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CMOS LSI

L No. 3956C 7/

LC5872, LC5873, LC5874, LC5876

4-bit Single-chip Microcontrollers
with LCD driver, 12KB/8KB/6KB/4KB ROM, 1Bk RAM on chip

Overview

The LC5872, LC5873, LC5874 and LC5876 are 4-bit
single-chip microcontrollers designed for low-voltage
operation. They incorporate dual oscillators, a direct
LCD interface and a carier generator, making them
ideal for use in VCRs, tuner remote-controllers,
cameras, CD players and tuners, as well as compact
measuring instrument and medical equipment applica-
tions.

Seven, 4-bit I/O ports are available in a variety of
configurations which can be specified as mask options.
These include on-chip pull-up or pull-down and hold
transistors, open-drain or complementary outputs, key
debounce circuitry, tising- or falling-edge detector
inputs, interrupt generator and serial I/O circuitry. Other
mask options include rising- or falling-edge interrupt
inputs, a LOW- or HIGH-level reset input, four fre-
quency divider ratios and a number of oscillator combi-
nations for crysial and ceramic filter resonators and RC
circuits, or an external clock input.

The direct LCD interface, which can be used as a
general-purpose 35-line output port, can deliver 1/1 to
1/3 bias at 1/1 to 1/4 duty, providing support for a
variety of displays. Three different LCD control fre-
quencies are available.

The LC587x series devices also incorporate on-chip
ROM and RAM, a software-programmable serial 1/0
timer counter, two general-purpose timers, a program-
runaway watchdog timer, a clock timer, a speed control
circuit, a frequency divider and a system clock genera-
tor. An alarm circuit is also provided.

The LC587x series microcontrollers operate from a
2.0 10 6.0 V supply and are available in 80-pin QIPs and
as 82-pad dice,
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Two on-chip oscillators support a 32, 38 or 65 kHz
crystal resonator, a 400 kHz to 4 MHz ceramic filter
resonator, a 200 kHz to 1 MHz RC circuit or an
external clock input.

Prograraming-free four-common, 35-segment direct
LCD interface port

}/1 to 1/4 duty for 35- to 140-segment LCDs
CMOS, p-channel or n-channel segment output mask
options

35-line segment outputs available as a general-purpose
output port

15-stage frequency divider for LCD drive waveform
generation

20 universal inputs/outputs

Five universal inputs

Four universal outputs have direct LED drive capac-
ity, internal alarm and carrier outputs

Key debounce circuitry

Pull-up/pull-down resistor and transistor mask options
Software-selectable pull-up/pull-down transistors
Complementary or open-drain outputs

3-pin, 8-bit serial interface

One dedicated and eight selectable rising- or falling-
edge interrupt inputs

LOW- or HIGH-level reset input

Serial 1/O timer, 8-bit programmable timer, 8-bit
programmable-reloadable timer and watchdog timer
2048 x 16-bit, 3072 x 16-bit, 4096 x 16-bit and 6144
x 16-bit on-chip ROM for LC5872, LC5873, LC5874
and LC5876, respectively

256 x 4-bit on-chip RAM

"HALT and HOLD standby functions

Eight HALT-mode and seven HOLD-mode release
functions

Five interrupt levels

Eight subroutine nesting levels

2 to 10 us cycle time in high-speed mode

20 pA to 1.7 mA supply current

2.0 to 6.0 V supply range

80-pin QIP or 82-pad die
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L.C5872, LC5873, LC5874, LC5876

Pin Assighment
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Note

Do not use dip-solder scldering when mounting the 80-pin QIP.

Die Specifications

Chip size 5.12 mm x 4.54 mm

Pad size 120 pm X 120 um

Chip thickness 480 pum

Pad Coordinates

Coordinate {um} Coordinate {um}
Pad number Name Pad nutber Name
X Y X Y

1 VDD 2236 ~1946 2 SEG20 -2181 2088
2 CFIN 2% —1637 e SEG21 -2062 2068
3 CROUT 223 -1485 4“ SEG22 2362 1416
. 5t 2236 ~1213 4 SEG2) 2362 1235
5 52 2% -1030 4% SEG -2362 1085
8 5 223 197 4 SEG25 -2362 874
7 84 2216 -615 " SEG26 -2362 694
8 K1 2238 -390 a9 SEG2? -2062 513
9 K2 223 —207 50 SEG28 -2362 an
10 K3 23 -2 51 SEG29 2362 152
1" Ks 2% 159 52 SEG30 2382 -20
12 W1 2% a2 SEG31 ~2362 209
13 M2 2% 525 SEG32 -2362 389
14 M3 2% 208 56 SEG3 -2362 570
15 Me 2236 892 56 5EG34 -2362 -750
16 N1 23 1247 57 5EG35 -2362 931
17 Nz 2238 1518 53 COM4 =-2382 =125
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LC5872, LC5873, L.C5874, LC5876

Coordinate (um} Coordinate (um)
Pad number ’ Name Pad number Name
X Y X Y
18 N3 2236 1790 5 COM3 =232 -1432
19 Né 2236 2068 60 come -2362 -1948
v ST 1959 2068 6t comt -1912 =1946
2 SEG! 1733 2068 6 CUPt 1730 1946
2 SEG2 1507 2068 63 Cur2 —1548 -1946
23 SEG3 1280 2068 64 RES -1362 -194§
24 SEG4 1055 2068 65 INT =1145 194§
25 SEGS 875 2068 86 SOt -963 ~1946
26 SEGS 685 2068 67 502 -780 —-1948
27 SEG7 515 2068 68 SQ3 -597 ~1946
28 SEGB 336 2068 69 504 -414 —-19¢5
29 SEG9 156 2068 Y Al -2a31 -1946
30 SEG10 -24 2068 H A2 -48 -1945
k) SEG1 -204 2068 T2 A 135 -1946
R SEG12 364 2058 HE) Ad 318 =1346
33 SEG1 564 2058 T4 3} 505 -1946
3 SEG14 =743 2058 75 P2 688 -1946
35 SEG15 923 ’ 2058 76 P3 28] —-1946
36 SEGS ~1103 2068 L P4 1054 -1946
37 SEGY? —-1282 2068 73 XTOUT 1280 -1946
38 SEG18 =145) 2068 79 XTIN 14863 ~1946
39 SEG19 -1643 2068 80 vDD2 1686 -1946
40 TEST -1820 2058 81 Y001 1869 -1946
41 TEST —-2001 2068 a2 vss 2051 -1946

Note

Tie the test pin, pad 20, to Vs for normal operation. Pads 40 and 41 should be left open. Tie the substrate to Vss or
leave it open. '

Package Dimensions

Unit: mm

3044B-QIP80OA

[LC5872, LCB873, LC5874, LC5B876)

|
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SANYO: QIP80A
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LC5872, LC5873, LC5874, LC5876

Pin Functions

Number Name Function’
1 com?
2 COoM1
LCD common outputs 1 fo 4
79 COM4
80 com3
3 cuP1 LCD drive bias select input 1
4 cupP2 LCD drive bias select input 2
5 RES Reset input
6 INT Interrupt input
71010 801 10 S04 4-bit bidirectional serial inputioutput port
11 10 14 Al o Ad 4-bit bidirectional port A
15 10 18 P1 1o P4 4-bit bidirectional port P
19 XTOUT Crystal oscillator output
20 XTIN Crystal oscillalor inpu!
21 vDD2 LCD drive supply input 2. See Figure 1.
22 VDD LCD drive supply input 3. See Figure 1.
23 v8S Ground. See Figure 1,
24 VDO 5 V supply. See Figure 1.
25 CFIN Ceramic filter oscillator input
26 CFOUT Ceramic filter oscillator output
27 10 30 _S1 to S4 4-bit input port S with key debounce circuit
31 1o 34 Ki 1o K4 4-bit bidirectional port K with key debounce circuit
3510 38 M1 to M4 4-bit bidirectional port M. Alse, M4 is an external clock input for timer 2 in mode 3.
3% to 42 N1 fo N4 4-bit output pot N with carrier output at N3 and alarm circuit output at N4
43 T8T Test mode select input
44 10 78 SEG1 to SEG3S LCD segment outputs 1 to 35 which can be used as a general-purpose output port

1/1 bias | 1/2 bias

25

Pin No bias 1/3 bias

VDD
vDD1 5 5
vDD2

V8S

Figure 1. Supply connections
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LC5872, LC5873, LC5874, LC5876

Specifications

Absolute Maximum Ratings

Vs =0V

Parameter Symbol Ratings Unit
Supply voltage range Voo -03 o +7.0 ‘ v
LCD supply voltage § range Voor -0.3 1o Vpp v
LCD supply voliage 2 range Vopz =03 to Vpp v
C:I?asgesvra}:n'g eP, SO and A, and RES, INT and TST input v —03 to Vop + 03 v
7. 50,1 s B, P, S vo 0310w 03 .
Port N output current range lo1 -10 to +15 mA
Ports K, P, M, SO and A output current range loz 510 +5 mA
;?;soﬁip;' CMU}I;([).rggznd N, and SEG1 to SEG 35 %o 70 to 470 mA
Power dissipation Po 500 mw
Operating temperature sange Topr =30 to 470 °C
Storage temperature range T —55 1o +125 °C
Allowable Operating Ranges
Vs =0V, T, =25°C

Parameter Symbol Ratings Unit
Supply voltage range with LCD disabled. See Note 1. Voo 2.0 to 6.0 v
Supply voltage range with 1/1 bias. See Note 1. Voo 2.0 to 6.0 v
Supply voltage range with 1/2 bias. See Note 2. Voo 28 10 60 Vv
Supply voltage range with 1/3 bias. See Note 3. Voo 28 10 6.0 v
Minimum data relention vollage VoR 20 Vv
Notes
1. Voo = Vpm = Vo
2. Voo = Vo = 172 X Vpp
3. Vop = 2/3 x Vpp and Vo = 173 X Vop
Electrical Characteristics
Voo = 25 t0 3.2V
Vss = 0 V, T, = =30 to +70°C

. Ratings
Parameter Symbol Conditions Unit
min typ max

Pont N LOW-eve! output voltage VoLt loo = 1.0 mA - - 0.5 v
Port N HIGH-level cutput voltage Vous low = -500 pA Vop - 05 - - v ‘
:E{;Zt Kv'olfa.g('ad’ SO and A LOW-leve! Vol lou = 400 pA _ - 05 v
Z&r;fn }%ollt)e;g:aﬁ' SO and A HIGH-levet Vore low = 400 A Voo — 05 _ _ v
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LC5872, LC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max

Port N outpul leakage current lioaks Vou = 105 V - - 1.0 HA
S8EG1 to SEG35 CMOS LOW-level _
oulput vollage Vous lo. = 100 pA. See Nole. - - 0.5 Vv
SEG1 to SEG35 CMOS HIGH-evel
oulput voltage Voua low = -100 pA. See Note. Vop - 05 - - v
SEG1 1o SEG35 p-channel HIGH-evel _ _ _ _
output voltage Vora lon = ~100 pA. See Note. Voo - 0.5 "
SEG1 to SEG35 p-channel output _ _
leakage current ez | VoL = Vss. See Note, - 10 KA
SEG1 to SEG35 n-channel LOW-level
output voltage Vaua lo. = 100 pA. See Note. - - 0.5 v
SEG1 to SEG35 n-channel output _
leakage current toans Vor = Voo. See Note. - - 10 KA
SEGY 1o SEG35, /1 duty LOW-level _ _ _
oulput voltage Voue lo = 20 pA 02 v
SEGY 1o SEG35, 1/1 duty HIGH-leve! L _ B
oulpul voltage Vore low = =20 WA Vop - G2 v
COM1 to COM4, 1/1 bias LOW-level _
output vollage Vous lo = 100 pA 02 v
COM1 to COM4, 1/1 bias HIGH-level _ _ _
oulput vottage Vows [ low = ~100 pA Vop - 0.2 v
Ports S, K. P, M, SO and A
LOW-level hold transistor input RiLt Vi = 0.2Vpp 60 300 1200 kQ
resistance
Ports S, K, P, M, 50 and A
HIGH:-level hoid transistor input Rixs Vi = 0.8Vpp 60 300 1200 kQ
resistance
Ports S, K, P, M, SO and A pull-up _
transistor input resistance Reus Vii= Vss 30 150 500 ‘kQ
Ports S, K, P, M, SO and A pull-down _
transistor input resistance Rror | Vi = Voo 30 150 500 kQ
INT LOW-fevel hold transistor input _ _
resistance A2 Vi = 0.2Veo 60 300 1200 k2
INT HIGH-tevel hold transistor input N
resistance AM2 Vi = 0.8Vpp 60 300 1200 kQ
INT pult-up Vransistor resistance Rpuz Vi = Vs 300 1500 5000 (9]
INT pull-down transistor resistance Rrp2 Vi = Voo 300 1500 5000 kQ2
RES pull-up transistor resistance Rrua Vi = Vsg . 10 30 50 kQ
RES pull-down transislor resistance Rep3 Vi = Vpp 10 30 50 k2
TST pull-down transistor resistance Rep4 Vi = Vo 80 250 1000 kQ
Note

Complemeniary (CMOS), p-channel or n-channel segment output mask options. See Figures 27 and 28.

No. 3956—7/36



LC5872, LC5873, LC5874, LC5876

Voo = 3.0 to 45V
Vs =0V, T, = -30 to 70 °C

Ratings
Parameter Symbo! Conditions Unit
min typ max
Vop = 30V, C1 = C2 = 0.1 pF,
LCD supply voltage 1 Voo: 112 0, fopg = 32.76B KHZ 13 1.5 1.7 v
Vop = 30 V, 32 kHz
crystal resonator, Ta =25 °C - 40 8.0
Cy = 20 pF,
Z: = 25 kQ,
HALT mode, 1/3 bias. | T, = 50 *C - - 20
See Figure 5.
Vpp = 30 V, .
39 or 65 kHz crystal Ta=25°C - 5.0 10
Supply current fon resorator, Cy = 10 pF, LA
Z; = 25 k1,
HALT mode, 1/3 bias. | T, = 50 °C - - 30
See Figure 5.
Voo = 3.0 V, 400 kHz _
ceramic resonator, Ta B 25 °C - 150 300
ch = Ccd = 330 DF,
HALT mode. _ep o _ _
See Figurs 6. Ta =30 °C 500
_ Ta =25 °C - 0.2 1.0
Supply leakage current Inp Vop = 30 ;l HA
See Figure 2. T, = 50 °C _ 10 50
Ports S, K, M, SO and A, and INT Vi = Vss -10 - -
. 1ok VDD =30V uA
and RES input leakage current Vi = Voo _ _ 10
Port N LOW-level output voltage VoL oL = 2.0 mA - - 0.5 v
Port N HIGH-level output voltage Vort lon = -1.0 mA Voo — 0.5 - - v
Ports K, P, M, SO and A LOW-level . _ _
output voltage Vo lo. = 500 pA 035 v
Ports X, P, M, SO and A H!GH-level o _ - _
oulput voltage Vorz | lon = —500 pA Voo - 0.5 v
Port N output leakage current llaak1 Vow = 105 V - - 1.0 HA
SEG1 1o SEG35 CMOS LOW-level _ _ _
oulput voltage Yol lo. = 300 pA. See Note. 0.5 v
SEG1 to SEG35 CMOS HIGH-level : L ~ _ _
output voltage Vona lon = -300 pA. See Note. Voo — 0.5 v
SEG1 to SEG35 p-channel HIGH-level o B _ _
output voltage Vowa lon = -300 pA. See Note. Voo — 05 v
SEG1 1o SEG35 p-channel oulput - _ R )
leakage current leslz | VoL = Vss. See Note. 10 uA
SEG1 to SEG35 n-channel LOW-level
= . See Nota. - - .
output voltage VoLs lo, =300 4A 05 v
SEG1 to SEG35 n-channel output _ _ _
leakage current lieak3 Von = Vpo. See Nate. 1.0 pA
SEG1 to SEGJ5, 1/t duty LOW-level _ _ _
output voltage Voo | loL = 20 pA 0.2 v
SEG1 to SEG35, 111 duty HIGH-level _ B _ _
output voltage Vors lon = —20 pA Voo - 0.2 v
COM1 1o COM4, 141 bias LOW-evel
. - - - ) v
oulput voltage Vois | o = 100 pA _ 02
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LC5872, LC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
. min typ max

COM1 to COM4, 1/1 bias HIGH-level _ _ _
output voltage Vous | low = -100 pA Voo - 0.2 v
SEG1 1o SEGI5, 112 bias LOW-level . _
oulput voltage Vou |lou = 20 pA - 02 v
SEGT to SEG35, 1/2 bias HIGH-level _ _ -
output voltage VoHs low = =20 pA Voo - 0.2 \
COM1 to COM4, 172 bias LOW-level _ _ _
oulput voltage Vous low = 100 pA 02 v
COM1 10 COM4, 1/2 bias MID-level _ _ {Voo + 2) _ {Voo + 2)
output vollage Vou lo. = 100 pA. low = ~100 pA - 02 + 02 v
COMi1 to COM4, 1/2 bias HIGH-level _ ~ ~ _
output voltage Vous | lon = =100 pA Vop - 0.2 v
Ports S, K, P, M, SO and A
LOW-level hold transistor input RiLs V=02 Vpp 35 200 800 k2
resistance
Ports S, K, P, M, SO and A
HIGH-level hold transistor input Rkt Vi = 0.8Vpp 35 200 800 k2
resistance
Poits S, K, P, M, 80 and A pull-up _
transislor input resistance Reus Vi = Vss 15 80 300 kQ
Ports S, K, P, M, SO and A puli-down o
Yransistor input resistance Aot Vi Voo 15 & 300 k@
INT LOW-level hold transistor input -
resistance Riz | Vi = 0.2Voo 35 200 800 kQ
INT_ H!GH-leve! hold transistor inpul Ara V, = 08Vop 35 200 800 KQ
resistance
INT pull-up transistor resistance Rpuz Vi = Vgs 150 800 3000 kQ
INT pull-down Lransisior resistance Reo2 Vi = Voo 150 800 3000 kQ
RES pull-up transistor resistance Rpua V| = Vgs 10 30 50 kQ
RES pull-down Wransistor resistance Repa Vi = Voo 10 30 50 kQ
TST pull-down transistor resistance Reps Vi = Voo 25 130 500 kQ
Note

Complementary (CMOS), p-channel or n-channel segment output mask options. See Figures 27 and 28.

Voo = 45t0 60V
Vs =0 V, T, = =30 to 70 °C
Ratings
Parameter Symbol Conditions Unit
min typ max
Vop = 50 V, C1 = C2 = 0.1 pF,
112 bias, fopg = 32.768 kHz. 240 250 2.60
See Figura 3.
LCD supply voltage 1 Voo v
Vpp = 50 V, C1 = C2 = 0.1 pF,
113 bias, fopg = 32.768 kHz. 310 333 350
See Figure 3.
Voo = 5.0 V. C1 = C2 = 0.1 F,
LCD supply voltage 2 Voo2 113 bias, fop; = 32.768 kHz. 140 1.67 .80 v
See Figure 3.
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LC5872, LC5873, LC5874, LC5876
) Ratings
Parameter Symbol Conditions Unit
min typ max
Voo = 5.0 V, 32 kHz
crystal resonalor, Ta=25°C - 15 30
Cg =20 pF.
2. = 25 kQ,
HALT mode, 1/3 bias. (71, = 50 °C - - 50
See Figure 5. i
Vpp = 50 V,
38 or 65 kHz crystal | Ta = 25 °C - 15 30
resorator, Cg = 10 pF,
Ze = 25 kQ,
HALT mode, 113 bies. | T, = 50 °C - - 50
See Figure 5.
Vop = 50 V, 400 kHz .
ceramic resonator, Ta =25°C - 400 600
Cg = Ccd = 330 pF;
HALT mode. _ o - _
See Figure 6, Ta = 50 °C 600
Vop = 50 ¥, 1 MHz e
ceramic resonator, Ta = 25°C - 450 650
Cg = Ced = 100 DF.
HALT mode. _ &g o _ _
See Figure 6. Ta = 50 °C 0
Supply curent oo Voo = 5.0 V, 2 MHz A
ceramic resonator, Ta=25°C - 500 700
Cg = Ced = 33 pF,
HALT mode. _cp o - -
See Figure 6. Ta = 50 °C 750
Voo = 50 V, 4 MHz _
ceramic resonalor, To=25°C - 700 900
Cp = Cog = 33 pF,
HALT mode. & o _ _
Ses Figurs 6. Ta = 50 °C 1000
Te = 25 °C, 32 kHz Vop =3 V - 20 30
crystal resonalor,
1/3 bias. See Figure 5. VYoo = 5 V - 40 60
Ta=25°C 400 kHz |Vop =3 V - 240 300
ceramic resonator.
See Figure 5. Vop =5 V - 620 780
ITa=25C 1Mz |vop =3V - 350 480
cefamic resonator.
See Figure 5. Vop =5V - 850 1200
Ta = 25 °C, 4 MHz
ceramic resonator. Voo =5V - 1700 2500
See Figure 5.
Ta=25°C - 0.2 1.0
Vpp = 6.0 V. a
Supply leakage current Iod i MA
See Figure 2. Ta = 50 °C _ 10 50
Ports S, K, M, SO and A, and INT | Voo = 60 V Vi = Vsg -1.0 - - A
and RES input leakage current laak oo = 8% V. Vi = Voo _ _ 1.0 "
Pot N LOW-level autput voltage Vour lov = 10.0 mA - - 0.5 v
Port N HIGH-level outpul voltage Vort lon = =5.0 mA Voo - 05 - - v
Ports K, P, M, SO and A LOW-level . _
output voliage Voo |loo =20 mA 0.2 05 v
Ports K, P, M, SO and A HIGH-leve! )
output voltage Vonz lon = -1.0 mA Voo — 05 | Voo — 0.2 - Y
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LC5872, LC5873, LC5874, LC5876

. Ratings
Parameter Symbol Conditions - Unit
min typ max

Port N output leakage current lieak1 Von = 105 V - - 1.0 HA
gﬁm ‘;’0125235 CMOS LOW-evel Vos | lo, = 500 pA. See Note. - - 05 v
g&gj‘t ‘5’0"535235 CMOS' HIGH-level Vors | low = -500 A See Note. Vop - 05 | Vop - 02| - v
gﬁg}l ?OIESSSS pohamel HiGH-evel Vous | lod = -500 pA. See Note. Vop = 05 | Vop - 02 - v
iﬁf;g;ocffgfs p-chane! oulput lteak2 VoL = Vss. See Note. - - 1.0 HA
25;%1 folgg‘:as n-channel LOW-evel Vo |lo. = 500 pA. See Note. - 02 05 v
il;((i;g etocusrlrgeatas n-channe! oulput k2 Vou = Vpp. See Note. _ i 1.0 uA
g;g}‘ 5;0!25235, 1 duty LOW-level Vo | oL = 40 pA _ _ 02 v
glim IJ)OH?SSBS, /1 duty HIGH:-level Vo o = 40 JiA Voo — 02 _ _ v
gggllu; ‘Engg(lw. 11 bias LOW-level Vous lou = 400 pA - - 0.2 v
gm :ang%w, 1/1 bias HIGH-leve! Vous | low = —400 pA Vpo - 02 - - v
gia}‘ 5)0‘25235‘ 1/2 bias LOW-level Vore lo = 40 A _ _ 02 v
25[?1111 1\’001;5535, 1/2 bias HIGH-leve! Vore lon = 40 Vop — 02 _ _ v
gu?[l)wul l%“(a:gtt)ew, 1/2 bias LOW-leve! Vous lo = 400 pA _ _ 0.2 v
gm :g“;:;m, 1/2 bias MiD-level Vo | loL = 400 A, low = ~400 pA (vcio oJ.rz 2) _ (Vrio 0«.*2 2) v
g‘(‘m \[/znggiw' 112 bias KIGH-level Vous | lon = —400 A Vo — 02 _ . v
g;ggt :?or;résss. 13 bias LOW-evel Vos 1l = 40 A ) ; 02 v
EE‘FC);J[ tvt;[gESBS. 113 bias MID-level Vourt lo. = 40 pA. lon = —40 uA +2 3>]< EV%% _ +2 3); iV%flgz v
gﬁtm t\?oltiss 75 10 s bl | Vourz {lon = —40 pA, loL = 40 pA or 02 ) B Mio 02 T
35&1[ ?On:::gss, 1/3 bias HIGH-level Vo |low = 40 ua Vop — 02 _ _ v
gggﬁu: :c;nggoemm 1/3 bias LOW-level Vous lou = 400 pA _ _ 0.2 v
gng: \t’ghgézw. 1/3 bias MID-level Vouat o = 400 pA, lo. = 400 pA (2VEDOE 3 _ (ZVEDO.; 3 Y
gg;ﬁ: ‘l,c;ng:;!)awl. 1/3 bias MID-level Vowez | lo = 400 A, lon = —400 pA (Vn_o 0;3) ~ (Vtio 0-‘#2 3 v
COM1 to COM4, 173 bias HIGH-level Vors lo = —400 pA Voo — 0.2 _ _ v

output voltage
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LC5872, LC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max

Pots S, K, P, M, 80 and A
LOW-levet hold transistor input Ris Vi = 0.2Vop 30 120 500 k2
resistance
Ports S, K, P, M, SO and A ‘
HIGH-level hold transistor input B Vi = 0.8Vpo 30 120 500 kQ
resistance
Ports S, K, P, M, SO and A pull-up _
transistor input resistance Reur Vi= Vss 10 50 200 ka2
Poris S, K. P, M, SO and A pull-down _
fransistor inpul resistance Reor | Vi = Voo 10 50 200 kQ
INT LOW-level hold transistor input _
tesistance RiL2 Vi = D2vpp ko 120 500 kQ
INT HIGH-level hold transistor input _
resistance Riuz Vi = 0.8Vpp 30 120 500 kQ
INT put-up transistor resistance Reyz Vi = Vsg 100 500 2000 kQ
[ INT puli-down transistor resistance Reoz Vi = Vop 100 500 2000 kQ
RES pull-up transistor resistance Reua Vi = Vss 10 30 50 kQ2
RES pull-gown transistor resistance Repa V) = Voo 10 30 50 kQ
T8T pull-down transistor resistance Reoa Vi = Vop 20 70 300 kQ
Note

Complementary (CMOS), p-channet or n-channel segment output mask options. See Figures 27 and 28.

Input specifications

Vs =0V, T, =~30 to 70 °C

Ratings
Parameter Symbol Conditions Unit
min typ max
e T o | - e |
}F-,ilogli-li\l/e}l('inzlutM\;oﬁa%eand hoand T Vik 0.7Voo - Voo v
RES LOW-level input voltage Vi 0 - 0.25Vpp v
RES HIGH-evel input voltage Virz 0.75Veo - Voo v
CFIN LOW-level input vollage : Vi 0 - 0.25Vop v
CFIN HIGH-leve) input voltage Vina 0.75Vpe - Voo v
Clock specifications
Vss =0V, T, =-30to 70 °C
Ratings
Parameter Symbol Conditlons Unit
min yp max
Voo = 2.0 to 6.0 V, 32 kHz range 32 - 3
Crystal oscillator operaling frequency ftar Voo = 2.2 to 6.0 V, 38 kHz range 37 38 39 kHz
Voo = 22 to 6.0 V, 65 kHz range 60 65 70
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Ratings
Parameter Symbol Conditions Unit
min typ max
Vop =22t 60V 190 - 810
Voo = 2510 60 V 130 - 1200
Ceramic fiter oscillator operating i Vop = 30 1o 6.0 V _ 190 - 2300 2
(<-4
Irequency Voo = 45 10 60 V 190 - 4200
Voo = 40 to 6.0 V, RC oscillator 100 - 1500
Voo = 2.0 10 6.0 V, external oscillator 190 - 800
Serial interface clock frequency {sar Vep =30 1060V 0 - 200 kHz
Oscillator specifications
T. =25 °C
Ratings
Parameter Symbol Conditions Unit
min typ max
Oscillator 1 start voltage Vsi 400 kHz ceramic fiter | ‘st S 30 ms - - 24 v
. : resonator, _
Oscillator 1 sustain voltage Vius Ceg = Coa = 330 pF. 22 6.0 v
Oscillator 1 start time g | See Figure 6. Vop = 24 V - - 30 ms
Oscillator 1 start voltage Vi 800 kHz ceramic fiter s < 30 ms - - 24 v
- - resonator, -
Oscillator 1 sustain vottage Veus Ceg = Ceg = 330 PF. » 2.2 6.0 v
Oscillator 1 start time tt See Figure 6. Vpp = 2.4 V - - 30 ms
Oscillator 2 start voltage Vel st <58 - - 2.2 v
Oscillator 2 sustain voltage Veus 32 kHz crystal 20 - 6.0 v
resonator, Gy = 10 pF,
Oscillator 2 start time tst Ze = 25 kQ : Vpp =22 V - - 5 s
See Figure 5. v 295
\ - oo = & - -
Oscillator stability Af to .05 V 3 ppm
Oscillator 2 start voltage Vii 38 or 65 kHz crystal tn <58 - - 24 v
Oscillator 2 sustain voltage Vius rzesonnaztosr.kgg = 10 pF, 22 - 6.0 v
c = .
Oscilator 2 stant time tq | See Figues. Voo = 24 V - - 5 s
XTOUT oscillator compensation capacitor (o] Vop =30 V 16 20 24 pF
Timing Diagrams
Serial /O timing Timer 2 external clock input timing

} Loy 1 texe toxm
M3
M4
s03 )
SO1 ;q(l‘ Input daiai(

—-| leko
s02 Oulput dala ) ¢
Note

texey > S US, toky = tokn > 2.4 s, tiex > 1 US, text > 1 s,
teko < 1 ps (max) and Vpp = 3.0 to 6.0 V
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Typical Performance Characteristics

RC oscillator characteristics (3.0 V supply)

T | T
Voo ~Vss =30V

2 Ta=25°C T
1k
g ! C=180pF C=100pF
> 5 C = 56 pF
E, 3 \\\ \\\ N,
£ o moer \Q\ \\
o0 \\\ AN
, NAVAVRN
. NANIANAN
7 5 2 3 & 7 100 2 3 6§ 7 1k

Resistance {k(1)

Power-ON reset timing

Operating vocitage

RC oscillator characteristics (5.0 V supply)

3 |
Vop - Vss =50V
2 Ta=25°C .
1x\
= 7\\\\c‘=ssp
T LN i} \:I\
§3 NN TN
£ k¢ 330\' c='mgpF\ \\
=230 pF
NRTARY
100 \\\\\\
7 \‘ N N .
NN N

7 10 2 3 5 7 100
Resistance (kQ)

[—= Operatich slart

Minimum operating voltage
for reset or a voltage wilkin
75% af the normal gperating ¢

voltage, whichever is higher voo

Note

Tvop = supply voltage rising-edge time constant
Tres = RES rising-edge time constant

tres = reset signal delay time

Kﬁesel release voltage {V' H)

aset limiting voltage (V.

IL)

RES

35 7 1k
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Supply current vs. voltage

3
1] =
2 ! ! ¢ /// typ
4 MKZz ceramic resonator P e
Continuous ROM operation L
Ta=25°C o Py
1.0
, )7 ]\\
| 400 kHz ceramic filter / / MHz ceramic
Continuous ROM operation ;7// / resonator
T, =25 °C /‘ // Ty~ 25°C
A / [ Halt
3 ,7 N/ operation
2 \ Z A /]
_ [ max /
z e /
% 400kHz M
E 0.1 :‘erlamic filter /
alt operation
.; 7 Ta = zp-" " / / mex
§ yp // typ
7] N
5 L~ / max
/ h
3 +32 kH
Conlin‘uous ROM ve \
2 operation
Ta=25"C 32 kHz
/ / / Halt
operation
Tam25°C
.01
VL
, // /;
3 //
2 4
©.0¢1
0 1 2 3 4 5 & 7 8

Supply voltage (V)

Test Circuits

The following conditions apply to Figures 2 to 8.

R . l Crystal 1
* Port S input transistor enabled —[cure Vob X7 resonator
* /O ports in output mode. Data lines HIGH w ' Te{cups xtouTh—F %
* RES and INT open. Internal input resistor enabled :ZZ; CRAN— 2"
* LCD interface open ol ves CFO“T_CZ{?GTW Cea
* 32 to 65 kHz crystal resonator : |

e 200 kHz to 4 MHz ceramic filter resonator

*Cl =C2= = 0.1 puF
¢ €3 =01n Figure 3. Qutput voltage measurement 1

(A)
I ~ rgg:l:llor T
oy LfcuPz VDD xTIN —d ‘ Crysial 1

T {cupri XTOUT | T 9 oy L]CUP2 VBD  XTIN .3 é!
VDD1 CFIN T 40? o T_{cupt XTOUT ——— 9
[jvooz I VoDt CFIN —t
= vsg CFOUT[ Ceramic Cq vDD2 b3 <9
c2 CS-[- filter & L vas CFOUTI Ceramic Cj,

1 c2|Ca l tilter

Figure 2. Supply leakage measurement )
Figure 4. Output voltage measurement 2

Note
STOP mode
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o

A i

: Crystal 4 | hod Crysta! 1 !

Sors—VOD oy resonalor [ SUPZ VDD P resonator T

r ;4 " r P S 0
Skl PP xtouT—F G ST {cupr xTouT——F G
vDD1 CFIN i VDD1 CFIN f
é Ceg Aeq él Ceq
L Lpvoee ceouTComme o 4 Lr]voee CFOUT p
c2 ca-[ VJSS fter  °° c2 ca-[ vlss C?ﬁ?er?m Cog

Figure 5. Supply cumrent measurement | Figure 7. Supply current measurement 3

Notes

1. Oscillator 1 (ceramic filter) stopped
2. 32, 38 or 65 kHz crystal

Note
Oscillator 2 (crystal} stopped

D
O

Py
A Crystal 1
hd Crystal 4 I resrgnalsr N [
resonalor c1£|cuP2 VDD XTIN = y
oy LfcUP2 VOO xT T T_|{curt xrouT—3F G
T {cup1 XTOQUT frmremmen ¢ vOD1 CFIN I
VDD1 CFIN i t G
S Co 1 [voee T Fax
N CFOUT Cera;mic c” cz| ¢3 vss CFOU
ca| ca‘[ vss fitar 2 -[ [

Figure 6. Supply current measurement 2 Figure 8. Supply current measurement 4

Note
Oscillator 2 (crystal} stopped

Note
Oscillator 2 (crystal) stopped

Instruction Set

The instruction set uses the following abbreviations and symbols.

AC Accumulator SCFn Start condition flag n
ACn Accumulator bit n PDF Pull-down flag
APGn RAM page flag n OPG# ROM page flag n
Breg Register B HQF Hold request flag
BNK Bank register HEFn Hold release enable flag n
CF Carry flag HRF~n Hold release request flag n
DP Data pointer ™ Timer
DPF Data pointer flag L LCD latch
DPL Data pointer low nibble STS Status register
DPH Data pointer high nibble MS$ Timer mode select
PC Program counter O Contents
RX Memory location X “ Transfer direction, result
RXn Memory location X bit n A Logical AND
IEFn Interrupt enable flag n v Logical OR
WRFn Working register flag n v Logical exclusive-OR
E/SF Interrupt/switch select flag
Instruction code
Opeode Description Operation Flag
mloslos o4’os|oz|m [ou
Accumulator
Mamory confenis (RX) are shited right and 0 is entered into the ) 0 1 4 0 0 0 0 0
SAD X | \1SB posiion, and the rasult is stored in The aceumudator, 0 = RX3 — AX2 = RX1 — RX0, AC « (RX) x| v | s [ xa x| x|
Memory confenis [RX) are shittad righl and 1 is entered inlo tha ) 0 1 4 0 0 0 0 1
SRIX | ysp gosil‘mn. and 1he result i ;Iorgd in the accumulator, V> RK) = AX2 o RX1 = AXO; AC «— (RX) X7 | X6 {xs [ Xa || x2| x| x
Memory conlenls (RX) are shitted Iek and 0 is entered inlo the . [ 1 1 0 [+ ] 1 0
SloX | sp posilion, and 1h¢ result it stored in the accumulator. AX3  RX2 e RX1 ¢ RX0 ¢ 0; AC & (RX) X1 x6|xs [ xe|xa|xe|x|x
Memory contenis {RX} are shited nghi and 1 is entered inlo e . [V 1 ] 0 [V 0 ! 1
su 'X LSB position, and the resull is stored in tha accumulator. RX3 & RXZ « RXI & AXO &~ 1 AC « (RX) X? | X6 1 X5 | X4 | X3 | X2 | 1| Xo
RRC X Memory contants (RX} including carry flag are rotaled fight and AX3 — RX2 — RX1— RX0 . CF ! 1 1 0 1 0 [ 1
the resull is slored in 1he accumulator. Temtmtrtmbe CF tmimim—i; AC « (RX) XT P X6 | Xs fpXe | Xa]x2a]|X1]Xe
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Instruction code

Opcode Description Operation Flag
Or |06 FO5 | Da |03 |D2|D1|D0
RLC ¥ Memory contents (AX] including carry flag are rolated le!t and RX3 « RX2 « RX1 « RX0 T cF 0 ) 1 o 1 ] 1 1
the result is siored in the accumulaier. L CF > . AC « (R} Xt | X6 | X5 | X¢ | X3 |} x2 | x1 | X0
FOM pags flags 1 and 2, the data ponter flag and carry flag ] 1 1 ¢ 1 1 i 1
MPF X are copied inlo the accumulalor and memory location RX, (RX). AC « OFG!. OPG2, DPF, GF X7 | X6 | X5y X | X3 x2 | X1 | X
Memary conlents (RX) are copied inlo ROM page flags 1 and 2, cF a 0 1 0 1 1 | 1
MROPF X | and the carry llag, into the accumulalor. The data poinfer flag is | AC — OPG1, OPG2, CF « (RX) 0FG i | ixe|xalwelwlx
ol aftacled.
) ( 1 1 1 o Jo]ofo
SCF The carry fag is sel lo 1. CF 1 CF 0 0 0 0 P b 0 1
. 1 1 1 1 [V ] 1 0
RCF The carry llag is cleared 1o 0 [reset). CF 0 CF olelolcelololoe 1
Memory manipulation
SRAPE D | 255 x 4-bil memory page unis are selected APGY « Do, APG2 « DI PE - (N IR R L IR N IR I
& : g o|ofo|e|o}o|[D]|o00
The RAM page is siored in bits 0 and 1, and the RAM save
. LT - RX0 « APG1, RX1 « APG2 0 1 1 0 1 1 0 1
LRAPF X | page is slored in bits 2 and 3 of memory location RX and the AX2. AX3 « BAM stve pags w v lxe[xe!xatee|x !
accumulalor,
SBNK D | Immediale data {D0 to D3) is copied into the RAM bank register. | BNK - DO to D3 A I IR B (U IR ISR ()
gisier. ¢c|e]ojfo]oz|oe]o oo
MRBK X | Memory contents (RX) are copied inlo the RAM bank ragister. | BNK — (RY) VR IV TV I IR IR IR
. X7 | X6 | X5 | Xe I X3 | x2 | Xt | Xo
Tha RAM bank regisler conlents are copied into the accumulator : 0 1 1 o} 1 1 1 0
MBNK X and memory location {RX). AC « BNK RX ~ BNK X7 | Xs | X5 [ Xe [ X3 X2 | X1 [ X
. . L ! DPH | i 1 [} 1 1 1 1
SCP D Immediate data (0O to D7) is copied inlo the data pointer. OP « DOt D7 DFL p7 | os|os | os|osloz|on| oo
Memory conlents {RX) are ¢opied info Ihe da'a pointer high - . 0 1 1 0 © ! 1 0
MRDA X | bl DPH -« {RX) Pl xr [ xefxs | xe |xaf[x|x|x
Memory contenls (RX) are copied info the dala poinler low = . Q 1 { 0 ] 1 i 1
MADL X | bl OPL — (RX) B o | xs [ xs | xe [ o[ | x|
The data pointer low nibble is copied inlo e acpumu\g!or and ¢ 1 q 1 1 | 0 1
MDPR X memory location RX, and the dala poinles high nibbls is copied RX — AC « [PL: Brag « OPH ¥ lxsbxs I xe lxalwe| x|
into register B.
Arithmetic
Memory contents (RX), accumulator conlents and carey flag are 0 1 0 0 0 [V 0 0
ADC X | aded and the resull is slored in the accumuiator, AC e (R + AC + CF CF dxr | xsfxs|xe]m|w{x|x
. Memory contents (RX) Bad lhe accumulalor contents are added. : 9 t 1} 0 0 0 0 1
ADC" X | and tho resul is stored in the Bccumulater. AG « [RK) + AC « CF; RX & AC ¢F X a6 | % fxe | xafxe] x| x
The accumulator conlenls are subiracted Jrom memory contents _ 0 1 0 0 0 0 | 0
SBC X (RX) with cany (borrow) and the resull is stored in the AC ~ (RX} + AC + CF CF
accumulator, X2 X6 | Xs [ xa|xa|xa]|x] X
The accumulalor confents are subtracted from memory conlenls _ 0 1 0 0 0 0 q 1
SBC* X (RX)‘ and the result is stored in the accumulater and memory AC « (RX) + AC + CF. AX « AC CF xr I {xs|x|xlxe!lx|x
location RX.
Memory contents {RX) and accumulator contan!s are added and V] 1 0 0 0 1 0 0
ADD X the result is stored in memory ipcalion RX, : AC « [RX) + AC cF X0 | X6 | X5 | X4 | X3 | X2 | X1 | X0
. Memory contants {RX) and sccumulalor conlants are added and . 9 1 0 0 0 1 0 1
ADD" X | o rasuit T storsd in the aceumulstor and mamory localien RX. | AC ¢ (R¥) ¢ AC: RX - AC cF 7 (%6 | x5 xe]xatxe|x|x
The accumulaor contents are subiracted from memory conlenls - 0 1 0 0 0 1 1 4
SuB X {RX) and the resull is slored in the accumulstor, AC — (RX) + AC + I CF X | X6 [ X5 | xa [ xa[ x| x1]|x
The accumulator conlenls are sublracted om the memory _ 0 1 0 0 0 1 1 1
SuUB* X contents (RX) and the rasull is slored in the accumulalor and AC « {RX) + AC + 1; RX « AC CF wlwloixwlole]alx
memory location RX.
Memory conlents {RX) and the accumulator contents are added 0 1 ¢ 0 1 [} ¢ 0
ADN X1 and the cosult is storad in the accumulalor, AC — (AX) + AC x| xs | xs faa || xe|w|x
Memory contenls (RX) and the accumulator contents are added 0 N o 0 1 0 o 1
ADN* X ;v;g the result is stored in the accumulalor and memory location | AC « {RX) + AC, RX « AC wlxe]xstxelxw!s|x!x
Memory contants (RX) and immediate data {YO to Y3) are added 0 \ [ 1 [ [/ 0 ¢
ADCI X, ¥ with carry and the result is stored in the accumulntor. AC (R « Y 4 CF cF Yal Y2 YU YO X3 [ X| Xt |X0
Memary contents {RX) Bnd immediate dala (YO to Y3} are ndded ° | 0 Y 0 0 0 |
ADCI X, Y | wilh cany and the result is Btored in tha accumulator and AC « (RX) + Y + CF. RX « AC CF valvelvlvlalelwl o
mamory location RX.
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Instruction code
Cpcode . Descriplion Operation Flag

O7 [ D6 | DS [Ds | DI [ D2 | D1 | DO

Immadiate dala (YO fo Y3) 1s sublracted frem memory contenls _ 0 1 o 1 N
SBCI X, Y | (RX) with carry (Borrow) and the resull is stored in the AC < (RX) + ¥ « CF CF 0 1 0
accumulalor,

Immadiale dala {YO to YJ) is sublracled Irom memery conlents _
SBCI* X, Y | {RX) with carry (borrow) and lhe result is stored in the AC « (RX) + ¥ « CF; RX « AC CF

0
accumylator and memory Ipcation RX. Va[Y¥z]yr|vo)xatxe Xl_ Xo

Memory contents (RX) and immediate dala (YO (o Y3) are added
ADBY X, ¥ ) 20 the rosult is slored in the AccumLlalor AC — (RX) « ¥ cr va[velv [vo|xs|xe|xi{x
. Memory conlenls (RX) and immediate data (YO 1o Y3) are added : - 0 1 0 1 9 1 Q 1
ADDI X Y | g tha result is stored in the accumulator. AC «— (AX) + Y. RX « AC cF Ya|v2|yr|volxajxe|x|x
Immediate data (YO to Y3) is subtracted (rom memory contents g a ) 0 t 0 1 { o]
SUB( X. ¥ (RX) and the rasull is stored in the accumulator. AC — (AX) + Y » 1 CF va|v2lvifvo|lxa|xe|[x]|x
immediale dala (YO 10 ¥3) is sublracted lrom memory contents _ o |1 0 q 0 q . .
FX Y ; | .
SuBl X, fsc):)“ozndn;rjs resull is slored in the accur‘nu alor and memory AC +~ (RX) + Y + 1, RX « AC CF valvalvs|valxs!|xe{w! xo

Memory conlenls (RX) and immediate daa (Y0 1o Y3) are added
ADNI X, Y | and the result is stored in the accumulalor. Tha carry flag is not | AC « IRX} + ¥

affacted.

Memory contents (RX} and immediate data (YO to Y3) are added 0 1 0 ! 1 o
ADNI* X, Y | and the result is slored in the accumulator and memory location | AC «— {RX) + Y. RX ~ AC vilvalv ]y s | e Xol ;
RX. The camy flag is not atfected, 3 0 3 ¢

Logic

Mamory contents (RX) end accumulalor contents are ANDaed and 0 1 0 0 1 0 1 0
AND X the result is slored in the accumulaler. AC « [RX) A AC X7 [ X6 | xs [ x4 | x3a|[xe [ xt{ X
, Memory contents (RX] and accumulatsr confenls are ANCed and y 0 1 0 0 1 [¥ 1 1
AND" X1 via resull is stored in the accumulalor and memory location RY, | AC = (RX) A AC RX « AC x| %6 {xs | x| xa|xe|x|x
Memory contenls (RX} and accumulalor contenls arg ~ ~ 0 1 0 0 1 1 0 9
EOR X exclusve-ORed and Ihe result 15 stored in the accumulalor. AL (AX) ¥ AD XP | X6 | X5 | x4 [ xa|Xey] x| x
Memory contents (RX) and accumulalor contents are 0 1 0 0 " 1 ¢ '

EOR' X exclusive-ORed and the res.!l is stored i the accumulator and AC «— [2X] v Al AX «~ AC
memofy location RX.

OR X Memosy conlenls (RX) and azcumulaior contents are ORed and

the result s stored In the accumulalor, BC - (AX) v AT

. Memory contents (RX} and accumulator contents ara ORed and :
OR X the rasult is slored in the accomulator and memory locatien RX, | AC = (RX}v AC RR — AC

ANDI X, Y Memory contenls (RX} and immediate data (Y0 lo Y3) are

ANDed and the result is stared in the accumulalor. AC — (RK) A Y

Memory (RX) contents and immediale dala (YO to Y3) are
ANDI® X, Y | ANDed and the rasult is stored in the accumulator and memory AC « (RX) A Y; RX « AC
location RX.

EORI XY Memory conlents (RX} and immediate data (Y0 lo Y3) are

exclusive-ORed and the result is slored in the accumulator. AC — {RX) v ¥

Memery conlenls (RX) and immediate dala (YO fo Y3} are
EOR® X. Y [ exclusive-OFed and the result is stored in the accumutator and AC — (RX) ¥ Y, RX « AC
memery location RX,

Memory contents (RX) and immediale data (YO to Y3} are ORed

ORH XY and the rosult is slored in the accumulator.

AC — (RK) v ¥

Memory contents (RX} and immediate data (YO to Y3) ara ORed

ORI’ X and the resull is stored in the accumulator and memary localion | AC « (RX) v Y: RX « AC valvelvilvlalex|x

AX.
Branch and subroutine
IMP X The address specified by immediate data (X0 to X10} it jumpad | PCO ke PC10 « X3 to X10; PC11 « OPGY; 1 1 (] 4 0 [Xa| X3 | xe
to. PC12 « OPG2 X7 | X6 [ x5 | X | X3 | X2 | X1 ] X0
BABG X The address spocified by immediate dala {XO to X10) is i ACO = (; PCO 16 PC10 «— X0 to X10: 1 4 0 )] 0 | X0 X9 | %8
branched 1o il accumulator bit D is 1. No operation if bit 0 is 0. | PC11 « QPG1; PL12 « OFG2 X7 | X6 | X5 | X4 | X3 | X2 { X1 | X0
BAB! X The address specified by immediate data (X0 to X10} is 1t AC1 = 1, PCO to PCIC « XO to X10; 1 0 0 0 1 X0 X9 | X8
branched to il accumulalor bil 1 is 1. No operation if bit 1 is 0. | PC11 ~ OPGY; PC12 « OPG2 XV | X6 | X5 | Xe [ X3 [ X2 | Xt |X0
BABZ2 X The address specilied by immediale data (X0 to X10) is if AC2 = {; PCO 1o P.Clo « XD to X10; 1 4 0 1 0 | X10) X9 ] %8
branched lo i accumulalor bit 2 is 1. No operation it bit 2 is 0. | PC11 — QPGI; PC12 « OPG2 XTI X6 | X5 | Xa | Xa |2 ]| X} X
BAB3 X Tha address specilied by immediate data (X0 (o X10) is # AC3 = 1; PCO 10 PC10 « X0 1o X10; 1 0 0 1 1 | X10] X9 | X8
branched to il accumylator bit 3 5 1. No operation it bt 3 is 0. | PCt1 « QPGY; PC12 « OPG2 X? | X6 | Xs | xa | x3a|xe|xi]X
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Instruction code

Opcode Oescription Openation Flag
D7 | D6 |05 | D4 | D3 { D2 | D1 | DO
The address specified by immecate data (X0 fo X10) is ! . ,
. . I AC = 0: PCO to PC10 « X0 10 X10 1 0 1 1 0 (X0 X | xa
BAT X branched 1o if the accumulator contents ere 0. No operaton it } ’
the contents a8 nol 0. PC11 « OPGU PCI2 « OPG2 X7 | X6 | Xs | Xe | X3 | X2 | Xt | X0
The address specified by immedate data (X0 to X19) is " |
; AC # 0 PCO 1o PC10 « X0 to X10: ! 0 1 o| o [|Xwo] X | X
BANZ X _branchsd 1o il the accumulator contents are not 0. Nu cperation PCI1 — OPG! PCI2 — OPG2 i lxs ]l xs e lxa] e | xi X
il the conlenls are 0.
The address specilied by immediate dala (X0 to X10) is I GF = 1: PG )
; . ; = 1, PCO 19 PCID « X0 to X10, vlo v s [xofxe|xs
BCH X :ivagched fo it the carry lfag is 1. No cperation if the carry flag PCI1 « OPGI PCI2 « OPG2 x7 | x| xs [ xa [ 3| | % | %
The address specilied by immedate data (X0 1o X10) is
N ) Il CF = 0; PCO 1o PC10 « X0 to X10; 1 ¢ 1 0 1T | X10] X9 | X8
8CNH X ::ra:u:hsd to it the camy flag is C. No operaton if the carry (lag PC11  OPGI: PCI2 « OPG2 x7 I xs | xs | xe | @ % | x| x
CALL X The subrouting address specified by immediate dala (X0 to X10) (STACK) « PC + 1; PCO to PC10 « X0 lo X10, ! 1 0 0 1| X0 Xo | X8
is calind, PCH « OPGY PCI2 « QPG2 X7 L X6 | X5 F X4 | X3 ) X2 | X1 | X
. ) ‘ 1 1 1 1 1 0 0 ¢
RTS The previous (calling) subroutine 1§ retumed lo. PCO to PCi2, OPF « (STACK) DPF 0 o o 0 0 0 0 ¢
The previous (cafling) subrouting 15 returmed 1o and the hall 1 1 1 1 i 0 0 [+
RTSR | conditon Is raleased. PCO to PC12, DPF « (STACK) OF 1o {oto|lofo|ofo]:
o ) R | 1 1 t]lolol]1
PeP The stack pointer is moved to tne stack parter minus 1, STACK « STASK -1 0 a 0 0 0 0 0 0
CPU control
SL0w Low-spead syslem clock is seleced. SLOW (l] :J : ; é é g g
FAST High-speed systam clock is seeciad. FAST ; : t‘) (‘; :) 3 g g
The syslem is halted and the CRU ceases operation. HALT 1 1 1 1 1 1 0 0
HALT mode s Teleased when an in‘e~unl oceurs o ong of the stop HAT 1 0 0 0 0 0 o 0
condibon flags changes stale. ' ;
= The system clock is halled anc the CPU ceases operation when - o { 1 1 1 ! 1 010
HT high-speed syslem clock mode 3 selected FAST and HALT | tlofoejo]o|o]o
- The system clock 1 halled and :ne CPU ceases operaton when - 1 1 1 1 1 1 0 0
| [a)
HLTL low-speed syslam clock mode 15 selected. SLCW and HAT 1 0 1 0 ¢ 0 0 0
STOP The system clock is halled and the CPU ceases oparation, and §ToP 1 1 1 1 1 { 0 1
then the oscillators are halted. 0 0 ] ] Q Q 0 0
Tho System clock is halted ano the CPU ceases operabion, and 1 1 1 | 1 1 0 1
STPF then the oscillators are halted when high-speed syslem clock FAST and STCR 0 1 0 0o | o 0 0 0
mode is selecled.
The system clock is haltad anc tha CPU caasas operalion, and 1 1 1 1 1 1 0 '
STRL then the oscillators are halled when low-speed syslem clock SLOW and STOP o 0 1 0 0 0 0 0
mode is selecled.
Intarrupt and hold condilions are selected by immediate cata {AD lo A7) as follows.
Do INT input interrupt requasls are disabled when O, and enabled, when 1. IEFO
D1 Timar 1 inlerrupt requests are disabled when O, and enabled, when 1. 10
D2 Timar 2 inlerrupl requests are disabled when O, and enabled, when 1. IEF3, 1 1 1 1 1 0 ] 0
SHRF D 03 Serial ¥O port inteup! requests are disabled when 0, and enabled, when 1. MRFo [ D7 | Dé los | oa | D3 02|01 | Do
04 Fraquency divider overflow hold ralease requesls are disabled when 0, and enabled, when 1. 1o
D5 Timer 1 underflow rold relense requests ae disabled when 0, and enabled, when 1. HAF3
D6 Timar 2 underflow hald releass requests are disabled when €, and enabled, when 1.
o7 Serial VO register overfow hold relaasa requests are disabled when O, and enabled, when 1.
Intarrupl fags (IEFO to IEFI) are set or clearad by immediaie IEFO 1 1 1 1 Y ¢ 1 1
SIC D deta (DO to D3). Each inlermupt 15 disabled when the IEFQ to IEF3 «— DO 10 D3 1o o o o o loslozlo oo
corrgsponding llag is Q. and enabled, when 3, IEF3
Interrupl Mags (JEFO to 1EF3} are set or cleared by memory : IEFO 0 ) . 0 5 1 0 0
MR! X contents (RX). Each inlerrupt is disabled when the comesponding | IEFO 1o IEF3 « (RX) to
fiag is 0, and snabdled, when 1. IEF3 X7 | X6 [ X6 | Xe X3 | X2 | X1 )Xo
The jollowing intamal resets are generaled when the comesponding immediate dala bis (GO to D7) are set to 1.
Do The INT input hall relanse fag is ressl
D1 Timer 1 halt release fag is resel.
D2 Timer 2 halt release fag is resel. 1 [ { { 1 1 1 0
PLC D D3 Serial VO halt release llag is resel cr |0s |05 | De kO3 | D2 |01 | DO
Da Frequency divider ovarfow halt release fag is reset.
D5 Frequency divider stages 11 1o 15 are reset.
D6 Watchdog timer 1 is resat.
o7 Watchdog timer 2 15 reset.
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Instruction code

Opeode Description Operation Flag
DT |06 | D5 (D4 | D3 | D2 | D1 | DO
Start condition fiags {SCFO o SCF3) are copied into the
accumulator and memory location RX. They are sel by he lol-
lowing condilions. o . . . . 0 o o
MsB X SCFo The INT input changes state AC « (SCFO to SCF3); RX « AC Xl x| xs ] xagxalxe|x1| x
SCF1 Port K (K1 Io K4) changes state.
SCFz Stalus register 4 changes slate.
SCF3 Port S (S1 to S4) changes slate.
Stard condion Aags (SCF4 to SCF7) are copied into bhe
accumulalor and memory location RX. They are set by the
following conditions.
MSC X SCF4 The frequency dwider overflows. AC « (SCF4 1o SCF7): RX « AC 0 ! ! 1 ! 0 Y !
SCFs5 Timer 1 underllows. ' X7 | X6 [ X5 [ Xe | Xa[Xa|Xi]X
SCF6 Timer 2 underflows.,
SCF7 Serial O input (SO1), oulput (SOZ) or (S04)
changes stale.
Timer control
Accumulalor bits 0 ang 1 are clearsd 0 0, the INT input siate
MSTR X | ® copied into accumylaior bil 2 and the LCD strobe flag is ACD, ACY 4+— 0; AC2 « INT state; AC3 « STBL: STBL 0 1 1 1 0 1 1 0
copied inlo accumulator bit 3. The accumulater contents are AX « AC X? I X6 | Xs | Xe | X3 | X2 | X1 [ X
copied inlo memory location RX,.
Timer mode i3 selacted by immediate data (MO to M1} and limer i 1 1 1 0 0 0 | M | MO
STM! M. © 1 is loaded with immediale data (D0 to D7), Timer 1 then star's M5« Mo Mt TW_ by F’"»;” u D7 | D6 | D5 | D& [ O3 | D2 | DY | DO
i Timer mode 15 selecled by immediate data (MO to M?) and limer i | 1 1 ¢ 9 1 M1 | Mo
ST™2 M. B ) 5% loaded with immesiate dala (DO 1o D7), Timer 2 lhen starts, | o = MO Wi TM2 « DG 1o D7 o7 | s | 05 | cs |03 | b2 | 01 | 00
MATM2 M, | Timer mode 15 selecled by immediate data (MO to M) and limer X 0 0 1 0 0 T MM
X 2 is Ioaded With memesy conlonts (RX). Timer 2 hen starls, MS o Mo ta MY TMZ - (RX) x| %6 {xs | xe[x]xe|x]x
Timer 2 low byte is copied into the accumulalor and memory s 0 1 1 1 1 ) 1 1
MT2R X location RX, timer 2 high byle is coped into register B, RX ¢ AG e TMAL; Brog & TMZH XT | Xe | Xs | X | X3 [x]Xxt]x
Seria? VO register
The serial 1O register low byle is copied into the accumulator ¢ 1 1 1 1 1 o ¢
MSOR X [ and memory location RX, and the serial VO register high byte is | RX — AC « S!OL: Breg « SIOH x Ixs L xs | xelxalnelxi] o
copied inlo register B
Memory conienls (RX) a'e copied e the accumilator and the 0 1 : 0 1 0 . 0
MRS| X serial VO register low by'e, and register B coniels are copiad SIOL « AC « (RX} SIOM « Breg xr [ xelxs Ixelxale| x|
nto lhe seval VO regser high byle.
Stalus regisiar 2 conlents are copied into tha accumulalor and
memory location RX. Status register 2 bit allocation is as follows.
CSTF (bit 0}  The serial VO stant frag is clearad lo D during
normal cperation and sel to 1 to slar the counter.
SIOF (1 1) The serial YO status Nag is cleared 1o 0 10 halt the 0 1 1 { 0 1 1 1
MSCF X counter and sel to 1 during normal operation. | AC «— 3TSZ RX + AC wwl s xstxalale]x|x
OSELF (bit 2) The senal KO output enable Rag is cleared to 0 lo
enable the register output and sel to 1 1o disatle
the oulput.
ICF (bit 3) The clock flag is cleared to O for an external clock
and set to 1 for an inlernal clock
y N L . 1 1 1 0 1 0 1 1
SSCF D Immediate data (DO 16 D3) is copled inlo status register 2. STS2 00 to 03 0 0 0 o |palo2loi|opo
Memory contenls (RX) are copied into Ihe accumulator and ] 1 1 ¢ 1 4 0 0
MASC X | Siatus rogister 2 §TS2 « AC « (AX) X1 | x| s [ xe [ da|xe| x| x
Data manipulation
Memoty contents (RX) are copied inte the accumulater and . 0 0 1 1 0 | w2 | wi|wo
MRW W. X | remory localion RW. AC  (RX); RW « AC 0 | xe | xs | xe | x| ]x|x
Memory contonls {RW) are 'copued o the accumvlator and . 0 0 1 1 1 W2 Wi W
MWE X, W | emory location RX. AC « (AWK RX — AC X7 | %6 [ x5 | X4 | xa ] x2 | x| x
., Q 1 1 ¢ 1 1 Q 0
LOA X Memory contents (RX) are copied info the accumulator, AC « (RX) x7 Dxe bos | xa Lol | i | 0
. . 0 1 , 1 1 1 1 1
STA X The accumulalor conlenis are copied into memory location RX. AX « AC 7 %6 os I xe | walxa]xi|xo
Immediale dala (DO to D3} is copied inlo he accumulator and . 1 1 0 1 03 | D2 Dy | Do
WS XD | mamory location AX, AC « D0 1o DI RX + AC x| % |xs | % |xalxzfxi|x
) o . olalrjof{sltft]o
MRA X Memory contenls (RX) are copied into register B. Brog «— {RX) st [xelxmlelxto
Register B conlents are copied into the accumulator and memory . 0 1 1 1 { 1 1 0
MBR X | ocaton AX. AC «- Breg: RX « AC ¥ {xe[xs[xe|w]e x|
Port S data (51 to S8) is copiad into the accumulater and oy 0 1 1 1 cjojo|o®
5 X memory locaton RX, AC 4 St 10 54 RX o AC X7 | X6 | X5 [ Xe { X3 | X2 | X1 X0
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Inslruction code

Opceode ’ Description Operstion Flag
D7 JOs JDs {04 D3 02 )01 0O
Porl K dala {K' lo K4) is copied into (he accumulator and . 4 1 1 1 0 0 0 1
IPK X memory location RX. AC < K1 lo K& X « AC X7 | X6 | Xs | Xa | X3 [ X2 | Xt | X0

PM X Porl M dala (M1 to M4} is copied inlo the accumulator and AC

memory locafion RX. M1 1o M4 BX « AC

PP X Port P data (P1 to P4) is copied inlo the accumulator and

memory localion RX. AC « Pito P4 BX « AC

Port SO dala {SO1 to SO4) i5 copied into the accumulalor and 0 1 1 1 [} 1 9 0

IPSO X memory locaiion RX. AC « 501 lo 804; AX « AC

PA X Port A data (A1 to Ad) is copied inlo the accumulater and

memory location AY, AC « Al to A4, RX « AC

Memory contents (RX) ave copied into the LCD decoder and

WA Y% | G0 0 ) T vy o o i b LEO BN 1 G e e S0 B[ |6 |5 |3 [ |3 | %
we x| LTSRN TR SETRT Lot olalalilele e
DPN X | Momory contenls [RX) are loadad inlo port N, NY 16 Ne  (AX) A VAR IV A IV R I I
OPK X Memory conlenls (RX) are lcaded into port K, Kt to Ké « (RX) XDT )?E )(15 :‘ )23 )?2 )?‘ ;0
OPM X Mamory contents (RX) are loaded into porl M. M1 to M4 « (RX) )?., )?6 X15 ;’4 X‘a )?2 ;1 )8)
OPP X | Momory contents (RX) are (oaded into pert P. P1 s P4 (RX) ol );5 ;" ol %
0PSO X Memory contents (RX) are loaded into port 50, SO1 o S04 « (RX) :7 )?6 )(‘5 )& XIJ )(‘2 )?1 )?0
OPA X Memory conlents (RX) are loaded into port A Al to A3 « {RX) 0 0 ! o ! ! 0 !

Flag wetling/resetling

The following functions are selecled when the coresponding immediale data bit (DO to D7) is set 1o 1.

Do The carry Hag (CF) is sel lo 1,
D The data pointsr flag (DPF) is sat to 1.
Dz 125/250 millisecond Iraquency divider overlow is salected. OPF, 1 1 1 1 0 [ 0 0
8F1 D D3 Port K output mode is selocled. HRFO“ pr | o6 | 0s|os |03 ]o2]o1] Do
04 Port M output mode is selected, cF
05 Port P output mode is selected.
08 Port SO opulput mode is selected.
D7 Port A outpul mode is selected.
The loliowing functions are selected when the corresponding immediate data bit (D0 lo D8} is set to 1.
Do The camy fag {CF) is raset {cleared).
D1 The data pointer flag (DPF) is reset (cleared).
7] SOOA000 milliseeond frequency divider overfiow s selected, DPF,
RF1 D D3 Port X input mode is salected. wreo, | Ll 2y je o t|os
D4 Pon M input mods s selacted. CF D7 1 D6 [ D5 | Da | D3 | D2 | O1 | DO
Ds Ponl P input mede is seleclad.
D6 Porl SO inpul mode is selacted.
D7 Pon A input mode is selacled.
De The senal VO counter is reset,
The following functions are selected when the corcesponding immediale data bit (D0 to 0B} is set to- 1.
Do The interrupt inpul (INT) hold relgasa is enabled.
01 10H to 1FH LCD strobe is selected.
02 Port § pull-up/pull-down transistor is anabled,
5F2 O D2 Port K pullupipull-down transistor is enabled. iy rfrfef o foDe
D4 Port M (p-channe!, open-drain output) pull-up/pull-down transistor is enabled. D7 | D& | DS [ Da | D3 | D2 | Dt | DO
D5 Port P (p-channe!, open-drain output) pull-up/pull-down transislor is enabled.
Dé Port SO (n-channsl, opan-drain cutput} pullup/pull-down transistor is enabled.
p? Port A (p-channel, open-drain oulpu!) pull-up/pull-down transisior is enabled.
Da 122 carrier signal duly is selacted.
The following functions are salected whan the corresponding immediate data bit {D0 lo DA) is set to 1. )
Do Tha inlerrupt input {INT) hold release is disabled.
D1 OCH 1o OFH LCD stroba is selected.
D2 Porl S pulkupipull-gown transistor is disabled. ; ] ; ; o ] ] 08
RF D3 Port K pulkupfpull-down fransistor is disabled.
20 D4 Port M (CMOS output) pull-up/pull-down transistor is disabled. D7 | D6 (05 | D4 | D3 | D2 | D1 | DO
D5 Port P {CMOS output) pull-up/pull-down transistor is disabled.
D6 Port SO (CMOS output) pulkup/pull-dewn lransister is disabled.
D7 Port A {CMQS output) pull-up/pull-down tansistor is disabled.
Da 1 carmiar signal duty is selected.
COMD © | 5ame as the SF1 instruction for D3 to D7 D‘7 016 D|5 [;4 [;Ja g g g
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Instruction code
Opcode : Description Operation Flag

D7 JO6 | O5 | D4 | D3] D2 D1 | Do

1 1 1 1 Q Q 1 0

CMD © Same as the AFY instruction for DI to O7 o | os | os{oeloal o 0 0

1 1 1 1 ] 1

SPDF D Same as the SF2 instruction for D2 1o D7 o7 | os | os | osdos| o2

1 1 1 i 0 1 1 ¢

RPDF D Same 4s the 5F2 instruction for D2 10 D7 o loslosloiloalo2] o 0

The following funclions are selected by the corrasponding immediale daia bit (DO to D7)

Do St rising-edge or falling-edge interrupt requesl (and hall release} enable when 1, and disable when 0.

D1 52 rising-edge or falling-edge interrupt reques! {and hall release) enable when 1, and disable when 0,

D2 $3 rising-edge or lalling-edge interrupt requesl {and halt release) enable when 1, and disable when O.

D3 S¢ rising-pdge or lalling-edga interrupt requesl {and hall release) enadle whan 1, and disable when 0. [ 1 | 0 Y o lo )
Ssw D Ds Port K (K1 lo K4 intarrupt requesl (and halt release) inputs are aclive on a rising edge, when 1. prlos|Ds|De]oa|D2loi| Do

D5 Port X (K1 to K4) interrupt requasl (and halt release} inputs are active on a faling edge, when 1.

D6 Porl § is disabled for direct transler of input dala to the accumulator and mamory location {RX) when 0, and

enabled, when 1,
D7 7.8 millissconds debounce delay is selecled lor porl S and port K whan 0, and 2 milliseconds, when 1 for a clock

frequency of 32.768 kHz.

L 1 1 1 ¢ 1 0 0 1
STOF Corrigr signal enable 1 0 1 ¢ o p 0 0
. . 1 1 4 0 1 0 Q 1
RTOF Carrier signal disable 1 0 ¢ ) 0 ol o 0
Miscellaneous
Immediate data (DO and D1} is copied into OPG1 and OPGZ, | 1 1 1 0 1 0 0 {
SROPF D respactively. OPG1 « Do; OPG2 « Di OPG o o ¢ 0 0 0 o1} Do
The slarm output frequency (N4 cutpul} is selected by immediale data (DO to OB), as follows.
°“"’"'(::)““"‘°’ 0s o7 b D5 D4 03 b2 D1 Do
1 0 x x 1 [} 0 0 [+ 0
2 0 * x 1] 1 0 0 0 0
4 D x x 0 0 1 0 0 0
8 0 x x 0 ] 0 1 0 =3
1 1 1 0 1 1 0 08
$AS D 16 0 x x 0 v 0 0 ! ° o7 |os | os{os|pafoa|on |00
32 4 x x 0 0 o] o 0 1
1 kHz 1 0 Q x x x X x e
2 ¥Hx 1 0 1 x x x x » x
4 ¥Hz 1 1 Q X X x x x X
DC i 1 ) x x ® x X x

Note
Clock Irequency = 32.768 kHx

NOP No operation No operation

Opcode/Instruction Code Summary

Instruction code

Low nibble (hex)

High nibble {hex)
o [ [l ef el e e[ oo afelelofe]cr
WAT
0
oolm]ozloa|o4|os|os|o7|oaloeIcA|ca|ocIon|oe|oF
WRP
1
o | 0 l 02 | 03 0 Los I 06 [ o 08 l ) l 0A l 08 J oc | o0 0E oF
MATM2 ouT
2 MAB | MROPF
| | | . l +8 [.sa | EXT OPN I OPK I 0PM | oep [opsol OPA
3 MRW MWR
4 ADC | apct | sac | sact | acc | Apo* | suB | suet | ADN | aoN* | anp | anot | EoR | EOR OR on*
5 ADCI ADCr S$8¢C1 sacr ADDI ADDI 5uBI suer ADNI ADNI* ANDI ANOI* EORI EORI OR ORI
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Instruction code
Low nibble (hex)
High nibble (hex)

0 1 H 3 4 5 [ 7 [} 9 A B c D E F

6 5RO SR SLe 8] MR MRBK | MRDH | MRDL MRSC RRC MRS ALC L0A LRAPF | MaNK MPF
INPUT

7 MSTR MSCF (ST MSC MT2R MSOR MOPR M3R STA

IPS | IPK | Py l PP I IPSO J iPA
8 BABO BAB)
9 BAB2 A3y
A BANZ 8CNH
B Az BCH
c JMP CALL
D L0S
| 4 STM1 STMZ SSW SRAOPF SBNK SSCF SAS SRAFF soP
F SF1 I AF1 SFe RF2 RTS PQRP SHRF SIC HALT STOP pLC NOP

User Mask Options
The following user-specified mask options are available.
Oscillator Options

RC oscillator and crystal resonator

Frequency divider internal outputs (¢1 to ¢15) are used ratio, is 2. The RC oscillator frequency range is 200 kHz
for time base generation, LCD drive waveform genera- ‘to 1 MHz and the crystal resonator frequency can be
tion and ports S and K switch debounce. Cycle time is either 32, 38 or 65 kHz.

4n times the RC oscillator period where i, the divider

! - cp

CFOUT Switch Timing o
- T:
“ 3 Oscillator 1 cireait [ genamm,: Tg
STOP SLOW T
XTIN [2g HALT
Crystal
resonator e I Frequency
m XTOUT 78 Oscillator 2 I 20 divider
i T
Vss o1 a5

Figure 9. RC oscillator and crystal resonator
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Ceramic filter and crystal resonators

Frequency divider internal outputs (¢1 to $15) are used where n, the divider ratio, is 2. The ceramic filter
for time base generation, LCD drive waveform genera- resonator frequency range is 400 kHz to 4 MHz and the
tion and ports S and K switch debounce. Oscillator 1 crystal resonator frequency can be either 32, 38 or 65
stops when the SLOW instruction is executed. Cycle kHz.

time is 4n times the ceramic filter resonator period

—
Ceramic |-~ CP
fiter Swilh Timing [-o 13
circuit generator|» 13
> T4
Crystal &
rosonator] XTOUT 751 T Gseitwarz }|————{ Fighene
il 'T o]
Vss o1 915

Figure 10. Ceramic filter and crystal resonators

RC oscillator

Frequency divider internal outputs (61 to ¢15) are used four times the RC oscillator period. The RC oscillator
for time base generation, LCD drive waveform genera- frequency range is 200 kHz to 1 MHz,
tion and ports S and K switch debounce. Cycle time is ’

= CP
- = T1

Timing |+ 72
ganeralor | . T3
[ T4

Frequency
80 divider

[oa ol
o1 a15

Figure 11. RC oscillator
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Ceramic filter resonator

Frequency divider internal outputs (¢1 to ¢15) are used time is 4n times the ceramic filter resonator period
for time base generation, LCD drive waveform genera- where n, the divider ratio, is 2. The ceramic filter
tion and ports S and K switch debounce. Oscillator 1 resonator frequency range is 400 kHz to 4 MHz.

stops when the SLOW instruction is executed. Cycle

- CP
" == T1

Timing  |-= T2
generator |» T3
|- Td

Frequency
a0 divider

‘I.lli

L 15

Figure 12, Ceramic filter resonator

Crystal resonator

Frequency divider internal outputs (¢1 to ¢15) are used four times the crystal resonator period. The crystal reso-
for time base generation, LCD drive waveform genera- nator frequency can be either 32, 38 or 65 kHz
tion and ports S and K swilch debounce. Cycle time is

=GP
Timing [ T}
generator[ _ 15

T4

- Frequency
78 Oscillator 2 w0 divider

lev !

21 13

Figure 13. Crystal resonator
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External input

Frequency divider internal outputs (¢1 to $15) are used
for time base generation, LCD drive waveform genera-
tion and ports S and K switch debounce. Cycle time is

4n times the external clock period where #, the divider
ratio, is 2.

|- CP
. - T1

Tming |- T2
genarator = T3
= T4

Frequency
@0 divider

foenl

al (3]

Figure 14. External input

32 kHz crystal oscillator

A 200 kQ (typ) resistor Ry is incorporated for 32 kHz
crystal oscillator operation,

XTIN

A 7 o
Cy
R
© 32768 k2 Ry d
XTOUT
4) 78
Cq Lr' 20 pF {typ)
Vss Vss

Figure 15. 32 kHz crystal

38 or 65 kHz crystal oscillator

Resistor Ry is removed for 38 or 65 kHz operation.
Frequency divider internal outputs (¢1 to ¢15) are used
for time base generation, LCD drive waveform genera-
tion and ports S and K switch debounce. Cycle time is
four times the crystal resonator period. Oscillator 1 stops
when the SLOW instruction is executed.

XTIN ~
i 79 >
Cq
=] Rf
XTOUT
it 78
Cq L‘"’ T 20pF (typ)
—— —_—
Vss Vs

Figure 16. 38 or 65 kHz crystal
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I/0 Port Options

IO port input transistors

Ports S, K, M, P, SO and A can have either pull-up or
pull-down transistors. These transistors are ON during a
reset and OFF after the reset. They are enabled and
disabled using the SF2 and RF2 instructions, respec-
tively. '

.
L
__{ETL

et

e

SF2-D210 D7
or
RF2.D2 1o 07

Figure 17. /O port input transistors

/O port hold level

Ports S, K, M, P, SO and A can have either LOW- or
HIGH-level hold transistors or neither. When the input
is open, the pull-up transistor or pull-down transistor,
whichever is selected, turns ON before and turns QFF
after reading the input state. At this point, the input is
floating and either the LOW-level or HIGH-level tran-
sistor operates to hold the input state.

Voo
- —
- D
L
[ p——
Vss

Mask option switches

Figure 18. 1/O port structure

The hold transistors do not operate when

* either the pull-up or pull-down transistor is ON.
* an external signal is applied (the line is not floating).

DO hiGH-level hald

Vop

Pull-up
transistor
i
T/A c
| |

\
o

p——q[  Pull-down
transistor

o

transistor
Bus
<3
LOW-lavel
hold transistor
r_—)>°" SF2-D21t0 D7
or

RF2 -D2to D7
Qutput
mode

Figure 19. /O port hold level
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Type
Option Switch
1 2 3 4
Pull-up A ON ON - -
Pull-down B - - ON ON
LOW-level hold transistor C - - ON -
HIGH-level hold transistor D OoN - - _

INT Input Options

The interrupt (INT) input has three mask options—
pull-up or pull-down resistor. LOW- or HIGH-level hold
transistor and rising- or falling-edge detector circuit.

HIGH-lavel hold
Pull-up transistor
resistor
INT T/ T/ Data bus D2
B D D
MSTR
Pu!l-down jal_‘-‘—_
resistor LOW-level
hold transistor
_ Hold release
*—I D
Rising/lalling edge SF2 - DO S o Interrupt request
deteclor swilch
EF2 - Do—=R
Initial reset

Figure 20. INT input options

RES Input Options

The reset (RES) input has two mask options—pull-up or
pull-down resistor and LOW- or HIGH-level reset.

Pull-up resistor

]
* .

RES / HIGH-level reset
%\ B ,L i LOW-level reset

Pull-down resistor

Figure 21. RES input options
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Port N Output Options

Port N outputs have two mask options—open-drain
(n-channel) or complementary and LOW- or HIGH-level
after reset.

VoD

n
Nitod

Vss

Figure 22. Port N output options

Initial
| reset
Nt 5 |7 , Databus
- o<} Q 0 2
c
=
T —
N2 Ma_:é(hoption ) 2!
B W —o<] oD
RC
| S—
T —1
N2 s 22
- —°<S e D
RC
Clear —
T
N4 s 29
— ¢ D
RC OPN
—
| Alarm cirguit
Figure 23. Port N output
Overflow Timer Options
The 15-stage overflow timer has two mask options—125 used to select the 125/250 ms delay, and the RF1
or 250 ms and S00 or 1000 ms delays (32.768 kHz input instruction bit D2, the 500/1000 ms range.
clock). The SF1 instruction immediate data bit D2 is
Q sp—{SF1-02)
& A—@F-o)
Initial reset

Halt
release

Initial reset

{PLC - D5

Initial reset

Figure 24. Overflow timer options
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Port K Edge Detector Options

Port K can be masked for either pull-down or pull-up The detector is disabled until all inputs are active. For
and level-hold transistors. Selecting the pull-down tran- example, all inputs must be HIGH before the falling-
sistor configures port K as a falling-edge detector (op- edge detector (option A) is enabled.

tion A), and the pull-up transistor, as a rising-edge
detector (option B),

Data busl
K1
" ]
Kz N~
— Pull-up / pull-down ‘ (i
transistors and e~
K3 leve! hoid 1 ,[
— transistors
e
K4
B
— >
— —
_—ﬁ>_' 1PK
A
w Edge detector circuit
SSW=-D5
tnterrupt and

hold release request

Figure 25. Port K edge detector options
Summary

Option Selection

Ports S, K, P, M, A and SO transistor Pull-up or pull-down. All ports are selected together.

Ports S, K, P, M, A and SO level hold transistor | Connected or not connected. Each port is sefected independently.

INT input edge and resistor Rising edge (pul-down resistor) or faling edge {pull-up resistor)

INT input edge with no resistor Rising edge (open input) or faling edge (open input)

INT hold transistor LOW- or HIGH-level

RES input leve! and resistor L.OW-leve! reset {pul-up resistor) or HIGH-level reset (pull-down resistor)

RES input leve! with no resistor LOW-level reset {open input) or HIGH-level reset {open input)

Port N output type Open-drain {n-channel) or complementary (CMOS). Each output is selecled independently.
Port N slate after reset LOW- or HIGH-level

Oscillator 1 only {ceramic filter), oscillator 1 only (RC circuit), oscillator 2 only (crystal),
Oscillator 1 and 2 combination ascitlator 1 only (external input), oscillator 1 and 2 (ceramic filter and crystal), oscillator 1 and
2 (RC circuit and crystal) or oscillator 1 and 2 {exiernal input and crystal)

Ceramic fiter and external input frequency 400 or 800 kHz and 1, 2 or 4 MHz, respectively
Crystal frequency 32, 38 or 85 kHz
& + 2048 and @ + 8196 or & + 4096 and ¢ ~ 16384. Note that one of the two ratios
15-stage overflow counler divide ratio selected by mask option is enabled using the SF1 and RF1 instructions immediate data bit
D2.
Seria! VO internal clock period Cycle time x 1 x 2, cycle time x 2 x 2 or cycle time x 4 x 2

11 bias and 1/1 duty, 1/2 bias and 1/2 duty, 1/2 bias and 1/3 duty, 1/2 bias and 1/4 duty,

LCD drive. waveform 113 bias and 113 duty or 1/3 bias and 1/4 duty

LCD contrel frequency Slow, medium or fast
Intemal reset circuit Enabled or disabled
LCD segmenl output state after reset ON or OFF

LCD output drivers LOW- or HIGH-level
Note

® = counter input clock frequency
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LCD Interface
Il |
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Figure 26. Segment outputs
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Figure 28. N-channel output option
Figure 27. P-channel output option
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Display data decoding

Segment
Instruction Data byte

a b ¢ d e 1 g h
0 1 1 1 1 1 1 0 CF
1 0 1 1 0 0 0 0 CF
2 1 1 0 1 1 0 1 CF
3 1 1 1 1 0 0 1 CF
4 0 1 1 0 0 1 1 CF
5 1 0 1 1 0 1 1 CF
6 1 0 1 1 1 1 1 CF
7 1 1 1 0 0 0 0 CF

WRT -
8 1 i 1 1 1 1 1 CF
s 1 i 1 1 0 1 1 CF
10 1 0 0 1 1 1 1 CF
11 1 0 0 1 1 1 1 CF
12 ¢ 0 0 0 0 0 1 CF
13 0 0 0 0 0 0 1 CF
14 0 0 0 0 0 0 0 CF
15 0 0 0 0 0 0 0 CF
RAM Register B
WRP 00 to FF
Bit0 Bilt Bit2 Bit3 Bit0 Bit1 Bit2 Bit3
Note

CF = carry flag

<« VU
Figure 29. 7-segment character

Common outputs

Duty CoM4 COM3 COM2 COM1 Drive frequency
11 duty Not used Not used Not used " Output 320 Mz
112 duty Not used Not used Qutput Output 320 Hz
173 duty Not used Output Output Cutput 427 Hz
174 duty Qutput Output Output Output 320 Hz
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Bias control

Commeon 1 i l

Commaon 2

Common 3

Common 4

Figure 30. 1/1 bias, 1/1 duty
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Figure 31. 1/2 bias, 1/2 duty
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Figure 32. 1/2 bias, /3 duty
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D 1/2 Bias - 1/4 Duly
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Figure 33. 1/2 bias, 1/4 duty
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Figure 34. 1/3 bias, 1/3 duty
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Figure 35. 1/3 bias, 1/4 duty
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Typical Application

INT
M1 COM1
M2 COM2
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Design Notes
Resonators
_.__ —_—
XTIN Crystal XTOUT ey — g
0 CFIN CFOUT
CT T Co Ceramic filter Fea=082
- 0
Crystal Ves Ceg T = Ceq
2 :
38 k : 38.2203 kHz Vss
Figure 36. Crystal resonator circuit Figure 37. Ceramic filter resonator circuit
Resonator constants
Murata Kyocera
Frequency
Product number Ceg (pF) Ced (pF) Product number Ceg {PF) Ced (DF)
400 kHz CSB 400P 330 330 KBR-4008 330 330
800 kHz CSB 800) 220 220 KBR-800H 100 100
1 MHz CSB 1000 220 220 KBR-1000H/Y 100 100
CSA 2.00MG - .
2 MHz ST 2.00MG 33. Built-in | 33. Builtin | KBR-2.0MS K] 33
CSA 4.00MG - . | KBR-4,0MSA/MCA o -
4 MHz CST 400MGW 33. Built-in 33. Built-in KBR-4 OMKS/MWS 33. Built-in 33. Built-in
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Crystal oscillator element constants

Daishinku Kyocera
Frequency
Product number C, (PF) Product number C,y (pF)
KF-38G 15
32kHz DT-38, 32.768kHz 15 KE-26G 12
65 kHz DT-381, §6.536kHz 5 KF-38Y 13
38 kHz DT-381, 38.2293kHz 5 KF-38E 16

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 ¢laim or litigation on SANYO ELECTRIC CO.,
LT0,, its affiliates, subsidiaries and distributors or any of their officers and employees, jointly or severally.

B Information (including circuit diagrams and circuit parameters) hecein is for example only; it is not guaranteed for volume production, SANYO
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.

This catalog provides information as of June, 1995. Specifications and information herein are subject to change without notice.
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