
Explanation of "Fig. 2 Data Table" is described as follows.

(i) Data table consists of a sequence of 2-word data strings starting
at $OF00 and a terminator ($100).

(ii) In the 2-word data string, the first word is the command, and
the second word is the lower 8 bits of the service routine
starting address.
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4. BRANCH FROM TABLE - - MCU ||HMCS400 SERIES || LABEL CCASE

l DESCRIPTION AAJ

(2) User Notes

As "$100" is used as a terminator, $0 should not be held in HCMMD,LCMMD (RAM)
or in command words in the data table.

(3) RAM Allocation

T T T T T T T _T_T T T T _ T_ T_7T
W, YIFIEIDICIBIAI918 (716 15 | 4 !3 !2 !1 !0
02 | © U 0 0 v o1 000t
_____ AN R DU oS IS DU IS PN RS DU I (AR Y SN DU Ep
03 1 | 1 | | | | | | | | | | | |
----- e
04 | | SDILSD | | | | | | | | |
- - R e e S R Bt s i o
N e A A e
_____ [ NS R SN PSS DR S PR DRI JNRpU! KU DRpUy Il I DU I
o [ T
A [ NS S S VRO SR R U S
Fig. 3 RAM Allocation
Label RAM Description
b3 b0
(7777
HCMMD 2¥§p/ Upper digit of command.
MD ($04C)
b3 b0
N
LCMMD =N Lower digit of command.
MD ($04B)
b b0
[ 3
CWORK Work area for saving Accumulator.
L ]
MD ($04A)
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4. BRANCH FROM TABLE

MCU ||HMCS400 SERIES ||LABEL CCASE

L, DESCRIPTION

J

(4) Sample Application

Shown below is a sample application using CCASE with address space

allocated as follows.
MD($0AC,$0AB) : Command to be searched for
MD ($0AE, $SOAD) Data table starting address
LWI S0 ..... Example with W=0.
i
LAMD $0AC
LMAD HCMMD ... Store command in entry argument.
LAMD $0AB
LMAD LCMMD
LAMD $SO0AE
LBA Load data table starting address into
**"" entry argument.
LAMD $0AD
[ catL ccase || ..... call ccask.
BRS ERROR . Branch to ERROR if data table has no data
corresponding to command.
*(Note)

Branch program
to service routine

-———

ERROR Error

programAJ

M
1
|
'

ORG
DC
DC
DC
DC

DC

$OF00
$141
$1C6
$142
$145

$100

Note: CCASE execution only stores service routine starting address in
Accumulator and B register. For actually branching to service
routine, use the program sequence described in next page.

«.... Data table.
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4, BRANCH FROM TABLE

MCU

HMCS400 SERIES

LABEL

CCASE

DESCRIPTION AJ

BRS ERROR ceees

TBR SE

ERROR |

Error Program 1

(5) Basic Operation

Program B Register Accumulator
LAI $3

LBI $1

P SF [p]

Call CCASE.

Execution

After executing the pattern generation instruction
in the above program sequence, $CD is contained
in B register and Accumulator ($CD is stored in
lower 8 bits of word located at $0F13).

ROM
address

.. Branch to service routine indicated by
Accumulator (PC3 v PCO), B register
(PC7" PC4) and $E(PCy1 v PCg).

If ST flag is set, branch to error program.

(a) Data stored at the address indicated by Accumulator and B register
is referred to Accumulator and B register, using the table look-up
function of the pattern generation instruction (P).

$OF12 r
T
|
:
L

Note:

If blocked area (bit 8) is
$1 as shown above, ROM
data is referred to
Accumulator and B register
after executing the P

instructi

Fig. 4 ROM Table and the P Instruction

ST flag is then cleared

on.

(c) Command in data table is read from the starting address, and
compared with the input command using the pattern generation
instruction (P).

(e) When data in data table is the terminator, ST flag is set and
CCASE terminated.

(b) Accumulator and B register are used as a pointer to the data table.

(d) If the data table command and input command are the same, service
routine starting address, which is stored in the address following
the command, is loaded into. Accumulator and B register using
the pattern generation instruction (P).
and CCASE terminated.
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4. BRANCH FROM TABLE MCU | |HMCS400 SERIES ||LABEL CCASE

FLOWCHART I

Load data table address into
Accumulator and B register.

Load data table contents,
"‘{: specified by CCTAB, B register
— and Accumulator, into B register
and Accumulator.

I Test for data table command or
terminator (Accumulator =$0,

B register=$0).

If terminator, set ST flag

and terminate CCASE.

Compare input command with
data table command.
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4. BRANCH FROM TABLE

MCU [[HMCS400 SERIES ||LABEL CCASE

FLOWCHART AJ

©

SPY >~ B

Y+1 > Y

Y > A l

Pattern CCTAB

l A+$0 ~A |
CCAS2 ___@

RTN

CCAS4 ;

Y+2 >~ Y

T

Y <> SPY

If input command and data table
command are the same, load service
routine starting address into
Accumulator and B register.

Clear ST flag.

If input command is different from
data table command, add "2" to LSD
of the data table address to compare
with the next data table command.

Test if LSD of data table address
generates a carry.

Increment the upper digit of data

| table address.
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4. BRANCH FROM TABLE MCU ||HMCS400 SERIES LABELJ[ CCASE

L, PROGRAM LISTING AJ

ST-NO OBJECT ADRS SOURCE STATEMENTS

00001 010 0000 LLEN 132

00002 HHHNK « AR AR AR N R AR RO KRN MK K
00003 - *
00004 * NAME : BRANCH FROM TABLE (CCASE) *
00005 * *
00006 T ok > ok * ok
00007 * *
00008 * ENTRY ¢ HCMMD.LCMMD (COMMAND > *
00009 * Y.SPY (DATA TABLE STARTING ADDOR) *
00010 * RETURNS : A.B (SERVICE ROUTINE STARTING ADDR)*
00011 * ST FLAG (ST=0:FOUND.ST=1:FALSE) »*
00012 * *
00013 HORAOKH 4RO Ak » *
00014 *

00015 HCMMD EQU $04C UPPER COMMAND ADDR

00016 LCMMD EQU $048 LOWER COMMAND ADDR

00017 CWORK EQU $04A WORK AREA ADDR

00018 CCTAB EOU $F MSD (8-11BIT) OF DATA TABLE ADDRESS
00019 *

00020 ORG $0100

00021 CCASE EOoU * ENTRY POINT

00022 OAF 0100 LAY LOAD Y INTO REGISTER(B)

00023  0c8 0101 LBA

00024 002 0102 XSPY LOAD Y INTO A

0002 0AF 0103 LAY

00026 1BF 0104 P CCTAB LOAD DATA TABLE ADDR INTO REG(B)ZA
00027 280 0105 ALEI $0 A =C 30 ?

00028 180 04A 0106 XMAD CWORK

00029 048 0108 LAB

00030 319 0109 BRS CCAS3 BRANCH IF A = $0

0003 104 04C 010A CCAs1 ANEMD HCMMD INPUT COMMAND(B) = DATA TABLE COMMAND?
00032 I1C 010C BRS CCAS4 BRANCH IF NOT EGUAL

00033 180 04A 0100 XMAD CWORK

00034 104 04B 010F ANEMD LCMMD INPUT COMMANDC(A) = DATA TABLE COMMAND?
00035 31 0111 BRS CCAS4 BRANCH IF NOT EQUAL

00036 0s8 0112 LASPY

00037  Ocs 0113 LBA

00038  0SC 0114 1Y

00039 0AF 011s LAY

00040 18F Ol16 P . CCTAB LOAD SERVICE ROUTINE ADDR INTO REG(B)ZA
00041 280 0117 . Al 10 CLEAR STATUS FLAG

00042 010 ol18 CCAS2 RTN

00043 2e0 0119 CCAS3 ALEI $0 A =¢ $0 ?

00044 z18 011A BRS CCAS2 BRANCH CCAS2 IF A = $0

00045 30A or1e ERS CCAS1 BRANTH CCAS1 IF A =/ $0

00046 0sc 0n11c CCAS4 Iy ADD 2 TO REGISTER(Y)

00047 0sc 0110 Iy

00048 002 OllE XSPY

00049 200 011F BRS CCASE BRANCH IF REGISTERCY)Y =/ {0

000s0 0sc 012 Iy INCREMENT REGISTERCY)

00051 300 n121 BRS CCASE BRANCH TO rCASE

00052 010 122 RTN

When storing arguments in other RAM locations, change the EQU
operands for the following labels.

HCMMD: Defines upper digit address of 8-bit command.
LCMMD: Defines lower digit address of 8-bit command.
CWORK: Defines address where Accumulator, used as work area, is saved.

CCTAB: Defines MSD of the data table referred to by the
pattern generation instruction (P).
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5. CONVERT ASCII LOWERCASE INTO . .UPPERCASE MCU||HMCS400 SERIES||LABEL TPR
FUNCTION J
Converts ASCII lowercase data using 7-bit ASCII arguments into uppercase
data, loading result into Accumulator and B register.
ARGUMENTS CHANGES IN CPU
. . NS
1 digit= 4 bits {| REGISTERS AND FLAGS SPECIFICATIO
Storage No. of
Contents Location | Digits e : Not affected
X : Undefined 1 word=10 bits
$ : Result ROM (Words)
14
Lowercase —
Entry (ASCTT) A,B 2 A B RAM (Digits)
) ¢ 0
X Y Stack (Digits)
. . X 0
SPX SPY No. of cycles
° ° 13
W Reentrant
Uppercase o No
Returns (ASCII) A,B 2 Relocatable
CA ST No
X x Interrupt OK?
Yes

DESCRIPTION J

(1) Function Details

(a) Argument details

JA,B :

Holds ASCII lowercase.

After TPR execution, contains the corresponding uppercase

data.

(b) Example of TPR execution is shown in Fig. 1.

lowercase 'a

uppercase 'A'
and B register.

If entry argument

($61) is held in Accumulator and B register as
shown in part. @ of Fig. 1, lowercase data is converted into

($41), and the result is contained in Accumulator

SPECIFICATIONS NOTES

"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required
to convert $7 and $A held in Accumulator and B register, respectively.
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE MCU {{HMCS400 SERIES || LABEL TPR

[7 DESCRIPTION J

b7 A B b0

A,B
@® Entry argument {(Lowercase 'a') n
$61

|

b7 A B b0

A,B
@ Return argument {(Uppercase 'A')
$41

Fig. 1 Example of TPR Execution

(2) User Notes
(a) ST flag is set after TPR execution.

(b) Data other than lowercase ASCII held in Accumulator and B register
is destroyed after TPR execution.

(3) RAM Allocation
RAM is not used during TPR execution.
(4) Sample Application

Shown below is a sample application using TPR with address space allocated
as follows.

MD($0A2,$0A1): ASCII lowercase
After TPR execution, ASCII uppercase is contained.

LWI S0 ..., Example with W=0.
|

LAMD  $0Al

LBA ..... Load lowercase into entry argument.

LAMD ~ $0A2

[catL PR [ ..... call TeR.

LMAD  $0A2

LAB Store uppercase, contained in return
'" argument, in RAM.

LMAD  $0Al
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE

MCU ||HMCS400 SERIES ||LABEL TPR

DESCRIPTION

J

(5) Basic Operation

(a) Input data in Accumulator and B register is tested for lowercase,
using comparison instruction (YNEI, ALEI).

(b) After adding $E to input data using addition instruction (AI), bit 5
of lowercase (bit 1 of Accumulator) is cleared as shown in Fig. 2
and lowercase is converted into uppercase.

a($61)
b($62)
c($63)

2

z($74)

A($41)
B($42)
C(%43)

2

Z($54)

|
Accumulator l B Register
__________ d e e
bit 7 5 413 2 1 0)
= :
0 11]/0 :O 0 0 1
|
0 1010 0 1 O
|
0 1ffojo0 0o 1 1 L Lowercase (bit 5='"1")
i
1
1
0 1111 0o 1 o)
— ]
<o
|
N
1 | N
0 OO :0 0 0 1
[}
0 oflolo 0o 1 0
1
0 oflo;0 0 1 1 > Uppercase (bit 5="0")
I
1
|
)
0 Off1 :1 o1 0J
Fig. 7-bit ASCII Lowercase and Uppercase




5. CONVERT ASCII LOWERCASE INTO UPPERCASE MCU ||HMCS400 SERIES ||LABEL TPR

FLOWCHART J

[~ Load upper digit of ASCII
L lowercase into Y register.

Load lower digit of ASCII
lowercase into Accumulator.

Test if entry argument data is
Y#$6 ----| greater than lowercase 'a'.
(Lowercase = 'a' v 'z')

TPR3

Test if entry argument data is
less than lowercase 'z'.

(Lowercase = 'a' v 'z'")

Clear bit 1 of upper digit in
..... lowercase and convert lowercase
into uppercase.

RTN
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE

MCU ||HMCS400 SERIES ||LABEL TPR

L PROGRAM LISTING j

ST-NO OBJECT ADRS

00001 100 0000
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017 008 0100
00018 048 0101
00019 07 0102
00020 309 0102
00021 280 0104
00022 308 0105
00023 OAF 0106
00024  28E 0107
00025 010 0108
0002¢ 077 0109
00027 308 010A
oou28 28A 0108
00029 306 o10C
00030 108 0100

SOURCE STATEMENTS

HOK S H HOK ACKOK 3K KK KKK K KKK HOK KO 4K K R K K A KK K O R K A 3K AR KK K 40

*

CONVERT ASCII LOWERCASE INTO UPPERCASE (TPR) *

*
KK KRR KK KKK KK HOKKK KKK K KK KO

*
BITS OF ASCII LOWERCASE) *
BITS OF ASCII LOWERCASE) *
BITS OF ASCII UPPERCASE) *
BITS OF ASCII UPPERCASE) *
*
*

LLEN 132
*
* NAME :
*
*
* ENTRY TA (UPPER 4
* ] (LOWER 4
* RETURNS T A (UPPER 4
* B (LOWER 4
*
*
ORG $0100
TPR EQU *
LYA
LAB
YNET $6
BRS TPR3
ALEI $0
BRS TPR2
TPR1 LAY
AT 3$E
TPR2 RTN
TPR3 YNEI $7
BRS TPR2
ALEI A
BRS TPR1
BRS TPR2

AR HOK R HORHOKK K KKK KKK KKK KK K K o K 3K oK

ENTRY POINT

LOAD UPPER 4 BITS OF ASCTII LOWERCASE

LOAD LOWER 4 BITS OF ASCII LOWERCASE

UPPER 4 BITS OF ASCII LOWERCASE=$6 7

BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE =/$6
LOWER 4 BITS OF ASCII LOWERCASE =<$0 ?

BRANCH IF LOWER 4 BITS OF ASCII LOWERCASE =<¢$0
LOAD A FROM Y

CONVERT LOWERCASE INTO UPPERCASE

UPPER ASCII =%7 ?

BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE=/$7
LOWER 4 BITS OF ASCII LOWERCASE=<¢$A ?

BRANCH IF A =< $A

BRANCH IF A > $A




6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL MCU|(HMCS400 SERIES||LABEL NIBBLE

L FUNCTION J

Converts 7-bit ASCII, '0' to '9' or 'A' to 'F' in Y register and Accumulator,
into a l-digit hexadecimal number, loading result into Accumulator.

L ARGUMENTS 1 CHANGES IN CPU
1 digit= 4 bits || REGISTERS AND FLAGS SPECIFICATIONS
Storage No. of
Contents Location | Digits e : Not affected
X : Undefined 1 word=10 bits
$ : Result ROM (Words)
T4
Entry ASCIT Y,A 2 A B RAM (Digits)
¢ o 0
X Y Stack (Digits)
. x 0
SPX SPY No. of cycles
Hexadecimal A 1 L ° 13
number W Reentrant
) No
Returns Conversion or Relocatable
. ST (1 bit) CA ST No
no conversion X 3 Interrupt OK?
Yes

[ DESCRIPTION J

(1) Function Details

(a) Argument details

Y,A : Holds ASCII. After NIBBLE execution, contains a l-digit
hexadecimal number in Accumulator.

ST : Indicates status after NIBBLE execution.
ST=0 : Indicates ASCII range of '0O' to '9' or 'A' to 'F'.
ST=1 : 1Indicates ASCII other than '0' to '9' or 'A' to 'F'.
(b) Example of NIBBLE execution is shown in Fig. 1. If entry argument
is as shown in part C) of Fig. 1, data $F, converted from ASCII

into a 1-digit hexadecimal number, is contained in Accumulator
as shown in part ) of Fig. 1.

[SPECIFICATIONS NOTESI

"No. in cycles" in "SPECIFICATIONS" indicates the number of cycles required
to convert $4 and $6 held in Y register and Accumulator, respectively.
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL MCU ||HMCS400 SERIES || LABEL NIBBLE

DESCRIPTION I
Y A
Y,A b7 b0
@® Entry argument ASCII 'F') n
$46
ST A
A b3 b0
l-digit
® Return argumentsy | hexadecimal
number

Fig. 1 Example of NIBBLE Execution

(2) User Notes

Data other than ASCII '0O' to '9' or 'A' to 'F' held in Accumulator
and Y register is destroyed after NIBBLE execution.

(3) RAM Allocation
RAM is not used during NIBBLE execution.
(4) Sample Application

Shown below is a sample application using NIBBLE with address space
allocated as follows.

MD ($0A1,%$0A0) : 2-digit ASCII

MD ($02B) : l-digit hexadecimal number
LWI $0 ««... Example with W=0.
i
LAMD  $0Al
LYA «.... Load ASCII into entry argument.
LAMD $0A0

|CALL NIBBLE [..... Call NIBBLE.

If ASCII is other than '0' to '9' or 'A' to

BRS SKIP ' 'F', branch to service routine.

Store a l-digit hexadecimal number, contained

LMAD 3028 “"""" in return argument, in RAM.

SKIP Service routine for
ASCII other than
'0' to '9'" or 'A' to 'F'
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL MCU {|HMCS400 SERIES ||LABEL NIBBLE

DESCRIPTION AJ

(5) Basic Operation

(a) Data in Y register and Accumulator is tested if within range of '0'
to '9' ((E=]area in Table 1), using comparison instruction (ALEI).

(b) Next, data in Y register and Accumulator is tested if within range
of 'A' to 'F' (___Jarea in Table 1).

(c¢) If data is other than above, ST flag is set and operation terminated.

(d) After testing (a) and (b), ASCII is converted into a l-digit
hexadecimal number.

(i) If data is within range of '0' to '9', data in Accumulator is
contained as return argument.

(i1) If data is within range of 'A' to 'F', $9 is added to data in
Accumulator to convert ASCII into a 1l-digit hexadecimal number.

Table 1 ASCII Table

MSD | O 1 2 3 4 5 6 7
LSD 000 | 001 { 010 011 100| 101} 110| 111
0 0000 [NUL [DLE | sP (O] el r |~ op
1 0001 |SOH |DCL | ! 1 A Q a
2 0010 {STX |DC2 | 2 B R b r
3 0011 |ETX |DC3| # 3 C S c s
4 0100 |EOT [ DC4| $ 4 D T d t
5 0101 |ENG | NAK % 5 E U e u
6 0110 |ACK | SYN | & 6(ILF]| v £ v
7 0111 |BEL | ETB| ° 7 G W g W
8 1000 | BS [ CAN| ( 8 H X h X
9 1001 | HT | EM | ) [ 9]ff T | Y i y
A 1010 | LF | SUB| * J Z j z
B 1011 | VT |ESC| + ; K [ k {
c 1100 | FF | FS | , < | L]\ 1 |
D 1101 | CR | GS - = M ] m }
E 1110 | SO | RS . > N 4 n v
F 1111 | ST | VS / ? 0 « o | DEL
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL MCU ||HMCS400 SERIES ||LABEL

NIBBLE

L, FLOWCHART

J

NIBBLE
NIBBLE

Y # $3

A+$9 >A

NIB3

A+$0 > A

NIB4

RTN

Test if ASCII in entry
argument is within range
of '0' to '9'.

Test if ASCII in entry
argument is within range
of 'A' to 'F'.

pbonvert ASCII into a l-digit
hexadecimal number.

—
Clear ST flag.
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL MCU [{HMCS400 SERIES || LABEL NIBBLE

L¥, PROGRAM LISTING J

ST-NCO OBJECT ADRS SOURCE STATEMENTS

00001 100 0000 LLEN 132

00002 * Hoe R R AR KK AR AR AR KK R K o HOR KK KKK
00003 * *
00004 * NAME : CONVERT ASCII INTO 1-DIGIT HEXADECIMAL (NIBBLE)*
0000S * *
0000¢ KKK KR KR KK R K K K K KK K A K K ok 3 o KK R HOK K KKK K K K K 3 K K K A AOK R K HOK O KK R
00007 * *
00008 * ENTRY Y (UPPER ASCII) *
00009 * A (LOWER ASCID> *
00010 * RETURNS A (HEXADECIMAL DATA) *
00011 * ST FLAG (ST=1:CONVERTED.ST=0:FALSE) *
00012 * «
00013 KKK AR HHOK A A o K YK HAOHH KKK R AGH K 3 4 AHORHOH ok o R AOK K KK
00014 *

00015 ORG $0100

0001¢& NIBBLE EQU * ENTRY POINT

00017 073 0100 YNEI $3 UPPER ASCII = $3 ?

ooole 304 0101 BRS NIB1 BRANCH IF UPPER ASCII =/ 33
00019 289 0102 ALET $9 LOWER ASCII =< 9 ?

00020 30C 0103 BRS NIB3 BRANCH IF LOWER ASCII =< $9
00021 074 0104  NIBL YNET $4 UPPER ASCII = $4 7

00022 300D 0105 BRS NIB4 BRANCH IF UPPER ASCII =/ $4
00023 286 0106 ALET $6 LOWER ASCII =¢ $6 7

00024 209 0107 BRS NIB2 BRANCH IF LOWER ASCII =< $&
00025 300 0108 BRS NIB4 BRANCH IF LOWER ASCTT > &
00026 280 0109  NIB2 ALEI $0 LOWER ASCII =< §0 2

00027 20D 010A BRS NIB4 BRANCH TF ASCII = €0

00028 289 0108 Al $9 CONVERT ASCIT INTO HEXADECIMAL NUMBER
0002% 280 010C  NIB3 AL $0 CLEAR STATUS FLAG

00030 010 0100  NIB4 RTN
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7. CONVERT 8-BIT BINARY DATA INTO ASCII MCU||HMCS400 SERIES||LABEL | [N@0]:3%]S

FUNCTION

Converts 8-bit binary data, held in SPY register and Accumulator, into
2-figure ASCII and stores result in RAM; uses 7-bit ASCII arguments.

[7 ARGUMENTS CHANGES IN CPU
1 digit= 4 bits || REGISTERS AND FLAGS SPECLFICATIONS
Storage No. of
Contents Location | Digits ® : Not affected
Upper digit X : Undefined 1 word=10 bits
of 8-bit bi- SPY 1 $ ¢ Result ROM (Words)
nary number 19
Entr i
Y | Lower digit i E RaM (Diflts)
of 8-bit bi- A 1 X Y Stack (Digits)
nary number X < A
SPX SPY No. of cycles
Upper digit |MD($03D, 2 ° X 27
of ASCII $03C) W Reentrant
Returns e No
Lower digit |MD($03B, |__Relocatable
of ASCII $034) 2 Gh = ko
X X Interrupt OK?
Yes
DESCRIPTION |
(1) Function Details
(a) Argument details
SPY,A : Holds 8-bit binary number to be converted into

ASCII.
(SPY: Upper digit, A: Lower digit)

MD($03DV $03A) : Contains 2-figure ASCII.

(b) Example of COBYTE execution is shown in Fig. 1. If entry arguments
are as shown in part @ of Fig. 1, data, converted from 8-bit
binary number into ASCII, is contained in MD($03D" $03A) as shown in
part @ of Fig. 1.

SPECIFICATIONS NOTég]

"No. of cycles" in "SPECIFICATIONS'" indicates the number of cycles required
to convert $99 into ASCII.
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7. CONVERT 8-BIT BINARY DATA INTO ASCII MCU ||HMCS400 SERIES ||LABEL|| COBYTE
| DESCRIPTION I
sey, A b7SFY Ao
8-bit binary
@ Entry arguments (number )
$F3
MD($03D v $03A) b15 k b0
@ Return arguments{ 2-digit ASCII [4, 6 | 3 3]
'F'=$46, '3'=$33 i
MD ($03D ~ $03A)

Fig. 1 Example of COBYTE Execution

(2) User Notes
(a) ST flag is set after COBYTE execution.
(b) After COBYTE execution, 8-bit binary number held in SPY register
and Accumulator is destroyed. If 8-bit binary number needs to be
retained after COBYTE execution, it should be saved in memory before

execution.

(3) RAM Allocation

W

%7

b7

MD ($03D, $03C)

b0

MD($03B,$034)

Y 1 I L] LI T LI I 1 1 L I T 1 Bl
W, X FIEIDICIBIAI9I81716151413121110
02 i i | ; | 1 1 | I i i i i | i
_____ I T L 1 JE TSR NN NS IO DUNIN ENp S P My
03 ] yUpper f£Lower] [ ! | | | | | | I
' FYASCIIZASCIIZ &+ | & L & b bt 1 |
———— L T T hnt e Ry s Hhnts R e e i
04 [ [ l | [ [ | [ |
————— F—d—d-—b—4—d——bF—4-d—-F -+ —d- -+~ 4= =} —
05 [ | | 1 ) ! [ [ | [ |
_____ JR N N NS RN DR [N EPUpN DN NS I DU NN IS PR S
06 Ty~ T N
l : Lo |
L ——— 1 AL AL
Fig. 2 RAM Allocation
Label RAM Description
b7 b0

Upper ASCII, which is converted from upper &4-bit of

8-bit binary number (held in SPY register).

X and Y addresses are defined by XCOB and YCOB,

respectively.

Lower ASCII, which is converted from lower 4-bit of

8-bit binary number (held in Accumulator).

X and Y addresses are defined by XCOB and YCOB,

respectively.
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7. CONVERT 8-BIT BINARY DATA INTO ASCII

MCU

HMCS400 SERIES

LABEL

COBYTE

DESCRIPTION

|

allocated as

(4) Sample Application

follows.

Shown below is a sample application using COBYTE with address space

MD ($0A4,$0A3)
MD ($0AD v $0AA)

8-bit binary data
2-figure ASCII

VI
i

!
LAMD
LYA
XSPY

LAMD

LAMD
LMAD
LAMD
LMAD
LAMD
LMAD
LAMD
LMAD

[ cauL cosyre ||

$0

$0A4

$0A3

$03A
$0AA
$03B
$0AB
$03C
$0AC
$03D
$0AD |

' argument,

. Example with W=0.

Load 8-bit binary number into entry
' argument.

Call COBYTE.

Store 2-figure ASCII, contained in return

in RAM.
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7. CONVERT 8-BIT BINARY DATA INTO ASCII MCU ||HMCS400 SERIES || LABEL || COBYTE

DESCRIPTION ]

(5) Basic Operation

(a) (i) If data in SPY register and Accumulator is within range of
$0 to $9 (E=———Jarea in Table 1), $30 is added to the data.

(ii) If data in SPY register and Accumulator is within range of
$A to $F ([__Jarea in Table 1),