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LC66354A, LC66356A, LC66358A

4-bit Microcontrollers with Built-in ROM

OVERVIEW

The LC66354A, LC66356A and LC66358A are 4-bit
microcontrollers with built-in 4, 6 and 8 Kbyte ROMs,
respectively. They incorporate RAM, input/output ports,
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, LCG66E308 and
LC66P308, but have a different supply voltage range
and hold-mode release time,

The LC66354A, LC663560A and LC66358A operate
from a 5 V supply and are available in 42-pin DIPs and
48-pin QIPs.

FEATURES

* 4, 6 or 8 Kbyte ROM and 512-word, 4-bit RAM

¢ Instruction set compatible with the LC665XX series

¢ 8-bit serial interface which supports 16-bit cascade
connection

* 1.96 1ts minimum cycle time at 3.0 to 5.5 V, and 3.92
ps, at 2.2 to 55 V

12-bit timer for timeout function, event counter, pulse
measurement and rectangular waveform generation
8-bit timer for timeout function, event counter, pul-
sewidth modulated output and rectangular waveform
generation

12-bit pre-scaler for timebase function

» Three external interrupt inputs

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

Five internal interrupt sources (two for the timers, two
for the serial I/O and one for the pre-scaler)

20 mA driver outputs with 15 V withstand voltage
Ternary-level and comparator inputs

I/O pull-up resister and open-drain options
Runaway detection option

Halt and hold medes for program-controlled power-
down

LC66599 evaluation chip, EVAB50/300-TB6630X
debugger, LC66E308 EPROM and LC66P308 PROM
development tools available

5 V supply

42-pin DIP and 48-pin QIP
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LC66354A, LC66356A, LCE6358A

PIN ASSIGNMENT
POO E — E TREPET
Po1 E 41| TrapEo
Po2 E E VDD
Po3 E El CMP3/PD3
P10 E El CMP2/PD2
P11 E _3_7_—| CMP1/PD1
P12 [Z E CMPOPDO
P13 E E VREF1/PC2
Sio/P20 E EI VBEFO/PC2
S00/P21 E LCE6354A E‘ PIN1/PE3
Scroeez [11| LC6635BA 2] Sckipe:
INTO/P22 E LCB6358A E SO1/P61
INT1/P30 E E] 511/P60
POUTO/P31 E 23| iINTz/Psa
POUT1/P32 E z_—al Ps2
HOLOe3s |16 2_—7| P51
P40 E E Ps0
P41 E E P43
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Note

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

mation.
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BLOCK DIAGRAM
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PIN DESCRIPTION

POUTO

S0
500

§ SCKD

INTO

INT1, INT2

sn
S01
SCK1

PINt, POUT1

Number
Name Description
DIP42S QIP4BE
1 44 P00
2 45 PO1
4-hit inputioutput port PO {PO0 to P03}
3 45 PQ2
4 47 P03
5 48 P10
6 1 P11
4-bit inputioutput port P1 (P10 to P13)
7 2 P12
8 3 P13
g 4 Slo/P20
10 5 Soop21 Multiplexed 4-bit inputioutput port P2 (P20 to P23), serial input 0 (510),
" 7 SCROIP22 serial output O (SOO), serial clock 0 (SCKC) and interrupt request 0 {INTQ)
12 8 INTO/P23
13 9 INT1/P30
14 10 POUTH/P3 Multiplexed 4-bit inputioutput port P3 (P30 to P33}, interrupt request 1
(INT1), timer cutputs (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
DIP425 QIP48E
17 13 P40
18 14 P41
4-bit inputioutput porl P4 {P40 to P43)
24 22 P42
25 23 P43
19 15 TEST CPU test input
20 16 V8S Ground
21 17 05C1
External oscillator connections
22 20 08c2
23 21 RES Reset input
26 24 P50
7 25 P51 Multipiexed 4-bit inputioutput port P5 (P50 1o P53) and interrupt request 2
28 2 P52 (INT2)
29 27 INT2/P53
ao 28 SI1/P60
3 2 Sopet Multiplexed 4-bit inputioutpul port P8 (P60 to PG3), serial input 1 (SIH),
a2 Y SCRIPE? serial output 1 (SCH), serial clock 1 (SCK1} and event counter input {PIN1)
3 32‘ PIN1/P63
34 33 VREF0/PC2 Multiplexed 2-bit inputioutput port PC {PC2 and PCJ), comparator 0
relerence voltage input (VREFD) and comparators 1, 2 and 3 reference
35 34 VREF1/PC3 voitage input (VREF1)
36 35 CMPO/PDO
3 3% CMP1/PD! Multiplexed 4-bit input port PD (POO to PD3) and comparator inputs (CMPC
38 a7 CMP2IPD2 to CMP3)
39 L] CMP3/PD3
40 39 VDD 5 V supply
4 40 TRAPED Multiplexed 2:bit input port PE (PEO o PE1) and temary inputs (TRA and
42 # TRBIPET TRE)
6, 18, 18, 30, .
- 42 43 NC No connection
SPECIFICATIONS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage range Voo -03to 7.0 v
Ports P2 10 P6 (excluding P33) inpul voltage range. Ses Vi ~03 1o 150 v
note 1.
Input voltage range for all inputs. See note 2. Viz 0310 Vpp + 03 v
Egtr;s 1P2 to P6 (excluding P33} output voltage range. See Vor ~03 to 150 v
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LC66354A, LC66356A, LC66358A

Parameter Symbol Rating Unlt
Output voltage range for all outpuls. See note 2. Voe -0.3 to Voo + 0.3 v
Ports PO, P1, P4 and P5 output source current —lgpi 2 mA
ESrr:esnth, P3 (excluding P33), P6 and PC output source —lop2 4 mA
EL?rrrlesmPO to P6 {excluding P33) and PC output sink lon 20 mA
ESrr:esmPO to P3 {excluding P33), P40 and P41 total sink Tlows 75 mA
Ports P42, P43, P5, P& and PC total sink current Elonz 75 mA
SPOOLT;BPEU::L nl:S {excluding P33), P4C and P41 total —Slops 25 mA
Ports P42, P43, P5, P6 and PC total source current —Zlgpz 25 mA
Power dissipation (DIP425) Po1 600 mw
Power dissipation (QIP4BE) Ppz 430 mW
Operating temperature range Topr =30 to 70 °C
Storage temperalure range Tsig -55 o 125 °C
Notes
1. Open-drain output configuration option
2. All output configuration options
Recommended Operating Conditions
T.=25°'C, Vs =0 V
Parameter Symbol Rating Unit
Supply voltage Voo 5 v
Supply voltage range for .96 < teye < 10 ps operation 3010 55
Supply voltage range for 3.92 < fcye < 10 ps operation Voo 2210 85 Y
Hold-mode supply vollage range for data retention Voo 18 to 556 v
Electrical Characteristics
Vop =22 10 55 V, Vss = 0V, T. = =30 to 70 'C unless otherwise noted
Rating
Parameter Symbol Condition Unit
min typ max
i g oo || a5 |
Supply current Ipp 2 MHz external clock, _ 15 40 mA
Voo = 3010 55 V
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
Vpp = 30 to 85 V
1 MHz ceramic resonator - 0.5 1.5
Hold-mode supply curent IooHD Voo = 181055V - 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§, RES and OSC1 LOW-evel Vi oriut orcnanne trensistor Vss - 0.2Vop v
input voltage ) '
HOLDYP33 LOW-leve! input voltagje Vio Vop = 1810 55 V Vss - 0.2Von v
Ports PO, P1, P4, PC, PD and PE, Output n-channel transistor _
and TEST LOW-level input voliage Vi OFF. See note 1. Vss 02500 v
. ‘ Temary input levels, _
Port PE LOW-leve! input voltage ViLa Voo = 27 to 55 V Vss 0.2Von v
! ‘ Temary input levels, _
Port PE MID-level inpul votage Vim Voo = 27 to 55 Y 0.4Voo 0.6Voo )
Ports P2 1o P6 (excluding P33) QOutpul n-channel transistor _
HIGH-evel inpul voliage Vit OFF. See notes 1 and 2. 0-8vo0 135 v
HOLD/P33, RES and 0SC1 v Output n-channel transistor 0.8V _ v v
HIGH:-leve! input voltage 2 OFF. See note 2. SYoD oo
Ports PO, P1, PC, PD and PE Output nchannel transistor _
HIGH-leve! inpul voflage Viks OFF. See note 1. 0.75Voo Voo v
. Temary input levels, _
Port PE LOW-level input vollage Ving 1 Voo = 27 10 55 v 0.8vpp- Voo v
lo. = 1.6 mA - - 0.4
Pords PO to P& (excluding P33) and v oL = 3 mA - - 1.5 v
PC LOW-level outpul vollage o
|0|_ =8 mA, _ . 15
Voo = 30 to 55 V '
lon = =1 mA,
Vop = 3.0 to 5.5 V. Voo - 1.0 - -
See note 3.
Ports P2, P3 (excluding P33), P& _
and PC HIGH-level output voltage Vors 'SO:& ’nmg'ss mA. Voo - 1.0 - - v
lon = =0.1 mA, _ _ _
See note 3. Voo - 05
lon = =50 HA,
Voo = 3.0 to 55 V. Voo — 1.0 - -
See note 4.
lon = -30 pA,
Pots PO, P1, P4 and P5 HIGH-leve! y ol Jopasv Voo - 05 - - v
output voltage Qe ee note 4.
lgn = -30 pA. _ _
See note 4. Voo - 10
lon = -20 pA.
Ses nole 4. Voo - 05 B -
Porls PC2 and PDC in-phase, _ _
comparalor input voltage range Veuwt Vop = 27 10 55 V 13 Voo v
Ports PC3 and PD1 1o PD3 in-phase, _ _ _ ‘
comparalor input voltage range Voune Voo = 27 1o 85 V Ves Voo - 1.5 v
Ports PD1 to PD3 comparator offset Vi=VsstoVop— 15V, _
voltage Vost Vpp = 27 10 5.5 V 50 300 my
Port PDO comparator offset voltage Vosz :ID: :g TV téo SVE?D\.I - +50 +300 mv
Ports P2, P3, P5 and P, and RES
and OSC1 Schmitt-trigger LOW-level Vi 0.2Voo - 0.5Vop v
threshold voltage
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LC66354A, LC66356A, LC66358A

Rating
Parameter Symbol Condition Unit
min typ max
Ports P2, P3, P5, and P6, and AES
and OSC1 Schmitt-rigger HIGH-level ViH 0.5Vpp - 0.8V v
threshold voltage
Ports P2, P3, P5 and P8, AES and
OSCt Schmitt-lrigger hysteresis Viys - 0.1Veo = v
voltage
Ports PC, PD and PE LOW-level | Vi = Vss, oulput n-channel ~10 . _ A
inputcurrent It transistor OFF. See note 2. : H
LOW-level inpul current for all other | Vi = Vsg, oulpul n-channel 10 _ _ A
inputs L2 transistor OFF. See nole 2. : H
) Vi = 135 V, outpul
:?g}i-lzselmin;?l (t?:rcrlr;]:lmg Pa3) [ n-channel fransistor OFF. - - 50 A
See notes 1 and 2.
Ports PO, P1 and P33, and FES and " i = Yoo, ubut nchanmel _ ) " "
0SC1 HIGH-level input current Seo notes 1 and 2.
Vi = Voo, output n-channel
:;03[5 CFL%QSD and PE HIGH-lovel liva transistor OFF. - - 1.0 HA
p See notes 1 and 2.
Vi = 135 V. Quiput
ESrT:ntpz to P6 oulput leakage loFrs n-channel transistor OFF. - - 5.0 pA
See nole 2.
Ports PO, P1 and PC output leakage | V| = Vpo. Output n-channel _ _ 1.0 A
current OFF2 transistor OFF. See nole 2. : W
Vi = Vsg, Vop = 55 V.
Ports PO, P1, P4 and PS5 output .
currenl with pull-up option lpo 8gté)ulS:;ch:£geL1ranS|slor -6 - - mA
Vop = 30 to 55 V, _ 20 _
Ceramic resonator input frequency fcr 2 Mrz resonator MHz
1 MHz resanator - 1.0 -
Vop = 3010 65 V, _ _ 10
Ceramic resonafor inpul stabilization A 2 MHz resonator
time CFS ms
1 MHz resonator - - 10
Vop =301t 55V 0.4 - 2.03
0SC1 external clock input frequency foxt MHz
0.4 - 1.02

Notes

P L=

Ports with CMOS output configuration option cannot be used as input ports,
Open-drain output configuration option

CMOS output configuration option
Pull-up output configuration option
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LC66354A, LC66356A, LC66358A

Timing Characteristics

Serial input/output timing

tcKoY
tckm
toKL teKH ) teke
— § 0.8¥5p (input),
SORD, Wik Yort — ™ 0.:2Vo Ut R %VDDD—DJ‘\??:u,tput)
scky Mo 0.4Vpp(output) —
A gk tex ,
sio, gy ViHI— AT
’ Wi 0.2V0D
toko |
VoH1 — Voo -
s00,801 o' ):}:OHR,DD‘
Vb =221055V, Vs =0V, T, = =30 t0 70 °C
Rating
Parameter Symbol Condition Unit
min typ max
Rl T
Instruction cycle time teve oo = v : Hs
teve = 0.4 to 1.02 MHz 10 - 302
SCKD and SCKT serial clock input | Voo =30 k? 55V 19 - -
cycle time a9 - -
tekoy us
SCKO and SCK1 serial clock output Seve _ _
cycle time
SCKO and SCKT serial clock input Vop = 3010 55 V 03 _ -
pulsewidth 19 _ _
texL i 13
SCKO and SCK1 serial clock output fore _ _
pulsewidth
SCKO and SCK1 serial clock output - _
rise time fexR 0.1 us
SCKQ and SCK1 serial clock output _ _
fall time toKF 01 us
SI0 and SIt serial data selup time tick 0.6 - - us
Sl0 and SI1 serial data hold time teki 0.6 - - us
SO0 and SO1 serial data output Vop =300 55V - - 08
toko s
delay - - 0.9
Note

Each test input and output has an RC load as shown in the following figure.

Voo

. 1kQ
Tast point
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LC66354A, LCE6356A, LCE6358A

External clock timing

Vpp = 2210 55V, Vg =0V, T, =-30t0 70 °C

Rating
Parameter Symbol Conditien Unit
min typ max
0SG1 external clock LOW-leve! input l Voo = 3010 55 V 100 - - s
pulsewidth ot 200 - -
0SC1 extemal clock HIGR-level inpul t Voo = 30 10 55 V 100 - - "
pulsewicth et 200 - -
0SC1 extemal clock input rise time texiR - - 30 ns
0SC1 external clock input fall time textF - - 30 ns

Interrupt and reset timing

hoH. titH, tPink, 1ASH

oL b, PN, tRsL

Vop = 2210 55V, Vg =0V, Ta =30t 70 °C

_ Rating
Parameter Symbol Unit
min typ max

INTO LOW-level pulsewidth tioL 2love - - us
INTO HIGH-leve! pulsewidth tiom 2eve - - us
INT1 and iNTZ LOW-level pulsewidih i 2eve - - us
INT1 and INTZ HIGH-leve! pulsewidth i 2oy - - s
PIN1 LOW-level input pulsewidth tpinL 2teve - - s
PIN1 HIGH-leve! input pulsewidith temm Agve - - us
RES LOW-evel input pulsewidth tRsL eve - - us
RES HIGH-level inpul pulsewidth tAsH Seve - - us
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LC66354A, LC66356A, LC66358A

Comparator output timing

Voo =27 055V, Vs =0V, T, =-30to 70 °C

Vin
VorF

VRer
Viy

Vore

Gomparator
output data X

Parameter

Rating
Symbol Condition Unit
min typ max

Port PD comparator response time

Ing Voo = 2710 55 V - - 20 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 table 1.

Table 1. Pin functicns

Name Function
P00
POt Ports POD to P03 can be addressed as either a 4-bit port or four, single-bit pors. They also have
P2 haf-mode control functions. Level atter reset is set by user oplion.
P03
P10
P11 Ports P10 lo P13 can be addressed as either a 4-bit port or four, single-bit pons. Level after reset is
P12 set by user option.
P13
SloP20
300/P21 Ports P20 to P23 can be addressed as either a 4-bit port or four, single-bit ports. Port P20 also
functions as & serial data input, P24 as a serial data output, P22 as a serial data clock and P23 as an
SCKo/P22 interrupt request, pulsewidth measurement and event counter input using limer 0. HIGH-level after reset
INTOP23
iNT1P30 ] ] ] ]
Poris P30 1o P32 can be addressed as either a 3-bil port, a 4-bit port with P33 or three, single-bit
POUTO/P31 parts. Port P30 also funclions as an interrupt request input, P31 as a square-wave oulput from timer 0,
and P32 as a square-wave output and a PWM output from fimer 1. HIGH-level after reset
POUT1/P32
Port P33 can be addressed as either a 4-bit pont with P30 to P32 or a single-bit port. It functions as
HOLDP:3 the hold-mode control input when P33 is LOW and the HOLD instruction is executed. The CPU restarts
when P33 goes HIGH again. Reset signals are ignored whenever HOLD/P33 s LOW, including when not
in hold mode.
P40
P41 Ports P40 to P43 can be addressed as either a 4-bit port, four, single-bit pons or an 8-bit port with
P50 to P53. HIGH-level alter reset
P42
P43
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LC66354A, LC66356A, LCE66358A

Table 1. Pin functions—continued

Name ‘ Function
Pso
P51 Ports P50 1o P53 can be addressed as either a 4-bit port, four, single-bil ports or an 8-bit port with
P52 P40 to P43. Port P53 also funclions as an interrupt request input. HIGH-leve! after reset
INT2/P53
SIHP60
SO1/Pe1 Ports P60 to P63 can be addressed as either a 4-hit port or four, single-bit ports. Port P60 also
funclions as a serial data input, P61 as a serial data output, P62 as a serial data clock and P63 as
SCK1/P62 the timer 1 evenl counler input. HIGH-level after reset
PIN1/PE3
VREFO/PC2 Ports PC2 and PC3 can be addressed as either a 2-bit porl or two, single-bit porls, Port PC2 also
functions as the reference voltage input for comparator 0, and PC3, as the reference voltage input for
VREF1/PC3 comparators 1, 2 and 3. HIGH-level after reset
CMPO/PDO
CMP1/PD1 . . . . }
Ports PDC to PD3 can be addressed as either a 4-bit port or four, single-bit ports. They also function
CMP2/PD2 as comparator inputs, Normal input after reset
CMP3/PDI
TRA/PED . . . . .
Ports PED o PE1 can be addressed as either a 2-bit port or two, single-bit pors. They also function as
TRE/PE1 ternary-level inputs. Normai input after reset
0sC1 0SC1 and OSC2 lunction as the external ceramic resonator connections. When an external clock is
05C2 used, OSC2 is left open.
RES When RES goes LOW while HOLD/P33 is HIGH, the CPU is reset.
TEST CPU test input. Normally connected to ground

USER OPTIONS

Oscillator Options

There are two user options for the oscillator—an exter-

nal clock and a ceramic resonator. An external RC

oscillator is not supported. The internal circuits of OSC1 i =
and OSC2 and connections for the extemal clock and rlr Ceramic l

ceramic resonator options are shown in figures land 2, resanator

respectively, Note the Schmitt-trigger input for the ”Ei,z osc2
external clock option.

Figure 2. Ceramic resonator option
O5C1
JL l—-¢|>—LD’

Figure 1. External clock option

c1 05C1
!
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LC66354A, LC66356A, LCG6358A

Output Options

There are two user options for the output configuration
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.

Outpul 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-
gistor. Ports P, P1, P4 and P5 are classified as pull-up,
and ports P2, P3, P6 and PC, as CMOS.

SPECIFYING OPTIONS

The user-addressable memory is in the range 00C0H to
2007H. Addresses 0000H to 1FFFH are for user pro-
grams, and addresses 2000H to 2007H, for option
specification. The option specification is coded using the

Table 2. User options

Qutput data

'_D')— Input data

D58

Figure 4. P-channel pull-up option

Note that the n-channel open-drain outputs for ports P2
to P6 have a maximum withstand voltage of 15 V.

Output Level After Reset Option

The output level of ports PO and P1 after a CPU reset is
user selectable.

Watchdog Timer Option

A watchdog timer is also available to prevent program
runaway.

information shown in table 2. Refer to the LC66S Jump
Oprimizing Cross Assembler Manual for setting infor-
mation.

Option
Address Data bit Parameter
0 1
DO Watchdog tmer function No ' Yes
D1 Port PO fevel afler reset LOW HIGH
D2 Port P1 level after reset LOwW HIGH
2000H D3 No function Set 1o ©
D4 Oscillator RC oscillator or extemal Ceramic resonator
clock
D5 1o D7 { No function Set o 0
Do Port POO output configuration
) Port PO1 outpul cenfiguration
Open-drain Pull-up
(074 Port P02 output configuration
D3 Port P03 output configuration
2001H
04 Port P10 outpul configuration
D5 Port P11 output configuration
Open-drain Pull-up
06 Port P12 output configuration
D7 Port P13 output configuration
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Table 2. User options—continued

Option
Address Data bit Parameter
] 1
Do Port P20 output configuration
D1 Port P21 output conhgu'ralion
Open-drain CMOS
D2 Port P22 output configuration
D3 Port P23 output configuration
2002H
D4 Port P30 output configuration
D5 Port P31 output conliguration Open-drain CMOS
D6 Port P32 outpul configuration
D7 No function Set to 0
Do Port P40 output configuration
D1 Port P41 output configuration
Cpen-drain Pull-up
D2 Port P42 outpul configuration
D3 Port P43 output configuration
2003H
D4 Porl P50 output configuration
D5 Port P51 output configuration
Open-drain Pull-up
D6 Port P52 output contiguration
07 Port P53 output configuration
DO Port P60 cutput configuration
D1 Port P61 output configuration
Open-drain CMOS
2004H 02 Port P62 output configuration
03 Port P63 output configuration
D4 to D7 | No function Set to 0
2005H DO to D7 | No function Setto 0
2006H DO to D7 | No function Setto 0
- D0, D No function Set 1o 0
D2 Part PC2 output configueation
2007H Open-drain CMOS
D3 Port PC3 output configuration
D4 to D7 | No function Setto O

The assembler execute command when specifying pro-
grams and options using a Sanyo cross assembler is

LC66S EXE.
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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.

0SsC1 08sC2

b:

E Rg
Nl
Ll

Coramic resonator

Cr =r or]
T r

Figure 5. Ceramic resonator

Table 3. Recommended ceramic resonators

Ceramic resonator R4 c1 C2
33 pF 33 pF

2 MMz Murala CSA-2.00MG 0 +10% 0%
2 MHz Kyocera KBR-2.0MS 00 47 BF | 47 pF

+10% +10%

22 kQ | 100 pF | 100 pF

1 MHz Murata CSB1000J +5% £10% £10%

100 pF | 100 pF

1 MHz Kyocera KBR100OH 0 ow | s10m

DEVELOPMENT TOOLS

Program development for the LC6635X  series
microcontrollers can be performed using a cross assem-
bler running on an IBM-compatible personal computer
under MS-DOS. A number of other development tools
are available to help simplify and speed up the develop-

LC66559

LCESEA08 42-pin plug

1
tc;s Stable ascillation
Unstabla oscillation

Figure 6. Ceramic resonator stabilization time

The external clock input connection is OSCl. The
remaining oscillator connection, OSC2, should be left
open as shown in figure 7.

0SC1 0sc2
Extarnal OREN
clock

Figure 7. External clock connection

ment process—the EVAB0(/850 debugger, the
EVAB00/850-TB6630X evaluation chip board, the
LC66599 evaluation chip, and the LC66E308 EPROM
or LC66P308 PROM, shown in figure 8.

Host control program
cress assembler

EVAS50/800-TB5630X

evaluation chip board

Targat system

08- or MS-005-based
personal compuier

EVAB50/800 debugger

Figure 8, Development tools
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Program Debugger

The EVA80(/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 target system. Jumpers and
switches configure the initial device options and states
as shown in tables 4and 5.

Jumper 1 Jumper 2 Jumper 3

Oscillator Reset method Target system supply source
EXT Extemal clock INT (a) Reset on a RUN commang from ON (a) Supply power from the evaluation
Ac AC osciliator the host computer chip board output

i Reset by the target system reset Separate evaluation chip and target
CF Ceramic filter resonator EXT () circuit OFF {b) system supplies

Table 5. Switches 9 to 11

Switch 11

Switch 10

Switch 9

Port 0 output level on reset

Port 1 output level on reset

Watchdog timer enable

ON All outputs HIGH

ON All outputs HIGH

ON Watchdog timer enabled

OFF All outpuls LOW

OFF All outpuls LOW

OFF Watchdog timer disabled

Switches 1 to 8 select the internal pull-up resistor
option. When a switch is ON, the corresponding output

Cross Assembler

The cross assembler execute file, LC66S.EXE, can be
used for the devices shown in table 6. Refer to the

Table 6. Cross assembler compatibility

pin has an internal pull-up resistor, and when OFF, the
corresponding pin is an open-drain output.

LC66S Jump Optimizing Cross Assembler Manual for
operating information,

Cross assembler Target device

Bank Instructions supported

LCE6354A

580

LC66S.EXE LCH6I56A, LCGEE308, LCGERI0E

580,581

LC66599

SBO, SB1, SB2, SB3

Simulation Chip

The LC66E308 is an LC66 series microprocessor with
an 8-Kbyte EPROM which is uwsed to set the user
options for simulation. It can be programmed by a
standard EPROM programmer using the
W66EP308D/408D (DIP) or W66EP308Q/408Q (QIP)
adapter boards. The LC66E308 is pin- and functionaily-
compatible with the LC66354A, LC66356A and
LC66358A devices. Note that the hold-mode release
time and electrical specifications 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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Do/Poo E
pupos [ 2]
D2/Po2 E
owpos [4]
papro [ 5]
psP11 6]
pep1z2 {7
p7e1a [ 8]
norsior20 s ]

A1/5Q0/P21 E
A2/SCROP22 E
AJINTO/P2Y |12
AMNTIP30 {13
AS/POUTO/PAY (14
ABIPOUT1/Pa2 E
HOLD/P33 |18
ATIR40 E
ABiP41 |18
VPP/TEST |1__9
vsS E

035G E

LC6GE308

E TRB/PEVOE
El TRA/PEQ/CE
E VoD

-5_;] CMP3/PDI/PGM
E] CMP2/PD2
E] CMP1/PD1

[35] cMPoreDo
[35] vReFuPCa
34] vReFopee

3_?' SCK1/P62
_3_1_1 SO1/P61
E S11/P80
29| INT2/Ps3
_2_B_‘| A13/P52
E] A12/P51
E A11/PS0
EI A10/P43
EJ A9iPa2
] FES
2__z| 0sC2

Figure 9. LCO6E308 pinout

Table 8. LC66 series devices

_3_-—3] DASEC/PIN1/PE3

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

LCB630X series

LCE635X series

Held-mode release
hardware delay

65,536 cycles
(approximately 64 ms
with & 4 MHz clock)

16,384 cycles
(approximately 32 ms
with a 2 MHz clock
and 64 ms with a

1 MHz clock}

Timer 0 contents
after resel

FFOH

FFCH

4.0 10 60 V for

, 0.92 10 10 ps 2210 55V for

Operating suppl | (coeaoeanoon |32 10 30 ms,

em% 308A), 45t 55 Y |30 10 55 V for
per for 092 10 10 ps | 1.96 1o 10 ps
{LCGBE308/P308)

Notes

1. The LC66354A/356A/358A do not support an RC
oscillator.

2. Refer to the LC66308A, LC66E308 and LC66P308
datasheets for output drive current and comparator
input volfages.

3. The LC66599 evaluation chip is available for
LC6630X series devices,

A breakdown of the LC66 series devices, which

includes the LC6630X series, is shown in table 8.

Device Ping ROM capacity RAM capacity Package type Type

LC66304A/306A/30BA 42 4/6/8 Kbyle ROM 512 words DIP42S and QIP48E
Nomal type
LC66404A/406A/408A 42 4/6/8 Kbyte ROM 512 words DIP425 and QIP48E 40 10 60 V092 ps
LC665068/508B/512B/516B 64 6/8/12116 Kbyle ROM 512 words DIP64S and QIPG4A
LC66IS4A/356A/358A 42 4/6/8 Kbyte ROM 512 words DIP425 and QIP48E
: Low-vollage type
LC663545/3565/3585 42 4/6/8 Kbyte ROM 512 words QIP44M 22 10 55 VA9 s
LCB6556A/558A/562A/566A 64 6/8/12/16 Kbyte AOM 512 words DIP64S and QIPG4E
LC66354B/356B/356B 42 4/6/8 Kbyte ROM 512 words DiP42S and QIP48E
. Low voliage, high-speed type
LC66556B/558B 64 6/8 Kbyle ROM 512 words DIP64S and QIPG4E 30 10 55 VI.92 s
LC66562B/566B 64 1216 Koyte ROM 512 words DIPG4S and QIPG4E
LCG6E308 42 8 Kbyte EPROM 512 words DIC425 and QIC48
LCB6P308 42 B Koyte PROM 512 words DIP428 and QIP48E
LCBBEA408 42 8 Kbyte EPROM 512 words DIC42S and QIC48 Evaluation ROMs and EPROMs
with window

LCB6P408 42 8 Kbyte PROM 512 words DIP42S and QIP48E 45 to 5.5 v0.92 s
LCGEES 16 64 16 Kbyte EPROM 512 words DIC64S and QICH4
LCH6P516 64 16 Kbyte PROM 512 words DIP643 and QIPE4E

* Under development
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INSTRUCTION SET

The following abbreviations are used in the instruction set table.

AC Accumulator PCh Bits 8 to 11 of the program counter
E E register PCm Bits 4 to 7 of the program counter
prog
CF Carry flag PCl Bits 0 to 3 of the program counter
ZF Zero flag Fn User flags, n = 0 to 15
HL Data pointer DPy and DPL TIMERO Timer 0
XY Data pointer DPx and DPy TIMER1 Timer 1
M Data memory SI0 Serial port register
M (HL) Data memory pointed to by DPuy P Port
M (XY) Data memory pointed to by DPxy P (i4) Port specified by 4-bit immediate data
M2 (HL) Two-word location of data memory at INT Interrupt enable flag
even address pointed to by DPwy (L[] Contents
Sp Stack pointer — Direction of transfer, result
M2 (SP) Two-word location of data memory ® Logical exclusive-OR
pointed to by SP Logical AND
M4 (§P) Four-word location of data memory + Logical OR
pointed to by SP + Arithmetic addition
in n-bit immediate data - Arithmetic subtraction
t2 Bit specifier
2 Bit
00 0
01 1
10 2
1 3
Insiruction code
Mnemonic Cporation clololololololp Cytles Notation Description sl}:lg‘:'
T {s|s|efa2|1]0
Accumutator instruclions
oLA Claar AC 1]oflololo]ofo]e AC « 0 (squialent o LA 0] f&fp“’;n"gﬁorf“:fz’i‘l{:b;' the acoumulaior. Verical | 5
DAA Decimal adjust AC atier addiion ; é ? g :] : 1 ; Eﬁu;‘al;ca)‘kgl 8 Adds 6 to the contents of the accumulator IF
DAS ?::::;gio:di"" AC aflor c" ; ? g : ; : ; ;:2“:;‘ J:‘CL*M;? oH) Adds 10 lo the contents of the accumulator ZF
CLe Claar CF ofolJo|1]|1]1]1]0 CF 0 Clears the carry fiag CF
STC Set CF cjojae |t 1|1V ]1 CF 1 Sels the camy flag CF
CMA Complament AG olecloli]ifolo]o AC < A m":w':;u::w‘?m”‘““‘“”‘ of the contents of | 5o
A Incremenl AC ejoeflofr]o]tjo]e AC «— (AC) + 1 Incraments the contents ol the accumulator by 1 | ZF, CF
DA Docremant AC olelbileololr]elo AC — [AD) - 1 Bysc:amenls tha conlents of the accumulalor IF oF
AC3 « (CP), ) ‘
RAR Rolate AC right through CF olojo]r}jo]efofo Sgn:( A’éﬁ? + 1), mihm'amcogre;!sﬂ :g[ the accurmulater right CF
ACp — (CF), )
RAL Rotate AC lat trough CF ojolofo]ofe|e]: ggn‘: ;A::;} (ACH), m’rghmrh :O:;:;Isﬂ:gr the azcumulatar lell cF 2t
TAE Transfor AC to E oltlalolelslo]s E e (AG) g:?::r ﬁE'na centenls of the accumulator inte
TEA Tianster E 1o AG afifefo]ola]i]o AC (B Gopies o canlanls of rogistar £ o th ZF
XAE Exchange AG with € alileloleli]|o]o (A e (B) E.);:{aﬂgeés the contenls of the accumulalor ang
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Instruclion code

. ) . . Status
Mremonic Operation olo o ole Cycles Natation Description flags
T)& S|4 ]|312]1 0
Memory Instructions
M Inerament M ofciol ool o] 1 | My e s 'b';“ﬂme”" the cantanls of memory location HL | 7z rp
oM Docroment M ool i|ofojo1]|e]| 1 My e mpu - prcyoments the canlene of memory kcaton B | z¢, ¢
. 111 olo 11| ’ . Increments the contents of tha memory location
IMOR i8 Increment M direct e sl el ]nlnlie 2 Mg} — [MGi8)) + 1 specifid by immadiala data g 1o k7 by 1 ZF, CF
P . 111 ojo]o]1 1 . , Decrements the conlanls ol the memory location
OMDA i8 | Decramenl M direcl el lulsle!lnle 2 M(i8) — {MGEB) - 1 specified by immediate data Ip [0 [7 by 1 IF, CF
SMB 2 | Sel M dala bi elolofoel o lnlwl 1 | MA@ z"‘:ng“’ub" in memory localion HL specified by
| L ) "
AMB 2 | Reset M data b ofodslel ol [n]lo]l + |mMuueee bc;’j‘;‘ e ,";‘ in memory location KL specified | 7
Arithmetic Insiruclions
Adds the contents of memory location HL to
AD Add M to AC cjojojoloe]t 1o 1 AC « (AC} + {M{HL)] the contents of the accumulator and steres tha 2F, CF
result in the accumulator
Adds the conlents of the memory localion
. 1 11¢ tjojo¢g1 . spocified by immediala data 15 to 17 lo he
ADDR i Add M diect to AC Il |t la{lajlz]tflh 2 AC 4= (AC) + [M(] contents of the accumulator and stores the ZF. CF
resull in the accumulator
Adds lha conlents ol memory localion HL lo
ADC Add M lo AC with CF golofjejojejo}t]o 1 AC «— (AC) + [M{HL)] + (CF) | the contents of the accumutater with carry and ZF, CF
storas the resull in the accumulalor
vlalolela]s A Adds immediate da'a Iy lo 13 to the contenls of
AR i4 Add immediate data 10 AC ololilolnll | I 2 AC — (ACY + 3 l2 W Iy the accumutalor and stores the resull in the ZF
e |l accumulalor
.. | Sublrects the conlents of the accumulatar from
SUBC Subrract AC kem M with CF plojof[r]of1 ] 1 1 AC « [M(HL}] - (AC) - [CF) | the conlenls of memory location HL with cary ZF, CF
and sloras the result in he accumutaler
Takes he logical AND of the conlents of the
AND M with AC Ihan store in accumulalor with the contenls of memory
ANDA AC LN R L R N L ! AC « 1AC) - (ML location HL and slores the result in the zF
acoumylalor
Takes the logical OR of tha conlenls of the
OR M with AC then slora in accumutator with the conlenis of memory
ORA AG eloyoafoprfoe] ! AC +— [AC) + [MIHL focation HL and stores the resull in the Z
accumulator
Takes the logical exclusive-OR of the contants
Exclusiva-OR M with AC then of the accumulater with the contents of memory
ExL store in AQ ojofoqriopt ot ! AC « [AC} @ M(HLY localion HL and storas the resull in the Z*
accumutator
Takes the logical AND ol the contants of the
AND M with AC than stera in accumulalar with the contenls of memory
ANOM M opeyejotego gy ! MiHL) e {AC) - [MIHLY lecation HL and sloras the result in the ¥
accumulalar
Takes tha logizal OR of the conlenls ol tha
. . accumulalor with the contenls of memory
CRM ORMwih ACthenstominM YO JO O ]O|o]r]of¢ 1 W{HL) « [AC) + MHL) lecation HL and siores the rascll in memery 2F
location HL
Compares fha contents of the accumulator with
the contents ol memory location ML and sets
the conditien flags as shown balow
Comparison CF F
CcM Compare AC with M glofo 1 01 1 0 1 M(HL)] - (AC) - 1 IF, CF
F MIHL] - 1AC) MiHUL > (AC) 0 o
M{HL)] = (AC) 1 !
M(HL)] < (AC) i 0
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Inslruction code

) . " L Status
Mngmanic Operation slololo!olo]lolo Cycles Notation Description flags
T|6 |85 )4f3|2]t]0
Comparas tha contents of the accumulator with
immediate dala lp lo 13 and sets tha cendilion
flags as shown balow
: Compariton CF IF
. Compara AC with immediate tl1jofoafr 1]t —_—
| 4 2 Ialz {1 lp = (AC} - 1 ZF, CF
e data 1voefifoln|r|{n]e a2 i1l - (A0) gl g > [AD) 0 b
31211 Ip = {AQ) 1 1
312 1 lp < [AC) 1 o}
Compares tha contents of the lower nibbie of
oL i Compare DP_ with immediala 1 tjoe]o] 1 1 1 2 ZF «— 1t (DPL) = I3 I2 1y Ip. | dala pointer HL with immediate data Ip to Ia. zZF
dala tlo]s ] t]ia]lfli]lo ZF « 0l (DPL) = 13 k2 Iy lp | Sels the zero Aag whan equal and cloars the
2oro flag when unequal
Compares tha bit of the accumulator specified
. ZF = 1 il {AC, 12) = [M{HL), | by o and t1 with the bil ol memory localion
ovg | Compare AC btwinMdae |1 g0 L] )] MR R HL spocifed by tg and 1, Sels he zero fag | ZF
1 [M{HL}, 12] when equal and cfears the zero flag when
unaquaf
Load and store instructions
AC — MiHL Loads the contenls of memory location ML into
LAE Load AC and E from M2({HL} ot Jopriryr oo 1 E e ML *' 1 the accumulaler, and the conlents ol memory
localion HL + 1. inlo register E
. i ) Loads immediate dala lg to 13 into the
LAl ia Load AC with |m7ﬂed|am data t{olejolialle|l]|le 1 AC — lakelilp accumulalor, Verlical skip function availatla IF
tlilelolololo] Loads the contents of the memory ocation
LADR i8 Load AC from M direct | | ) ) ' ) ) | 2 AC + [M(ig)] specified by immediate data Ip to I7 into te IF
TrE s MR ! b accumulalor
Stores the contenls ol the accumulater in
S Store AC le M 0 1 plof0 1 1 1 1 M(HL) « {AC) memary location H.
ML) + (AC) Stores the contenls of the accumulater in
SAE Store AC and E to M2(HL) ol1v]o 1 1 1 11¢ ] MHL + 1) <—'(E) mamory location ML, and the contants of
register E, in memory lacation HL + 1
Loads the contents of tha memory location
specified by to inlo the accumtalor
Register 10
LA reg Load AC from M[reg} slr]olo]r]oafw]|o 1 AC « [M{reg)] il
HL ]
XY !
Loads the conlents of the mamory location
specified by ty into the accumulator and
incremenis |he lower nibble of the corresponding
memery location data pointer.
AC «~ [M{reg)], Reglster to
LA reg, | :;;'f':m’:ﬁ' 'r’:“’ Mireg) then ol lofel v elw| ] 2 oPLe@R)ster 7F
9 DRy « (DPY) + 1 HL o
XY 1
The zero Mag is set according io the data
pointer incremani operalion.
Loads the centanis of the memory lecation
spacified by 1 inlo the accumulater and
decrements the lower nibble ol the
comesponding memory location data poinler,
AC +— Miregl], Reglster ']
LA reg, D ';“d ”‘Cmf'”" Mireg) then olsfoltlilelw]t| 2 |ome@l-10 F
pcroment reg DPy « (DPy) - 1 HL 0
XY 1
The zero Rag is sal according lo Ihe dala
poinler decrement operation.
Exchanges the contents of the accumulator wilh
tha contants of the mamory localicn specified
by o
XA freg | Exchange AC with Mireg) o|1fofolr]t]we]e 1 | (AG) &= Mireg) Reglster g
HL [+
XY 1
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Tnstruction code

. . . Status
Mnemonic QOperalicn plolololololo]|p Cyeleos Nolalion Descriplion fags
Tle6 |5 |43 [2]1]0
Exchanges the contents of the accumulator with
the contents of the mamory localion specified
by to and incraments the lower nibbla of the
coiresponding memory location data peinter,
) {AC) > [Mirag)], Register to
XA g, | | Exchavge ACwin Mimgl ten | o fdg o fw| 1] 2 JORe@Rs1e ¥
& DPY « {DPY) + 1 HL o
XY 1
The zero fag is set according fo the dala
painlar incrament oparalion.
Exchanges the conlants of the accumulator with
the conlents of the memory location specifiad
by 1o and decrements the lower nibble ol the
cormesponding memory location data pointer.
) {AC) — [Miregl). Rogister [}
XA te3, O 5;5:‘:;‘3:[“: with Mireg) then | o 4 s o Ly 1|1 w1 2 |oPL =P = ter 2F
4 OPY « (DPY) - 1 HL 0
XY §
The zero flag is sel according lo the dala
poinler decrement oparation,
i iloloeloa Exchanges tha contents of the accumulalor with
XADR i6 | Exchange AC with M direct P R I | b [ ; 2 {AC) e (M{iB)) the conlanls of tha memery localion spacified
Tl s[RI by immediale dala o to Iy
o ' Loads immediata data I3 to I7 into regisler E,
Lealig | Lod B and A wihimmedate ) f 4 4 9 DB ELLTR ] 2 Er kel and immediate dala Ip o I3, into Ihe
7165|132 1 0 3kl accumulalor
Loads the upper nibbla of the memory location
spacified by 1he program counter {the lower 8
ATBL 2“01‘: tabia data fom program o |y | o | {4 o |1 ]{c] 2 |E AC— [ROMPOh E AC) | bits ere replaced by Ihe contents of register E
and the accumulaler) inle register €, and the
uppar nibble, into the eccumulator
Loads the upper nitble of the memery location
spacilied by (he program counter (the lewar 8
RTBLP ggaMd :;:‘: :;laut'rtoomp:m:,:;mps agflrjoafrfr)ejete 2 :on:c;; and 5 e [ROMIFCh, bits are raplaced by the conlents ol register E
P ' and the accumulalor) inte perl P4, and tha
upper nibble, into por PS
Data pelnter instructions
. Claars the contenis of the uppar nibble of dala
L DP i Zoro and L Lyt lofmfumlulw] 1 |oPweco DL iyt | paiter DPHL and loads immediala data I fo 13
wilh immediate cata inla he lower nibbla of dala poinler DPH
. s ) 1 tfojojt 1 1 1 Loads immediale data Ip to I3 inle the upper
LHI i4 Load DPH with immediale data ofololelulelnle 2 DPH — 1312 i Ip nioble of cata painter DPHL
. - . 1 1o f{o]1d 1 1 1 Loads immediate data 1p to I3 inlo the lowar
LLI i Load DP{ with immadiale data olelol v ]mlelnln 2 DPLe=l3lalylp nibbls of daa poinler DPHL
LHUI i Load DPY, OPL with immediate | + | v | © ojojJo|o 2 DPH « 1715 15 14, Loads immediate data Ip 1o |7 info lhe data
datn Tl lel3lizIhtlh DPLel3l211 10 pointar DPHL
LYYl iB Load DPy, DPy wilh immediale | s {1 { & | 0 o|ltto0 2 DPX « I7 g I5 g, Loads immediate data Ig fo l7 into lha auxiliary
data Il |Is]lallaglz]lhlh DPy 131211 Ip dala pointer DPyxy
Incraments tha contenls of the lower nibble of
L Incrament DP| cloefo]t|]elo]a]1 1 DPL «— (DPL} + 1 data pontar DPHL by 1 IF
Decrements the conlents of the lower nibbte ol
DL Cacremant DPL plo|1]|]efe|O]0C ]| 1 DPL « (DP) - 1 data. pointer DPHL by 1 Fia
Increments tha conlenls of the lower nibbia ol
¥ Increment DPy slofjolr oo |1 1 CPy « (DPy) « 1 suxilary dala pelnvar DPYY IF
Decramants tha conteats of the lowar nibble of
[1}4 Decrameant DPy olofjt1]elo]o]r ] 1 OPy « (DPy} - 1 susiiary dala pointer DPYy ZF
tl1jojejr vt |1 Copies the conlants of the accumulalor into the
TAH Transfer AC to DPy il lstalolalolo 2 BPH « (AC) uppar nibble of data pointer DPH
tlt1]joje]1]1]1 1 Copies the conlants of the upper nibble of data
THA Translr DPH to AC itl1|1{ejojojofo 2 AC « [DPH] painter DPHL into the accumulalor zF
Exchanges the contants of the accumulator with
XAH Exchange AC with DPH gl1|opojojojojo 1 {AC) & (DPH} the conlenis of the upper ribble of data pointer
OPHL
11 |o]o]t 1 1 1 Copies the contents of the lower nibble of data
TAL Transtar AC to DFL 1111 1o |ofo] 2 OPL « (AC) peintar DPHL inlo the accumulalor
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Instruction code

Status
Mnemaonic Cperalion D piololololo Cycles Notation Deacriplion Tlags
T 5 |4]3 2|10
! pfol el Copias the contents of the accumulalor into the
TLA Transler DP, 1o AC 1 1joje1o ]| 2 AC « (0P) lowar nibble of data pointer DPHL IF
Exchanges the contents of the accumulalor with
XAL Exchangs AC with DPL M plojo OO 1 (AC) « (DPL) the conlenls of the lowsr nibbie of data pointer
DPHL
1 {200 I O N T O O O | Copies tha contents of the accumuiator into the
X Transter AC to DP 1 ifitelal1]|o] 2 [PPxetD uppr ribble of auxifary data pointer DPYY
1 olo |1 ]|t Copies the contents of the upper nibbly ol
TRA Transter DPY 10 AG 1 1tjaojojolt|o 2 AC + (DPx) auxitiary dala pointer DPxy into the accumulator 4
Exchangas the conlenls of the accumulator with
XAX Exchange AC with DPY 0 of¢c]ojJo]tfo 1 {AC) & (DPx) the contents ol the upper nibble ol auxliary
’ dala pointer DPxy
1 afo]1 1 ] 1 Copies the conlanis ¢f the accumulator into he
TAY Transter AC lo DPy 1 1 1jJojel 1 2 DPY +- (AC) lowar nibble of auxiiary dala pointer DPXy
1 alot ]| Copies the conlenls ¢f the lower nibble of
YA Translor DFy ta AG 1 1]joloflo]1| 2 AC « (DPY) auxiliary data pointer DPYy inlo the accumulator F
Exchanges the contents of the accumulator wilh
XAY Exchange AC with DPy 0 slojolofr| 1 (AC) +—+ (DPY) the contents of the lawer nibble of auxiliary
data poinlar DPxY
Flag instructions
SFB nd Sel lag bit Q 1 1 ; : : g 1 Fn 1 Sets the flag specified by ng to n3
AFB né Resel flag bil 0 1] ; ; "1‘ ; 1 Fr e O Clears the flag specified by ng to ng ZF
Jump and call Instructions
PlPiels
. 1 1 Q 1 . PCI2 e PCIZ Jumps within the same bank fo the address
JMP addr | Jump in the current bank p Pl1Pl1]o g g z PCIT I8 0 o= p 1o P specified by the program counler (the lower 12
7 s (a4 |P|P 1o n o bits are roplaced by immediate data Po to Pqq)
3|2
Jumps within the currenl page to the address
Jump 1o the address stored at PCIZ o PCS & PCI2 10 specified by the program counler (the lower B
JPEA ¢ 0 t ool ] ] 1 PCB, PCT 1o 4 « (E), ! ’
E and AC in the currenl page bits are roplaced by \he contents of fegisler E
PC3 1o C « [AT)
and the accumulator)
P
0 efr|o]a|D|h ;E:S :mn“ ?o'x P Calls @ subrouting af the add ifsd by
. 9 |a o 0 + Pio to Po, 5 a subroutne at the address specifie
CAL addr { Call subrouline P P|IP]|P g plep 2 MA4(SP} « (CF, ZF. Pg to Pig
! R PR PCI2 to 0], 5P — (P} - 4
PCi12 to 6 PC1 10 0 « G,
CZP addr Call subrouline in the zero ! 1 0 FIP|P]|P 2 PGS to 2 « P3 to Py, Calls a subroutine wilhin paga 0 ol bank C al
page 3lzl1]¢ Ma(SP} « [CF, ZF, the address specified by Po 15 Pa
PCI2 1o G), SP « 8P — 4
BANK Change bank ¢ 2 T B I R B | 1 Charges memory bank or register bank
Pushes the conlents of the ragister specilied by
ip and iy onlo the stack and decraments the
stack pointer by 2
Register ] ]
4 oot 1|1 M2(SP) « (reg}, HL 0 Q
PUSH rag | Push reg on M2(SP) 1 1 v i i ] e 2 8P ISF) - 2
Xy o 1
AE 1 0
llegal 1 1
Incremaents the stack pointer by 2, pops the
conlenls off the slack and moves the contants
into the register epecified by ig and iy
Register ] Iy
' 1 oo v 1 ]1]1 SP +— [SP} + 2, HL o ]
POP reg Fop reg oft M2(SP} 1 el |ifule 2 reg — [M2SP]]
XY 0 1
AE 1 0
llogal 1 1

No. 3928—21/24




LC66354A, LC66356A, LC66358A

Inatruction code

. . Slatus
Mnemonic Operation plolololeleololo Cycles Notatien Deseriplion Tiags
T|6 |54 ¥ |21 0
SP o (SP) + 4, Relums from a subroutine or an inferrupt
AT Retun from subrouting olofjol1r]1f1{0]0 2 PC |M4(SP}]| servic routing, bul does not restora the state
of the zero and cary flags
SP = (5P) « 4, Refurns Irom a subroufing or an interrupl
RTI Relum trom interrupt subrouting cjofofr]t]v ol 2 PC + [M4(SP)], CF. sarvice routine, including the stale of the zerc 2F, CF
IF «— [M4(SF)) and carry flags ’
Branch instructions
ililelvtololuln Tesls the bit spacified by immediate data g
. PC7 10 0 « Py Pg P5 P4 P3 [ and 11 of the accumulalor and, if set, branches
BARZ podr | Branch on AG bil PIPIR[PIPLRPYP 2 Pa Fy Po il {AC, 2) = 1 within the same page to the address spacified
T|& (5| 4]A]2 1 0 by Pp 1o Py
ilolol1lololule Tesls the bit specified by immediate data %
BNAR . PCT7 10 0 « Py Pg P5 P4 P3 | and I of tha accumulalor and, if not set,
addr Branch on no AC bil PIPIR®|PIP|P|P 2 Pz Py Ppit (AC, €} o 0 branches within the same page to the address
Tlefps eyt spacilied by Pp lo P
itlodolalolalulu Tasls the bit specified by immediate data ty
. PCT 10 0 « Py Pg Pg Pg Py | and 11 ol memory location HL and, il sat,
BMI2 edar | Branch on M bil PAP(PyP PP PP 2 P2 Py Po il M{HL), t2] = 1 branches within ihe same page to the address
Trepsf4ejafegrfo spacified by Py to P7
ite ol el ]ulu Tasls the bit specified by immediate data 1o
BNMI2 PC? 10 0 +— Py Pg Py Pa P3 | and 1y ¢ memory location HL and, it nct set,
addr Branch on 6o M bil PIPIPLPIPIPLP]F 2 P2 Ps Py il [M{HL), 2] =0 branches within the same page lo the address
L L B A L I L spacified by Pg lo Py
Tesls the bit specified by immediate data to
and 19 ¢f the port specilied by the conlents of
1 1ol 1ol the lower nibbie of data pointer DPHL and, if
BPiZ addr | Branch on port bi ple|p|p|p|p|r|p| 2 |BE7 10« PrPePsPaPal o bionchas within h sams page & the
7l lelslalalzlilo Pa Py Po il [PORLL, 2] = | s spacifiad by Pg ko P7. When tollowed
by bank instrucions, the internal control registers
are also valig (read-only registars).
Tosts the bit specified by immediale data lg
and 11 of the porl spacifiad by Lhe contents of
s10 oY1 1]o0|u|w the lower nibble of data pointer DPHL and, if
BP Branch on no porl bil P{P|PIP|P|P}|P]|PRP 2 PC7 to 0 b Pr Pg Ps Pa P not sat, branches within the same page to the
addr rletstlalalzli]o P2 Py Po it [PDPL), 2] = 0 addrass specified by Pp 1o P7, When followed
by bank inslructions, tha intarnal gontral registers
are also valid (read-only registers).
v et ]o]o Tosts the carry flag and, if set, branchas within
BC addr | Branch on CF plrlrlrlr|r|e|2]| - E?P:O :OW(EBT 7% P4 P31 b sama page o the aciress specfed by Po
Tlsls|afata]t1]o lo Py
tjejelrjr oo Tests the carry flag and, if nol set, branches
BNG adér | Branch on no CF plrlr|r{rlr|e|r| 2 ;§7p‘|° :o‘;(glr-'}p-e 35 F¢ P2 | witin tho sama paga o o addrass speriled
7l6]s]|sijafa]r|o by Po to P7
1 tjo]1t 1 11011 Tasts the zero flag and, if sel, branches within
BZ addr Branch on ZF PIP|P]|P|P|PIP]|P 2 E?on :o‘i]-(;;] F:ﬁ 1P5 Pe Pa the same page Io the address specified by Pg
Tle|s]4|3|e)r|o o P7
tlojo]1 110l Tests the zeto flag and, if not sel, branches
BNZ adde | Branch on no 2F PIP]P]|P]P PP 2 EETP:O :D'IT (;;] Pf OPS Pa Py within the same page to the addrass specilied
7le|s|a]2f2] by Po to Py
nln|n|n y .
[ T 1 Tests the tlag specifiad by ng lo n3 and, if se!,
BFn4 addr | Branch on flag bl slefepe|dl2]sle] 2 [E9° P°u‘i7[§:) P6 P54 P3| branchas witin the same page to the address
1lels]s 2h speciied by Pg to 97
3|2 1 a
NF 110} ' B A R BCT 10 0 Py P Pt 84 P Tests tha flag specified by ng to ny and, if not
de né Branch on no ilag bit PIPLIP}P g g A g 2 P PoF ‘iT(F:) 60 5rer3 sot, branches within the same page to the
addr rlebsfalalady e 2 F1Fe - address specified by Pg to Py
Input and oulput Instructions
Loads the contents of ingut port FC into tha
PO Input pert 0 16 AC g|lof|t1tfejolejoqo 1 AC — (PO} accumulalor ZF
Loads the contants of the input port specitied
P Inpul port lo AG glojtr]ejef]tj1]o 1 AC + [PDPLY] by the contenls of the lower nibbla of data 2F
goinler CPHL into the accumulator
Leads the contents of the input perl specified
IPM Input porl lo M olojofr]v]o]etlt 1 M{HL) « {P{CPL)] by the contents of the lowar nibble of data
poinfar CPH_ inte memory location HL
. . t]1]0]0]1 1 1 1 . Loads the contents of the input port specified
[POR Input pors fo AC diract aflv (1ol 2 AC PO by immediata dals Ig to 13 inlo tha accumulator 3
input ports 4 and 5 lo E and 1 1{o]o]! 3 1 1 Loads the contants of input ports P4 and P§
IPds AC, respactivaly tl1joflr]jo]s]e]o 2 E « [Pl AC « [PIS) into registar E and the accumulator, respectvely

No. 3928—22/24




LC66354A, LC66356A, LC66358A

Instruction code

. - Status
Maemonic Operalion clolololelololn Cyclea Nolation Descriplion fags
Tl6|s5]a|a]2a|r]0
Loads the conlants of the accumulaler into the
apP Output AC to pon oo jolo]tr]of1 1 PIDPL) « (AC) cutpul port specified by the contents of the
lower nidble of data pointer DPH|
Loads the contents of mamory location HL into
OPM Qutpul M 10 port olojo|t]rjoltryq(o 1 P{DPL) «= [M{HL}] the output por specified by the lower nibble of
data peinler DPHL
. ) t]ptjojor(t]1q1 ‘ Loads the contents of the eccumulator inlo the
OPDA i4 | Qutput AC o porl diract obo vt lmafeluln 2 Pije) + (AC) oulpul port speciied by immediate data Iy fo I3
Output E and AC lo ports 4 1 t{fojor|t]1 1 Loads the conlents of register E and the
i and 5, respectively 1]t jaflr]ofr]ol 2 Pig) &= (B). PIS) « (AC) accumulator inlo ports P4 and FS, respectively
Sals the bil specified by immodiale dala ly and
SPB B Sel porl bit ofojojlolr]o|n|t 1 [P{DPL), 12] = 1 ty of the oulput port specified by the lower
nibble of data poinler DPYL
Clears tha bit specified by immedia‘e data to
RPB t2 Reset por bit cjeoJt e | YOkl 1 [PIOPL), ] +~ © and 1y of the outpul parl specilied by the lower | 2F
nibtle of data pointer DFHL
o ) ef1]e | Takes tha logical AND of tha contants of the
ANDPOR :‘h’;r? pot wih immedaie dala VLN e PR |P] 2 PIP3 1o Poj e PP 10 0 ¢ | pon spaciied by Po lo Py win immevialo das | 2F
. P oulpy N RN I P 3100 Io % |3 and loads the resull into the port
- . cl1ie]o Takes the logical OR of tha contenis of 1hn‘
SHPER g:‘npm ‘:“[h immediata data ‘1 *1 ‘0 f plrlr|r 2 r(P"’ 0 Pol = [PIP3 10 O + | i soseiied by Po to Pa wih mmediale daa | ZF
. P p I IO RN BN IO I (R I 300 Io to 13 and loads the resull into the port
Timer conirol Instructions
Wriles the conlenis ol memory locations HL and
WTTMO Wita timer 0 t]1]e]o]r1]o]1]o 2 TIMERD ~ [M2(HL)] and (AC) |} HL + 1 and the conlenls of the accumulaler
into the timer O reload register
o t{1jejojr sl Wriles tha contents of register € and the
WTTM! Wiitetimer 1 IEEEEE BN ERRE AR 2 TIMERT = (E) end {AC) accumulater inlo the timer O reload register
Rsads the conlents of the limer D counler inlo
RTIMO Read tmer 0 1t{1ledofr o1 |1 2 M2(HL} and AC « (TIMERD) mamory locations HL. and HL + 1 and the
accumylator
tlrjejopr syt Reads the conlents of the limer 1 counler inte
RTIM1 Read tmer 1 1 1 1 1oy o] 2 E‘ and AC « (TIMERY) ragister E and the accumulator
. 1 1 [+ ) 1 1 1 1 .
STARTO Stal tmer 0 ttalidelolali]o 2 Start timer O counler Starts the tmer G counler
: 1 1 0]o 1 1 1 1 ! )
STARTY Starl tmar 1 slalileloala)e] 2 Slart tmer 1 counler Starts the bmer 1 countar
. 1 1 00 1 1 1 1 . .
STOPO Slop 1mer ¢ vivlalalelsdo]oe 2 Stop limar O counler Stops the limer O counter
STOPY Slop timer 1 : 1| ? ? ; : : : 2 Stop limer 1 counlar Slops the limar 1 countar
Interrupt control inatructions
MSET Set Interrupt Masler Enable flag ! ool 1o 2 MSE « 1 Sets e intarrupt masler enable flag
g1 jolti]alo]o]a
Reset Interrupt Masler Enabla 1 tljolaof 1101 . |
MRESET fiog 1lolelslolololo 2 MSE « 0 Clgars the interrupt maslar enable flag
Takes the logical OR of tha interrupl mask with
. . tlrjoelolrv e ) immediate dala I 1o |3 and, for bits that ae
EMH 4 Enable ictamupt HIGH ool vzl 2 EDM « (EDIH) + 14 sal, enables the corresponding actve-HIGH
inlerrupls
Takas the logical OR of the interupt mask with
) . 1t {1 ool 11011 . immediale data o to I3 and, for bits thal are
EL i Enable interrupt LOW {ofr]Joloflafrll|h 2 EDIL e (EDL) + i sot, anables the comesponding active-LOW
intarrupts
Takes the logical AND of the interrupt mask
. . . 11 jofjor]t1]of = with the 15 complement of immediala dala 1y o
DIH i4 Disable intarrupl HIGH 1lolol v lulelnln 2 EDIH « (EDIH} . ia I3 and, for bils tat ara set, disablas the car- 2F
rasponding active-HIGH interrupts
Takes the logical AND of the interrupt mask
. . . t{tjojolt1]i1]of = with the 1s complement ol immadiate dala 1y to
DIL i4 Dissble irterrupl LOW vlolofolulwlnln 2 EDIL « (EDIL} . i4 I3 and, for bits thal are sal, disales. the ZF
corrasponding active-LOW interrupls
. 1 t{ojo] 1]t 1 1 Writes 1he sontents of regisler E and the
Wrsp Wille 5P BRI ERERERERE! 2 P « (B} {AC) accumulater into the slack pointer
1 tj{ololt 1 1 1 Reads the contents ol the slack poinler inle
Asn Read 8P AT ERREEAERERE 2 |EAC5R) register E and the accumulator
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Instruction code
. f . Status
Mnemonic Operalion olelolololololo Cyeles Notation Description fags
TIE|5|4]372]1 0
Standby conirol Instructions
1t joefor 1]
HALT Halt rfatel sl o 2 Halt Salacts halt moda
Tl fefoefr ]
HOLD Heold slaledl a1 2 Hold Selects hold mode
Serial inpuloutput control insiructions
: 1 1 0 0 1 1 1 1 . '
STARTS Start serial VO tbalvlelabadato 2 START 510 Starts serial inpulioutput operalion
. . tlrjofe|r]1r]t|n1 Writes (he conlents of regisler E and the
WISIO | Wrile seril 10 EEEEEEEERERERE 3| 50 = (B ane (AG) aceumulator into the serial inputioutpul por
. t{1]olo|t|[1r]1]1 Reads the serial inpulioutput porl into register E
RSIO Read senal O 1 vy ; v | 1 2 E and AC « (SI0) and the accumulater
Miscellaneous instructions
NOP No operalion cqofojojoalalo|o 1 No cperation No operatien for one cycls
. S I [T O VI I O O O I | Selacts the memory bank specified by
58 i2 Selec! bank 1lifalolololn|p] 2 [FeE=hlk immadiate data lg and Iy
Note

The range of values for i2 in the SB instruction varies according to the device. Refer to the LC66S Jump Optimizing
Cross Assembler Manual,

B No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

M Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affilates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

B Information (including circuit diagrams and circuit parameters) herein is for example only: it is not guarant-
eed for volume production. SANYQ believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of
third parties.
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