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| CMOS LS|
LC66354A, LC66356A, LC66358A

4-bit Microcontrollers with Built-in ROM -

OVERVIEW

The LC66354A, LC66356A and LC66358A are 4-bit . i :
microcontrollers with built-in 4, 6 and § Kbyte ROMs, measurement arid~ rectaggy
respectively. They incorporate RAM, input/output ports, 8- blt timer f@“r ilmeout fif
a serial interface, a comparator and timers in a single ;
chip.

The LC66354A, LC66356A and LC66358A feature a
large instruction set compatible with that of the
LC66000 series devices. They are functionally identical
to the LC66306A, LC66308A, LC66E308 and
LC66P308, but have a different supply voltage range
and hold-mode release time.

The LC66354A, LC66356A and LC60358A operate,
from a 5 V supply and are available in 42-pin DIPs ané
48-pin QIPs.

FEATURES

* 4, 6 or 8 Kbyte ROM and 5)2-word, 4,&1 RA
Instruction set compatible with the LC665XX eries
8-bit serial interface which supports/16
connection
1.96 ps minimum cycle time at 3.0°t6 5.5 Vi
Us, at 2.2 to 5.5 V

v Sﬂmﬁly
PIP and 48-pin QIP

SANYQO Electric Co.,Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg.,1-10,1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN

11894 JN A8-8427/1082JN No.3928-1/24



LC66354A, LC66356A, LC66358A

" PIN ASSIGNMENT

poo [1]
o [2]
Po2 E
P03 E
P10 E

o

(2l
0

TRAB/PE1
TRA/PED
vDD
CMP3/PD3
CMP2/PD2

PACKAGE DIMENSIONS

3025B-DIP42S

Unit: mm

42

<]
o]
<]
B
]
P11 E _3_7_—| CMP1FDT
Pz | 7 E CMPO/PDO
P13 | 8 E VREF1/PC3
sioiPz20 | 9 EI VREFGIPG2
S00/P21 E LCB6354A E‘ PIN1/P&3
Scroeez [11| LC6635BA 2] Sckipe:
INTO/P22 E LCBE3SBA E SO1/P61
INT1/P30 E E] S11/P60
POUTO/P31 E E iNT2Z/Psa
POUT1/P32 E E P52
HOLD/P33 IE 2__7| P51
P40 E g P50
P41 E E P42
TEST E E Pa2
vSS I_z_; El RES
08C1 E EI
=208
33ESERS
AAARAARAE

CMP2/PD2
CMPJPD2

vDD
TRA/PED
TABPE1

O

—

1.0

WHEEHHERE

—n

3¢ maxl_
08

15.6

Note

Reflow soldering is recommended for QIP packages.
Please consult your local representative for further infor-

mation.
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LC66354A, L.C66356A, LC66358A

BLOCK DIAGRAM

512-word
RES T—» RAM :lick_ |
|_Flag
TEST T—» E
System
0osci T"'""'"""" cgnlrol
05C2 Me——— ALY
I E|lDD[DD
TN — &P QEE ;5 E|aA
S— L i
TRAPE1 - | Prascaler l— —d MulliplexerH Tirmer O
-
CMPO/PDO !_—D_’_ Multiplexer
CMP1PD1 iy
CMP2/PD2 m—H PD (i> T, W2
CMPI/PD3 » N
1 ~
| = T S : . so
trol T
VREFU/PC2 W contro! 5K
l FC @ »l PINY, POUT
VREF1/PCI m :
L

PO

PS5 PG

oo

POO PO1 PC2 POIPIO P11 P12 P13,

PIN DESCRIPTION

oo

Number

DIP425 QIP48E

Description

4-bit inputioutput port PO {POC to PO3)

4-bit inputioutput port P1 (P10 to P13)

SloP2e

Soup21 Mutiplexed 4-bit inputioutput port P2 (P20 to P23}, serial input 0 (S10),
SCROIP22 serial output G (SOQ), serial ¢lock 0 (SCKC) and interrupt request 0 (INTQ)
INTO/P23

13 9 INT1/P30

14 10 POUTHPI Multiplexed 4-bit inputioutput port P3 (P30 to P33), interrupt request 1

(INT1), timer outputs (POUTO and POUT1) and hold-mode control input
15 1 POUT1/P32 (HOLD)
16 12 HOLD/P33
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LC66354A, LC66356A, LLC66358A

Number
Name Description
DIP42S QIP48E

17 13 P40
1] 14 P41

4-bit inputioutput porl P4 (P40 1o P43)
24 22 P42
25 23 P43
19 15 TEST CPU test input
20 16 vG8Ss Ground
21 17 0SC1 ]

- External oscillator conng
22 20 0sc2 7
23 21 RES Reset input
26 24 P50
7 25 Pst Multiptexed 4-bit i 'P53) and interrupt request 2
29 2% P52 {INT
29 27 INT2/P53
30 28 SI/PE0
3 29 SO1/Pe1
2 )| SCK1/P62
3 2  PINIRES
34 3 VRERGRC? , :
7 slenice vol;agg?ﬁ‘mput (VREFC) and comparators 1, 2 and 3 reference

35 34 VAEFI/PCA itage inpul’ (VREF1)
36 35
3 36 Muhliexed 4-bit input port PD (PDO to PD3) and comparator inputs (CMPO
39 L]
40 5 V supply
4 Multiplexed 2-bit input port PE (PED to PE1} and temnary inputs (TRA and

TRE)

No connection

Symbol Rating Unit
Supply vollage ?’r’a ge Voo -03 to 7.0 v
Ports P2 10 P6 (excluding=P33) inpul voltage range. Ses Vi 03 to 150 v
note 1.
Input voltage range for all inputs. See note 2. Vi -0.3 to Vpp + 0.3 v
rl?gtr;s ‘P2 to P6 (excluding P33) oulput votage range. See Vor ~03 10 15.0 v

No. 3928---4/24



LC66354A, LC66356A,

LCG6358A

Parameter Symbol Rating Unlt
Qutput voltage range for all outpuls. See note 2. Vo2 —0.3 to Vpp + 03 v
Pors PO, P1, P4 and P5 output source current —lopi 2 mA
Ports P2, P3 (excluding P33), P& and PC oulput source —lop2
current
Ports PO to P§ {excluding P33) and PC output sink o
current
Ports PO fo P3 {excluding P33), P40 and P41 fotal sink Tlows
current
Ports P42, P43, P5, P& and PC tolal sink current Elonz mA
Eg;riepgu:; nIl°3 {excluding P33), P4C and P41 total . mA
Ports P42, P43, P5, P6 and PC total source current —Zlgpz mA
Power dissipation (DIP425) Po1 mw
Power dissipation (QIP4BE) Ppz mw
Operating temperature range °C
Storage temperalure range °C
Notes
1. Open-drain output configuration option
2. All output configuration options
Recommended Operating Conditio
T.=25°'C, Vs =0 V
Parameter Rating Unit
Supply voltage 5 v
Supply voltage range for 1.96 < teye 3010 55
2210 55 !
18 to 55 v
= —30s10 70 °C unless otherwise noted
Rating
Condition Unit
min typ max
\2{DEAH=Z ;gre:::ms .ée%onator, _ 15 40
= 300 85V - 15 40 ™
1 MHz ceramic resonator - 1.0 4.0
\2;0::sz ;gralr:lcs | ges{?natar, _ 08 15
Halt-mode supply current IpowT 2 MHz extemal ¢lock, _ 08 15 mA
Vop =30t 55V
1 MHz ceramic resonator - 0.5 1.5
Hold-mode supply current IooHE Voo = 18t 55V - 0.01 10.0 pA
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LC66354A, LC66356A, LC66358A

Rating
Parameter Symbol Condition Unit
min typ max

Ports P2, P3 (excluding P33), P5 .
and P, FIES and OSC1 LOW-level Vi Qutut frcharhel transistr
input voltage : '
HOLDYP33 LOW-leve! input voltagje Vi Vop = 1810 55 V
Ports PO, P1, P4, PC, PD and PE, v Output n-channel transistor
and TEST LOW-level input voliage L OFF. Ses note 1.

. ‘ Temary input levels,
Port PE LOW-level input voltage Vi Voo = 27 10 5.5 V

! i Temary input levels,
Port PE MID-level input votage Vim Voo = 27 to 55 V
Ports P2 1o P6 (excluding P33) V QOutpul n-channel transistor
HIGH-level input voliage o OFF. See notes 1 and 2.
HOLD/P33, RES and 0SC1 Vina Output n-ghannel transisf

HIGH-lave! input voltage

QFF. See note 2.

Ports PO, P1, PC, PD and PE
HIGH-leve! input voliage

Vina

Port PE LOW-level input vollage

Vikg

Pords PO to P& (excluding P33) and
PC LOW-level outpul vollage

Vo.

- 1.5
Ports P2, P3 (excluding P33), P& v
and PC HIGH-level output voltage Voo - 1.0 - -
Vop ~ 0.5 - -
Voo - 1.0 - -
A m = -30 pa,
Posts PO, P1, P4 ang S =300 55 Y Voo - 05 - - v
output voltage ee note &
lgn = -30 pA. _ _ _
See nole 4. Voo - 1.0
lon = —20 pA. _ _ _
See nole 4. Voo - 05
Vop =27 10 55V 1.5 - Voo v
Vpp = 27 to 55 V Vss - Vpp - 1.5 Y
Vi=VsstoVpp— 15V, _
voltage Vost Vpp = 27 10 5.5 V 50 300 my
Vi =15V to Voo
Port PO0O comparator offset voltage Vosa Voo = 27 10 55 V 50 300 mV
Ports P2, P3, P5 and P6, and RES
and OSC1 Schmitt-irigger LOW-level Vie 0.2Voo - 0.5Von v

threshold voltage
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LC66354A, LC66356A, LC66358A

Rating
Parameter Symbol Condition Unit
min typ max
Ports P2, P3, PS5, and P8, and RES
and OSCi Schmitl-trigger HIGH-level Viu 0.5Voe
threshold voltage
Ports P2, P3, P5 and PG, AES and
0SC1 Schmiti-trigger hysteresis Vivs
voltage
Ports PC, PD and PE LOW-leve! ! Vi = Vss, output nchannel
input current It transistor OFF. See note 2.
LOW-level inpul current for all other | Vi = Vgs, oulpul n-channel
inputs 2 Iransistor OFF. See note 2,
) V) = 13.5 V, output
Ports P2 [0. P8 {excluding P33) I n-channel transistor OFF. pA
HIGH-level input current See notes 1 and 2
Poris PO, P1 and P33, and RES and | x‘a nzis\{gr"'o"F”F‘p”‘ n-chapng A
©SC1 HIGH-level input current e See noles 1 and 2 H
Poris PC, PD and PE HIGH-level
Input current I 10 WA
Ports P2 to P8 oulput leakage
current lorrs 50 HA
Ports PG, P1 and PC outpul leakage
current lorr2 L0 nA
Poris PO, P1, P4 and P5 output _ mA
current with pull-up option
Ceramic resonator input frequency MHz
Ceramic resonator inpul stabitizati 10 ms
time
1 MHz resonator - - 10
g6 = 3010 55 v 04 - 2.03
0OSC1 extermal clock iny 3 MHz
0.4 - 1.02

input ports,
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LC66354A, LC66356A, LC66358A

Timing Characteristics

Serial input/output timing

5CK0, Vin1, VoH1 — g_gvno(input).\ i

SCK1 M Voo™

ViH1 —

S0, 81 ViLs—

VoH1 —

800, 01 VoL —

Vop =22 10 5.5V, Vss =0V, T. = =30 to 70 °C

tekm
oKL

0.4Vpp(output)

11cK

Parameter Symbol
Instruction cycle time teve
392
SCKO and SCK1 seria! clock inpul "~
cycle time -
us
SCKC and SCK?% serial clock output 2t _
cycle tima cve
SCKG and SCK1 serial clock input 08 -
putsewidth 19 _
. us
SCKO and SCK1 seral clock outpt tove _
pulsewidth <Y
SCKO and SCK1 _ 04 s
fise time ' 2
SCKQ and SCK1
fall time - 01 Hs
0.6 - Us
0.6 - us
Vop =30t 55V - 0.6
HS
- 0.9

as shown in the following figure,

Voo

) 1 kO
Test point
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LC66354A, LC66356A, LCE66358A

External clock timing

extH

Vop = 221055V, Viug=0V, T, =-30to 70 °C

Parameter Symbol Condition Unit
0SC1 external clock LOW-level input t Voo = s
pulsewidth ol
08C1 external clock HIGH-level inpul rs
pulsewidth
OSC1 extemal clock input rise time ns
0OSC1 external clock input faff time - - 0 ns
Interrupt and reset timing
tioL, b tein. ERSL
Vop=221t0 55V, f
Rating
Symbol Unit
min typ max
tioL 2lcye - - ps
Yo 2eve - - us
tiL 2leve - - us
tiH 2leve - - us
temL Zeve - - us
1o 2icye - - us
RES LOW-level inﬁut‘" st traL teve - - 1£5
RES HIGH-level Input putsewigth tasH teve - - us
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LC66354A, LCB6356A, L.C66358A

Comparator output timing

Vop =27 t0 55V, Vs =0V, T, ==-301t0 70 'C

Gomparator
output data

VorF

Vorr

Parameter

Symbol Condition Unit

Port PD comparator response time

Tng Vop = 271055 V ms

INPUT AND OUTPUT FUNCTIONS

The LC66354A, LC66356A and LC66358A have many
multiplexed pins whose function is controlled by soft
ware. The function of each pin is described in tabl

Table 1. Pin functions

Name Egﬁgfon

P00

Po1 -dreﬁﬁed as gﬁgér a 4-bit port or four, single-tit porls. They also have
el after séset is sel by user option.

P02 ‘

Pe3

P10

P11

P2

dressed as either @ 4-bit pont or four, single-bit ports. Level after reset is

_ 3 can be addressed as either a 4-bit port or four, single-bil ports, Pod P20 also
;-’% serial data input, P21 as a serial data output, P22 as a serial data clock and P23 as an
interrup!’ request, pulsewidth measurement and event counter input using limer Q. HIGH-level alter reset

P s P30 1o P32 can be addressed as either a 3-bil port, a 4-bit port with P33 or three, single-bit
“parts. Port P30 also functions as an interrupl request input, P31 as a square-wave oulpu! from timer 0,

and P32 as a square-wave output and a PWM output from timer 1. HIGH-level after reset

Port P33 can be addressed as either a 4-bit port with P30 to P32 or a single-bit port. It functions as
the hold-mode control input when P33 is LOW and the HOLD instruction is execuled. The CPU restarts
when P33 goes HIGH again. Reset signals are ignored whenever HOLD/P33 is LOW, including when not
in hold mode.

P40

P41

P42

P43

Ports P40 to P43 can be addressed as either a 4-bit por, four, single-bit ports or an 8-bit port wilh
P50 1o P53, HIGH-level after reset
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LC66354A, LC66356A, LC66358A

Table 1. Pin functions—continued

Name } Function

pso

PS5

Ports P50 to P53 can be acdressed as either a 4-bit port, four, single-bj n&‘or“m 8-bit pon with

P40 1o P43. Port P53 also functions as an Interrupt request input. HIGH-

P52

INT2/P53

SI/PeED

SO1/P61 Ports P60 to P63 can be addressed as either a 4-bit porl,
fungtions as a serial data input, P61 as a serial data outp
SCK1/P62 the timer 1 event counter inpul. KIGH-level after reset s #

PIN1/P63

VREFO/PC2 Ports PC2 and PC3 can be acdressed as either o
1unci|on5 as the reference voltage input for comp'hrator 0,

VREF1/PC3

CMPO/PDO

CMP1/PD1

CMP2/PD2

CMP3/PD3

TRA/PED

TRB/PE1

0sC1
0sC2

onator connections. When an external clock is

RES H, the CPU Is resel.

TEST

USER OPTIONS

Oscillator Options

¢ 0SsC1
It =
J’ Ceramic l ?
rosonalorT
it L
c2 osc2

Figure 2. Ceramic resonator opticn
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LC66354A, LC66356A, LCG6358A

Output Options

There are two user options for the output configuration (e Ouutden
of each port—n-channel open drain and p-channel,
active pull-up as shown in figures 3and 4, respectively.
Ports P2, P3, P5 and P6 have Schmitt-trigger inputs in
both output configurations.

Cutput data

Input data

DSE
Figure 3. N-channel open-drain option

The p-channel pull-up option for all ports is identical.
However, the ports are classified as pull-up or CMOS
according to the drive capability of the p-channel tran-
sistor. Ports PO, P1, P4 and P35 are classified as pull-up,
and ports P2, P3, P6 and PC, as CMOS.

SPECIFYING OPTIONS

inf¢ mation,\.’:s}mwn in table 2. Refer to the LC6GS Jump
i ptimizing €ross Assembler Manual for setting infor-

grams. and addresses 2000H to 2007H, fo ' &
specification. The option specification is codec

Table 2. User options

Option
Address Data it
0 1
Do No Yes
D1 LOW HIGH
D2 LOW HIGH
Set to 0

RC oscillator or extemnal .
Ceramic resonator

clock
Setw 0

Open-drain Pull-up
Pof P10 output configuration
“pg ' F'Port P11 output conliguration

= Open-drain Pull-up
D6 Port P12 output configuration
D7 Port P13 output configuration
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LC66354A, LC66356A, LC66358A

Table 2. User options—continued

Option
Address Data bit Parameter
0o Port P20 output configuration
D1 Port P21 output conhgu'ralion
D2 Port P22 output configuration
D3 Port P23 output configuration
2002H
D4 Port P30 output configuration
D5 Port P31 output cenfiguration
D6 Port P32 output configuration
D7 No function
Do Port P40 output configuration
D1 Port P41 output configuration
Pull-up
D2 Port P42 outpul configuration
D3 Port P43 output conliguration
2003H
D4 Porl P50 output configuration
D5 Port P51 output configuration
Pull-up
D6 Port P52 output contiguration
D7 Port P53 output
Do Port P60 output
D1 Por
Open-drain CMOS
2004H D2 Port
03
D4 to D7 Set to O
2005H DO to D7 Setto O
2006H Lo to D7 Set o 0
- Do, D1 Set o O
Open-drain CMOS
Setto O

and w,
Sany

No. 392813724



LC66354A, LCE6356A, LC66358A

APPLICATION NOTES

Reference Clock

The external circuit for a ceramic resonator is shown in
figure 5, and the corresponding recommended resonator
and component values, in table 3. The oscillator stabili-
zation characteristics are shown in figure 6.

0sC1 QsC2

R,
M
0

Coramic resonator

Cr= f cz
”r #r

Figure 5. Ceramic resonator

Table 3. Recommended ceramic resonators

Ceramic resonator R c1
2 MHz Murala CSA-2.00MG o | B
2 MHz Kyocera KBR-2.0MS 00 4:710‘3/': ELEE 5 OT’ oStz
1 MHz Murata CSB1000J 2';'5:;0 Extoraal OPEN

clock

1 MHz Kyocera KBR1000H 0Q

Figure 7. Extemal clock connection

DEVELOPMENT TOOLS:

ment process—the EVAS800/850 debugger, the
EVAS800/850-TB6630X evaluation chip board, the
LC66599 evaluation chip, and the LC66E308 EPROM
or LC66P308 PROM, shown in figure 8.

Hast control program
cross assembler

EVAB50/800 debugger 08- ot MS-DOS-based
personal compuler

Target system

Figure 8. Development tools
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LC66354A, LC66356A, LC66358A

Program Debugger

The EVA800/850 communicates with an external host
computer using a standard serial interface. It performs
basic debugging functions, including breakpoints,
single-stepping and tracing under MPM6630X debug
monitor software control. Tt also includes an EPROM
programmer.

Table 4. Jumper settings

Evaluation System

The evaluation chip board, which holds the LC66599
evaluation chip, has a 42-pin connector which plugs
directly into the socket of a targetwsystem Jumpers and
switches configure the initial dcvrﬁc options and states
as shown in tables 4and 5. "

Jumper 1

Jumper 2

Oscillator

Reset method

EXT Extemal clock

INT {a)
RC RC osciliator

Resel on @ RUN command fro
the host computer :

: power,, Aram the evaluation
chipboard putpit

CF Ceramic filter resonator EXT (b

circuit

Resel by the target sysié

Separatﬂ evaluatlon chip and target
*| system Slpplies

Table 5. Switches 9 to 11

Switch 11

Switch 9

Port 0 output level on reset

Fort 1 outnui'ﬁ_flé‘vel on:res

Watchdog timer enable

ON | All outputs HIGH ON

Watchdog timer enabled

OFF | All outpuls LOW OFF

Al outputs HIGH

Watchdog timer disabled

Cross assembler

Bank Instructions supported

580

LC665.EXE

580,581

SBO, SB1, SBZ, SB3

Simulation _Ghi

time and electrical éf)emﬁmnons of the LC66E308 differ

from those of the LC66354A, LC66356A and
LC66358A.

The LC66E308, shown in figure 9, can be configured to
match the target device by programming certain
EPROM locations. These locations set the reset level of
ports 0 and 1, the watchdog timer enable and the port
output types. Refer to the LC66ES16 datasheet for fur-
ther operating information.
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LC66354A, LC66356A, LC66358A

Do/Po0 E
D1/P0Y E}
D2/P02 E
- D3/P03 E
DarP10 E
Ds/P11 E
Ds/P12 E
D7/P13 E
AD/SIOIP20 E

A1S00/F21 |10
A2/SCKo/P22 E
A3MINTO/P23 E
A4INTIP30 {13
AS/POUTORAY |14
AB/POUT1P32 |15
HOLD#®33 |16
AziPag E
AsiPat |18
VPP/TEST E
vss E

05C1 E

LCEGE308

E THB/PEVOE
41| TAAPENCE

E vDD

E CMP3/PDI/PGM
3__a] CMP2/PD2
a7| cMP1/PDY
3_5_| CMPO/PDO
_3_i| VREF1/PC3
E VREFO/PC2
EI DASEC/PIN1/PE3

El SCK1/P62
_3_1_I SO1/P61
E ShPs0
20| INT2/Psa
E A13/P52
E] A12/P51
g A11/P50
El A10/P43
z__4| Ag/P42
|20] ES
2__2| osG2

Figure 9. LCG6E308 pinout

Table 8. |.C66 series devices

Series Comparison

A comparison of the LC6630X series characteristics
with those of the LC6635X series is shown in table 7.

Table 7. Device ¢comparison

Parameter

LCE60X Serfes

:(6535X series

Hold-mode release
hardware delay

65,536 cytles
(approwimately
wih g 4 M

6,384 cycles,

(approximately 32.ms

Timer 0 contents
after resel

period

Operating stipply
voltage and:clock

- breakdt

2 to 55 V for
.92 1o 10 ms,
3.0 to 85 V for
1.96 to 10 ps

o i
iito the LC66308A, LC66E308 and LCO6P308
utput drive current and comparator

kdown of the LC66 series devices,
cludeg the LC6630X series, is shown in table 8.

which

Device Ping Package type Type

LC66304A/306A/308A 4 DIP425 and QIP4GE
Normal type
LCB6404A/A0BA/409A DPa2S and QiPagE | LTS
LC66506R/508B/5125/516B DIPB4S and QIPGEA
LC66354A/356A/3584 DIP42S and QIP4BE
- Low-vollage type
LC663545/356513585 512 words QIP44M 2t b Vo2 s
LCBBSSEA/S5BA/562A1566, 512 words DIP64S and QIPGAE
LCB6354B/3568/3508 - 512 words DIP425 and QIP4SE
Py Low voltage, hign-speed type
LCBgs56Bl5508” 512 words DIP64S anc QiPeaE | oo 10505, O
LCE65628/5668 512 words DIPG4S and QIPGAE
LOG6E08" 512 words DIC42S and QIC48
LC86P0g 512 words DIP42S ang QIP4E
LCEEEATR:, 8 Koyle EPROM 512 words DIC42S and QIC48 | Evaluation ROMs and EPROMs
with window

LC66P408 8 Kbyle PROM 512 words DIP42S and QIP4BE | 45 to 5.5 VI092 yis
LCBGES16 16 Kbyte EPROM 512 words DIC64S and QICH4
LCB6P516 64 16 Kbyte PROM 512 words DIPB4S and QIPBIE

* Under development
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LC66354A, LC66356A, LCE6358A

INSTRUCTION SET

The following abbreviations are used in the instruction set table.

AC Accumulator ' PCh

E E register PCm

CF Carry flag : PCl

ZF Zero flag Fn

HL Data pointer DPy and DPL TIMERO

XY Data pointer DPx and DPy TIMER1

M Data memory SI0

M (HL) Data memory pointed to by DPuy P

M (XY) Data memory pointed to by DPxy P (i4)

M2 (HL) Two-word location of data memory at INT
even address pointed to by DPy ), []

Sp Stack pointer —
M2 (SP) Two-word location of data memory @
pointed to by SP :
M4 (§P) Four-word location of data memory
pointed to by SP

Bits 8 to 11 of the program counter
Bits 4 to 7 of thé’ rogram counter
Bits 0 to 3 of fhé “progmm counter

in n-bit immediate data
t2 Bit specifier
t2 Bit
00 0
1] 1
10 2
1" 3
Insiruction cod
. . A Stalus
Mnemonic Oporation Description Tlags
Accumutator instructions
Cloars the contents of the accumulator. Vartical
CLA Claar AC skip hnction availabla Z
DAA Decimal adjust AC atier additon (AC) + & Adds 6 to the contents of the accumulator IF
! equivalan! to AD! 6}
Decimal adjust AC atler AC — [AC) + 10
DAS sublraction (equivalent o ADI OH) Adds 10 lo the contents of the accumulator ZF
QL Clear CF CF <0 Clears the carry fiag CF
STC Set CF t CF «~ 1 Sets the carry flag CF
et Takes the 1s complemant of the contents o
CMA Complemant AC . 1 AC « (AC) the aceumulalor 2F
1 AC « (AC) + 1 Incraments the contents ol the acgumulator by 1 | ZF, CF
. AC — [AD) - 1 Bysc:amenls the conlents of the accumulator ® oF
AC3 « (CF), . .
! ACn e (ACH + 1), lsrmihm'ahaco;alre;ﬁ!g the accumulator right CF
CF « [ACQ)
ACg «— (CF), i
! ACh + 1 — (ACK), i:gfghmfn?:;:;'sn:g' the accumulatar lefl CF. IF
CF « (AC))
1 E e (AG) Copias the confenls of the accumulator into
ragister £
Copies the conlenfs of ragister E info the
! AC (B accumulator ZF
XAE Exchange AG with € alileloleli]|o]o 1 (A e (B) Exchanges the contenls of the accumulalor and

register £

No, 3928—17/24



LC66354A, LC66356A, LC66358A

Instruction code

| . - . Status
Mremenic Operation olololololololo Cycles Natation Description flags
T|e&[Sya]a2]1 0
Memory instructions
R .

" Inerement M oflofo| 1ol ilo] 1 |mHy e oy e incremenls ho o rgmory locabon HL | 70 op
oM Docrament M slott1|ojojoj1]o 1 M{HL) « [MHL)] -1 ZF, CF
. 1] ojo |11 |1 ' ) [
IMOR i8 Increment M direct 2l wlnlelnle 2 M(ig) « [M(i8)] + 1 v 2F, CF

. ) 111 ojofo]1 | ) . onlenis, &l the memory Jféalfbn
DMDA iB | Decremant M direcl s s lalslelnle H M(ig) — [MiiB)} - 1 ediate oa%. | 2F, CF
SMB 12 Sel M dala bil ojolojogt 11|t 1 [MIHLY, 2] « 1
AMB t2 Reset M data bit ortoflt ot ]t |n]t 1 {MHL), 2] ~ 0 & 2F
Arithmetic Insiructions
AD Add M w0 AC cjojojojoe 1 1 IF, CF
r;lﬁﬁls of the mamory localion
. ) 1 1 1100 specifiad” immadiale data 1o to 17 o the
ADCR [ Add M diract 1o AC | la{la]lz|h sontagts of the accumulator and stores the iF CF
Ip"the accumulator
i
“Adds \he conlenls of memory location HL to
ADC Add M lo AC with CF c]o e contents of the agcumulator with carry and ZF, CF
toras the resull in the accumulalor
o Adds immediate dala Ip lo 13 to the contenls of
ADI 4 Add immediate data 1o AC o lo the accumulalor and slores the resull in the ZF
aceumulalor
Sublracts the conlents of the accumulater fom
SUBC Subtract AC hom M with CF ol the conlenls of memary location HL wilh camy IF, GF
and sloras the rasult in Lhe accumulalor
Tokes the logical AND ol the conlents of the
ANDA AND M with AC Ihen store in olo accumulalor wilh the contenls of memory 27F
AC location HL and stores tha rasull in the
accumulator
Takes the logical OR of tha conlenls of the
OR M with AC then slora in ; accumulator wilh the conlenis of memory
ORA AC 0 AC « (AC) + (ML location HL and siores the resull in the Z
accumulator
Takes the fogical exclusive-OR of tha contents
Exclusive-OR M with AC th of the accumulator with the centents of memory
EX. stora in AC AC « (AC) & ML) localion HL and stores the resull in the *
accumulator
Takes the logical AND ol the contants of the
accumulalor with the contenls of memory
! MHL) - {AC) - [MIHL)] location HL and $ioras the result in the ¥
accumulalor
Takes tha logicai OR of tha conlenls ol the
accumulalor with the contenls of memory
! MHL] « [AC) + MIHLI location HL and stores tha rasull in memery ¥
location HL
Compares tha contents of the accumulator with
the contents o memory location HL and sets
the condition flags as shown balew
Comparisen CF 2F
1 MHLY - (AC) - ¢ 2F, CF
MIHLY - (A MHL) > (AS) 0 0
[MHL)] = (AC) 1 1
[MHL)] < (AC) 1 0
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Inslruction code

) . " . Status
Mngmonic Qperation D plololo Cycles Nolation Description fiags
H s({4)]3]2|t]¢0
Comparas the conlents of the accumulator with
immediate dala lg Ig;t‘sagnd sets tha condilion
flags s shown below
: Compara AC with immediate t ofo |t 111 —_— _
Cl s vl , tholmleln]o 2 3l lp-(AC) - 1 ZF, CF
i F &
¥ ‘ower nibple of
oLl i Compare DP with immediata 1 cloa 11 ] 2 ZF — 1 (DR = I3 f2 11 b iefale dala | toi'la. ZF
dala 1 il talkelnln IF — Ot (DR = Iyl b5 i
' ZF = 11 (AC, F wsMHL},
oME & Ei?mpare AC bit with M dala } g (11 (\) ; l| ‘; 2 Rl 2F 0 jﬁn,.;cﬁl . 2
! MHL. @ 5
Load and store instructions
ol memery location HL into
LAE Lead AC and E from M2{HL) ] oflt1t1i11]0]¢C and tha cenlents al memery
{ Incalion 1, inle register E
. o ' Loags” imimediate data Iy to '3 into Ihe
LAl ia Load AC with immediale dala 1 aloflallz| ] e agﬁ;m:ﬂamr. Vertical skip functon availabla ZF
Lodds the conterts of the memory location
LADR i8 Load AC kom M direct pecified by immediate dala Ip 1o 17 into the F
4 accumulalor
Storas the contenls ol the accumulator in
S Stora AC lo M memery location HL
Stores the contenls of the accumulator in
SAE Store AC and E to M2(HL) mamery location HL, and the contents of
register E, in memory location HL + 1
Loads the contents of the mamory location
spacified by tg inlo the ascumulaler
% Register 5]
LA reg Load AC from M(reg} [M(reg)] IF
HL ]
Xy 1
Loeds tha conlents of the mamory location
specified by to into the accumulator and
incremenls the lower nibble of the coresponding
memory location data pointer.
AC = [Mireg)]. Reglster to
LA reg, | :ﬁ:m’:‘n’t 'r’:’“ Mireg).h 2 | OPL e OPY) + 1 or b3
I DPy « {DPY} + 1 HL o
XY 1
The zoro fag is set according 1o the data
pointer ingremani oparalion.
Loads the contanis of tha memory location
specified by 19 irio the aceumulator and
decraments tha ‘ower nibble ol the
comesponding memory location dala poinler,
P, AC — Mirsg)l, Reghster ty
LA 16, D olwl 2 | DPL e (OPD - tor F
S DPY « [DPY) - 1 HL 0
XY 1
The zoro fag is sel according lo Ihe data
poinler decrement operation.
Exchanges the contents of the accumulator wilh
tha contants of tha memory location specified
by o
XA reg Exchangs AC with Mireg) 0 oclofi1|1|w]o 1 (AC) +» [Mireg)] Register to
HL Q
XY 1
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Mnemonic

Operalion

Instruction code

Cytlos

Nelatien

Descriplion

Status
flags

XA reg, |

Exchange AC with Mreg} then
incramant reg

{AC) &> [Mireq)],
DPL « (DPL} + 1 or
Py « (OPy} + 1

Exchanges the contgnis of the accumulator with
the contents of the: memery localion specified
by tp and incramanis. the “lewar nibble ol Ihe
comesponding Femb jon”* i

Iy bu;;_!gjon

XA rag, O

Exchange AC with Mreg) then
decremenl reg

XADR i8

Exchanga AC with M direct

ZF

thezitonlanls of the memary localion specified
by immediale dala g to Iy

LEAL i8

Load E and AC with immediate
data

Ldads immediate data 14 to 7 inlc regisler E,
and immediate data lp fo 13, into lhe
aceumulalor

RTBL

Read tabla data lrom program
ROM

RTALP

Read tabla data rem program
ROM (hen output to P4 and PS

Data peolnte

r instructions

LOZ i4

Load DPY with zero and DP(
with immediale data

LHI 4

Load DPH with immediale dat

LU e

Load DPL with immediale’ dala

LHLI 8

Load DPw, DPL wifh imadiate

LXYI i8

Leads the uppar nibble of the memory location
spocified by the program counter {the lower 8
bits are replaced by the contents of register E
and the accumulalor) inlo register E, and the

uppar nibble, into the eccumulator

Loads the upper nibble of the memory location
spacilied by Iha program counter (the lower B
bits ara replaced by the conlents o register E
and the accumulalor) inte porl P4, and the
upper nibble, inta porl PS5

l DPH « 0, DPL+~I3l2 11 1o

Claars tha contents of the uppar nibble of dala
poinler DPH| and loads immediate dafa Ip 10 {3
inla the lower nibble of dala poinler DPHL

CPH I3l 1 lo

Loads immediale data Iy 1o 13 inlo the upper
nitble of data pointer DPH,

DPLe—~ I3tz lip

Loads immediate data 1p to |3 into the lower
nibble of data pointer DPHL

DPH 17 1g 15 14,
DPLel3l2 111

Loads immediate data Ip lo 17 into lhe data
pointer DPHL

DPY « I7 18 5 lg,
DPy = lalz i lp

Loads immediate data I lo 17 into lhe auxiliary
dala pointer DPyxy

DPL « [DPL) + ¢

Increments the contenls of the lower nibble of
data pointar DPHL by 1

2F

DPL « (CP) -1

Decrements the contents of the lower nibble ol
data pointer DPHL by 1

ZF

DPy « (DPy) + 1

Increments the conlenls of the lower nibble ol
auxiliary data pointer CPYY

ZF

DPy «— [DPy] - 1

Decrernants tha contents of the lower nibble of
uxiliary dala pointer DYy

ZF

DR « (AC)

Copies the conlents of the accumulalor into the
upper nibblg of data pointer DPHL

THA

Transler OPH to AC

AC « (DPH)

Copies the conlents ol the upper nibble of data
painier DPYL inte tha accumulalor

ZF

XAH

Exthange AC with DPy

(AC) & [DPH)

Exchangas the conlents of the actumulator with
the conlenls of the upper nibble of data pointer
DPHL

TAL

Transter AC w0 DPL

CPL « {AC)

Copies the contants of the lower nibble of data
pointer DPHL infp the accumulator
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Instruction code

Status
Mnemaonic Cperalion D piololololo Cycles Notation Deacriplion flaga
T S14jajafVv]0
1 ocjolt 1 1 1 Copias the contents of the accumulalor into the
LA Transler DP|_ 1o AC X 1lololefol| ] 2 [AC+ER lowar nisble of data pite; DPHL *
Exchanges the ggﬁ;fq s oﬁ‘m\ewa'ew‘mulalor with
XAL Exchangs AC with DP( [ olo|e|o]of: 1 {AC) & (DPL) the conlenls of;the-Tower nibble:.ol dala pointer
1 gle 1 1 1 1
TaX Transter AC to DPy 1 1 vtolel i ]o 2 DPy « [AC)
1 0]c 1 1 1 1
TXA Transter DPY 10 AC 1 tlaololeli]o 2 AC « (DPx)
XAX Exchange AC with DPy ] ole]ojo]rjo 1 IAC) & (DPy)
1 afe]1 1 4 1
TAY Transter AC lo DPy 1 1y lelale]y 2 DPY + [AC)
1 alo]1 1 1 1
TYA Translar DPy to AC 1 1 ololo 1 1 2 AC « (DPy)
XAY Exchange AC with DPy 0 o]0
Flag instructions
SFB nd Sel flag bit Q 1]
AFB né Resel flag bil 0 1] Jears the flag specified by ng to na Fig
Jump and call Instructions
. 1 1190 Jumps within Ihe same bank to the address
JMP addr | Jump in the current bank p RlP specified by the program counler (the lower 12
7 bits are replaced by immediata data Po to Pyy)
Jumps within (he currenl page to the addross
JPEA Jump fo the address stored at 0 spacified by the program counler (the lower &
E and AC in the currenl page bits ara replaced by the contents ol register E
and the accumulator)
S
0 ACH ang 11 e 0,
. A PE10 1o 0 « Pig to Po, Lalls a svbroutne at the address specified by
CAL addr { Call subrouline P MaSP) — (CF, TF. Pg to Pig
PCI2 to 0), 5P — [SP} - ¢
PCi12 to 6 PC1 10 0 « G,
CZP addr Call subrouling in the zero PCE to 2 « P3 to Po, Calls a subroutine within page 0 of bank 0 al
page M4(SP) « [CF, ZF, the address specified by Po 1o P3
PCI2 to O}, 5P « SP - ¢
BANK Changa bank 1 Changes memory bank or register bank

Pushes the conlents of the registar specilied by
ip and iy onlo the stack and decraments the
stack pointer by 2

Register i 1]
M2(SP) « (reg), HL 0 0
PUSH rag 2 5P  [SP) - 2
X 0 1
AE 1 0
llegal 1 1
Incremaents the stack pointer by 2, pops the
corlenls off the slack and moves the contants
into the register epecified by ig and iy
Reginter i L]
' 1 oot 1 ]1]1 SP SP) + 2,
POP g | Fop reg off M2(SP) ! Vsl alalal 2 | s Wesn He L
XY 0 1
AE ! [
llegal t 1
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Inatruction cods

. . Status
Mnemonke Operation ololeololelololo HNotation Description Tiags
7lels|4]afaf1]0
P (3P) + 4 Relurns from & subroutine or an infarrupt
AT Return from subrouting pjJofoj1jr]1q0]0 PG |'M-1(SF')]I sarvice routing, bul @?nut rastora the state
. SP «= (5P} + 4,
RTI Relum from interrupt subrauting plojJofr[t]s{olt PC « [M4(SP)L. CF. 2F, CF
ZF «— [M4(SF}]
Branch Instruclions
Tlifofrpecpopnin PC7 1o 0 Py Pg P Py P,
. 6 5 F4 F3
BAR2 addr | Branch on AC bit PIP|P|PIP]R]P]P Pz Py Po i (AC, 2] = 1
71615 ]|4]3]2 1 0
tlfojol1]o]oin]l
2ea2 | ranen on no AC b plelete]|prle]r|ep
T|]etsjaflale 1 0
it specified bmmgn diate data ty
1 1 0 11l 1 1u|llky i e
BMIZ addr | Branch on M bt rip|pip]le]r|r|Pp A0l of Jamory locagén ;—e‘;d‘":; s
76154132 1 ]
chololalels 1y s the bit sdecifiad by immedite dala g
E?dhraﬁtz Aranch on no M bi slelelelrle]le 1 o mﬁm localion ML and, il not set,
716|185 )4]3])]2 1
it spacifiad by immediate data fp
and 1170t the port specilied by the conlents of
1oy ]e]n 5,? Pg Ps Pg P 4Ra Jower nibbl of data pointer DPHy, and, if
BPt2 adar | Branch on port bil ple|lr|r|r]|P]P ¢ 5) ;] = 13 sef. branthas within the same page 1 the
7|65 |4 s
’ A by bank instruclions, the internal control ragisters
arg also valid (raad-only registers).
Tosts the bit spacifiad by immediale data g
angd 11 of tha port specified by Ihe contents of
BNPR t{ofo] the lowar nibble of data pointer DPHL and, if
addr Branch on no porl bil PP |F]P nol sat, branches within he same page to the
address specified by Po fo P7. When lollowed
by bank instruciions, tha intarnal conrol registess
are also valid (read-only registers).
o Tests the cary flag and, it sat, branchas within
BC addr Branch on CF e Pr P Ps Py Pa the same page lo the address specified by Po
AP it (CF) = 1 o Py
Tests the camy flag and, il nol sst branchas
BNC addr | Branch on no CF tTP'O; T 27 Ps 75 Pa Pa within the same page to the address specified
2P1Poit(CR =0 by Po to Py
Tests the zero flag and, it sel, branches within
PCTto 0« Py Ps P5 Py M3
BZ addr Branch on 2F Py Py Py it (ZF) 1 :I;ap:ama page lo the address specified by Po
Tests the zero flag end, il not sel branches
BNZ addr | Branch on no ZF PC7 lo 0 = Pz Pg P Py o within the same page to the address specilied
Pa Py Pg il (ZF) =0 by Pg Io Py
n ’ .
Tasts the lag specified by ng lo n3 and, if sel,
BFné addr | Branch e PCT 1o O 4 Pr P5 P5 P4 P3 | \aiches within tha same pege ko the address
P P2 P Poif [(Fr) = 1 speciied by Py to B
0
n . .
Tests the flag specified by ng to n3 and, if not
g :C:’Plopo ‘T ;: Ps 095 Pa Pa sot, branches within the same page to the
o 2 P1 Py il (Fn) = address specified by Pg to Py
Loads the contents of input porl PO inlo tha
¢ AC < (Po) accumulator g
Loads the contents of the input port specified
0 AC « [P{DPL]} by the contenls of the lower nibbla of data ZF
poinler OPH| into the mcoumulator
Loads the contents of the input porl specified
1PM Inpul porl lo M clofo|v |y ]o]oft M(HL) «~ {P{CPL)] by the contents of the lower nibble of data
pointer DPHL into memory iocation HL
. ‘ slrfejojr ] . Loads the contents ol the input port specified
IPOR it 1 Input port to AC direct elvivlolnlelnln AC « [P4]] by immediala dala lg o 13 inlo the accumulaior | &
input ports 4 and & to E and 4 11e]of 1 1 1 Loads the contents of input ports P4 and PS
IPas AC, respactivaly f11]o]t1]oa]1]o]o E + [Pl AC « 1PI5) into register E and the accumulator, respacivaly

No. 3928—22/24




LC66354A, LC66356A, 1.C66358A

Instruction code

. - Status
Mnemonie Operation clololololololo Cycloa Nolalion Descriplion fags
INE R ERENEE BRI
Loads the conlanls ol fhe accumulalor inlo the
opP Output AC to pon ojofr]ojo]sr]oq 3 P(DPL) « (AC) outpul port specified lhe Lcontents of the
OPM Outpul M to port ojoefjept1jrjojryo 1 PIDPL) ~ M{HL)]
. . 1 1 gl]o 1 t 1 1 .
OPDR i4 | Output AC o porl direct ole v liluinlale 2 Pli4) « (AG)
Qutput € and AG to ports 4 11 je]olrlt]r]n
OP4s and 5 respectively 1)1 jo]lrjoqr]olt 2 Plé) &= (E). PIS) « AT)
SPB &2 Sel porl bit ojof(ojolr]e|n]|tw 1 [PIOPLY 12) = 9
RPB t2 Resat porl bit oot fof1fo|l]|l 1 {PIDPL), ) by the lowar | ZF
ANDPOR | AND port wilh immediate data 111 7
i, pd then oulput I3 (2
_ . 03 the |9§IC§FDR of the conter's of Iha
SRPER ggnpm :t'm mmediate data Il " porl specifisd By Po fo Pa with immediate caia | ZF
. P p 3|k haangtloads e resull into the port
Timer control Instructions ;
e=ﬁ5ﬁs the conlanls of memory locations HL and
WTTMO Wiite timer 0 1 1 + 1 and the conlen!s of the accumulalor
into the timar O reload register
WITMA Wiite fimar 1 ]t Wiites the contents 0{ register € and the
1 1 aggumulator inlg the timer O reload register
Reads the conlents al $ha Limer O counlar inlo
RTIMO Read timer 9 11 memery locations HL and HL + 1 and the
accumulalor
ATIM Read frer 1 ]t Reads the canlenis ol the limer 1 counler into
111 ragister € and the accumutater
STARTO Starl timer 0 : : Starts the fimer O counler
START1 Starl imer 1 Slart timar 1 counler Starts the Bmer 1 counter
STOPO Slop timar © Stop limer O counler Slops the limer 0 counter
STOPY Stop fimer 1 Stop Limer 1 counler Slops the limar ? counter
Inlerrupt control inatructions
}'-‘}
MSET Set (ntarrupt Masy’i" ERable Nag MSE +« 1 Sets the intarrupt masler enable flag
. e
MRESET fiag g é 2 MSE ¢ 0 Clears the interrupt masler enable flag
Takes the logical DR of tha interupl mask with
. c|! . immediate dala Ip 1o 13 ang, for bits that are
EM 4 Iy | e 2 EDIH « (EDIH) + i4 sal, enables the corresponding actve-HIGH
inlerrupls
Takes the logical CR of the interrupt mask with
L 0|1 . immediale data Iy to 13 and, for bits that are
Bl af Ih | fo 2| EDL e (EDL) « sel, enables the comesponding active-LOW
interrupts
Takes the logical AND of the interrupt mask
. el = with the 15 complement o immediala dala 1o to
OH i il 2 | EDH « (EDi) - 4 I3 and. for bils mat are se, disables the cor- | &
raspanding actve-HIGH interrupts
" Tekes the logical AND of the interrupt mask
. ’ . ijtjJojoejrji]oi = with the 1s complament ol immediate dala 1o to
oL i Disable intemupl LOW (e jelolalaltlio ! EDIL « (EDL} . ia I3 and, for bits thal are sel disatles the ¥
corrasponding active-LOW interrupls
. 1 1]jelo]1] 1 1 Writes the contents of register E and the
WTSP Wiite SP tfr el le]r]o z | SP« (B (AD) sccumulalor into ha slack pointer
1 1t]joefol1 1 1 1 Reads the contents ol the slack pointer inlo
RSP Read 57 1 11011 11011 1 2 E AC () register E and the accumulator
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Instruction code

Miscellaneous instructions

. f . Statuy
Mnemonic Operalion ololo D Cyeles Notation Description flags
TIE|5|4]3]2 0
Standby conirol Instructions
11 joefo]r {1 1
HALT Halt P IR AP I I B 0 H Halt Selacts halt mod .
11 feqol ] 1 P
HOLD Hold ilrled by 1 2 Hold Selacts hdld ghode
Serial inpuloutput control insiructions
. 1 1 0 0 1 1 1
STARTS Start serial 1O tbalelel b 0 2 STAAT 510
WISIO | Write seriel 10 : ! ? g i V2 |80 - (g e o)
RSIC Read serial VO I N I Pl 2 |Eewac 0

NOP Ne operalion e{ofrolojo]ao

. 1 1 glo]1t 1

50 i2 Seleci bank tlilalolela
Note

The range of values for i2 in the SB instruction

Cross Assembler Manual,
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