Iﬂdering number:EN3956C

CMOS LSI

L No. 3956C 7/

LC5872, LC5873, LC5874, LC5876

SANYO

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

Overview

The 1.C5872, 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 camier 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, rising- or falling-edge detector ;
inputs, interrupt generator and serial I/O circuitry. Ot,her*

mask options include rising- or falling-edge mterrubt
inputs, a LOW- or HIGH-level reset input, f(mr fre
quency divider ratios and a number of osullatcxf‘\= ombi

nations for crystal and ceramic filter resonatgrs‘and
circuits, or an external clock input.

The direct LCD imerface which ca

runaway watchdog ur@ér
circuit, a frequency ﬂmder an
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TOKYO OFFICE Tokyo Bldg.,1-10,1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN

Features

famic filter
rcuit or an

, outputs have direct LED drive capac-

larm and carrier outputs

ey del _ﬁnce circuitry

ull- up/pull -down resistor and transistor mask options

Sof;;ware selectable pull-up/pull-down transistors

* Complementary or open-drain outputs

in, 8-bit serial interface

ne dedicated and eight selectable rising- or falling-

edge interrupt inputs

LOW- or HIGH-level reset input

Serial /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, 1.C5873, 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 ps 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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LC5872, LC5873, LC5874, LC5876

Pin Assighment

Top view

Note
Do not use dip-solder seldering when mounti

Die Specifications
Chip size

Pad size
Chip thickness

Pad Coordinates

Coordinate {um}
Pad number Pad number Name
X Y

42 SEG20 -2181 2068

43 SEG21 -2362 2068

44 SEGz2 -2362 1416

45 - SEG23 -2362 1235

46 SEG24 -2362 1055

47 SEG25 =2362 a7

48 SEG26 —2362 6594

49 SEG27 =2362 513

50 SEG28 —2362 xx]

8 S£629 -2352 BT

52 SEG30 -2362 -20

SEGH -2362 -209

13 Mz 2% 625 5 SEG32 —-2362 =389
19 Ma 223% 08 £ SEG33 -2362 =570
15 M4 2236 852 £ SEG34 =-2362 =750
16 N1 2% 1247 5 SEG3s -2362 -3
77 Nz 2238 1518 58 COMd =2352 = 1280
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L.C5872, 1.C5873, LC5874, LC5876

Coordinate {um} Coordinate {um}
Pad number ’ Name Pad number Name
X Y X Y
L] N2 2236 1790 59 CCM3 -1432
19 Né 2238 2068 60 come =1946
20 ST 1959 2068 61 COM1
2 SEG! ws 2068 g CuPt
2 SEG2 1507 2068 63
23 SEGI 1280 2068 - b4
24 SEGY 1055 2068 65
25 SEGS 475 2088 66 1946
26 SEGS 695 2056 67 -1945
r SEGY 515 2068 68 -1946
28 SEGB 3% 2068 69 =1945
29 SEGY 1946
30 SEG10 -1945
3 SEG1 —-1948
R SEG12 -1946
) SEGN 1946
kL) SEG12 -1946
3% SEG1S -1845
36 SEGIE —1925
37 SEGY7 -1946
38 SEG!B ~1946
39 SEG19 -1946
40 TEST -1946
41 TEST =1948

Note
leave it open.
Package Dimension:

Unit: mum

3044B-QIPBOA

SANYQ: QIP80A
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LC5872, 1.C5873, LC5874, LC5876

Block Diagram
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LC5872, LC5873, LC5874, LC5876

Pin Functions

Number Name Function
1 comz
2 COom1
LCD common outputs 1 o 4
79 COM4
80 COM3
3 CUP1 LCD drive bias select input 1
4 cup2 LCD drive bias select input 2
5 RES Reset input
6 INT Interrupt input
7t 10 S01 10 504 4-bit bidirectional serial inputioutput port
11 1o 14 Al 1o Ad 4-bit bidirectional port A
15 1o 18 P1 1o P4 4-bit bidirectional port P
19 XTOUuT Crystal oscillator output
20 XTIN Crystal oscillator input
Val vDD2 LCD drive supply innm&z,i.i See Figure’
2 VDD LCD drive supplynpit 1. 566 Fijare 1
23 VSS Ground. See e
24 vDD
25 CFIN
26 CFOUT
27 1o 30 §1 1o 54
31 o 34 K1 to K4
35 10 38
3% to 42
43
44 10 78

" No vias | 1/1 bias | 1/2 bias | 1/3 bias

3|93

Figure 1. Supply connections

No. 3956—5/36




LC5872, LC5873, LC5874, LC5876

Specifications

Absolute Maximum Ratings

Vs =0V

Parameter Symbol
Supply voltage range Voo
LCD supply voltage 1 range Voo
LCD supply voltage 2 range Vooz

Ports 5, K, P, SO and A, and RES, INT and TST input
vollage range

Ports K, P, 50, A and N, and CUP1, CUP2, SEG1 1o
SEG 35 and COM1 1o COM4 output voltage range

Pert N output current range

Ports K, P, M, SO and A output current ranga

Ports K, P, M, 50, A and N, and SEG1 to SEG 35
total culput current range

Power dissipation

Operaling temperature range °C
Storage temperature range -55 to +125 °C
Allowable Operating Ranges
Vss:OV,Ta=25 DC
Parameter Ratings Unit
Supply voltage range with LCD disabled. See Ng 20 10 6.0 Vv
Supply voltage range with 1/1 bias. See Nolé 20 10 60 y
28 10 6.0 v
28 10 6.0 Vv
2.0 v
Ratings
Conditlons Unit
: min typ max
Port N LOW-level output‘%ifbﬂagéi Vouy lo. = 1.0 mA - - 0.5 v
Port N HIGH-level output voliage Vout low = 500 pA Vpp - 05 - - v
Ports K, P, M, SO and A LOW-leve!
e = - - : v
oulpul voliage Vol fou = 400 pA 0.5
Ports K, P, M, SO and A HIGH-level
! ! ! = - M - - v
oulput voltage Vorz loH 400 pA Vop - 05

No. 3956—6/36



LC5872, LC5873, LC5874, LC5876

output voltage

Ratings
Parameter Symbol Unit
min typ max

Port N output leakage current ligak1 Vou = 105 V - - 1.0 pA
Sjg]l :’00"332'235 CMOS. LOW-level Vo |lo. = 100 pA. See Noe.
gﬁg}t t\?mgzgas CMOS HIGH-leve! Vo |lon = 100w, Ses Note
Sﬁg}t 530|25335 p-channel HIGH-level Vous loy = ~100 pA. See Note.
leggéocjfeﬁs Prehamel oulpu lioaxa VoL = Vgs. See Note.
SEIEJI IVOOIgESBS n-channgl LOW-level VoLs lo. = 100 pA. See Note.
zis;g ;ocifg?s n-channel output feasa Vou = Voo. See Note.
g::tsl]‘ !Voolggg%. 11 duty LOW-level Vous oL = 20 pA
351;?111 LOOIEEEGBS. 11 duty H!GH-leve! Vors low = =20 pA
COM1 to COM4, 1M bias LOW-level Vous oL = 100

COM1 to COM4, 11 bias HIGH-level

outpit vottage Vors

Ports S, K, P, M, 80 and A

LOW-level hold transistor input RiL1 60 300 1200 kG

resislance

Ports S, K, P, M, SO and A

HIGH-level ho'd transistor input 60 300 1200 kG

resistance

Ports S, K, P, M, SO and A pull-up

fransistor input resistance 30 50 500 kQ

Ports S, K, P, M, SO and A pull-dowr

transistor input resistance 30 150 500 k@2

INT LOW-level hold transistor ir .

resistance 60 300 1200 kO

INT HIGH-lavel hold trangiét

resistance 60 300 1200 k2
k2
kO
k2
kQ
k2

No. 3956—7/36



LC5872, LC5873, .C5874, LC5876

Vop = 3.0 to 4.5 v
Vs =0V, T, = -30 to 70 °C

Parameter Symbol Conditions Unit
min
Vop = 30V, G = C2 = 0.1 pF,
LCD supply vottage 1 Voot {42 bias, topg = 32768 kiiz 13
Vop = 3.0 V, 32 kHz
erystal resonator, Ta =25 °C
Cg =20 pF,
Zc = 25 kQ,
HALT mode, 1/3 bias. [T, = 50 °C
See Figure 5.
Vop = 30 v,
38 or 65 kHz crystal
Supply current fop resorator, Gy = 10 pF, LA
Z = 25 ki,
HALT mode, 1/3 bias.
See Figure 5.
Vpo = 3.0 V, 400 kH
ceramic resonator 300
ch = Ccd = 3
HALT mode. 500
1.0
Supply leakage current pA
5.0
Ports S, K, M, SO and A and INT - A
and RES input leakage current 0 H
Port N LOW-level output vollage 0.5 v
Port N HIGH-level output vollage - )
Portis K, P, M, SO and A LOW-level
- 05 v
outpul voltage
Ports K, P, M, 50 and A HIGH ) _ v
output vollage
Port N output leakage curren - 1.0 HA
SEG1 to SEG35 CMOS LOW-e
¥ - 0.5 v
output voltage
“1don = —300 pA. See Note. Vop — 0.5 - - v
low = 300 pA. See Note. Vop - 0.5 - - v
lesz [ VoL = Vss. See Note. - - 10 uA
Vovs lo, = 300 pA. See Note. - - 05 vV
SEG1 fo SEG35 nchamel. oulpl - _ -
leakage current g, g lleak3 Vou = Vpp. See Note. 1.0 UA
SEG1 o SEG35, 1/t duty LOW-evel ] o
output voage VoL loo = 20 pA 0.2 v
SEG1 to SEG35, 111 duty HIGH-level _ _ _ _
output voltaga Vore lon = =20 pA Voo ~ 0.2 v
COM1 fo COM4, 1/1 bias LOW-level
. - - - . v
output vottage Vois | o = 100 pA ‘ 02
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LC5872, LC5873, LC5874, LC5876

Paraméter

Symbol

Conditions

Ratings

min

typ

Unit
max

COM1 to COM4, 1A bias HIGH-level
output voitage

Vons

low = =100 pA

Voo — 0.2

SEGT 1o SEGI5, 1/2 bias LOW-evel
output voltage

Vol

lo. = 20 pA

SEGT to SEG35, 1/2 bias HIGH-level
output voltage

Voha

lon = -20 pA

COM1 1o COM4, 1/2 bias LOW-level
oulput voltage

VoLs

lor = 100 pA

COM1 to COM4, 1/2 bias MID-level
output voltage

Vo

lo. = 100 pA, low = =100 pA

COM1 fo COM4, 112 bias HIGH-level
output voltage

Vous

low = —100 pA

Ports S, K, P, M, SO and A
LOW-level hold transistor inpul
resistance

RiLs

<

1= 02 Vpp

Ports §, K, P, M, 8O and A
HIGH-level hold transistor input
resistance

Rix1

V) = 0.8Vpp

800 kQ

Ports S, K, P, M, 50 and A pull-up
transistor input resistance

Reui

Vi = Vs

300 kQ

Ports §, K, P, M, SO and A pull-down
lransistor input resistance

Reos

300 kQ

INT LOW-level hold transistor input
resistance

Ricz

200

800 kQ

INT HIGH-leve! hold transistor inpul
resistance

200

600 [49]

INT pull-up transistor resistance

INT pull-down transisior resistance

800

3000 kQ

800

3000 kQ2

RES pull-up transistor resistance

30

50 k2

RES pull-down Wransistor resistance

TST pull-down transistor resistant

30

50 kQ

130

500 kQ

Note re
Complementary (CMQS

Ratings
Conditions Unit
min typ max
Voo = 50 V, C1 = C2 = 0.1 pF,
112 bias, fopg = 32.768 kHz. 240 2.50 260
See Figure 3,
Voo v
Voo = 50 V, C1 = C2 = 0.1 pF,
113 bias, fopg = 32.768 KHz. 310 333 3.50
See Figure 3.
VDD = 50 V. C1 = CQ = 01 IJF,
LCD supply woltage 2 Vooe 113 bias, fopg = 32.768 kHz. 140 1.67 1.80 v
See Figure 3.
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LC5872, LC5873, L.C5874,

LC5876

Parameler

Symbol Conditions

Ratings

min

typ

Unit
max

Vop = 5.0 V, 32 kHz
crysial resonator, Ta
Cg = 20 pF,

25 °C -

Ze = 25 XQ,
HALT mode, 1/3 bias. Ts
See Figure 5. '

Vop = 50 V,
38 or 65 kHz crystal | Ta
resorator, Cg = 10 pF,

Z, = 25 kQ,
HALT mode, 1/3 bias. |7,
See Figure 5.

Voo = 5.0 V, 400 kHz
ceramic resonator,

Cg = Ccd = 330 pF,
HALT mode.
See Figure 6.

Voo = 50 V, 1 MHz
ceramic resonator,

Cy = Ced = 100 pF,
HALT mode.
See Figura 6.

600

650

700

Supply current oo Voo = 5.0 yf‘;(ﬁ?‘éMHz 700 pA
ceramic rasopator, .
Cq = Cei # 33 pF/:
750
900
1000
30
60
300
780
480
1200
s = 25 °C, 4 MHz
eramic resonator. Vop =5V - 1700 2500
See Figure 5.
Voo = 60 V. Ta = 25°C - 0.2 1.0 A
See Figurs 2. Ta = 50 °C _ 10 50
V| = VSS -1.0 - -
Voo = 6.0 V. pA
Vi=Vopp - - 1.0
lon = 10.0 mA - - 0.5 v
Port N HIGH-level output vdl?ﬁae Vour | lon = -5.0 mA Yoo - 05 - - v
Ports K, P, M, SO and A LOW-level _ _
output voltage Vouz lo. = 20 mA 0.2 0.5 v
Ports K, P, M, SO and A HIGH-evel v on = —1.0 mA Voo — 05 | Vop — 02 B v
oulput voltage OHz OH = —1. oo — 0. oo — 0.
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LC5872, LC5873, LC5874, LC5876

) Ratings
Parameter Symbol Conditions Unit
min typ max

Port N output leakage current ligak1 Vou = 105 V

SEG1 to SEG35 CMOS LOW-level

output voltage VoLs oL = 500 UA. See Note.

SEG1 10 SEG35 CMOS HIGH-level

oulput voltage Vora lon = -500 pA. See Note.

SEG1 to SEG35 p-channe! HIGH-level

output vollage Vora lon = -500 pA. See Note.

SEG1 to SEG35 p-channel output

lsakage current lieak Vo = Vss. See Note.

SEG1 to SEG35 n-channel LOW-level

oulput vollage Vora | lou = 500 pA. See Note.

SEG1 1o SEG35 n-channe! output

= \ Note.
leakage current leak2 Vor = Voo. See No

SEG1 o SEG35, 111 duty LOW-level

output vohage Vo | loL = 40 pA

SEG1 to SEG35, 1/4 duty HIGH-level

oulput vottage VoHa lon = —40 pA

COM1 to COM4, 11 bias LOW-leve!

oulput vokage = 400

Vous lot

COMT to COM4, 1/1 bias HIGH-leve!

output voltage Vons

SEG1 to SEG35, 1/2 bias LOW-level

output voltage Vous

SEG1 1o SEG35, 1/2 bias HIGH-level
output voltage

VOHA“

COM1 1o COM4, 1/2 bias LOW-feve!
output voltage

COM1 1o COMd, 1/2 bias MID-evel
output voltage

Voo + 2) (Voo + 2)
- 0.2 + 0.2

COM1 1o COM4, 172 bias HIGH-level

outpul voltage Vop - 0.2 - - v

SEG1 1o SEG3S,
output voltage

2 x (Voo . 2 x (Voo
+3)-02 . + 3+ 02

SEG1 to SEG35,
output voltage

SEG1 to SEG35,/

(Voo + ) (Voo + 3) v
outpw! voltage -

02 + 0.2

SEG1 to SEG3
output vgﬁ%gge

Voo — 0.2 - - v

COMtg ‘Coma, T
output voltage ™

= 400 pA - - 0.2 v

| Nop + 3 2Vgp + 3
Vouat | lon = ~400 pA, loL = 400 pA @ s 3 - B v

COM1 to COM4,“143
output voltage

COM1 to COM4, 1/3 bias Mit¥ievel
output voltage

(Voo + 3) (Voo + 3)

400 uA, IOH = =400 ].lA 0.2 + 02

Voma2 loc

COM1 to COM4, 1/3 bias KIGH-leve!
output voltage

VoHs on = =400 pA Vpp - 0.2 - - v
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LC5872, LLC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max

Ports 8, XK, P, M, 8O and A
LOW-leve! hold transistor input RiLs V) = 0.2Vpp
resistance
Ports §, K, P, M, SO and A ‘
HIGH-level hold transistor input B Vi = 0.8Vpo
resistance
Ports S, K, P, M, 50 and A pull-up _
fransistor input resistance Reur 1 Vi = Vss
Ports S, K, P, M, SO and A pull-down A V=V
fransistor inpul resistance Po1 =
INT LOW-level hold transistor input _
resistance Ri2 Vi = D.2Vop
INT HIGH-level hold transistor input _
reslstance Rz Vi = 08Voo
INT pult-up transistor resistance Reuz Vi = Vs 2000 kQ
[ INT puti-down transistor resistance Rrepz Vi = Vpp 2000 kQ
RES pull-up transistor resistance Rruz Vi= 50 kG2
RES pull-gown fransistor resistance Repa Vi = 50 k(2
TST pull-down transistor resistance Reps Vi = 70 300 kQ

Note

Input specifications

V_gs = 0 V, Ta = '—30 tQ 70 OC

Ratings
Parameter Unit
min typ max
Pors S, K, P, M, SQ and A, and ! B
LOW-level inpl voltage 0 0.3V v
Pors 8, K, P, M, SO and A, and:
HIGH-evel input valtage ‘ 0.7Voo - Voo v
RES LOW-level input voltage 0 - 0.25Vpg v
1 0.75V00 - Voo v
0 - 0.25Vop v
0.75Vpp - Voo v
Ratings
Symbol Conditions Unit
min typ max
Voo = 2.0 to 6.0 V, 32 kHz range 32 - 33
Crystal oscillator operating frequency bt 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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LC5872, LC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max
Vop =22 0 B0V 190
Voo = 25 o 6O V 190
| Ceramic fiter cscillator operating o Voo =30 10 60V
frequency Veo =45 b 60V
Voo = 4.0 fo 6.0 V, RC oscillator
Voo = 2.0 10 6.0 V, exernal oscillalor
Serial interface clock frequency fsar Voo = 3010 60V
Oscillator specifications
T. =25°C
Parameter Symbol Condition Unit
Oscillator 1 start voltage Vst A
Osclllator 1 sustaln voliage v
Oscillater 1 start time ms
Oscillator 1 start voltage v
Oscillator 1 sustain voltage v
Oscillator 1 start time ms
Oscillator 2 start voltage v
Oscillator 2 sustain voltage v
Osclllator 2 stat time App =22V - - 5 5
Oscillator stabiliy XJD%,Ssz\'?s h - 3 ppm
Oscillator 2 start vollage lp<5s - - 24 v
Oscillator 2 sustain vollage 22 - 6.0 v
Oscillator 2 start time Vop =24 V - - 5 ~$
XTOUT oscillator compens 18 20 24 pF

Timing Diagrars

X

Oulput dala

Note

X_

tekey > 5 Us, toxe. = tokyr > 2.4 Us, tiex > 1 Us, tegr > 1 Hs,
tcko < 1 U8 (max) and Vpp = 3.0 to 6.0 V

Timer 2 external clock input timing

Yo tokm
M3
Ma
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1L.C5872, LC5873, LC5874, LC5876

Typical Performance Characteristics

RC oscillator characteristics (3.0 V supply) RC oscillator characteristics (5.0 V supply)
3 T 1
Vpp ~Vgg =30V
2 Ta=25C 7
1k
w7 =
% s G =180 pF € =100 pF ol sepr z
i, \ \\ \\ ™, E
4 C=330pF\\ \ \ \ g
2
N N
100 \\\\ \\
, NANIAIRN
. NANIANAN
7 1w 2 3 5 7 1 2 3 5 7 vk

Resgistance (k)

Power-ON reset timing

Operating voltage

Minimum operating voltage
far reset or a voltage within
75% of the normal operating o

voltage, whichever is higher VoD

Note
Tvon = supply voltage rising-edge tim
Tres = RES rising-edge time constaw
tres = reset signal delay time
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LCS5872, LC5873, LC5874, LC5876

Supply current vs. voltage

3
I | I = max
2 ! ! ; /// Yp
4 MHz ceramic resonator o
Continuous ROM operation | 7
Ta=25°C 4 P
1.¢
7 ///4 2 :I\\
& |- 400 kHz cerami filter l& / 4 MHz ceramic
v

Conti ROM i
T:r\‘\ggoycs opera\an/’/ / .rr:s:'ggts‘r:
s —\ v/ Hal
// / operation
\ A

. 2 ‘4nax/ 4

z - / /
F 200 kHz ~ MaX /

£ 0.1 [ ceramic filter

2 Halt operation

= 4 Ta=25 "C

B typ

=)

L

3 132 kHz
Conlinuous ROM
2 operation

Ta=25"C [

Test Circuits

. . ’ Crystal 4
* Port S input transistor enabled | o VL!)D ——resonator r
] i . *
* 1/O ports in output modes Data i o “ T cups xtoutTl— 5 &
VDD
. [:S . CFIN—é—E{c}g—-—«_
- —
. = CFOUT Ceral C,
c2 vss fiter

Figure 3. QOutput voltage measurement 1

Crystal L
resonator
C1J_—'CUP2 VoD XTIN e C"
Vo Tcups XTOUT—— 9
vDD1 CFIN T s
Ceramic vDD2 T Cf.g
filter = = vas CFOUT[ Ceramic Cgy
cz2/Ca l filter

Figure 2. Supply leakage measurement .
Figure 4. Qutput voltage measurement 2

Note
STOP mode
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LC5872, LC5873, LC5874, LC5876

-®

Crystal iL
=5 resonater [
oy VP2 Vi XTIN P
Teupy XTOUT f——— 9
vDD1 CFIN ik
& G
vDD2 L. 2
= Ceramic Cpy
c2) C3 iltar

-|VJ-_ ysg CFOUT

Figure 5. Supply cument measurement |

Notes

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

(A}
4 Cryslal +
resonala
o G-I s '(:::
T Jcupt XTOUT jmmrmmrnrT ¢
V001 CFIN T Ci:g
Loz CFoUT Corame G
T eramic
ca caI VTS fter "

Figure 6. Supply current measurement 2

Note
Oscillator

Instruction Set

The instru
AC
ACn
APGn
Breg
BNK
CF
DP

2 (crystal) stopped

iction set uses the following abb
Accumulator
Accumulator bit #
RAM page flag n
Register B
Bank register
Carry flag

Data pointer

(&)
| hd Crystal <
resonator
c:1_]_—CUF’2 VDD XTIN
T Jeupd XTOUT
vDD1

c2

[o;

%3

i

vDD2

Start condition flag n
Pull-down flag

ROM page flag »n

Hold request flag

Hold release enable flag n
Hold release request flag n
Timer

L.CD latch

Status register

Timer mode select
Contents

Transfer direction, result
Logical AND

Logical OR

Logical exclusive-OR

Instruction code
QOperation Flag
DTIDﬁIDE D¢ DS|DZ|DI|DD
Accumulator
: ot | v ]e]o]oeflaloe
0 — AX3 — AX2 — RX1 — RX0; AC « [AX) s | xs | xe o lxe|xt | oo
Memory l:onlnnls‘kl,’hm3 ;mf;hiftad righl and 1 is entéred inlo the : a 1 1 0 Q 0 0 1
SREX | yem position, and 1he Fesult it $lored in the accumulator, 1= R = AXZ = RX1 - RX0; AC & (AX) X7 | X6 | xs [ x| x| [ x
Memory conlents {(RX) are shited left and 0 is entered into the . 0 1 1 o |0 o 1 0
SoX | /sp position, and ihe result is stored in the Bccumulator. X3 o RX2  BXT o X0+ 0 AC & (RY) 1 xe | x5 [ xe | xa x| x| %
Memory contens {RX) are shited righl and 1 is enlered into the . 0 1 1 oo [d 1 1
st 'X LSB position, and the resull is stored in the accumulator. X3 & RA2  BX) o 8X0 e 4 AC o {RX) AT | X6 | X5 | X4 | X3 { X2 | X1 | X0
RRG X Memory contents (RX} including carry flag ere rotaled right and AX3 — RX2 — RX1— RXO . CF 0 ! 1 0 1 [/ ] 1
the resull is slorad in 1he accumulator. Temtrtrtmir CF tmtcime—i—; AC = (RX) XT P X6 | X5 f Xe | xa|xz | Xt|X
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Instruction cods

Opcode Descriplion Cpearation Flag
Dr |Ds { DS fDa | D3 | D2 | D1 | DO
RLG X Mermory contents (RX] inciuding carry fNag are rolated et and FXY — AX2 « RX1 — RO T CF o |1 1
the result is slorad in the accumulalor. b CF mooo— AC « [A) X7 | X6 [ X5%
RCM pago flags 1 and 2, the data pointer flag and carry flag
MPF X are copied inlo the accumulator and memory location RX, (RX), AC «- OPG1. OPG2, DPF. CF
Memary conlants (RX) are copied inlo ROM page Nags 1 and 2,
MROPF X | and the camy liag. into Ihe accumulalor. The data pointer flag is | AC — OPG1, QPG2, CF ~ (RX)
ol affecled.
SCF The cary llag is sel lo 1. CF e~ 1
RCF The cary llag is cleared 10 O {reset). CF+~0
Memory manipulation
SRAPF D | 256 x 4-bit memory page unils are Selected. APGY « D9, APG2 « DI
The RAM page is sicred in bits 0 and 1, and the RAM save , .
LRAPF X | page is stored in bits 2 and 3 of memory location RX and the Sig ‘Ex:pm'niv)\(; s"_ APS2,
accumulalor. g - e page
SBNK D { Immediale dale {D0 to D3] Is copied inte ha RAM bank register. | BNK « D0 to D3 os | oz Lot | oo
L . 1 0 0 1 0 1
MRBK X Memory contents (RX} are copied inlo the RAM bank ragister. BNK # (RX) sl lolelalx
Tha RAM bark regisler contents are copied into the accumulator E 1 [ 1 1 1 0
MBNK X | aad momory locaton {AX). AC « BNK x| e [0 x
! ‘ . . 1 0 i 1 1 1
SOP D Immediate data (DO lo D7) is copied inlo the data pointar. os |oa |oalo2lon | oo
MRDH X Memory conlents (RX) are copied info Ihe da'a pointer high o 1 1 0 ] 1 1 0
fibble, XT | X6 g X5 | Xa ) X3 | X2 | X1 | X
Memary conients (RX) are copied infe the dala peinler low . 0 1 { 0 ] 1 ) 1
MADL X | ibble. B L | ws 0 [ %e | wa | e | % | %
The data pointer low nibble is copied inlo the accumul o 1 \ 1 \ 1 o 1
MDFR X memory location RX, and the data poinler high nibble .
inlo register B, X7 | X6 [ X5 ) Xa | X3 [ x| x| x
ape x| Memony cantents (RX), accumuiator senlars dndcarry flag His., cF o1 Joflo]loa]lelofo
added and the resull is slered in the accqn‘igLa%br. ; XT | X6 [ X5 | Xe | Xa|xe|x1|X
ADG* X Memory contents (RX) and Lhe accun;.dlalgfcuments, 3 CF ¢ 1 9 0|0 0 0 1
and the resull i stored in the accusulafor. XT | X6 [ Xo | Xa | X3 | X2 | X1 [ X%
The accumulator conlents are
y i 0 1 0 [+ a 0 1 0
SBC X (RX) with cany (borow) and fhe CF
accumulator. X? L X6 [ ¥s [ Xe | X3 | x2| X1 ] X
The accumulator L:nnterg’s'~ 0 | 0 0 0 0 1 |
SBC X CF
Iocation RX. XT | X6 [ X5 [ X | x3]xa|x1]x
Memory cantenté (X} and ol r]ojo|o]r oo
ADD X the result is stored in memary: AL (RX) + AC CF X7 | X6 | x5 | x4 | X3 |2 | X1} %
. Memory dontgnts (RX] . 0 1 ojol]o 1 0|1
ADD" X | tho et i storad i AC « (RX) + 4G RX & AC CE I I PR B B O B
Thé agéumutator Shtants ‘o = o1 lololo]r |1 ]a
SUB X | 4RXsand the resul i AG &= () + AC + 1 CF xr [ | xs | e [xa]ee|x |
MRV 4 i . 0 1 +] 0 o 1 1 1
sun )Q‘ g AC +— (AX) + AC + 1; RX « AC CF s [xs b | |3 | %o
o 1 ¢ ] 1 Q 0 q
ADN X AC « (RK + AC x| xs s [ [xa| 2| x| 20
Memory contents 1R " tp accumulator sontents are added ol dotlol i latlel
ADN* X and the result is &tofdd.jn dhe accumulalor and memory location | AC «~ (RX) + AC; RX «— AC s |wnlelalx
X, g
Memory contents (RX) and immediate data {Y0 to Y3} are added o 1 [+] 1 ¢ 0 0 0
ADCH XY | i carry rnd the result is stored in the accumulator, AC « (AX) + ¥ + CF CF valvelvipyo|xa|xe|x|[x
Memary contents (AX) and immediate dala (Y0 to Y3} are added o 1 0 1 R 1
ADCI X, Y | with cany and the result is stored in tha accumulator and AC « (RAX) + Y + CF. RX « AC cF valvlvlivlo!le!lxlw
memory localion RX,
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Instruclion cods

Cpeode Description Operation Flag
D7 t D6 | D5 |4 [ DI [D2 | DM | Do
Immediate data (YO 1o Y3) is sublracted from memary contents _ o
SBCI X, ¥ | (RX) with carry (Dorrow) and the resull is stored in the AC « (RX) + Y « CF 0
accumulalor,
Immediale dala {Y0 to Y3) is subtracled Irom memory conlents _ 1
SBCI X, Y | {RX) with carry (borrow) and the result is stored in the AC ~ (AX) + ¥ + CF; RX « AC 0
accumulator and memory location RX.
Memory contents (RX) and immediate data (YO (o Y3) are added [}
ADDIX. ¥ | g the rasat s slored in the accumulatar AC — (RN + ¥ X0
. Memory conlenls [RX) and immediate dala (YO 1o Y3) are added . 1
ADDI XY | and the rasull is stored in the accumulalor AC = (AKX 4 Y RX — AC X0
Immediate dala (YO to Y3) is subtracted Irom memory contents - 0
SUBI XY | ;) and the rasull is stored i the accumulator AC = (RX) + ¥« 2 X0
immediale dala (Y0 0 Y3} is sublracted Irom memory contents _ |
SUBI" X Y | (RX) and the resull is slored in the accumulalor and memory AC + (RX} + Y + 1; BX « AC 0
location RX, .
Memory conlenls [RX) and immedials data (Y0 o Y3) are added a
ADNI X, ¥ | and the rasult is stored in th accurulator. The carry fag is not | AC «— (RX) + ¥
X0
affactad.
Memory contents (AX} and immediate data (Y0 lo Y3 are added \ 1 0 0 1
ADNP X, ¥ | and the rasult is #tored in the accumulator and memory location | AC — (RX) + Y vo lxalxa!xi|x
RX. Tha cary llag is not atfected, v
AND X Marmory contants {RX) and eccumulalor contents are ANDad and 1 4 0 1 0 1 o
the result is slored in the accumulaler. o | X5 | x4} Xa| 2| Xt ]
AND' X Memory contenls (RX) and accumulater conlenis are ANDed and 1 0 Q 1 qQ 1 1
the resull is stored in the accumulalor and memory localion RAX. X6 | X6 [ Xe [ X3 [ x2 | X1 | X
EOR X Memory contenls (RX} and ascumulator contenls are 1 0 s} 1 1 0 ]
exclusive-ORed and Ihe result is stared in the accumulalor. X6 | X5 | Xa | X3 | Xz | x1|x
Memory contents {RX) and ascumulalor contants are ! 0 o | 1 o 1
ECR' X | exclusive-ORed and the res.it is stored i the accumulatof apd
memory localion AX. X6 | XS | e x| Xz || X0
OR X Memory cenlenls [RX) and accumulator con'ents ay 1 0 0 1 1 1 0
the resull is stored in the accumulalor, X6 | X5 ] X4 | xagxe| x| x
OR' X Memory contents (RX) and accumutator comgf'{‘ts dra ORed,, 1 ] 9 1 1 1 1
the result is slored in the accumulater ang<mamory locat XE | X5 | Xa | Xa[X2 | XX
1 [H 1 t ] 1 0
ANDI . Y velvi[vo[na|xe|x|w
s Q 1 0 1 1 0 t 1
ANDI* X, Y (BX) A Y: RX « AC
location R e Ya|Y2|lvr|volxa|x|xt X0
Memory conlents (AX) gnd immediate da 0 1 0 1 1 1 0 9
EORI XY | guclusiva-ORed and (0 révult s sior @y valva|vilvlm|e]o|n
Memary conlenls. «{HX& and imme 0 1 o 1 1 1 0 1
EOR* X. Y | exclusive-OPad, angﬂhs resul! is AC — [AX) ¥ Y, RX « AC valvelvilvelomde!|olx
memary - Iocahor!ﬁ A
0 1 o 1 1 1 1 1]
Rt XY AC = (RX) v ¥ valvelw|vofsa]we]w|x
) [ I T T I IR AT I I
AC = (RX) v Vi RX - AC alve|v|w|x|e|xn]|x
Branch snd subtoutine
(X0 fo X10} is jumpad PCO 1o PC10 « X2 to X10; PC11 « OPGY: 1 1 0 0 0 | X10]| X3 | X8
PC12 « OPGZ X? | X5 [ X5 | Xa } X3 | X2 | X0 ] xo
fe data (X0 to X10} is N ACO = 1; PCO 16 PC10 +— X0 to X10; 1 0 0 0 0 | X10] X3 | X8
is 1. No operation il bit € is 0. | PC11 « QPG1, PL12 « OFG2 XT | Xe | s | Xe | X3 ]|xe]xt|xo
BABT X The address specllﬁtb ﬁ)c_rlmmed\ala data (X0 to X10} is I ACY = 1; PCO 1o PCIC « X0 lo X10; 1 0 0 ¢ 1 | X0 X9 | Xe
branched to if ah@q@ulmbr bil 1 is 1. No operation if bit 1 i5 0. | PC11 — DPGY; PC12 — OPG2 XX | x50 xa [ Xa|x2]xi|x
BAB2 X The eddress specified by immediale data (X0 to X10) is It AC2 = £; PCO o PCI0 « X0 1o XI0; 1 [} 0 1 0 |X0) Xa ]| Xs
branched fo 4 accumulalor bit 2 is 1. No operation if bit 2 is 0. | PC11 « OPGI; PCI2 «— OPG2 XTPXs | Xs | Xa | XaXe| ] %
BAB3 X Tha address specified by immediate data {XC lo X10) is # AC3 = 1; PCO to PCID « X0 to XIp; 1 0 [+ 1 1 | X0 | X9 | X8
branched te il agcumulalor bit 3 is 1. No operabion if bit 3 is 6. | PC11 « QPGY; PCI1Z — OPG2 Xr | X | X5 % |Xala2|x1]|x
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Instruction code

Opcode Descriplion Operation Flag
Dr | D6 | D5 (D4 | D3I {D2| D1} D0
The address specilied by immecaie data (X0 to X10) is ' . i
Az X branched 1o il 1ha accumulator contents are 0. No operation it gc‘::’ :—00:8[1’ l;c':g‘?_‘apxeoz fe X10; ,§(|20 ;? ;:
the contents are npl 0. '
The addrass specified by immediate data (X3 to X10) is .
BANZ X branched 1o il the astumulalor contents are not 0. No operation !F[‘C':? :%:&0 lgcf?i 'ap)énz fo X1;
it the conlenls are 0. '
The address Specilied by immediate dala (X0 to X10} is )
. ) ) Il CF = 1 PCO 1 PCI0 « X0 fo X1ty
BCH X ::ratr;ched to if the carry Mlag is 1. No operaticn if the carry flag PCI1 «— OPGI: PCI2 « OPGZ
The addrass specilied by immedizte dala (X9 to X10) is
N . Il CF = 0; PCO to PCI0 « X0 1o X1
8CNH X ::m:u:hod to it the camy flag is 0. No operation if the carry llag PC1f & OPG!: PCI2 « OFGZ
CALL X The subrouting address specified by immediae dala (X0 o X10) Xa | X8
is caliad, PCtt « OPGY; PC12 « OPGZ X1 | X0
RS | The previous fealing} subroutine 1 rewured o, PLO to PCI2, DPF o (STACK) o138
The previous (cafling) subrouting i5 raturmed 1o and the hall 1 0 0 0
RTSA condition is relaased. PCO o PC12, DPF (STAC'S ¢ 0 4] 1
poP Tha stack painter is moved 10 the stack panter minus 1, STACK & STASK -1 ¢ '; g g ;
CPU control?
. . t{1]o]o
SLOW Low-spead syslem clock is selecied. ) 0 o 0
FAST High-spaed systam clack is seectad. ; : ; é :] :) g g
The syslam is hatted and the CPU ceases operation, HALT | 1 1 j 1 Y o o
HALT mode i released when an in‘aruol occurs of ang of the stop 1 0 o 0 0 0 a o
condihon flags changes stale. .
HLTE The system clock 15 halled and the CPU ceases cperation wheg { 1 1 1 1 1 0 0
high-speed system clock mode 5 selectod. 1 1 0 [ 0 0 0 0
HLTL The system clock 1s halled ard e CPU ceases operatgd witen 1 1 1 1 1 1 0 0
- low-speed syslem clock mode 15 selecled. 1 0 1 0 [+ 0 0 0
sTOP The system clock is halled ard the CPU ceases 1 1 1 1 1 1 0 1
then the oscillalors ara hahed. 0 0 0 o 0 0 0 0
The system clock is halted and the CPU cpis 1 1 1 1 ’ | 0 |
STPF then the osciltators are halted when high-sg 0 1 0 o] o 0 0 0
mode is selected.
Tha system clock is haited anc the; 1 1 q N \ 1 s 1
STPL then the oscillators are hafled 0 o 1 0 0 0 0 0
moda is seleclgd.
IEFO
1o
IEF3, 1 1 1 1 1 L] 1 i)
SHAF D wrFo | o7 [ s | os | oe | o3 (o2 | o | Do
! requesly’ arg’ “disabled when 0. and enabled, when 1. to
05 0 roquasts are isawad when 0, and enabled, whea 1. HAF3
Dé tequasts argfdn_sabled whan O, and enabled, when 1.
¥ reloase reiuests are disabled when ©, and enabled, when 1.
IEFO
1 1 1 1 1 ] 1 1
IEF) to IEF3 « D0 1o D2 to
IEFa 0 0 ¢ ¢ |D3|C2|Dt|Do
: IEFO
gl s]ojot]o]o
IEFS to IEF3 « (RK) ey [ X [ | xs | xa [ 2 [ x1 | w0
sets are 9& aled when the corresponding immediate dala bits (OO to DY) are sat to !
g INT input han mrnnsn flag is ressl
D1 “Tjmer “ halt rofea;ﬁ flag is resel.
Dz Tiriar, 2 hamfelgase flag is sesel. 1 t 1 1 1 1 1 i}
PLC D D3 Serial V@hnh Aalense llag is resal 07 |06 | D5 | Dé O3 | D2 | B! | DO
D4 Frequency “dnider overllow halt release flag is reset,
D5 Frequency divider stages 11 10 15 are reset.
D& Watchdog timer 1 is resot.
o7 Walchdog timer 2 i5 reset.
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Instruction code

Opcode Description Operation Flag
Dr |06 } D5 | 04 | D3 (D2 | D1 | DO
Starl condition fags (SCFO lo SCF3} ere copied into tha
accurnulalor and memoery location RX. They are sel by the lol-
lowing condilions.
ME8 X SCFo The INT input changes stals, AC + (SCFO to SCF2); RX « AC
SCF1 Port K (K1 Io K4) changes state.
SCF2 Status register 4 changes slate.
SCFa Pert S (S1 to S4) changes slate.
Stard condition fags [SCF4 to SCF7) are copied into the
accumulator and memory location RX, They are set by the
following conditions,
MSC X SCF4 Tha frequency dwider overflows. AC «— (SCF4 to SCF7): RX « AG
SCF5 Timer 1 ynderliows.
SCFs Timer 2 underflows.
SCF7 Serial O input (SO1), oulput {SO2) or (S04)
changes state,
Timer control
Accumulalor bits 0 and ! are ¢learad to 0, the INT imput slate
MSTR X is copied into accumylaior bil 2 and the LCD strobe flag is ACO, ACY 4 0; AC2 « INT stat 1 1 0
copied inle accumulater bit 3. The accumufator contenis are AX « AC X2 [ X1 | X
copied inle memery location RX.
STMI M. D Tirpar mede is ug_lecled by immediale dala (MO to M1} and limer 0 o | M1 | Mo
' 1 is loaded with-immedale data (D0 to D7). Timer 1 then starls. D3 |02 D1 | Do
ASTME WD Timer mode is selecled by immediate data (MO to M1) and timer 0 1 M1 | MO
' 2 is loaded with immed:ale data (D0 o D7), Timer 2 lhen starts. 03 | D2 | Dt | De
MATM2 M. | Timer mede is sefecled by immediate data (MO to M1) and fimer a 1| M| MO
X 2 is loaded with memoy contents (RX). Timer 2 then stards, X3 | X2 | Xt | Xo
MT2R X Timer 2 low byte is copiad into the accumulaior and memory 1 0 1 1
location RX, timer 2 high byls is copied into register B, X3 | X2 | X1 | X
The serial 1D register law byla is copied into the accumulater | | o | o
MSOA X [ and memory location RX, and the serial VO register high byt ||| x
copied inlo reqister B
Memory conianis (RX) a%e copied nto the accumulator and ). 1 0 1 0
MRSI X serial VO register low ty'e, and register B conignls argdcogied walwelxlxw
info Ihe se-al VO regs'er high byle.
Status regisier 2 conlenls ara copied into the agcmnmi'alor and .
mamory location RX, Staws register 2 bit allogalio
CSTF (bit 0}  The serial VO start ftay i ol
normal cperation and sel fo
SIQF {bit 1)  The serial MO status Nag'i 0 1 1 t
MSCF X ‘ counte and sel to X3 [xa ] x1 | xo
OSELF (bt 2) The serial IO oulpst en
enable the regi
the oulput.
ICF (bit 3)
1 o 1 1
SSCF D s o2 | ot | oo
0 1 1 Q 1 0 0 0
MRSE X §T82 ~ AC « [RX) ¥ | we | xs | xe bl oz |5t | xe
Data manipulation
o 0 1 1 o W2 Wi fwe
MAW W, X AC « (RX); AW «~ AC w7 wel s e lxatne i | 3o
1 1 1 W2 | w1 | WO
MWR X, W AC « (AW RX — AC A I VRN IV IR il I s
i 1 1 0 1 1 0 4
AC « [RX) xr x| xs [ [ ||
0 1 1 1 1 1 ] 1
RX - AC X7 [ X6 [ X5 | Xe | X3 | x2]xi]| %
Immediale data (G, to %) 8 copiad inlo e accumulator and . 1t ]e |+ |o3|o2]D1]|D0
WS XD mamory location AX ., AC « DO 10 D% RX + AC xr | xs | xs {xe | xaloelwi|xe
MAB X Memory contenls (RX) are copied into register B. Breg «— {RX) ;., 3?6 ):15 xO‘ )23 X|2 xl1 XDD
Register B conlents are copied into the accumulator and memory ' . 0 1 1 1 1 1 1 0
MBR X1 location RX. AC - Bragi BX « AC Xt [x6 | xs [xe ]wo || [0
Port S data {S1 to 5&) is copied into the accumulator and . ' 0 1 1 1 ¢ 0 0 0
IPS X | momary location AX, AC - §1 1o 54 RX « AC Wl we | xs | Xe {xa|xe| x|
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Invlruction code
Opeode Description Operation Fing
D7 | De | Ds | Da D3 [D2 | D1 | D0
Porl K dala (K1 lo Kd4) is copied inta Lhe accumulator and . 1
IPK X memery locaion R, AC « KU o K RX « AC X0
Porl M dala (M1 to M4) is copied inlo the accumulator and ) [+}
IPM X memary kocation RX. AC — M1 10 M4, RX « AC X0
Port P data {P1 to P4) is copied inlo the accumulator and . i . 1
IPP X momory localon RX. AC «— Pt 10 P4; RX « AC %0
&
Port 50 dala (SO1 to 504) is copied into the accumulalor and . ]
IPSO X memory lozation RX. AC « 501 lo 504; AX « AC %0
Port A dala A1 to Ad) is copied inlo the accumulator and . 1
IPA X mamory location A, AL« Al 1o A4, RX « AC %o
Memory contants (RX) are copied into the LCD decoder and ,
WRT Y, X | LCD lateh {L). The carry fag is copied inta the LCD lakch (L), :ZCP_ dg?d;:me; (tiﬂ;d:r “ &’.%Dmde\fgdar ;g
Immadiala dala YO to Y3 is copied lo the strobe decoder, ' =
Mamory (FX) and registar B contents ere copied inlo the LCD . .
WRP Y, X | fatch (L). Immediale dala Y0 to Y3 is copied lo the slrabe L« (R L« Breg; Yo
Strobe decoder + YO to Y3 X
decoder.
OPN X Memory contenls (RX) are loaded inlo port N, N1 1o N& « (RX) )?D
CPK X Memory conlenls (RX) are loaded inte port K, Kt to Ké « (RX} )“0
OPM X Mamory contents (RX) are loaded inte pon M. )?0
QPP X Mamory contents {RX) are loaded inte pon P. ):0
0PSO X Memosy contants (RX) ace loaded into port 5Q. )?B
B 0 0 1 0 1 1 0 1
OPA X Memory contents (RX) are loaded into port A, xi | | s [ o bl | i | xo
DPF,
’ 1 1 1 1 Q ] ] 0
SF1 D Port K oulput mode is selecled. HEFO- o7 loslos|os|oalo2)lor oo
D4 Port M output made is seWa:tad i ¢
Port P outpul mode is selected’
The camy flag {CFyis 4 ﬁisel [
D1 The data pomhr ﬂaMDPF] i
RFI D D2 S::'O 1 1 1 1 s} 0 1 [o]:}
; ¢F | D7 |De D5 [Da}DajDz|Di|Do
Porl P mb Anods is selacled.
Porl SEF inpll mode s 58k
Pon & @ﬁut muda iszsal
. 1 ! 1 1 0 1 0 | D8
SF2 D 7 | b5 o5 |Da|D3{vz|00| Do
w\IhuEE'inhrmpt inj i ﬂNT) hold ralease is disabled.
D1 08k Jo OFH. LEDAtabe is selected.
D2 Port Spyi-iblpeil-down wansistor s disabled.
RF2 O D3 Port K pultupioull-down transistor is disabled. L U R L R L I
D4 Port M (CMOS output) pullup'pull-down transistor is. diatled, D7 106 [ D5 | D+ [ D3 | D2 | D1 | Do
D& Port P {CMCS output]) pull-up/pull-down transistor is disabled,
D6 Port SO [CMOS outpul) pulkup/pull-gewn lransister is disabled,
D7 Port A {CMOS ovtputl pull-upipull-down bransistar is disabled.
Da 13 camier signal duty is selecled.
COMD T | Same as the SF1 instruction tor D3 to D7 - D|7 [)16 D|5 D14 ga g g g
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Insiruction code

Opcode : Description Operation Flag
D7 | D6 | D5 [ D4 | D3 | D2 | D1 | Do

CIMD D Same a5 the AFY instruction for DI to D7 !

SPDF D Same as the SF2 instruction for D2 to D7

ARPDF D Same as the SF2 instruction for D2 to D?

The following funclions ere Selected by the corasponding immediale daia bit (DO to D7)

Do St rnising-adga or falling-edge interrupt reques| (and hall release} anable when 1, and disable when 0,
[} 52 rising-edge cor falling-adge interrupt requesl {and hali releasa) enable whan 1, and disable when 0,
D2 $3 rising-dge or laling-edge interrupt reques! {and hali relpase) enadle when 1, and disable when D.
D3 54 rising-edge or lalling-adga interrupt requasl {and hal! relpase) enable whan 1, and disable when 0.
S5w D D4 Port K (K1 lo Kd) intarrupt requesl {and hall release) inputs are active on a rising edge, when 1, ¢

D5 Port X (K1 to Kd) interrupt reques! (and halt selease) inputs are acliva on a falfing edge, when 1.

D& Porl § is disabled for direct transler of inpul dala to the accumulator and mamory lacation (RX) whesd
onabled, when 1, r

jaxg 7.8 millisaconds dabounce delay is selecled for porl S and porl K whan 0, and 2 millisaconds, whens1 [st a clock

frequency of 32.768 kHz.

STOF Carrigr signal enable

RTQOF Carrier signal disable

SROPE O Immediate data (00 and 01} is copied into OPGY and OPG2, 0 [ o | o 1
respoctivey. oo | o oo
Oulpu‘ll frequency
{Hz)
1 0
2 4
[
8
4 1 1 0 o]
SAS D 16 De | D3| D2 | D1 ] Do
32
1 kHz
2 Hz
4 kHz
bc
Hote
Clock frequency = 32
[ ) 1 1 ! ! 1 1 ! 1
NOP Na operatign y I 1 1 y q [ 1

Instruction code

Low nibble (hex)

08 I 08 I
2 MAB MROPF
+8 l + B4 | EXT OPN I OPK I OPM | PP l OPSC | OPA
3 MNA
4 ADC ADC* 58C sact AQD ADD* 5uB sue ADN ADN' AND AND* EOR EQR* OR CR*
s ADCI ADCr SBCI sacr ADDI ADDI* suBl suar ADNI ACNI* ANDI ANDI* EORI ECAI ORI QR
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Instruction code

Low nibbla (hex)
High nibble (hex)

0 1 2 3 4 H & 7 ] 9 A F

[ SRo SR1 sLe sL1 WAl MRBK | MRDH | MRDL | MRSC ARC MRS MPF
INPUT

7. MSTA MSCF MsB

IPS | IPK | IPM l IPP | IPS0 l iPA
8 BABe
9 BAB2
A BANZ
1} Baz
C IMP
D
E STM1 STM2
F SF1 | RF1 SF2 RF2

User Mask Options

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

RC oscillator and crystal resonator

:

i BC oscilfator frequency range is 200 kHz
MHz ahd’ the crystal resonator frequency can be
r 32,738 or 65 kHz.

-~ CP
o | St | g, o
SLOW - Td
Oscillator 2 | — Frgﬂr\ij::rcy
T

Figire 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

_. CFIN 7, SLOW FAST )
Ceramic 2, Oscillator 1 g
|

tilter .
— CFGUT x Divider Switch

cirouit

fq (sToP 4 AsLOW
XTIN [5g
Crystal
[resonater | y1oy7 78 Osciltator 2 }
Vsg

RC oscillator

Frequency divider internal outputs (¢1 to ¢15) are 45
for time base generation, LCD drive waveform gepé
tion and ports S and K switch debounce. Cyclg't

oscillator period. The RC oscillator
is 200 kHz to 1 MHz.

|-~ CP
.
Timing |- ;;
generalor{ .. 1g
I~ T4

Frequency
divider

a1 a15
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Ceramic filter resonator

Frequency divider internal outputs (¢1 to ¢15) are used
for time base generation, 1.CD drive waveform genera-
tion and ports S and K switch debounce, Oscillator 1
stops when the SLOW instruction is executed. Cycle

time is 4n times the ceramic filter resonator period
where n, the divider ratio, is 2. The ceramic filter
resonator frequency range is 400-kHz to 4 MHz.

|

Caramic S
filter

J

—

Vs

QOPEN

Timing+
generator

aquUanc
dividar

Crystal resonator

Frequency divider internal outputs {1 to ¢15) are usgl
for time base generation, LCD drive waveform generg-
tion and ports S and K swilch debounce. Cycle 4

nes the crystal-resonator period. The crystal reso-
uency £an be either 32, 38 or 65 kHz.

= CP
= T1
M~ T2
- T3
= T4

Frequency

Timing
generator

o0 divider

I
al [.3E]

re 13. Crystal resonator
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External input

Frequency divider internal outputs (¢1 to ¢15) are used 4n times the external clock period where n, the divider
for time base generation, LCD drive waveform genera- ratio, is 2.

tion and ports S and K switch debounce, Cycle time is

32 kHz crystal oscillator

is remoyed for 38 or 65 kHz operation.

crystal oscillator operation. iternal outputs (§1 to $15) are used

XTI i i éES" and K switch debounce. Cycle time is
ne 79 ; theserystal resonator period. Oscillator 1 stops

=2 32.7G8B kHzx

XTIN
Xrour o7
3 78
Cy =
Ry
Vss
XTOUT
78
'—I—’ < 20 pF (typ}
Vsg

16. 38 or 65 kHz crystal
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IO Port Options

/O 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. '

Voo

: ( S
S B

™y

SF2-D210 DY
or
AF2- D2 to 07

Figure 17. I/O port input transistors

/O port held level
Ports §, K, M, P, SO and A can have either LOW

after reading the input state. At this poing, . ]
floating and either the LOW-level or EHGH-lev

Bus

LOW-level
hold transister

SF2-D2to D7

er

RF2 - D2 10 D7

Qutput

mode

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

INT Input Options

The interrupt (INT) input has three mask options—
putl-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 P —

w (

resistor LOWeyd
hoid trgnsistor

—>e—s

Rising/talling edg
de'ectar swilch

= F
' f_lﬂ’!errupt raquest

options

RES Input Options

The reset (RES) input has twg
pull-down resistor and LGN

HIGH-leval resot

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.

N1

N2 Mask option
) switch

rt N output

‘used to select the 125/250 ms delay, and the RF1
instruction bit D2, the 500/1000 ms range.

s}—(SF1-Dd)
Al—(Ar1 - 03)

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
and level-hold transistors. Selecting the pull-down tran-
sister configures port K as a falling-edge detector (op-
tion A), and the pull-up transistor, as a rising-edge

The detector is disabled until all inputs are active. For
example, all inputs must be HIGH before the falling-
edge detector (option A) is endblet:.

detector (option B).

K1

._

K2

= Pull-up / pull-down
transistors and

K3 lsve! hold

— transistors

K4

B—

Summary

Option

Pors S, K, P, M, A and SO lransistor

Ports 8, K, P, M, A and SC level hold transistor

INT input edge and resistor

INT inputl edge with no resistor

INT hold transister

RES inpul leve! and resistor

RES input leve! with no resistor

sél (ogen;;_mbul) or HIGH-level reset {open inpul)

Port N output type

in (n-cnénnell or complementary (CMOS). Each output is selecled independently.

Port N slate after reset

Oscillator 1 and 2 combing

4n|y {ceramic tilier), oscillator 1 only (RC circuit), oscillator 2 only (crystal),
tar 1 only (external input), oscillator 1 and 2 (ceramic filer and crystal), osciflator 1 and
2 {RC Lircuit and crystal) or oscillator 1 and 2 {external input and crystal)

Ceramic filter and extarms

or 800 kHz and 1, 2 or 4 MHz, respectively

2, 38 or 65 kHz

@ + 2048 and @ + 8196 or & + 4096 and ¢ « 16384, Note that one of the two ratios
selected by mask option is enabled using the SF1 and RF1 instructions immediate data bit
D2,

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 blas and 1/2 duty, 1/2 blas and 1/3 duty, 1/2 bias and 1/4 duty,
173 bias and 1/3 duty or 1/3 bias and 174 duty

LCD contral frequency

Slow, medium or fast

Intenal reset circuit

Enabled or disabled

LCD segmenl output state after reset

ON or OFF

LCD output drivers

LOW- or HIGH-level

Note
b

counter input clock frequency
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Segment PLA
[—— -~ m = — === b 4% 35

1 ssgmenl}!nla me,

L Q

LCD Interface
Segment
decodar
a
] b
20
o c
al
| d
22
] [
23
!
1 g
cF — h
D>
Resel
Data bus
Resel
Bbus
Y3 ]
Y2 ——]
¥1 e Strobe
Yo —— decoder

Figure 27. P-channel output option

LCD driver t—s

_l_—-l Seg 1

LCD driver

Voo

3

1
- Culput
x

Vsg

‘Figure 28. N-channel output option
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Display data decoding

Segment

Instruction Data byle

WRT

Register B
WRP 00 to FF

Bitd Bitt Bit2 Bit3

Note
CF = carry flag

Figure 29. 7-segment character

COM3 COM2 COM1 Drive frequency

Not used Not used " Output 32.0 Hz

Not used Qutput Qutput 32.0 Hz

173 duty Mot used Qutput Qutput Output 427 Hz

114 duty Quiput Cutput Output Output 320 Hz
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Bias control

Common 1 I l

Commaon 2

Cemmaon 3

Common 4

Figure 30. 1/1 bias, 1

B 1/2 Bias ~ 1/2 Duty

T
Voor / Yooz
Vo

Voo
Common 2

Voo / Vooe
Vss
Voo

Yop1 / Yoog
Vss

Voo

Voo ! Vooz
Vss

Voo

Voot f Vo2
Vsg

Voo

Vooi ! Vooz
Vss
Voo

Voot / Yooz
Vsg

Voo
Common 4

~—— Voot / ooz

Vss

Figure 32. 1/2 bias, 1/3 duty
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D 1/2 Bias — 1/4 Duty

Commen 1

Common 2

Common 3

Common 4-J

Figure 33. 1/2 bias, 1/4 dusy

1/3 Bias = 1/3 Duty

Commeon 1

Cemmon 2

Common 4

Figure 35. 1/3 bias, 1/4 duty
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Typical Application

INT
M1 COM1
M2 COM2
M3 COM3
Ma COMa LCD
Key matrix K1 SEG
K2
K3
Ka
[ gy -
- lpe
— 1 Ps
— P
— o 5
e SE— Y
% ! 83
& — .- s4
32kH|z
crysta
sy XTIN
CoP___|
XT0UT
c:C',g 1 CFIN
J=3—— cFouT
c dCaramlc
°d filter

Design Notes

Resonators
—n
XTIN Crystal — R
0 CFIN CFOUT
C,= R.q=0%t
9 Ceramic filter ed
—l 0
Crystal ¥ss Ceg T = Cuy
32 t 132,768 tnl
65 k ! 65.536 kHy I
38k : 38,229 Ves

Figure 37. Ceramic filter resonator circuit

Kyocera
Ceg (pF) Ced (pF} Product number Ceq {pF) Ced (pF)
330 330 KBR-4008 330 330
220 220 KBR-800H 100 100
220 220 KBR-1000H/Y 100 100
33. Buitin | 33. Buitn | KBR-2.0MS 3 3
CSA 4.00MG N | KBR-4.0MSAMCA N N
4 MHz CST 4.00MGW 33. Built-in 33. Built-in KBR-4 OMKSMWS 33. Built-in 33. Built-in
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Crystal oscillator element constants

Daishinku Kyocera
Frequency
Product number €, {pF) Product number ™ Cqy (pF)
32%Hz DT-38, 32.768kHz "
65kHz DT-361, 65.536kHz
38kHz DT-381, 38.2293kHz

B contgiﬁ;éﬂjherein are intended for use in surgical implants, life-support systems, aerospace equipment, nuclear
 vehicles, disaster/crime-prevention equipment and the like, the failure of which may directly or indirectly cause injury,

B Anyone pu;\ hasing any.gpreducts described or contained herein for an above-mentioned use shall:

@ Accepf‘fuuuq(e“spgpsﬁpil'ity and indemnify and defend SANYQ ELECTRIC CQ., 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 SANYO ELECTRIC CO.,
LD, its affiliates, 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; itis not guaranteed for volume production. SANYO
believes information herein is accurale and refiable, bul 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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