HD614P080S/HD614P0160S

DESCRIPTION

The HD614P080S and HD614P0160S are 4-bit single chip ® PIN ARRANGEMENT
microcomputers which have mounted a standard EPROM
2764/27128/27256 for program memory.

The HD614P080S and HD614P0160S are pin-compatible HD614P0O160S
with the mask ROM type HMCS402/404/408, but have some
differences with them as shown in Table 33. By modifying the
program in the EPROM, they can be used for the evaluation of
the HMCS402/404/408, or for small-scale production.

® HARDWARE FEATURES

® 4.bit Architecture
® Application to 4k, 8k or 16k words x 10 bits of EPROM
4096 words x 10 bits . . . . . HNA482764, HN27C64
8192 words x 10 bits . . . . . HN4827128
16384 words x 10 bits . . . . HN27C256
® Data Memory (RAM) Capacity . ... ... 576 digits x 4 bits
® 58 1/0 Pins — 26 1/0 pins are high voitage up to 40V {max).

® 2 Timer/Counters
11-bit Prescaler
8-bit Free Running Counter
8-bit Auto-reload Timer/Event Counter
® Clocked Synchronous 8-bit Serial Interface
® 5 Interrupts
External 2
Timer/Counter 2
Serial Interface 1
® Subroutine Stack
Up to 16 levels including interrupts
® Minimum Instruction Execution Time; 1.33 us
2 Low Power Modes
Standby — Stops instruction execution while keeping
clock generator and interrupt functions in-
cluded Timer/Counter and Serial Interface in
operation
Stop — Stops instruction execution and clock genera-
tion while retaining RAM data
® Clock Generator
External Connection of Crystal Resonator or Ceramic (Top View) (Top View)
Filter Resonator (externally drivable)
® Power Voltage Range; 5V + 10%
® |/0 Pin Circuit Form
Al standard pins are “without pull-up MOS”.

All high voltage pins are “without pull-down MOS"". ® RECOMMENDED APPLICABLE EPROM
® Shrink Type 64 Pin EPROM On-package Tvpe Mo, Propem Memory Copacity Toue (MHE) EPROM Type No
. HNZ7C84-30
HNAE2764-3
= SOFTWARE FEATURES R 4008 worcs " et
® Software Compatible with HMCS402/404/408 HNAB2764
@ (nstruction Set Similar to and More Powerful than HMCS40 8192 woran : ::“:::::
Series; 99 Instructions ¥ Py N ANZIC28630
® High Programming Efficiency with 10-bit ROM/Word; 79 Hoansrorees 0084 wores s WN27C286.75
instructions are single word instructions.
® Direct Branch to All ROM Area
® Direct or Indirect 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 I/0
= PROGRAM DEVELOPMENT SUPPORT TOOLS
® Cross assembler and simulator software for use with 1BM
PCs and compatibles
@ In circuit emulator for use with IBM PC
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HD614P080S/HD614P0160S
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HD614P080S/HD614P0160S

» ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply Voltage Vce —0.3t0 +7.0 v
Pin Voltage Vr —0.3 to V¢ +0.3 \% 3
Ve —45 to Ve +0.3 \ 4
Total Altowance of Input Currents Zlo 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 9.1
30 mA 9,12
" Operating Temperature Topr —-20t0 +75 °c
" Storage Temperature Tstq —55 to +125 °c

{Note 1) Permanent demage may occur if *’Absolute Maximum Ratings’'of the LSt or the EPROM are exceeded. Normal operation should be
under the conditions of “Electrical Characteristics”. 1f these conditions are exceeded, 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 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 Vg to all /O 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 ~ R8.

(Note 9)  Maximum output current is the maximum amount of output current from V¢ to each 1/O pin.
8

{Note 10) Applied to D, ~ D; and R3 ~ R8.
{Note 11} Applied to RO ~ R2,
(Note 12) Applied to Dy ~ D;s.
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HD614P080S/HD614P0160S

& ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve = 4.5V 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
RESET, SCK, 07Vee | — |Vect03 | V
PPN INTo, INT1
input “High v
Voltage H Sl 0.7Vce - Vec+0.3 | V
0sC, Vce-05 - Vecet0.3 \
RESET, 5CK,
. Y NTo, I—‘ﬁ;‘ -03 - 0.22V¢c \"
Input “Low v
Voltage n St -0.3 - 022Vee | V
osC -0.3 - 0.5 \%
Output "High"* v SCK SO -lon = 1.0mA Vee-10 | - - v
Voltage OH K. -lon =0.01 mA Vee-0.3 - - v
Output “Low’’ SECIC - _
Voltage Vou SCK, SO loL = 1.6 mA - 0.4 A"
RESET, SCK,
Input/Output | N T -
fit | | INTo, INTy, Vin =0V to Vce - — 1 HA 1
Leakage Current Sl, SO, OSC1
Crystal or
Current C.eramic
Dissipation in lec Vee Vee =5V ;g:g;\ ator - - 20 mA 2,5
Operation Mode foe = 4MHz
. Crystal or
{\_/I:;(il:num Ceramic
isevy1 | Vcc Operation !;llter — — 1.2 mA 3,5
Ve = 5y | Resonator
Current cc fosc = 4MHz
Dissipation in Crvstal
Standby Mode Minimum rystal or
Logic C‘eramlc
Isgy2 | Vee Operation ;Ilter — - 09 mA 4,5
Vee = By | Resonator
ce fosc = 4MHZ
Current Vin (TEST) = V¢c
Dissipation in lsmp Vee ~ V¢e-0.3V - - 10 HA
Stop Mode Vin (RESET) =0~ 0.3V
Stop Mode
Retain Voltage Vsop | Vee 2.0 - - 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 — V¢ voltage
© Do ~D;., R3~A9 — Ve voltage
®D.~Dis, RO~R2, R . Ra1 — Vg ~Vee-40V
(Note 3} The timer/counter with the fastest clock and input/cutput current does not flow.
Test Conditions: MCU state; ® Standby Mode
® Input/Cutput; Reset state
® TIMER-A; <2 prescaler divide ratio
® TIMER-B; +2 prescaler divide ratio
® SERIAL; Stop
Pin state; ® RESET — GND voltage
® TEST — V¢ voltage
®D,~Dy, R3~RY — V¢ voltage
) . ®D.~Ds, RO~R2, Rag, Ra1 — Ve ~ Vee-40V
(Note 4) The timer/counter with the slowest clock and input/output current does not How.,
Test Conditions: MCU state; ® Standby Mode
® |nput/Output; Reset state
® TIMER-A; +2048 prescaler divide ratio
* TIMER-B; +2048 prescaler divide ratio
® SERIAL; Stop
G HITACHI
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HD614P080S/HD614P0160S

Pin state;

{Note 5} The consumption of current in operation and standby mode is proportional to foge. When foge = x [MHZ],
the value of each current is calculated as follows,

® RESET — GND voltage

® TEST — V¢ voltage
®D,~D;, R3~RY — V¢ voltage
D, ~D,s. RO~R2, Rpg. Ray — Ve ~ Veg-40V

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

e INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN
{(Vge = 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” Do ~ D3, _
Voltage Vih  |R3~Rs, RO 0.7Vee Vect0.3 |V
Input “Low” Do ~ D3, _ _
Voltage ViL  |R3~ RS, RY 03 022Vec | V
Output “Low"’ Do ~ Ds, - _ _
Voltage Vou |R3~r8 loL = 1.6 mA 0.4 v
Input/Output Do ~ D3, = av_ _ _
Leakage Current thiet | Rz ~ Ro Vin =0V-Vec 1 HA !
{Note 1) Output buffer current are exctuded.
o INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN
{Vec = 4.5V to 5.5V, GND = 0V, Ta = - 20 to +75°C, if not specified.)
. . Value 3
item Symbol Pin Name Test Conditions . Unit Note
min typ max
Input “High'’ Da ~ Dis, R1
Voltage ViH | R2, Rao. Ra 0.7Vec | — |Vect0d |V
input “Low” Ds ~ Dis, R1
Voltage Vit | R2, Rao, Ra Vee-40 | - |022Vec |V
Da ~ D1s ::OH = ;5'2{" Vee 30} - \Y
Output “High”’ v OH m Vee-20,
Voltage OH oo~ R2 —lgn = 3mA Vec-307| _ v
—lon = 1.8mA Vce-20.
Output “‘Low’’ Ds ~ Dis
Voltage VoL [Ro~R2 150KkS2 to Vec-40V - - Vee-37 | V
Input/Qutput Da ~ Dis
Leakage LR RO~ R2 Vin = Vcc-40V to Ve — — 20 HA 1
Current RAo, Ra1
{Note 1) Output buffer current are excluded.
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Hitachi America Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94008-1819 # (415) 589-8300 357

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



HD614P080S/HD614P0160S

® AC CHARACTERISTICS (V¢ = 4.5V 10 5.5V, GND = 0V, Ta= - 20 to +75°C, if not specified.)

. Test Value .
Item Symbol Pin Name Conditions in e ax Unit Note
= Oscillation Frequency fos 0sc,, 0sC, 0.4 - 6.2 MHz
s
3 g Instruction Cycle Time teye 1.29 - 20 us
© & | Oscillator Stabilizati
« Ti‘me Hlization tac 0SC,, 0SC, - - 20 ms 1
E—’ - Oscillation Frequency fosc 0SC,, 0SC, 0.4 - 6.2 MHz
i e I
"é g Instruction Cycle Time teye 1.29 - 20 us
2 & [ Oscillator Stabilization
€ | T Hhzat tac 0SC,, 0SC, - - 20 ms 1
External Clock Frequency fee 0ScC, 0.4 - 6.2 MHz
External Clock “High” T
% | Level Width ° terH 0sC, 70 - - ns 2
o - -
= Externat Clock ““Low - _
g | Level Width tepe 0SC, 70 ns 2
£ | External Clock Rise Time tepr 0SC, _ - 20 ns 2
w External Clock Fall Time tept 0sc, - — 20 ns 2
Instruction Cycle Time teye 1.29 - 20 us 2
INTo “High*’ Level Width tioH INTo 2 - — teye 3
INTG “Low" Level Width tioL TNTo 2 = - teye 3
INT: ““High” Level Width NiG) NT) 2 - — teye 3
INT1 “Low" Level Width 1L NT; 2 - = toye 3
" RESET “High" Level Width tRSTH RESET 2 — — teye 4
Input Capacitance Cin all pins {/:”f%zv - — 15 oF
n =
Reset Fall Time [ trsti | - - 20 ms 4

{Note 1} Oscillator stabilization time is the time until the oscillator stabilizes after Vex reaches its minimum allowable voltage Vg = 4.5V
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET must be kept high for at least tRC. Since

tRC depends on the crystal or ceramic filter’s circuit
designing the RESET circuit.

and stray cap:

, please get the manufacturer’s advice when

c (Note 2)
osc, V/ce
Crystat Vce-0.5V-
S35 Ry osc, [— tcPH wcrL
0.5V.
0sc, -
Ca tcer tcPt
GND
Crystat: 6.0 (MHz] {Note 3}
NC-18C (Nihon Denpa Kogyo) INT,INT,
R¢=1[MQ) £ 2%, C, =C, = 20 [pF] + 20%
c, (
0sc,
Ceramic
filter & R¢ {Note 4)
RESET
osc,
Ca
GND
Ceramic filter: CSA6.00 MG (Murata)
R¢= 1 [MR2] £ 2%, C, =C, = 30 [pF] t 20%
@ HITACHI
358 Hitachi America Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300

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

hu




HD614P080S/HD614P0160S

® SERIAL INTERFACE TIMING CHARACTERISTICS
{Vec = 4.5V 10 5.5V, GND = 0V, Ta = -20 to +75°C, if not specified.)

At Transfer Clock Output

. Test Value R
Item Symbol Pin Name Conditions oy wp Py Unit Note
Transfer Clock Cycle Time tseye SCK (Note 2) 1 - - toye 1,2
Transfer Clock ““High"’ e d
Level Width o tsekn SCK {Note 2) 0.5 - - tseye 1.2
I::lsfvevrié‘;lhock “Low" tsexi §CK {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 Qutput Data _ _
Delay Time toso sO (Note 2) 250 ns 1,2
Serial Input Data Set-up Time tssi St 300 - - ns 1
Serial input Data Hold Time tusi Sl 150 - - ns 1
+ At Transfer Clock Input
N Test Value .
ftem Symbol Pin Name Conditions [ min VP poven Unit Note
Transfer Clock Cycle Time tseye SCK 1 - - teye 1
Transfer Clock “High” p—
l_:z: wridt:c Hig tscKH SCK 05 - - tseye 1
Transfer Clock Rise Time tsckr SCK = - 100 ns 1
Transfer Clock Fall Time tsckf SCK - - 100 ns 1
Serial Output Data
Delay Time toso SO {Note 2) - - 250 ns 1,2
Serial input Data Set-up Time tss| St 300 - - ns 1
Serial Input Data Hold Time tHsi S| 150 - — ns 1
{Note 1} Timing Diagram of Serial Interface
sCK Vee -2 O\m)ﬁ
0.8V(0.22Vcc) &
X Ve -2.0V X 4>C
so
0.8v
tssi— | tusi—|
s 0.7Vee }_C
0.22Vec
* Voe-2.0V and 0.8V are the threshold voltage for transfer clock output.
0.7Vec and 0.22 Vi are the threshold voltage for transter clock input.
(Note 2) Timing Load Circuit
Vee
Ry =2 6k
Test
Point
c R 1520748
30pF $12kQ or Equiv.
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HD614P080S/HD614P0160S

® CHARACTERISTICS CURVE (REFERENCE DATA)

Isav1, Isey2{mA)

360

4= =20-F75¢ A Ta=—30-775%¢
Vee=5V fosc=4MHz
3 3 max.”
2 o | F
32 th
/
1 1
0 1 2 3 4 5 6 [¢] 1 2 3 4 5 6
fosc(MHz) Veel(V)
Icc vs. fosc characteristic lce vs. Ve characteristic
{crystal, ceramic resonator) (crystal, ceramic resonator)
20— 20Me=—20-+75¢
Vce =5V fosc =4MHz
16 i 16 IsBY1
max ; max.
1.2 = VE 1.2,
/\/|sev2 8 L~
08 max — £08 Isey2
// ? e
0.4 g 0.4
o 1 2 3 4 6 o 2 4 5 6
fosc{MHz) Vee(V)
Isgy vs. fose characteristics Isgy vs. Vg characteristics
{crystal, ceramic resonator) (crystal, ceramic resonator)
15 T T 30y T T T
Ta=-20~ +75°C Ta=-20~+75°C
Vee=5.5v
Vee=5.5V —
10 3 20 va
H Vee=4.5V £ //
= £ // Vee=4.5V]
£ E
E / I //
3 - 7 4
g /
s o /
L
7
p4 /
/
o 1 2 3 o 1 3 4 5
vaoLiv) Vee—VoHiv)
loL min. vs. Vo characteristics —lon min. vs. (Vcc—Von ) characteristics
{Standard Pin) (D4 ~ Dis pins}
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HD614P080S/HD614P0160S

L L. I
| Ta=-20 ~ +75°C |
6 Vee=5.5V
//
4 < [
<
£ Veemasv
g 3
3 A
3, 74
T 2
4
11—
o 4
Vee-VoH(V)

—lou min. vs. (Vec—Von) characteristics
(RO ~ R2 pins)

® DESCRIPTION OF PIN FUNCTIONS
Input and output signals of MCU are described below.

® GND, Vcc, Vdisp

These are power supply pins. Connect GND pin to Earth
(OV) and apply Ve power supply voltage to Ve pin. Ray/
Vgisp pin is used for Ray as all high voltage pins are “without
pull-down MOS” (PMOS open drain).

® TEST
TEST pin is not for users application. Connect it to V¢c.

& RESET
RESET pin is used to reset MCU. For details, see “RESET”

e 0OSC;, OSC:

These are input pins to the internal clock generator circuit.
They can be connected to crystal resonator, ceramic filter reso-
nator, or external oscillator circuit. For details, see “INTER-
NAL OSCILLATOR CIRCUIT.”

standard type, Da to Dis are for high voltage. For details, see
“INPUT/OUTPUT”.

® R-port (RO to RA)

R-port is a 4-bit Input/Output port. (only RA is 2-bit con-
struction.) RO and R6 to R8 are output ports, R9 to RA are
input ports, and R1 to RS are Input/Output common ports.
RO to R2 and RA are the high voltage ports, R3 to R9 are the
standard ports. Rs2, Rs3, Rao, Rat, and Rez are also available
as INTo, INT1, SCK, SI and SO respectively. For details, see
“INPUT/OUTPUT”.

e INTo. INT:

These are the input pins to interrupt MCU operation exter-
nally. INT1 can be used as an external event input pin for
TIMER-B. INTo and INT: are also available as Raz2, and Ras
respectively. For details, see “INTERRUPT”.

e SCK, sI, sO

These are transfer clock I/O pin (SCK), serial data input pin
(SI) and serial data output pin (SO) used for serial interface.
SCK, Sl and SO are also available as R4o, Ra1, and R4z respec-
tively. For details, see “SERIAL INTERFACE”,

B ROM MEMORY MAP
ROM memory map is illustrated in Fig. 1 and described in
the following paragraph.

® Vector Address Area ..... $0000 to $000F

When MCU reset or an interrupt is serviced, the program is
executed from the vector address, Program the JMPL instruc-
tions branching to the starting addresses of reset routine or
of interrupt routines.

@ Zero-Page Subroutine Area...... $0000 to $003F
CAL instruction allows to branch to the subroutines in
$0000 to $003F.

® Pattern Area ..... $0000 to $OFFF
P instruction allows referring to the ROM data in $0000 to
$OFFF as a pattern.

o D-port (Do to Dis) o Program Area ..... $0000 to $1FFF; HD614P080S
D-port is a 1-bit Input/Output common port. Do to D3 are $0000 to $3FFF; HD614P0160S
QO HITACHI
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HD614P080S/HD614P0160S

EPROM ADDRESS MCU ROM ADDRESS
$0000 o, o 0 , btda b3  bu2 | bl b10_| lower 5 bit] ¢ (oo | JMPL Instruction _| so000
$0001 [ o ] b9 b8 , bit7 | b6, ons | upper 5 bit {Jump to RESET Routine) $0001
L | JMPL Instruction _| so002
Vector Address {Jump to INTo Routine} $0003
$001F $ 000F | JMPL Instruction | soo0a
$0020 $0010 {Jump to INT; Routine) $0005
r JMPL Instruction $0006
Zero-Page Subroutine 4
S (64 Words) {Jump to TIMER-A Routine) $0007
| JMPL Instruction _| sooos
$007F $003F {(Jump to TIMER-8 Routine) | $0009
$0080 $0040 $000A
r Pattern $0008
S (4096 Words) JMPL Instruction ] soooc
[~ (Jump to SERIAL Routine) $000D
$ IFFF $OFFF $000E
$2000 $1000 $000F
g Program
(8192 Words)
$ 3FFF $ 1FFF
—————)
NOT USED
{Set to “111")
HD614P080S
EPROM ADDRESS MCU ROM ADDRESS
$0000 0, © O , bed , bud | b2 , bul |, 610 | jower 5 bit] (oo | JMPL Instruction | s0000
$0001 o o [ bt bitg8 b7 bité b5 | upper 5 bit {Jump to RESET Routine) $0001
\ | JMPL Instruction .| $0002
Vector Address {Jump to INTp Routne} $0003
$001F $ 000F | JMPL instruction | so004
$0020 $0010 (Jump to INT; Routine) $0008
Zero-Page Subroutine - (JJMPL lnsxru:;nun | so00e
(84 Words) ump 1o TIMER-A Routine) | $0007
| JMPL Insteuction $0008
$007F $003F (Jump to TIMER-B Routine] | $0009
$0080 $0040 $000A
e Pattern $0008
S 14096 Words) | JMPL Instruction $000C
(Jump to SERIAL Routine} | $0000
$ 1FFF $ OFFF $000E
$2000 $1000 $000F
r Program
(16384 Words)
$ 7FFF $3FFF
S ——
NOT USED
(Set to “111")
HD614P0160S
Fig. 1 ROM Memory Map
@ HITACHI
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HD614P080S/HD614P0160S

o $000 0 $000
¥ 1 1
RAM.mapped Registers nterrupt Control Bits $00
31 $O1F 2 $002
32 $020 3 $003
Memory Registers(MR) 4 | Port Mode Reg. (PMR) ! W | s$004
a7y ] $02F 5 | Serial Mode Reg. (SMR) | W _ | $005
48 $030 6 | Serial Data Reg. Lower (SRL) ; R/W | $008
7 [ Seris Data Reg_ Upper (SRU) § R/W | $007
Data 8| Timer Mode Reg A (TMA) | W | $008
(512 Digits) 9 Timer Mode Reg 8~ (TMB) | W | s009
10 (TCBL/TLRL) | R, $00A
TIMER-B = 4 AW | $00
543 $21F 1" (TCBU/TLRU) ; AW | s008
544 $220 12 $00C
Not Used
959 $38F Not Used
960 $3c0
Stack ) SOIF
(84 Digits)
1023 S 3FF

* Two ragisters are mapped on same address

R :Read Only
W I Wrne Only Tumer/Event Counter B Lower (TCBL) R Timer Load Reg. Lower (TLRL) w | s00A
R/W : Read/Write

Tumer /Event Counter B Upper (TCBU) R Timer Load Reg Upper {(TLRU) w $008

Fig. 2 RAM Memory Map

= RAM MEMORY MAP and special registers are also mapped on the RAM memory
The MCU includes 576 digits x 4 bits RAM as the data area space. RAM memory map is illustrated in Fig. 2 and described
and stack area. In addition to these areas, interrupt control bits in the following paragraph.
bit 3 bit 2 bit 1 bit O
IMO IFO RSP i
0 °__ ° _ <€ $000
{IM of INT,) {IF of INT,) {Reset SP Bit) {Interrupt Enable Flag)
3 IMTA IFTA IM1 IF1 $001
{IM of TIMER-A) {IF of TIMER-A) {IM of INT,) (IF of INT;}
IMTB IFTB
Not d Not
2 ot Use ot Used (IM of TIMER-B) (F of TIMER-B) | 2002
IMS IFS
N d N
3 ot Use ot Used (IM of SERIAL) {IF of SERIAL) $003

Interrupt Request Fiag
Interrupt Mask
:  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/SEMOD instruction.

The content of Status becomes invarid when '“RSP” bit and “Not Used" bit is tested.

Fig. 3 Configuration of Interrupt Control Bit Area
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HD614P080S/HD614P0160S

® Interrupt Controi Bit Area ..... $000 to $003

This area is used for interrupt controls, and is illustrated in
Fig. 3. It is accessable only by RAM bit manipulation instruc-
tion, However, the interrupt request flag cannot be set by soft-
ware. The RSP bit is only used to reset the SP.

® Special Register Area ..... $004 to $00B

Special Register is a mode or a data register for the external
interrupt, the serial interface, and the timer/counter. These
registers are classified into 3 types: Write-only, Read-only, and
Read/Write as shown in Fig. 2. These registers cannot be
accessed by RAM bit manipulation instruction.

® Data Area ..... $020 to $21F

16 digits of $020 to $O2F are called memory register (MR)
and accessable by LAMR and XMRA instructions.

® Stack Area .... $3CO to $3FF

Stack Area is used for LIFO stacks with the contents of the
program counter (PC), status {ST) and carry (CA) when process-
ing subroutine call and interrupt. As 1 level requires 4 digits,
this stack area is nested to 16 level-stack max. The data pushed
in the stack and LIFO stack state are provided in Fig. 4. The
program counter is restored by RTN and RTNI instructions,
Status and Carry are restored only by RTNI instruction, and
not affected by RTN instruction. The area, not used for stack-
ing, is available as a data area.

Memory Registers Stack Area
32 [ MRO J s 020 90 [revel 16]83C0
33 MR(1) $ 021 Level 15
34 MR(2) $ 022 Level 14
35| MRB) 1s 023 Level 13
36 | _MRW4) $ 024 Level 12
37 MR(5) $ 025 Level 11
38 | _MR(6) $ 026 Level 10
39 | MR(7} $ 027 Level 9 bit3 bit2 bit1 bitO
T
a0 | MR | s 028 Level 8 T __
ST PC PC PC $ 3FC
a1 | MR9) | s 029 Level 7 1920 " 2 "
I !
42 MR{10) | $ 02A Level 6 1021 1o s 7cs 55 $ 3FD
43 MR(11) | $ 02B Level 5 ! ]
aa| MRO12) | s o2c Level 4 [ A B
PC PC PC, 3FE
as | MR13) | s 020 Level 3 10221 ca 6 s Pea (s
} T
46 | MR(14) | $ 02€E Level 2 1023] 75 es 5T pcy | s3Fr
47 {_MRUI5) | $ 02F 40231 Level 1]g aFF | ! N
PC13 to PCq; Program Counter
ST; Status
CA; Carry

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position

= REGISTER AND FLAG

The MCU has nine registers and two flags for the CPU opera-
tions. They are illustrated in Fig. 5 and described in the follow-
ing paragraphs.

® Accumutator {A), B Register (B}

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

® W Register (W), X Register (X), Y Register (Y)

W Register is 2-bit, and X and Y Register are 4-bit registers
used for indirect addressing of RAM. Y Register is also used
for D-port addressing. W Register is write-only and cannot be
read.

® SPX Register {SPX), SPY Register (SPY)
SPX and SPY Register are 4-bit registers used to assist X and
Y Register respectively.

® Carry (CA)

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 servicing, Carry is pushed onto the stack
and restored back from the stack by RTNI instruction. (It’s not
affected by RTN instruction.)

© Status (ST)

Status (ST) holds the ALU overflow, ALU non-zero and the
results of bit test instruction for the arithmetic or compare in-
struction. It is used for a branch condition of BR, BRL, CAL or
CALL instructions. The value of the Status remains unchanged
until the next arithmetic, compare or bit ..st instruction is ex-
ecuted. Status becomes *“1” after the BR, BRL, CAL or CALL
instruction has been executed (irrespective of its execution/
skip). During the interrupt servicing, Status is pushed onto the
stack and restored back from the stack by RTNI instruction.
(It’s not affected by RTN instruction.)
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[: 6 Pegsier
E W Regier
9

Py Regaint

OEJEI

Program
T

10 N

Fig. 5 Register and Flags

........

® Program Counter (PC)
Program Counter is a 14-bit binary counter for ROM address-

ing.

® Stack Pointer {SP)

Stack Pointer is used to point the address of the next stack-
ing area up to 16 levels.

The Stack Pointer is initialized to locate $3FF on the RAM
address, and is decremented by 4 as data pushed into the stack,

and incremented by 4 as data restored back from the stack.

s INTERRUPT

The MCU can be interrupted by five different sources: the
external signals (INT,, INT,), timer/counter (TIMER-A,
TIMER-B), and serial interface (SERIAL). In each sources,
the Interrupt Request Flag, Interrupt Mask and interrupt vector
address will be used to control and maintain the interrupt re-
quest. The Interrupt Enable Flag is also used to control the

total interrupt operations.

® Interrupt Control Bit and Interrupt Service

The interrupt control bit is mapped on $000 to $003 of the
RAM address and accessable by RAM bit manipulation instruc-
tion. (The Interrupt Request Flag (IF) cannot be set by soft-
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to
1" at the initialization by MCU reset.

Fig. 6 shows the interrupt block diagram. Table 1 shows the
interrupt priority and vector addresses, and Table 2 shows the
conditions that the interrupt service is executed by any one of
the five interrupt sources.

The interrupt request is generated when the Interrupt Re-
quest Flag is set to *1* and the Interrupt Mask is 0™, If the
Interrupt Enable Flagis 1%, then the interrupt will be activated
and vector addresses will be generated from the priority PLA
corresponding to the five interrupt sources.

Fig. 7 shows the interrupt services sequence, and Fig. 8
shows the interrupt flowchart. ¥ the interrupt is requested, the
instruction finishes its execution in the first cycle. The Inter-
rupt Enable Flag 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 executed
again after jumping to the vector address.

In each vector address, program JMPL instruction to branch
to a starting address of the interrupt routine. The Interrupt
Request Flag which caused the interrupt service has to be reset
by software in the interrupt routine.
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;

Sequance Control

VE Push PC/CA/ST
Reset 1€

Jump to Vector
Address

$000.2 J'— —
$ 0003 -
MO “ Vector
Priority PLA | #99%
S
$003.0
$003.1 ..
Fig. 6 Interrupt Circuit Block Diagram
Table 1. Vector Addresses and Interrupt Priority
Reset -];nerrupt Priority Vector addresses
RESET - $0000
INTo 1 $0002
INT, 2 $0004
TIMER-A 3 $0006
TIMER-B 4 $0008
SERIAL 5 $000C
Table 2. Conditions of Interrupt Service
Interrupt J— T -
Interrupt source INTo INT, TIMER-A TIMER-B SERIAL
control bits
I/E 1 1 1 1 1
IFO-IMO 1 0 0 0 0
IF? - IM1 * (o] o} o
IFTA - IMTA * * 1 0 [}
IFTB . IMTB * * * 1 o
IFS - IMS * * * * R
* Don'tcare
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Instruction

Cvcles 1 2 3 4 5 6
L l i } 1 |
I T T ¥ T 1
Instruction
execution
Interrupt Stacking, Stacking,
accepted Reset of I/E Vector address
is generated
JMPL instruction execution on the
vector address
Instruction
Execution at
starting address
of the interrupt
routine
Fig. 7 Interrupt Servicing Sequence

® (Interrupt Enable Flag {I/E: $000,0)

The Interrupt Enable Flag controls enable/disable of all inter-
rupt requests as shown in Table 3. The Interrupt Enable Flag is
reset by the interrupt servicing and set by RTNI instruction.

Table 3. Interrupt Enable Flag

Interrupt Enable Flag interrupt Enable/Disable

0 Disable

1 Enable

e External Interrupt (INT,, INT,) o o
To use external interrupt, select R3;/INTo, R;3/INT, port
for INTo, INT, mode by setting the Port Mode Register (PMR:

Table 5. External Interrupt Mask

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

® Port Mode Register (PMR: $004)

The Port Mode Register is a 4-bit write-only register which
controls the Rj,/INT, pin, R33/INT, pin, Rs,/SI pin and
R42/S0 pin as shown in Table 6. The Port Mode Register will
be initialized to $0 by MCU reset, so that all these pins are set
to a port mode.

Table 6. Port Mode Register

$004).
The External Interrupt Request Flags (IF0, IF1) are set at PMR R /INT in
the falling edge of INT,, INT, inputs. bit 3 33 1 P
INT, input can be used as a clock signal input of TIMER-B. 0 R - -
Then, TIMER-B counts up at each falling edge of input. When Used as Rj;3 port lnptjlt/output pin
using INT, as TIMER-B external event, an External Interrupt 1 Used as INT, input pin
Mask (IM1) has to be set so that the interrupt request by INT)
will not be accepted. PMR T
bit2 R3,/INT, pin
® External Interrupt Request Flag {(1FO: $000,2, IF1: $001,0} ) R - -
The External Interrupt Request Flags (IFO, IF1) are set at Used as_az_p?r( lhp\{t/output pin
the falling edges of INT,, INT; inputs respectively. ! Used as INT, input pin
® External Interrupt Mask (IMO: $000,3, IM1: $001,1) PMR
The External Interrupt Mask is used to mask the external E——— R4y /S! pin
interrupt requests. it
0 Used as R4, port input/output pin
Tablte 4. External Interrupt Request Flag 1 Used as Sl input pin
External Interrupt Request Flags interrupt Requests PMR
0 No bltO‘_— R4, /S0 pin
1 Yes
0 Used as R4, port input/output pin
1 Used as SO output pin
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Interrupt Yes
Request
¢
No
No "\ jg—v1 7
Yes
y (A) (B} {C)
Reset Execute Interrupt
MCu Instruction Accept
PCe (PC)+1 IVE—"0"
Stack«{PC)
Stack«(CA}
Stack«—(ST)

Yes INT,
PC. $ 0002 Interrupt
?
No
Yes INT,
il PC+ $ 0004 Interrupt
?
No
PC. $ 0006 Yes < TiMER-A
Interrupt
?
No
Yes TIMER-B
PC- $ 0008 Interrupt
?
No
~-— PC+- $ 000C
{SERIAL Interrupt)

Fig. 8 Interrupt Servicing Flowchart
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= 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 Octal Counter and the multiplexer, as iltus-
trated in Fig. 9. Pin R4 /SCK and the transfer clock signal are
controlled by the Serial Mode Register. Contents of the Serial
Data Register can be written into or read out by the software.
The data in the Serial Data Register can be shifted synchronous-

ly with the transfer clock signal.

The serial interface operation is initiated with STS.instruc-
tion. The Octal Counter is reset to $0 by STS instruction. It
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 discontinued transmit/receive operation by resetting
the Octal Counter, the SERIAL Interrupt Request Flag will be
set.

0OC(3biy)

SYSTEM SROF
H PRESCALER(1 1bit) l OCTAL IFS
,ﬁLOC" COUNTER
T INTERRUPT
NP ERE REQUEST FLAG
b R E of SERIAL INTER-
Yy FACE
[ SERIAL MPX [ INTERNAL BUS LINE 511 |
2] ta
¥ SCK SR (8 bit)
}3 SERIAL DATA REGISTER
SMR(abit) PMR(4bit
SERIAL MODE ’ PORT (MOID)E fs 1e
B REG. o RES [ INTERNAL BUS LINE (52) ]
SCK )
[ NTERNAL BUS LINE | (s2) | 42

Fig. 9 Serial Interface Block Diagram

® Serial Mode Register (SMR: $005)

The Serial Mode Register is a 4-bit write-only register. This
register controls the Rqo/SCK and the prescaler divide ratio as
the transfer clock source as shown in Table 7.

The Write Signal to the Serial Mode Register controls the
operating state of serial interface.

The Write Signal to the Serial Mode Register stops the
transfer clock applied to the Serial Data Register and the Octal
Counter. And it also reset the Octal Counter to $0 simul-
taneously.

When the Serial Interface is in the “Transfer State”, the Write
Signal to the Serial Mode Register causes to quit 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.

® Serial Data Register (SRL: $006, SRU: $007)

The Serial Data Register is an 8-bit read/write register. It
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
LSB side at SO pin synchronously with the falling edge of the
transfer clock signal. At the same time, external data will be
input from the LSB side at SI pin to the Serial Data Register
synchronously with the rising edge of the transfer clock. Fig.
10 shows the I/O timing chart for the transfer clock signal and
the data.

The writing into/reading from the Serial Data Register during

its shifting causes the validity of the data.
Therefore complete data transmit/receive before writing

into/reading from the serial data register.
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Table 7. Serial Mode Register

SUR Reo/SCK
Bit 3 0
o] Used as Rao port input/output pin
1 Used as SCK input/output pin
SMR Transfer Clock
Prescaler System Clock
Bit2 Bit 1 Bit0 Ra0/SCK Port Clock Source Divide Divide
Ratio Ratio
0 o 0 §8'§tpu . Prescaler +2048 + 4096
/] 4] 1 sgﬁtput Prescaler + 512 + 1024
SCK . N
0 1 0 Output Prescaler + 128 + 256
SCK . -
(V] 1 1 Output Prescaler = 32 > 64
SCK - .
1 4] 0 Output Prescaler 3 8 -’ B
SCK - =
1 [4] 1 Output Prescaler S 2 - 47 o
SCK System -
! ! 0 Output Clock - !
1 1 1 SCK External _ _
Input Clock

{In the case of SMR Bit 3 = 1}

Transfer Clock I | | | | | \ | | | | | l I | |

1 2 6 7 8

— el TT T T T =

Serial Input Data

tatch Timing | | | | | | I
Fig. 10 Serial Interface I/O Timing Chart
® SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask
The SERIAL Interrupt Request Flag will be set after the
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request
operation by resetting the Octal Counter. 0 Enable
e SERIAL Intsrrupt Mask (IMS: $003, 1) ! Disablo {masks)
The SERIAL Interrupt Mask masks the interrupt request. @ Selection of the Operation Mode
Table 10 shows the operation mode of the serial interface.
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and
the Serial Mode Register according to Table 10.
SERIAL Interrupt Request Flag Interrupt Reguest Initialize the serial interface by the Write Signal to the
0 No Serial Mode Register, when the Operation Mode is changed.
1 T Yes ® Operating State of Serial Interface

The serial interface has 3 operating states as shown in Fig. 11.
The serial interface gets into “‘STS waiting state” by 2 ways:
one way is to change the operation mode by changing the data
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in the Port Mode Register. the other is to write data into the
Serial Mode Register. In this state, the serial interface does not
operate although the transfer clock is applied. If STS instruc-
tion is executed, the serial interface changes its state to *SCK
waiting state™.

In the “SCK waiting state™, the falling edge of first transfer
clock affects the serial interface to get into “‘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 wait-
ing state” while the transfer clock outputs continuously.

The Octal Counter becomes ““000” again by 8 transfer
clocks or execution of STS instruction, so that the serial inter-
face gets back into the “SCK waiting state”, and SERIAL
Interrupt Request Flag is set simultaneously.

When the internal transfer clock is selected, the transfer
clock output are triggered by the execution of STS instruction,
and it stops after 8 clocks.

® Example of Transfer Clock Error Detection
The serial interface functions abnormally when the transfer
clock was disturbed by external noises. In this case, the transfer

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

* Transmit Mode
* Receive Mode
* Transmit/Receive

Clock Continuous
Output Mode

STS Waiting State

Octal Counter = ""000"
Transfer Clock Disable

Transfer Clock

clock error can be detected in the procedure shown in Fig. 12,

If more than 9 transfer clocks are applied by the external
noises in the “SCK waiting state”, the state of the serial inter-
face shifts as the following sequence: first “transfer state™
(while 1 to 7 transfer clocks), second “SCK waiting state” (at
8th transfer clock) and third “transfer state” again. Then reset
the SERIAL Interrupt Request Flag, and make “STS waiting
state™ by writing to the Serial Mode Register. SERIAL Inter-
rupt Request Flag is set again in this procedure, and it shows
that the transfer clock was invalid and that the transmit/receive
data were also invalid.

Table 10. Serial Interface Operation Mode

SMR PMR i .

B3 Bl Bito Serial Interface Operating Mode
1 0 0 Clock Continuous Qutput Mode
1 0 1 Transmit Mode
1 1 0 Receive Mode
1 1 1 Transmit/Receive Mode

Change PMR *

SCK Waiting State
(Octal Counter = 000"}

8 Transfer Clocks,
STS Instruction

Transfer State
(Octal Counter # “'000"")

Transmit/Receive
{IFS="1")

interrupt
Inhibit

Write to
SMR

Transfer Clock
Error Processing

Fig. 12 Example of Transfer Clock Errot Detection

UFS <17}

Fig. 11 Serial Interface Operation State

= TIMER

The MCU contains a prescaler and two timer/counters
(TIMER-A, TIMER-B). Fig. 13 shows the block diagram. The
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit
free-run timer. TIMER-B is an 8-bit auto-reload timer/event
counter.

® Prescaler

The input to the prescaler is a system clock signal. The
prescaler is initialized to $000 by MCU reset, and the prescaler
starts to count up the system clock signal as socon as RESET
input goes to logic “‘0”. The prescaler keeps counting up except
MCU reset and stop mode. The prescaler provides clock signals
to TIMER-A, TIMER-B and serial interface. The prescaler di-
vide ratio of the clock signals are selected according to the
content of the mode registers such as — Timer Mode Register A
(TMA), Timer Mode Register B (TMB), Serial Mode Register
(SMR).
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INTERNAL BUS LINE (1) |
TIMER MODE REGISTER B
4
TMB{4bit)
TL{4bit) 44
TIMER LATCH
3 REG.

TIMER-8 MPX

iNT,
~
B I B
SYSTEM
cLock

4
8
32
+128
+512
+2048

PRESCALER(11bit) I

2

4

8

3
+128
+512
+1024
+2048

TIMER-A MPX

3

TMA(3bit}

TIMER MODE REGISTER A

TCB(8biIt) T8OF
TIMER/EVENT COUNTER B IFT8
I EEEREEN INTERRUPT
REQUEST FLAG
TLR{8bIt)
TIMER LOAD REGISTER } OF TIMER-8
b k
[ INTERNAL BUS LINE (s2) ]

CPTA TCA(8bit) TAOF 1 \e1a
TIMER COUNTER A

INTERRUPT
REQUEST FLAG
OF TIMER-A

Fig. 13 Timer/Counter Block Diagram

® 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 is counted up to $FF, TIMER-A s set
to $00 again, and generating overflow output. This leads to
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to
“1. Therefore, 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).

® TIMER-B Operation

Timer Mode Register B (TMB: $009) is used to select the
auto-reload function and the prescaler divide ratio of TIMER-B
as the input clock source. When the external event input is
used as an input clock signal to TIMER-B, select the R3; /INT,
as INT, and set the External Interrupt Mask (IM1) to “1” to
prevent the external interrupt request from occurring.

TIMER-B is initialized according to the value written into the

® Timer Mode Register A (TMA: $008)

The Timer Mode Register A is a 3-bit write-only register.
The TMA controls the prescaler divide ratio of TIMER-A clock
input, as shown in Table 11.

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

® Timer Mode Register B (TMB: $009)

The Timer Mode Register B is a 4-bit write-only register. The
Timer Mode Register B controls the selection for the auto-
reload function of TIMER-B and the prescaler divide ratio,
and the source of the clock input signal, as shown in Table 12.

The Timer Mode Register B is initialized to $00 by MCU
reset,

The operation mode of TIMER—B is changed at the second
instruction cycle after writing into the Timer Mode Register B.

Therefore, it is necessary to program the write instruction
to TLRU after the content of TMB is changed.

Table 11. Timer Mode Register A

Timer Load Register by software. TIMER-B counts up at every TMA
clock input signal. When the next clock signal is applied to Bit2 Bitd BitO Prescaler Divide Ratio
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- ! it
alized again and generate overflow output. In this case if the 0 o [ +2048
auto-reload function is selected, TIMER-B is initialized accord- 0 0 1 +1024
ing to the value of the Timer Load Register. Else if the auto- 0 1 ) * 512
reload function is not selected, TIMER-B goes to $00. TIMER- 0 -
B Interrupt Request Flag (IFTB: $002.0) will be set at this ! L + 128
overflow output, 1 0 0 + 32
1 0 1 + 8
1 1 0 + 4
1 1 1 + 2
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Table 12. Timer Mode Register B the Timer/Event Counter. In this case, read the high-order digit
first, and then the low-order digit. The count value of low-order
M igit i i igh- digit i d.
; i Auto-reload Function digit is latched at the time when the high-order digit is rea
it
0 No ® TIMER-A Interrupt Request Flag (IFTA: $001, 2)
The TIMER-A Interrupt Request Flag is set by the overflow
1 Yes output of TIMER-A.
T™B Prescaler Divide Ratio ® TIMER-A Interrupt Mask (IMTA: $001, 3}
Bit2 Bicl BitO Clock Input Source ! TIMER-A Interrupt Mask prevents an interrupt request
generated by TIMER-A Interrupt Request Flag.
0 0 0 +2048
0 1] 1 + 512 Table 13. TIMER-A Interrupt Request Flag
0 1 0 + 128
) 7 ] ] TIMREe:::sIt";T;;Um Interrupt Request
1 [} 0 + 8 0 No
1 0 ! 4 1 Yes
! ! ° — i 2 Table 14. TIMER-A Int t Mask
. e n
1 1 1 INT, (External Event Input) errupt Mas

g TIMER-A Interrupt
® TIMER-B (TCBL: $00A, TCBU: SOOB) Mask
TLRL: $S00A, TLRU: $008, 0 Enable
TIMER-B consists of an 8-bit write-only Timer Load Regis- 1 Disabl
ter, and an 8-bit read-only Timer/Event Counter. Each of them isable (Mask)
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high-

Interrupt Request

order digit (TCBU: $00B, TLRU: $00B). ® TIMER-B Interrupt Request Flag {(IFTB: $002, 0)

The Timer/Event Counter can be initialized by writing data The TIMER-B Interrupt Request Flag is set by the overflow
into the Timer Load Register. In this case, write the low-order output of TIMER-B.
digit first, and then the high-order digit. The Timer/Event
Counter is initialized at the time when the high-order digit is ® TIMER-B Interrupt Mask (IMTB: $002, 1)
written. The Timer Load Register will be initialized to $00 by TIMER-B Interrupt Mask prevents an interrupt request
the MCU reset. generated by TIMER-B Interrupt Request Flag.

The counter value of TIMER-B can be obtained by reading

PMR:$ 004 SMR:$ 005
PMR3[PMR2{PMR1|PMRO SMR3[SMR2|SMR1|SMRO
[

*— Transfer clock selection

R40/SCK pin mode selection

R4; /SO pin mode selection

Rq: /S| pin mode selection

Ry, /INT, pin mode selection

R,,/INT, pin mode selection

TMA:$ 008 TMB:$ 009
TMA2|TMAYTMAOQ TMB3{TMB2|TMB1|TMBO
[N ——— [N

*_* TIMER-B input clock selection

Auto-reload function selection

TIMER-A input clock selection

Fig. 14 Mode Register Configuration and Function
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Table 15. TIMER-8 Interrupt Request Flag

TIMER-B Interrupt
Request Flag
[} No

Interrupt Request

1 Yes

Table 16. TIMER-B Interrupt Mask

IMER-B |
TIMER:B Interrupt interrupt Request

Mask
o0 Enable
1 Disable {Mask)

s INPUT/OUTPUT

The MCU provides 58 Input/Output pins, and they are con-
sist of 32 standard pins of “Without pull-up MOS (NMOS open
drain)” and 26 high voltage pins of “Without puli-down MOS
(PMOS open drain)”.

When any input/output common pin is used as input pin,
it is necessary to set the output data as shown in Table 18.

Table 17 t/O Pin Circuit Forms

Without pull-up MOS Applied
{NMOS open drain) pins
HLT input
data Do ~Ds,
/0 R ~Ras,
common o Rao ~Ras,
pins HLT Rso ~Rs3
output
data
»
£
a
°
s
° . Reo~Re3,
§ Output HLT Rs0~Rq3,
@ | pins output Rao~Ras
data
Input O HLY I JO— input Roo~Ros
pins data

{Continued)

Without pull-down MOS

HLT

(PMOS open drain) Applied pins
1/0 D4~Dys,
common Rio~Ri3,
pins R20~Ra3
£ Vee
s .
ALT
§> Output I'G:outpu! Roo~Ros
+ | pins data
°
>
=
2
T
input HLT input Rao
. data ;
pins Ra1/Vdisp
Without pull-up MOS Apnlied pi
{NMOS open drain) pplied pins
y—“‘—r_D——— scK
Vee HLT
1/0 HLT¥mode sefect| SCK (Note 2)
common
pine {Output Mode)
internal
SCK
£ = -
a LT
o
= 1 Output
g pins so
o
& SO
INTo,
| INT,,
nput input Sl
ins O_—@D— 5 SCK
pi data 1ISCK (Note 2)

{Input Mode)

pins are in high impedance state.

{Note 1) in the stop mode, HLT signal is 0", HLT signal is *1" and 1/O

{Note 2) If the MCU is interrupted by serial interface in the external clock

input mode, the SCK termins! becomes input only.
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Table 18 Data Input from Input/Output Common Pins

1/0 circuit type

Available pin condition for input

For Standard pins

“Without pull-up MOS i
(NMOS open drain)’’

For High voltage pins
‘“Without pull-down MOS g

{(PMOS open drain)’”

® D-port

D-port is 1-bit I/O port, and it has 16 Input/Output common
pins. It can be set/reset by the SED/RED and SEDD/REDD
instructions, and can be tested by the TD and TDD instructions.
Table 17 shows the classification of standard pins, high voltage

pins and the Input/Output pins circuit types.

® R-port

R-port is 4-bit I/O port. It provides 20 input/output com-
mon pins, 16 output-only pins, and 6 input-only pins. Data
input is processed using the LAR and LBR instructions and data

output is processed using the LRA and LRB instructions. The
MCU will not be affected by writing into the input-only and/or
non-existing ports, invalid data will be read by reading from the
output-only and/or non-existing ports.

The R32, Raz, R4o, Ra1 and Rez pins are also used as the
INTo, INT:, SCK, SI and SO pins respectively. Table 17 shows
the classification of standard pins, high voltage pins and Input/
Output pins circuit types.

= RESET
The MCU is reset by setting RESET pin to “1”. At power

Table 19 MCU Initial Value by Reset

items In'i\:liébv?‘l;;gtby Contents
Program counter (PC) $0000 Execute program from the top of ROM address.
Status (ST) o Enable to branch with conditional branch instructions.
Stack pointer (SP) $3FF Stack level is 0.
1/0 output Standard pin xﬁvggout pull-up 1 Enable to input.
register ':i:,?h voltage nli(;l;out puli-down "o Enable to input.
interrupt Enable Flag (I/E) “0" Inhibit all interrupts.
Interrupt flag Interrupt Request Flag (IF) “Q" No interrupt request.
interrupt Mask (1M} “1 Mask interrupt request.
Port Mode Register (PMR) 0000’ See Item “"Port Mode Register’’.
R Serial Mode Register (SMR) ““0000" See Item “‘Serial Mode Register”’.
Mode register - - " "
Timer Mode Register A (TMA) “000"" See ltem “Timer Mode Register A”",
Timer Mode Register B (TMB) 0000 See Item ‘“Timer Mode Register B”'.
Prescaler $000 -
. Timer/Counter A (TCA} $00 -
;;?;::’:ﬁ::’;;:’ Timer/Event Counter B (TCB) $00 -
Timer Load Register (TLR) $00 —
Octal Counter 000" -

{Note) The vatues of registers and flags which are not described on above table will become

as follows.
ltem After releasing stop mode After MCU Reset
by MCU Reset except the left
Carry (CA} The vatue immediately before The value immediately
Accumulator {AT MCU reset is not guaranteed. . before MCU Reset is
_%rre:lis’t‘eevr (Vev Initialization by the program not guaranteed.
roqister ___ should be required. Initialization by the
PX 1 !’“r X/SPX program should be
Y/SPY register (Y /SPY) required.
Serial data register {SR) — ditto — — ditto —
The value immediately before
MCU reset (the value i
RAM immediately before executing — ditto —
stop instruction) is retained.
@S HITACHI
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ON or recovering from stop mode, apply RESET input more ® INTERNAL OSCILLATOR CIRCUIT
than tpc to obtain the necessary time for oscillator stabiliza- Fig. 15 gives internal oscillator circuit. The oscillator type
tion. In other cases, the MCU reset requires at least two instruc- can be selected from the followings; crystal resonator, or ceramic
tions cycle time of RESET input. filter resonator as shown in Table 20. In any cases, external
Table 19 shows initialized items by MCU reset and each clock operation is available.
status after reset.
U
osc.@—— "
Osciltator iniqar Timing System
cireuit ge clock
1/8 circuit
OSCz@——
Fig. 15 Internal Oscillator Circuit
Table 20 Oscillator Circuit Exampie
Circuit configuration Remarks
Oscitlator
D— 08¢,
External clock
operation
Open —] 0SC,
Ceramic filter: CSA 4.00MG (Murata)
4 osC Rf:  IMS £ 2%
! Ci: 33pF £20%
Ceramic filter Ceramic <R, Cia; 33pF +20%
resonator filter Ceramic filter: CSA 6.00MG |(Murata}
& 0SC2 R 1M £2%
' : F +20%
GND Ci: 30p

C2: 30pF +20%

Crystal: 4.194304 (MHz)
NC-18C {Nihon Denpa Kogyo)
Rf: 1MQ £ 2%

Cs ———
0scC: Ci:  22pF +20%
1) C: 22pF +20%
i 0SC: Crystal: 6.0 (MHz)
GND

Crystat NC-18C (Nihon Denpa Kogyo)
resonator Rf: 1IMQ £ 2%

Ci: 20pfF +20%

Ca: 20pF * 20%

ATcut parallel resonance crystal
Crystal: ATcut parallel resonance crystal

: 7pF .

Lo Co : 7 oF max

0sC 0SC2 s o1 max.
Co

f : 20~ 6.2MHz

(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 pa are ch d by crystsl, ic filter r 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 OSC, , OSC, and elements should be as short as possible, and never cross the other wirings. Refer to the layout
of crystal and ceramic filter.
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Fig. 16 Layout of Crystal and Ceramic Filter

s LOW POWER DISSIPATION MODE

The MCU provides two low power dissipation modes, that is,
a Standby mode and a Stop mode. Table 21 shows the function
of the low power dissipation mode, and Fig. 7 shows the
diagram of the mode transition.

Table 21 Low Power Dissipation Mode Function

Condition
Low Power Timer/ Recovering
Dissipation Mode | 'MStUCtON | occiiiator | Instruction | Register, | Interrupt Input/ Counter, method
> A h A RAM Output
circuit execution Flag function in Serial
i Interface

SBY . . . . *2) . RESET Input,
Standby mode instruction Active Stop Retained Active Retained Retained Active Interrupt request

STOP *1)] . High
Stop mode instruction Stop Stop RESET Stop Retained impedance Stop RESET Input

*1) STOP mode is released only by MCU Reset. Refer to Table 19 as for the values of the registers and flags after releasing stop mode.
*2) Current flows in /O Circuit by 1/0 pin state at stand-by mode, because 1/0O circuit is active.

This current is an addition to stand-by mode power dissipation.

Active

o

Standby
mode

RESET

Fig. 17 MCU Operation Mode Transition

® Standby Mode
The SBY instruction puts the MCU into the Standby mode.
In the Standby mode, the oscillator circuit is active and timer/

counter and serial interface continue working. On the other
hand, the CPU stops since the clock related to the instruction
execution stops. Registers, RAM and Input/Output pins retain
the state they had just before going into the Standby mode.

The Standby mode is canceled by the MCU reset or interrupt
request. When canceled by the interrupt request, the MCU
becomes an active mode and executes the instruction next to
the SBY instruction. At this time, if the Interrupt Enable Flag
is “1”, the interrupt is executed. If the Interrupt Enable Flag
is 07, the interrupt request is held on and the normal instruc-
tion execution continues.

Fig. 18 shows the flowchart of the Standby Mode.

® Stop Mode

The STOP instruction brings the MCU into the Stop mode.
In this mode the oscillator circuit and every function of the
MCU stop.

The Stop mode is canceled by the MCU reset. At this time,
as shown in Fig. 19, apply the RESET input for more than tgc
to get enough oscillator stabilization time. (Refer to the “AC
CHARACTERISTICS”.) After the Stop mode is canceled,
RAM retains the state it had just before going into the Stop
mode after releasing stop mode by MCU reset, the values of the
B register, W register, X/SPX register, Y/SPY register, carry and
serial data register are not guaranteed.
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Oscillator Active
Peripheral Clocks
Active

All Other Clocks
Stop

Restart
Processor Clocks

Restart
Processor Clocks

(A
l Reset MCU ] I Execute

Instruction

interrupt
Accept

Fig. 18 MCU Operating Flowchart
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Stop mode

ety

Oscillator

m 1\
s

A

I

s
Internal clock —I_I-——[—L._J

RESET 4}

X
MmpL i gt refreJgv
9

STOP instruction execution

{more than stabilization time: tgc)

Fig. 19 Stop Mode Cancel Timing Chart

® RAM ADDRESSING MODE

As shown in Fig. 20, the MCU provides three RAM address-
ing modes; Register Indirect Addressing, Direct Addressing and

Memory Register Addressing.

® Regi Indirect Add

The combined 10-bit contents of W Register, X Register and

Y Register is used as the RAM address in this mode.

RAM Address

{a) Reg|ster' Indirect Addressing

Instruction 1st Word

® Direct Addressing

The direct addressing instruction consists of two words and
the second word (10 bits) following Op-code (the first word) is
used as the RAM address.

® Memory Register Addressing

The Memory Register Addressing can access 16 digits
(Memory Register: MR) from $020 to $02F by using the LAMR
and XMRA instruction.

W-Register X-Register
N N

Y -Register

Wi|Wo] X3 | X2 X1|Xof Y3| Y2 | Y1 Yo

APg{APg| AP7| APl AP | AP4|AP3| AP, | AP APy

Instruction 2nd Word

OP Code

dg | dg | d7 | dg | ds| dg| d3 | da| dq {dg

RAM Address

RAM Address

{b) Direct Addressing

APg|APg| AP | APg|APS | AP, [ AP3| AP,| APy | AP

Instruction

OP Code
1 t i 1

“9" 0" -1 0"

.
bbb

APg | APg | APy [ APg | APs [AP4| AP3| APS | AP, AP,

{c) Memory Register Addressing
Fig. 20 RAM Addressing Mode
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= ROM ADDRESSING MODE AND P INSTRUCTION
The MCU has four kinds of ROM addressing modes as shown
in Fig. 21.

® Direct Addressing Mode

The program can branch to any addresses in the ROM
memory space by using JMPL, BRL or CALL instruction.
These instructions replace 14-bit program counter (PCy; to
PC,) with 14-bit immediate data.

® Current Page Addressing Mode

ROM memory space is divided into 256 words in each page
starting from $0000. The program branches to the address in
the same page using BR instruction. This instruction replace
the low-order eight bits of program counter (PC, to PCo) with
8-bit immediate data.

Instruction 1st Word

The branch destination by BR instruction on the boundary
between pages is in the next page. Refer to Fig. 23.

® Zero Page Addressing Mode

The program branches to the zero page subroutine area,
which is located on the address from $0000 to $003F, using
CAL instruction. When CAL instruction is executed, 6-bit
immediate data is placed in low-order six bits of program
counter (PCs to PCo) and “0’s” are placed in high-order eight

bits (PCy3 to PCq).
® Table Data Addressing

The program branches to the address determined by the
contents of the 4-bit immediate data, accumulator and B regis-
ter, using TBR instruction.

Instruction 2nd Word

[JMPL) T T T T T T T
BRL
r) | OF Code [o5 0y 24

T T T T T T T
.00|d9|d8 dy dG dg dy d3(d21d11d°|

(CALL) TSRS

IR EENY

T
Program Counter [PC13PC12P011PC10‘P09 PCg PCy PCgPCg PC4 PC3 PC2 PCy PC
1 L Il 1 1 1 1 A e A i i 1

(a) Direct Addressing

Instruction

—
= —

(BR) IgPCodel by bg bg bg by by by bOJ
; o2 b

TTTIIIIT

T T T T T T T T T T
Program Counter |PC13PC12PC11PC10PC9 PCg PC7 PCg PCs PCq4 PC3 PCy PCy PCol
) L s X L s L L L L L s

(b} Current Page Addressing

Instruction
T ¥ T T T T T T
{CAL) OP Code |[ag a, a; 8, 2 ao]
i 1 1 L 1 A L
«0" 0" “0" 0" "0° 0" "0" “0" l l l
S ¢ v v e e T I 111

T T T T T LS T 1
Program Countech13PC12PC11P010 PCg PCg PC7 PCs PCs PCa PC3 ‘Pcz PC“’CO
A L 1 1 A i . L A

{c) Zero Page Addressing

Instruction

(rem[ " 0P Code
1 1 1 A

—T
P P .
l 3 P2 ) P N OJ B Register

Accumulator

¥

— ——
[93 B2 B4 BolAs Az Ay Aol

1
T

TITT 3111

T T T T T T
Program Counter FCISPC‘lzPC“PCﬂ)PCQ PCg PCy PCg PCgs PC4 PC3 PCy PCq PCo
A SRR N ARG

{d) Table Data Addressing

Fig. 21 ROM Addressing Mode
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instruction

(P) L OP Code
N— A A e

.
9

T T
1,00
L1, Po Accumulator

“0" 0"
—t 1

B Register

— T ——
83 B2 By Bg | A3z Az Ay Ag

TIII 1117

Referred ROM Address [RA,;RA,ZIRAH‘RA";RA
. L . L

T T T T T T T
5 RAg RA7‘RA6£RA5!RA4]RA31RA2.RA‘IRAO|

(a) Address Designation

T —
ROM oata[nog Rog[RO,' RO, RO, RO, RO4IRO, RO, RO,
i i | L 1

I T S S

T T

Accumulator, B Register,a:i X By . B ) Bo |Az Az Ay Aol cHf R08= 1
. L L

T T T T T T T T
ROM Data EOQLROBIR%. R061R05|R04 “RO3 , R02 : R01£R00l

I

I

.
Output Register R1,R2 |H23‘R22‘R21‘R20|R13Ileanl Rwl . I1f ROg = 1

(b) Pattern Output

Fig. 22

® P instruction (Pattern Instruction)

By P instruction, the ROM data determined by Table Data
addressing is referred. When bit 8 in referred ROM data is
“1”, 8 bits of referred ROM data are written into the accumu-

N

256in 11258

= BR AAA 2560
Asa NOP
ot BR AAA 2560+ 254
t 8R 888 256+ 255
256in ¢ 1)
seg  NOP

/\/

Fig. 23 The Branch Destination by BR Instruction on
the Boundary between Pages

P Instruction

lator and B Register. When bit 9 is 17", 8 bits of referred ROM
data are written into the R1 and R2 port output register. When
both bit 8 and 9 are “1”", ROM data are written into the acc-
umulator and B register and also to the Rl and R2 port output
register at a same time.

The P instruction has no effect on the program counter.

® Description of the branch destination on page boundary
When BR is on page boundary (256n + 255), BR instruction
transfers the contents of PC to the next page with hardware
architecture. Therefore, the program branches to the next page
when using BR on page boundary.
The HMCS400 series cross macro assembler has automatic
paging facility for ROM page.

= INSTRUCTION SET
The HD614P080S and HD614P0160S provide 99 instruc-

tions. These instructions are classified into 10 groups as follows;

(1) Immediate Instruction

(2) Register-to-Register Instruction

(3) RAM Address Instruction

(4) RAM Register Instruction

(5) Arithmetic Instruction

(6) Compare Instruction

(7) RAM Bit Manipulation Instruction

(8) ROM Address Instruction

(9) Input/Output Instruction
(10) Control Instruction
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Table 22. Immediate Instruction

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS WXE
Load A from Immediate LAl 10001 1izizivio i—A 1.1
Load B from Immediate LBl 1000001302010 i—B 1.1
Load Memory from Immediate LMID id g;a&ggsgg‘lfzy‘ ,'3% —M 2,2
Load Memory from Immediate, Increment Y LMY i TO100 Tizizi1io [i-MY+ 1Y NZ 11

Tabie 23. Register-to-Register Instruction

OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS WO:CLE
Load A from B LAB 0001001000 B—-A 11
Load B from A LBA 0011001000 A-B 1.1
Load A from Y LAY 0Oo010101 111 Y—A 1.1
toad A from SPX LASPX 0001 101000O0 SPX—A 1.1
toad A from SPY LASPY 0001011000 SPY—A 11
Load A from MR LAMR m 100 1 1 1t mamamimg| MR(m}-A 1.1
Exchange MR and A XMRA m 101 1 1 1 mamzmimo| MR{m)«-A 11

Table 24, RAM Address Instruction

OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS W::);ls

Load W from Immediate Wi i 00111100400 VY 11
Load X from Immediate LX) 1000103201100 i— X 1.1
Load Y from Immediate Lyl i 100001 i312ivio i—Y 11
Load X from A LXA 0011101000 A—X 1.1
Load Y from A LYA 0011011000 A—Y 1.1
Increment Y Y 0001011100 Y+ 1Y NZ 11
Decrement Y DY 0011011111 Y-1-sY NB 1.1
AddAtoY AYY 0001010100 Y+A-Y OVF 1.1
Subtract A from Y sYy 0011010100 YoAY NB | 11

Exchange X and SPX XSPX 0000000001 X«+8PX 1 T
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 25. RAM Register Instruction

382

WORD,
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS /
. CvCLE
Load A from Memory LAM(XY) [00100100y x M--A, (585%) 1.1
0110010000 2
Load A from Memory LAMD 4 da do d ds s de 03 dz 0 do M-A 2,72
Load B from Memory LBM(XY) [00010000y x M—B, (X% 1,1
Load Memory from A LMA(XY) 00100101yx A--M, (6,.::5) 1,1
0110010100 .
Load Memory from A LMAD d do dady de ds da 0 dz dr do A-sM 22
Load Memory from A, Increment Y LMAIY(X) 000101000 x [A-+MY + 1-2YiX:- .5PX) NZ 11
Load Memory from A, Decrement Y LMADY(X} {001101000x [A-MY-1-Yix..58x) NB 1,71
Exchange Memory and A XMA(XY) 00100000y x M--A, (5:13::) 1.1
Exch; d XMAD d |[0110000000 M.-A >
xchange Memory and A do dg 0 ds 05 da d3 d2d1 do 272
Exchange Memory and B XMB(XY) 100110000y x M--B, (3:30%) 1.1
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Note} (XY) 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.)

a

MNEMONIC |y | x FUNCTION
LAM 4] [0}
LAMX 0|1 X SPX
LAMY T | o Y oSPY
LAMXY 1 1 X <SPX, Y <SPY
{2) The instructions with (%) have 2 mnemonics and 2 object codes for each. {(example of LMAIY {X) is given below.}
MNEMONIC x FUNCTION
LMAIY 0
LMAIYX 1 X =S5PX
Table 26. Arithmetic Instruction
OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS Wc:z:g
Add Immediate to A At i 1 000l3|zn|o A+1-A OVF 171
IncrementB | B 1ooo1001100| B+1-B NZ 1.1
Decrement B DB 0011001111 B-1-8 NB | 11
Decimal Adjust for Addition DAA 0010100110 11
Decimal Adjust for Subtraction DAS ooi1ot1o1010 | 11
Negate A ’0001100000 A+1-A 11
010 1
Rotate Right A o R R

Rotate Left A with Carry

Set Carry

Reset C arry

Test Carry

Add Ato Memory

Add A to Memory

Add A to Memory with Carry

Add A (o Memory with Carry

Subtra‘c!‘Aulrum‘ M’emory with Carry

Sublract A from Memorv wnh Carrv

OR A and B

AND Memory with A

AND Méhorv wnh A

OR M

OR Memory wnh A

EOR Mremovy Wlth A

ry thh A

dgdad7dsd dedadyd

y 101100111 _09" A
Q

0000001100

18432924499

0000011100

EOR Memory with A

01000711700
EQ,RMD d dgds d7ds ds da dad2 di do
@ HITACHI

ROTL 0010100001 |
“I'sec foor11101111] 1-.cA
REC  [060T111011 50 0 -CA o
¢ Jooorio1111 T ca
" ]"AM T |0000001000 | M+A-A OVF
amp o 19100994938 | Mra.a | ovF
1 AMC 10000011000 MISLCARA | ovr
AmcD d (0100988298 ) “0eSxr | ovF
smc 0010011000
7%"99 d dsdamg 85646:8930 |
OR 0101000100
T T'anm "Toot1oo011100
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Table 27. Compare Instruction

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS AE
Immediate Not Equal to Memory INEM i 0000 10izizitio i #M NZ 11
Immediate Not Equal to Memory INEMD i.d gséaggsésgni ji&i&i& Y NZ 2,2
A Not Equal to Memory ANEM 0000000100 A+M NZ 11
A Not Equal to Memory ANEMD d 395.3&&9‘?3319‘90 A+M NZ 2,2
B Not Equai to Memory BNEM 0001000100 B#M NZ 1.1
Y Not Equatl to Immediate YNE! i 00011 1iziz2hio Y3 NZ 11
Immediate Less or Equal to Memory ILEM i 00001 1iziz2i1io isM NB 11
Immediate Less or Equal to Memory ILEMD id dogg.ggs ;s ;‘i :i z'd“}fo isM NB 272
A Less or Equal to Memory ALEM 0000010100 A=M NB 11
A Less or Equal to Memory ALEMD d &;.g,gsgs 19489 A<M NB 2.2
B Less or Equal to Memory BLEM 0011000100 B=M NB 1.1
A Less or Equal to immediate ALEl i 10101 tigizhio A< i NB 1.1
Table 28. RAM Bit Manipulation Instruction
WORI
OPERATION MNEMONIC | OPERATION CODE FUNCTION |STATUS %LE
Set Memory Bit SEM n 00100001 ning 1—=M(n) 11
Set Memory Bit SEMD nd [0 110000 L 1-Min) 2,2
Reset Memory Bit REM n 00100010nmne 0—M(n} 1.1
Reset Memory Bit REMD nd | Q1100010000 0—Min) 2,2
Test Memory Bit TM n 00100011 mno M(n) 11
Test Memory Bit ™MD nd Q11990011 ane M) [ 2/2
Table 29. ROM Address Instruction
[WOR
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS &LE
Branch on Status 1 BR b 1 1 bsbebsbabababibo 1 11
Long Branch on Status 1 BRL u “502736;5 ]h‘;;‘;;‘;“‘;g 1 2,2
Long Jump Unconditionally JMPL u [ Q19101 Babalio 2,2
Subroutine Jump on Status 1 CAL a 0111 asasazazaiao 1 1,72
Long Subroutine Jump on Status 1 CALL u 9, ;’97 AE Jsgg:gfg“ﬂ: 1 2,2
Tabie Branch TBR p (001011 papapipo 11
Return from Subroutine RTN 0000010000 13
Return from Interrupt RTNI 0000010001 |cp g!?sllTsoﬁe 13
Table 30. Input/Output Instruction
. WORD
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS /
YCLE
Set Discrete 1/0 Latch SED 0011100100 1-D(Y) 11
Set Discrete I/0 Latch Direct SEDD m |1 0 1 1 1 0 mymmmmg 1—-D(m} 11
Reset Discrete |/0 Latch RED 0001100100 0—-D(Y) 11
Reset Discrete 1/0 Latch Direct REDD m |1 0 0 1 t O mamymmo 0-—~D{m) 1.1
Test Discrete 1/0 Latch TD 0011100000 D{Y) 1.1
Test Discrete I/0 Latch Direct TDD m 1010 1 0 mamammo D(m} 11
Load A from R-Port Register LAR m 1001 0 1 mammmp R{m)—A 11
toad B from R-Port Register LBR m 1001 00 mamamme R{m)—B 11
Load R-Port Register from A LRA m {10110 1 mamzmimeo A—R{m) 11
Load R-Port Register from B LRB m 10 1 0 O mamamimeg B—R(m} 1
Pattern Generation P p 011011 papapipo 1/2
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HD614P080S/HD614P0160S

Table 31. Contro! Instruction

Lz
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS y
CYCLE
No Operation NOP 0000000000 1.1
Start Serial STs 0101001000 11
Stand-by Mode sBy 0101001100 11
Stop Mode STOP 0101001101 11

Table 32. Op-Code Map

RS o 1
molno]1]2][3]4[s]6]7[8][9]a]e]c[o]E[Flo]1]2][3[a]s]6][7][8]s[Aa[B8]c]o]EF]

O [noPpsexxsPYpSh AN AM ORM

1 RTRATN [ AMC| 0|

2 INEM )

3 LEM @) -

4| LBMIXY) [eNeM L48] B

5 [Lmarvix) Ay s 2

6 e —__—|Ae0 I3
ol ? YNEI W4)

8| xMAXY) | SEMn2 | REM ni2) | TM ni2)

o] tamoxy T imaxy) fsme __— jad __—

A Jrongon [ Jow]_—" Jows[ ]

) TBR P4}

C| xmBixM) [uew LBA D8

D [LMADYIX sYY tYA oY caL .

E[to]_— [s®0 L REC SEC

F LW i(2)

) LB i(4)

1 L) 4)

2 LXi (4

3 LAl W8

a LBR mia)

B LAR m(a)

6 REDD m(4)

7 LAMR mid)

. 8R b8l

1 [8 Al «4)

9 LMY w4)

A 0D mia) -

e ALEI W)

3 LRB mia)

[} LRA mid)

3 SEDD mid)

F XMRA mid) -

... 1 word/2 cycle ... 1 word/3 cycle r:J RAM Divect Address r | 2 word/2 cycle
. Instruction - Instruction - tnstruction ~ 7 tnstruction
{2 word/2 cycle}
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HD614P080S/HD614P0160S

a PRECAUTION TO USE THE EPROM ON-PACKAGE
4 BIT SINGLE CHIP MICROCOMPUTER
Please pay attention to the followings, since this MCU has

special structure with pin socket on the package.

(1) Don’t apply high static voltage or surge voltage over MAX-

IMUM
pins.

RATINGS

to the socket pins as well as the LSI

If not, that may cause permanent damage to the device,

@

When using this in production like mask ROM type single

chip microcomputer, pay attention to the followings to
keep the good contact between the EPROM pins and socket

pins.

(a) When soldering the LSI on a print circuit board, the
recommended condition is

Temperature: lower than 250°C
: within 10 sec.
Over time/temperature may cause the bonding solder
of socket pin to melt and the socket pin may drop.

Time

()

Note that the detergent or coating will not get in

the socket during flux washing or board coating
after soldering, because that may cause bad effect on
socket contact.

©

dition of vibratory place and system.

(d)

Avoid permanent application of this under the con-

The socket, inserted and pulled repeatedly loses its

contactability. It is recommended to use new one when

applied in production.

Table 33 Differences among HD614P080S/HD614P0160S and HMCS402/404/408

Tvpe name HD614P08B0S HD614P0160S [HMCS404AC| HMCSA04C [HMCS404CL | HMCS402AC| HMCS402C | HMCS402CL| HMCS408C
ltem
Minimum instruction
execution time 133 us 1.33 us 1.33 us 2 us 4 us 1.33 us 2 us 4 us 2us
Power supply voltage 45 ~ 58V 4.5 ~ 5.5V 45~6V{ 4~6V 27~6V| 45~6V| 4~6V 2.7 ~ 8V 4~ 6V
04096 words x  |16384 words x
10 bits 10 bits 8192 words
AOM (using standard |{using standard 4,096 words x 10 bits 2,048 words x 10 bits x 10 bits
EPROM 2764) |EPROM 27256) Mask Mask ROM Mask ROM
08192 words x
10 bits (using
standard
EPROM 27128)
RAM 576 digits x 4 bits 256 digits x 4 bits 160 digits x 4 bits 512 diatts
Standard pins| All pins are ““without pull-up MOS |Each pin selects **without pull-up MOS {NMOS open drain)”, “‘with pull-up MOS",
1/0 pin {NMOS open drain)’’. or “CMOS”.
circuit
High Voltage | All pins are “‘without pull-down Each pin selects *'without pull-down MOS (PMOS open drain)* or “with pull-down
pins MOS (PMOS open drain)."” MOS.”
clock | s Available Availsble | Available | Available | Availabl jlable | A Avsilabl
generator -
?:s:r"';':;:'ker Availabte Availabl Availab Availabl Available tabl Availabl Availabl
ss?iﬁ;:gfe - - Available - - Available - -
Shrink type 64-pin EPROM on
package (DC-64SP).
The base chip pins are compatible Shrink type 64-pin dual-in-line plastic package (DP-64S) or 64-pin
Package with those of the HMCS404 fiat plastic package (FP-64).
AC/C/CL, HMCS402AC/C/CL and
HMCS408C
Type DC-64sP DP-64S FP-64
anea o) 23x57.3 17x57.6 19.6 x 25.6
High from 7.5 (max.)
stand-off EPROM on package 5.1 {max.) 2.9 (max.)

386
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