Iﬂdering number :EN3956C |

CMOS LSI

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-dewn and hold
transistors, open-drain or complementary outputs, key
debounce circuitry, rising- 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 crystal 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 /O
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
2.010 6.0 V supply and are available in 80-pin QIPs and
as 82-pad dice,

Features
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Two on-chip oscillators support a 32, 38 or 65 kHz
crystal resonator, a 400 kIHz to 4 MHz ceramic filter
resonator, a 200 kHz to 1 MHz RC circuit or an
external clock input.

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

171 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 /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 A to 1.7 mA supply current

2.0 to 6.0 V supply range

80-pin QIP or 82-pad die

60195TH (ID} / 11894JN AB-9639, 40/N1832JN/N141JN No. 3956—1/36



LC5872, LC5873, LC5874, LC5876

Pin Assighment
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Top view

Note

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

Die Specifications

Chip size 5.12 mm x 4.54 mm

Pad size 120 pm x 120 pm

Chip thickness 480 pm

Pad Coordinates

Coordinate {pum} Coordinate {lum}
Pad number Name Pad number Name
X \ X ¥

1 Voo 2235 ~1946 42 SEG20 -2181 2068
2 CFIN 2% -1637 ) SEG2! -2362 2068
3 CFQUT 2236 .—1455 44 SEGZ2 -2362 1416
4 St 2236 ~1213 45 SEG23 -2362 1235
5 82 2236 ~103% 46 SEG24 ~2352 1085
6 53 ) 2236 -797 47 SEG2S =2362 arg
7 54 2236 =B15 48 SEG26 —2352 694
8 K1 223 -3%0 49 SEG27 2352 513
] K2 2236 —-207 50 SEG28 —2352 323
10 K3 2235 -24 E) SEG29 =2362 152
1 Ke 223 159 52 SEG30 —2362 -20
12 M1 2% M2 5£G31 2362 208
13 Mz 2% 425 SEG32 -2352 -38%
14 M3 2236 708 55 SEG3 -2362 =570
15 M4 2236 392 56 5EG34 -2362 <750
16 N1 236 1247 b1 SEG35 -2362 -931
17 N2 223 1518 58 COM4 =2352 =12580
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LC5872, 1.C5873, LC5874, LC5876

Coordinale {um} Coordinale {lum)
Pad number ' Name Pad number Name
X Y X Y
18 N3 2236 1750 53 CoM2 -2362 -1432
19 Né 2236 2068 &0 COMz -2362 -1946
20 TST 1959 2068 81 COM1 1342 -1946
2 SEG! s 2068 6 GUP1 1730 —1946
2 SEG2 1507 2068 X] Cur2 —1548 -1846
23 SEGI 1280 2068 64 RES -1362 -134¢
24 SEGe 1058 2088 E5 INT =1145 —-1948
25 SEGS 875 2068 -] SOt -963 ~1948
26 SEGS 695 2.058 g7 S02 -1680 -1948
27 SEGT 518 2068 68 503 -597 - 1946
28 SEGE 3% 2068 69 S04 ~414 -1946
29 SEGS 156 2068 70 Al =231 —1546
30 SEG10 -24 2068 Il A2 -48 —1545
a SEG1Y -204 2068 2 A3 135 —-1946
32 SEG12 384 2068 73 A4 318 = 1848
33 SEGN —564 2068 74 4l 805 - 1946
34 SEG14 -3 2068 75 F2 682 -1946
35 SEG1S 923 ‘ 2068 76 B3 :24] —-1946
35 SEG16 =103 2068 77 P4 105¢ -1946
3r SEGI7 -1282 2068 78 XTCUT 1200 -1548
34 SEG18 —-1463 2068 79 XTIN 1483 ~1946
39 SEG19 -1642 2068 80 vDD2 1686 -1945
a0 TEST -1820 2068 81 VD01 1869 =146
4 TEST -2001 2068 82 . VS5 2051 =1546

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

Package Dimensions

Unit: mm
o e | o
I i )
. =
NGRS

SANYO: QIPBOA
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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 Ccom2
2 COM1
LCD common outputs 1 to 4
79 COM4
e COM3
3 GUP1 LCD drive bias select input 1
4 cupP2 LCD drive bias select input 2
5 RES Reset input
6 INT Interrupt input
710 10 801 to S04 4-bil bidirectional seriat inputioutput port
11 o 14 Al lo A4 4-bit bidirectional port A
15to 18 P1 o P4 4-bit bidirectional port P
19 XTOUT Crystal oscillator output
20 XTIN Crystal oscillator input
2 ©vDD2 LCD drive supply input 2. See Figure 1.
22 ' VDA LCD drive supply input 1. See Figure 1.
23 vss Ground. See Figure 1.
24 vDD 5 V supply. See Figure 1.
25 CFIN Ceramic filter oscillator input
26 CFOUT Ceramic filter oscillator output
27 10 30 51 1o 84 4-bit input port S with key debounce circuit
31 1o 34 Ki to K4 4-bit bidirectional port K with key debounce circuit
35 10 38 M1 to M4 4-bit bidirectional port M. Also, M4 is an external clock input for timer 2 in mode 3.
39 to 42 N1 to N4 4-bit output port N with carrier output at N3 and alarm circuit output at N4
43 TST Test mode select input
44 10 78 SEG1 to SEG35 LCD segment outputs 1 to 35 which can be used as a general-purpose output port

Pin No bias | 1/1 bias | 1/2 bias | 1/3 bias

voD
wor | o o [ ey
o—J o3 T

VSS

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

Specifications

Absolute Maximum Ratings

Vs =0V

_ Parameter Symbol Ralings Unit
Supply voltage range Voo -03 to +7.0 v
LCD supply voltage 1 range Voo -03 o Voo ¥
LCD supply voltage 2 range Vopz =03 1o Voo v
\Fr’:lztasges‘ra:'g eP. SO and A, and RES, INT and TST input v 03 to Vop + 03 v
SEG 3 and GOM' 1o OV ol votags e ‘0 0319 Voo + 03 v
Port N output current range loy -10 to +15 ma
Ports K, P, M, SO and A output current range loz -510 +5 mA
;?;soi:{p;. cMu'rreSn?'r:r:and N, and SEG1 to SEG 35 o -70 to +70 mA
Power dissipation Pp 500 mw
Operating temperature range Topr -30 to 470 “C
Storage temperature range Tstg -55 to +125 °C
Allowable Operating Ranges
Vs =0V, T, =25 °C

Parameter Symbol Ratings Unit

Supply voltage range with LCD disabled. See Note 1. Voo 20 to 6.0 v
Supply vc'tage range with 1/1 bias. See Note 1. Voo 20 10 6.0 Y
Supply voltage range with 1/2 bias. See Nots 2. Voo 28 10 6.0 )
Supply voltage range with 1/3 bias. See Note 3. Voo 28 1o 6.0 Y
Minimum data retention voltage Vor 20 v
Notes
1. Voo = Vopz = Voo
2. Voo = Voo = 1/2 X Vpp
3. Vopi = 2/3 x Vpp and Vppe = 1/3 X Vpp
Electrical Characteristics
Voo = 251t0 3.2V
Vss = 0 V, T, = =30 to +70°C

. Ratings

Parameter Symbol Conditions Unit
min typ max

Port N LOW-leve! output voltage Vour lo, = 1.0 mA - - 0.5 y
Port N HIGH-evel output voltage Vous low = ~500 pA Voo ~ 0.5 - - v
::::;IK\;O;QQA. SO and A LOW-levet Vole low = 400 pA _ _ 05 v
:?tg?n P(\;OII;:Q:A. SO and A HIGH-leve! Vo o = —400 1A Voo — 05 ) . v
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LC5872, LC5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max

Port N output leakage current ligaks Vou = 105 V - - 1.0 pA
SEG1 to SEG35 CMOS LOW-level _
output vollage Vou lo. = 100 pA. See Nole. - - 0.5 Vv
SEG to SEG35 CMOS HIGH-eve! i .
output voltags Voua loy = —100 pA. See Note, Vop - 05 - - v
SEG1 to SEG35 p-channel HIGH-level _ . _ _
outpul voltage Vora lon = ~100 pA. See Note. Voo = 05 v
SEG1 to SEG35 p-channel output _ _
leakage current hoaiz Vou = Vss. See Note. - 10 uA
SEG1 to S8EG35 n-channel LOW-level _ _ _
output voltage Voia lo. = 100 uA. See Note. | 0.5 v
SEG1 to SEG35 n-channel output .
leakage current feas | Vou = Voo. See Note. - - 10 nA
SEG1 to SEG35, 11 duty LOW-level _ _
output volage Vous lo. = 20 pA - 0.2 v
SEG1 to SEG35, 11 duty HIGH-leve! _ _ _
outpul voliage Vo low = =20 pA Vpp - 0.2 v
COM1 to COM4, 11 bias LOW-level _ _
output voltage Vous lo = 100 pA 02 v
COM1 to COM4, 1/1 bias HIGH-level _ _ _
output vohage Vors low = -100 pA Voo - 0.2 Y
Ports 8, K, P, M, SO and A
LOW-level hold transistor input RiLy Vi = 0.2vVpp 60 300 1200 k2
resislance
Ports S, K, P, M, SO and A
HIGH-level hoid transistor input Rixy Vi = 0.8Vpp 60 306 1200 kQ
resistance
Ports S, K, P, M, SO and A pull-up _ )
fransistor input resistance Reus Vio= Vss 0 150 500 VkQ
Potts §, K, P, M, SO and A pul-down _
transistor input resistance Reor | Vi = Voo 0 150 500 k0
INT LOW-level hold transistor input _ .
resistance Ria Vi = 0.2V 60 300 1200 k2
INT HIGH-tevel hold transistor input .
resistance Rz Vi = 08Vpp 60 300 1200 kQ
INT pult-up transistor resistance Rpua Vi = Vgg 300 1500 5000 [14]
INT pull-down transistor resistance Rrp2 Vi = Voo 300 1500 5000 kQ2
RES pull-up transistor resistance Rrua Vi = Vss . 10 30 50 T kQ
RES pull-down transistor resistance Raps Vi = Vpp 10 30 50 k)
TST pull-down transistor resistance Rep4 Vi = Vpp 80 250 1000 k(2
Note

Complementary (CMOS), p-channel or n-channel segment output mask options. See Figures 27 and 28.
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LC5872, LC5873, LC5874, LC5876

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

Ratings
Parameter Symbal Conditions . Unit
min typ max
Voo = 30V, C1 = C2 = 0.1 pF,
LCD supply voltage 1 Voo 12 bias, fepg = 32,768 Kz 1.3 1.5 17 v
Vpp = 30 V, 32 kHz
erystal resonator, Ta =25 °C - 40 8.0
Cq = 20 pF,
Ze = 25 kQ,
HALT mode, 1/3 bias. [T, = 50 °C - - 20
See Figure 5.
Vop = 30 V,
38 or 85 kHz crystal | Ta = 25 °C - 6.0 10
Supply current oo resonator, Cy = 10 pF, HA
Z, = 25 ki,
HALT mode, 1/3 bias. T, = 50 °C _ - 10
See Figure 5.
Voo = 3.0V, 400 kHz
ceramic resanator, Ta=25°C - 150 300
ch = Ccd = 330 DF, -
HALT mode. o _
See Figurs 6. Ta=80°C - 500
- Ta = 25 °C - 0.2 1.0
Supply leakage current oo gaa f 30 ;’ : HA
&€ Figure & Ta = 50 °C - 1.0 5.0
Ports §, K, M, SO and A, and INT | Var = 30 V Vi = Vss 1.0 - - R
and RES input leakage current ek b= Vi = Voo - - 10 H
Port N LOW-level output vollage Vaui lo. = 2.0 mA - - 0.5 v
Port N HIGH-level output voltage Voui fon = -1.0 mA Vop - 05 - - )
Ports K, P, M, 50 and A LOW-level -
output voltage Voiz fo. = 500 pA - - 0.5 v
Ports K, P, M, 8O and A HIGH-level _
output voltage Vowoe | lod = —500 pA Voo - 05 - - v
Port N output leakage current leak1 Von = 105 V - - 1.0 HA
SEG1 1o SEG35 CMOS LOW-level
output voltage Vola oL = 300 pA. See Note. - - 0.5 v
SEG1 1o SEG35 CMOS HIGH-level ,
otiput vo“age VoHa lom = —300 IJA See Note. Voo - 05 - - v
SEG1 to SEG35 p-channel HIGH-lzvel .
output voltage Vowa lon = -300 pA. See Note. Vop - 05 . - y |
SEG1 to SEG35 p-channel output _ ‘ )
leakage current lieakz VoL = Vss. See Note. - - 1.0 1A
SEG1 to SEG35 n-channel LOW-level )
= .Ses Note, - -
oulput voltage Vola lo, = 300 LA, See Note 0.5 v
SEG1 1o SEGI5 n-channel output _ _
leakage current ieaka Von = Voo, See Note. - 1.0 pA
SEG1 to SEGI5, 1/1 duty LOW-level _ N
oulput voltage Vous lo. = 20 pA - 02 v
SEG! to SEG35, 1/1 duty HIGH-evel _
output voltage Vous  lon = -20 pA Vop - 0.2 - - v
COMt to COM4, 111 bias LOW-level _
output vohage Vois lo. = 100 pA . - - 0.2 v
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LC5872, LC5873, LC5874, LC5876

‘ Ratings
Parameter Symbol Conditions Unit
. min typ max

COM1 to COM4, 11 bias HIGH-level _
output voltage VQHS low = —100 pA Voo - 0.2 - - v
SEG! fo SEGI5, 1/2 bias LOW-evel ]
output voltage Vo |loL = 20 pA - - 02 v
SEGT to SEG35, /2 bias HIGH-level _ _
oulput voltage Vohs low = -20 pA Voo - 0.2 - Vv
COM1 1o COM4, 1/2 bias LOW-level _ _
ovipul vollage Vos | ot = 100 pA - 02 v
COM1 to COM4, 172 bias MID-lavel _ _ (Voo + 2) _ {Voo = 2)
output voltage Vou lo = 100 A, low = ~100 pA -02 + 02 v
COMI to COM4, 1/2 bias HIGH-level ) B B
output vohtage Vors lo4 = =100 pA Vop - 0.2 v
Ports S, K, P, M, SO and A
LOW-level hold transistor input RiLs Vi =02 Vo 35 200 800 19
resistance
Ports S, K, P, M, SO and A
HIGH-level hold fransistor input Rin V, = 0.8Vpp 35 200 800 [49]
resistance
Poits S, K, P, M, S0 and A pull-up _
transislor input resistance Reur | Vi = Vs 15 80 300 kQ
Ports S, K, P, M, SO and A pul-down .
transistor input resistance Reos Vi = Voo 15 & 300 k2
INT LOW-level hold transistor input .
resistance Ricz Vi = 0.2Vpp 35 200 800 kG
INT HIGH-level hold transistor inpul ‘ o
resistance Rinz Vi = C8vpp 35 200 800 kQ2
INT pull-up transisior resistance Rpysz Vi = Vss 150 80O 3000 kO
INT pull-down transistor resistance Rpp2 Vi = Voo 150 800 3000 kQ
RES pull-up transistor resistance Rpua Vi = Vsg 10 0 50 kQ
RES pull-down wansistor resistance Rppa Vi = Voo 10 30 50 k2
TST pull-down transistor fesistance Repas Vi = Voo 25 130 500 kO
Note

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

Voo = 45 t0 6.0V
Vs =0V, T, = =30 to 70 °C

Ratings
Parameter Symbol Conditions Unit
min typ max
Vop = 50 V, C1 = C2 = 0.1 pF,
172 bias, lopg = 32.768 kHz. 240 250 2.60
See Figura 3.
LCD supply voltage 1 Voo v
Vop = 50 V, C1 = C2 = 0.1 pF,
173 bias, lopg = 32.768 KHz 310 333 3.50
See Figure 3.
Voo = 50 V, C1 = C2 = 0.1 pF,
LCD supply voltage 2 Vooe 113 bias, lopg = 32.768 XHz. 1.40 1.67 1.80 v
See Figure 3.
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LC5872, LC5873, L.C5874, LC5876

) Ratings
Parameler Symbol Conditions Unit
min typ max
Voo = 5.0 V, 32 kHz
crystal resanalor, Ta=25°C - 15 30
Cg =20 va
2. = 25 kQ,
HALT mode, 1/3 bias. [T, = 50 °C - - 50
See Figure 5. ‘
Vop = 50 V,
38 or 65 kHz crystal Ta =25 °C - 15 30
resonater, Gy = 10 pF,
Z: = 25 kQ,
HALT mode, 13 bias. | T, = 50 °C - - 50
See Figura 5.
Voo = 5.0 V, 400 kHz
ceramic resonator, Ta=25°C - 400 600
Cg = Cee = 330 pF,
HALT mode. _ - _
See Figure 6. Ta=50°C 600
Voo = 50 V, 1 MHz
ceramic resonator, Ta=25°C - 450 650
Cy = Cot = 100 pF,
HALT mode. _ - _
See Figura B. Ta = 50 °C 0
Supply current oo Voo = 50 V. 2 MRz pA
ceramic rasgnaler, Ta=25°C - 500 700
Cg = Ccd = 33 DF'
HALT mode. e o . _
See Figure 6. Ta = 80 °C 750
Voo = 5.0 V, 4 MHz _
ceramic resonalor, To=25°C - 700 %00
Cg = Ccd = 33 DF'
HALT mode. _EA o _ _
See Figure 6. Ta = 50 °C 1000
Ta = 25 °C, 32 kHz Vop =3 V - 20 30
crystal resonator,
1/3 bias. See Figure 5. |Vop = 5 V - 40 80
Ta = 25 °C, 400 kHz Vop =3 V - 240 300
ceramic resonalor.
See Figure 5. Voo =5 V - 620 760
|Ta=25°C t Mz |vop =3V - 350 480
ceramic resonator.
See Figure 5. Vop =5V - 850 1200
To =25 °C, 4 MHz
ceramic resonator. Voo =5 V - 1700 2500
See Figure 5.
Ta = 25°°C - 0.2 1.0
Vpo = 6.0 V. 4
Supply leakage current Iop . NA
See Figure 2. Ty = 50 °C _ 1.0 50
Ports S, K, M, 50 and A, and INT hoak Voo = 60 V Vi = Vs -1.0 - - .
. leal =0 .
and RES input Igakage currgnt Vi = Voo _ _ 10
Pont N LOW-level output voltage VoL lov = 10.0 mA - - 0.5 v
Port N HIGH-level outpul voltage Vous lon = -5.0 mA Voo - 05 - - v
Ports K, P, M, SO and A LOW-level -
output voltage VaLe lo. = 20 mA - 0.2 0.5 v
Ports K, P, M, S0 and A HIGH-leve! Vora lon = —1.0 mA Voo — 05 | Voo — 0.2 _ v

outpt voltage
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LC5872, LC5873, LC5874, LC5876

. Ratings
Parameter Symbol Conditions Unit
min typ max

Por N output leakage current lgak1 Vor = 105 V - - 1.0 HA
gftg:t tvo0 n&;l;sss CMOS LOW-level Vos lo. = 500 uA. See Note. - - 05 v
gﬁgl]t o Iggfas CMOS HIGH-leve! Vows | lon = =500 uA. See Note Vop - 05 | Vop - 02 - v
g&g&t ‘V‘ngsgﬁ p-channel HiGH-level Vous  |low = —500 pA. See Note. Voo - 05 | Vop — 02 - v
Z';E;g;"cusfgfs p-channel cutput lese | Voo = Vss. See Note. - - 10 HA
SSEJI Loolgg(e'ias n-channel LOW-level Vous lo. = 500 pA. See Note. _ 0.2 0.5 v
Iségl?;g etocfrfe(i?s n-channe! autput stz Vou = Voo. See Note. _ _ 10 uA
gﬁm ?Onsalésss, 11 duty LOW-level Voo |l = 40 pa - _ 0.2 v
;IJE“:?Jl ?0“25235, 11 duty HIGK-level Vour low = —40 A Voo — 0.2 _ - Vv
ggpm égngg%w. 111 bias LOW-level Vos | loL = 400 pA - - 02 v
gm :gnggc;w, 111 bias HiGH-leve! Voss | lon = -400 Vop — 0.2 _ - v
SUEtSJ{ t)oniseGBS. 172 bias LOW-level Voue low = 40 pA _ _ 0.2 Vv
g&tm 1\’00“2:535, 1/2 bias HIGH-leve! Vors  |lon = —40 1A Vop — 02 R _ v
gg;ﬂ igngszw. 1/2 bias LOW-level Vol lo = 400 pA _ _ 0.2 i
g&m :g"g;w, 1/2 bias MID-level Vou |[loL = 400 pA, lox = -400 pA Voo o 2 - (Vrio o 21
gggﬂu: Ehg};w. 112 bias HIGH-level Vows low = 400 pA Vop — 0.2 - - vV
g;g:t Loonsarésss. 13 bias LOW-level Vos  |lo = 40 A _ - 02 v
25131}[ t\%[;l;s:l& 143 bias MID-level Vo | lou = 40 ph, lox = —40 pA +2 3>)< (_V%[.;2 _ +2 3:-; Erv%'.)Q Y
g;;}t 2{00‘25235, 113 bias MID-level Vowrz | lon = —0 pA, lo. = 40 A (Vn_n 0—;3} _ (VD+D 0} 3) v
iig:[ :ﬁ: nsa;:l(aaas, 1/3 bias HIGH-leve! Vors | lon = 40 A Voo — 02 - - v
gg;ﬂu: \t‘cc:nggcgw. 1/3 bias LOW-level - Vous oL = 400 pA _ . 0.2 v
ng ‘l‘gnggoem. 1/3 bias MID-level Voue-t lon = —400 pA, loL = 400 pA (QV_DDO,; 3) _ (QVEDOE 3) Y
fm \lfznacg?am' 10 s WDl Vowez |lo = 400 pA, low = —400 pA NVl I AN
COM1 to COM4, 113 bias HIGH-eve! Vors low = 400 pA Voo — 0.2 - - v

output voltage
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LC5872, L.C5873, LC5874, LC5876

Ratings
Parameter Symbol Conditions Unit
min typ max

Podts S, K, P, M, 8O and A
LOW-leve! hold transistor input RiLs Vi = 0.2Vop 30 120 500 9]
resistance
Ports §, K, P, M, SO and A .
HIGH-level hold transistor inpul R Vi = 0.8vpp 30 120 500 k()
resistance
Ports S, K, P, M, SO and A pull-up _
transistor input resistance Rrus Vi= Ves 10 50 200 k2
Pors S, K. P, M, SO and A pull-down _
transistor inpul resistance Reo1 Vi= Voo 10 50 200 k2
INT LOW-level hold transistor input _
resistance RiLz Vi = 0.2Vpp 30 120 500 k2
INT HIGH-level hold transistor input _
reslstance Rz Vi = 0.8Voo 30 120 500 k2
INT pull-up transistor resistance Reuz Vi = Vss 100 500 2000 kY
INT puli-down transistor resistance Reoz | Vi = Voo 100 500 2000 kQ
RES pull-up transistor resistance Reua Vi = Vss 10 30 50 k2
RES pull-down transistor resistance Rega V) = Voo 10 30 50 k(2
T8T pulldown transistor resistance Reoa Vi = Voo 20 70 300 k(2
Note

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

Input specifications

Ves =0V, T, = -30 10 70 °C

Ratings
Parameter Symbol Conditions Unit
min typ max
(oWl it vy | : - | o |
El?g;-liir;'inZLtM\}oEa%eand b T Vit 0.7Vo0 B Voo v
RES LOW-level input voltage Vie 0 - 0.25Vpp v
RES HIGH-level input voltage ViHz 0.75Veo - Voo b)
CFIN LOW-level input voltage - Vi 0 - 0.25Von v
CFIN HIGH-level input voltage ViHa 0.75Vpg - Voo v
Clock specifications
Vss =0V, T, =-30t0o 70 °C
Ratings
Parameter Symbol Conditions Unit
min typ max
Voo = 2.0 to 6.0 V, 32 kHz range 32 - 33
Crystal oscillator operaling frequency fraal Voo = 2.2 to 6.0 V, 38 kHz range 37 38 39 kHz
Voo = 2.2 1o 6.0 V, 65 kHz range 60 65 70
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Ratings
Parameter Symbol Conditions Unit
min typ max
Vop = 22 to 6.0 V 190 - 810
Voo = 25 to 6.0 V 130 - 1200
.| Ceramic fiter oscillator operating i Voo = 3.0 to 60 V 190 - 2300 KMz
{23
frequency Voo = 45 1o 6.0 V 190 - 4200
Voo = 4.0 1o 6.0 V, RC oscillator 100 - 1500
Voo = 2.0 1o 6.0 V, external oscillator 190 - 800
Serial interface clock frequency {ser Voo = 3010 60 V 0 - 200 kHz
Oscillator specifications
T. =25 °C
Ratings
Parameter Symbol Conditicns Unit
min typ max
Oscillator 1 start vo?!age Vs[ 400 kHz ceramic fier lst < 30 ms - - 24 \'
. . resenator, _
Oscillator 1 sustain voltage Vsus Ceg = Cos = 330 pF. 2.2 8.0 v
Oscillator 1 start fime o | See Figure 6. Voo = 24 V - - 30 ms
Oscillator 1 start voltage Vs 800 kHz ceramic fier |t £ 30 ms - - 24 v
. . resonator,
Oscillator 1 sustain vohage Vius Ceg = Cog = 330 pPF. 22 - 6.0 v
Oscillator 1 start time st See Figure 6. Voo = 24 V - - 30 ms
Oscillator 2 start voitage V) st £ 58 - - 2.2 v
Oscillator 2 sustain voitage Ve 32 KHz crystal 20 - 6.0 v
resonator, Gy = 10 pF,
Oscillator 2 start time tst 2 = 25 kQ. Voo = 22 V - - 5 s
See Figure 5. v 295
. - oo = <& _ _
Oscillator stability Af to 3.05 V 3 ppm
Oscillator 2 start voltage Vet 38 or 65 kHz crystal tu<5s - - 24 v
. resonator, Gy = 10 pF, _
Oscillator 2 sustain voltage VYous Z. = 25 KL 22 6.0 v
Oscillator 2 start time te | See Figue §. Voo = 24 V - - 5 -5
XTOUT oscillator compensation capacitor Cq Vop = 30 V 16 20 24 pF

Timing Diagrams
Serial /O timing

503

Timer 2 external clock input timing

touL term
M3
M

501 ;; Input dala jﬁ(

—-| lexo
502 Oulpul dala

X

Note

texey > S MS, toky = togu > 2.4 U, tiex > 1 WS, texs > 1 s,

texo < 1 ps (max) and Vpp =

3IDwe6el V
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Typical Performance Characteristics
RC oscillator characteristics (3.0 V supply)

3 T 1
Voo~ Vg =30V

2 Ta =25°C ]
1k

a 7

] C=180pF C= 100 pF
5 C =56 pF

g \ \ \\ N

g N C=3.’.|OpF\ I N \\

I N

- ANUANIANERN

7
AN Y
. NANIANAN
7 1 2 3 5 7 10 2 3 5 ¥ 1k
Ragistance {k[1}

Power-ON reset timing

Operaling voltage

RC oscillator characteristics (5.0 V supply)

3 N —
VDD - VSS =50V
2 Ta=25°C ]
AN
= 7\\\‘\(::.56p-
: \\\\JL \i\
%s N NN
& 2rc 330\F0='wgpr\ \\
=230 pF
NS
\\\ \ \
100 d < <
7 \‘ P M, .
; NAN N
7 10 2 a3 6 7 1 2 3 5 7 1k

Hesislance (k1)

— Operatich slant

Minimum operating voltage
far reset or & voltage within
75% of the normal oparating

voltage, whichaver is higher vDoD

Note

Tvpp = supply volrage rising-edge time constant
Tres = RES rising-edge time constant

tres = reset signal delay time

lﬁesel release voltage WIH)

aset limiting voltage (VIL)

RES
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Supply current vs, voltage

3
meax
2 I | I /WP
T I 1 //
4 MHz ceramic resonator P
Continupus ROM cperation | 2
Ta=25°C L P
1.¢
7 ///L /:I\
5 |- 400 kHz ceramic filter ',// /dMHzcg(amic_
Continuaus AOM operation ;7/// resenatar
7, =25 °C //’// T, =25 °C
3 A // / ;l;‘rat‘:on
LN S
- X ‘rllm‘(/
g e / /
] ap0kHz M
E 0.1 :Ierlamicﬁltgr /
alt operation
2 4|T “Esc s e
S typ // e
@ s L~ / TR
/ h
3 132 kHz
Conlinuous ROM . e \
2 :;_peralionc /
a= 25" 32 kHz
[ / / / Halt
operation
01 / / Ta=25°C
' L
) AV
. /1 /
4
3 //
2 P
Q.001
0 1 2 3 4 5 & 7 8
Supply voltage (V)
Test Circuits
The following conditions apply to Figures 2 to 8.
. . Crystal 4
* Port § mp_ul transistor enabled or LCUP2 Vo0 ""Eﬂ‘“’ 4
* 1/Q ports in output mode. Data lines HIGH v  B{cupi xtout—%F G
) i VDD CFIN i
* RES and INT open. Internal input resistor enabled ° voDz r%r Ceg
* LCD interface open o vsg COFOUT] Ceramic Cgy
* 32 to 65 kHz crystal resonator [

e 200 kHz to 4 MHz ceramic filter resonator

*Cl =C2=0C3=01yF

Figure 3. Output voltage measurement 1

)
1

Crystal 1

resonator N T ‘ Crystal
oy L CuP? VoD XT?)B? L ég resonator
L{cup1 Tf—T oy L [cuPz VBD  XTIN z
VDD1 CFIN T i o Tcupt XTOUT |———— (]
o G vDD1 CFIN it
[jvooe ) S i
= vgg CFOUT[  Ceramic G4 vDD2 T o
cz| ca filter W= = vgs CFOUT[ Ceramic™ Cpy

1 cz|Ca l filter

Figure 2. Supply leakage measurement

Note
STOP mode

Figure 4. Qutput voltage measurement 2
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(&)
I e Crystal -
resonator
ci1L ] cup2 VDD XTIN S (!:I
T deur XTOUT|——— 9
vDD1 CFIN T CH
voo2 I
4 L] ygg CFOUT|  Ceramic Cgy
cz ca-[ ] fitar

Figure 5. Supply cument measurement |

Notes

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

(R}
hd Crystal L
rasonala
P G VDD  XTIN E . él
T cupt XTQUT }rermmmranT 7
vDD1 CFIN T Ci:g
Lveez cFouT Cemmie G
o eramic
ce caI VTS fiter O

Figure 6. Supply current measurement 2

Note
Oscillator 2 (crystal) stopped

Instruction Set

Note

—
Cre |

(&)
hod Cryslal L
TN resonater
r 3 it

| ¥

XTouT

vDD

curz

CUP1
vDD1

cz2( C

[~

]

CFIN

LG
vDD2 Ps @ 0
vss CFOUT| ""Ceramic ¢,
I filter

Figure

7. Supply current measurement 3

Oscillator 2 (crystal} stopped

Note

{&)
had Crystal .].
t
e R e e
T_lcur XTOUT|——TF
vOD1 CFIN !
Roa § O
vDD2 et
°;=C3T— st CrOUT

Figure

8. Supply current measurement 4

Oscillator 2 (crystal} stopped

The instruction set uses the following abbreviations and symbols.

AC Accumulator SCFn Start condition flag »n
ACn Accumulator bit PDF Pull-down flag
APGn RAM page flag n OPGn ROM page flag n
Breg Register B HQF Hold request flag
BNK Bank register HEFn Hold release enable flag n
CF Carry flag HRFn 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 M35 Timer mode select
PC Program counter 0O Contents
RX Memory location X “— Transfer direction, result
RXn Memory location X bit » 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
Opcode Description Operation Flag
DT|DGID§|D£|DJ|D!|D1IDU
Accumulator
Memory contents (RX) are shilted right and O is entered into the ) 0 1 + ] ¢ 0 0 9
SRe X MSB pesilion, and the result is stored in the eccumulator, 0 — AK3 — RK2 = RX1 — RXO; AC « (RX) XT | X8 | X5 | ¥ || x| X1 [ X
Memory contenls (RX) are shifted righl and 1 is entered inlc the ) 4 1 + 0 0 0 0 1
SRT X | M5A posiion, and the rasull is stered In the accumulater 1 A2 — AX2 — RX1 = RXO; AC + (RX) X7 [ % {xs | % | xa| x| x[x
Memery conlents (RX) are shifted left and O is entered into the . [ 1 1 0 c |0 1 0
SL0 X | (88 positon, and the rasult is stored in the accumulator, X3« B2 o RX1 o RXD « G AC « (RY) x| xs % lxa|nz| x| %
Memory comtenis {RX} are shified right and 1 is entered into the . ¢ 1 ‘ 0 ¢ 0 1 1
su 'X' LSB posilion, and the resull is stored in tha accumulator. RX) « RX2 « RXI & AXO & 1 AC « (RX) Xr | %6 | X5 | Xa | X3 | X2 | X1 | Xo
ARG X Memery contents (RX} including carry Mag are rotaled right and AX3 — RX2 — RX1— RXO . CF o 1 1 0 1 0 o 1
the resull is slored in the accumulator. Temtmtmtmtr CF totin—e) AC & (RN XT P X6 [ Xs f X |[Xa]x2a]|X1]Xe
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Instruction cods

Opcode Description Cperation Flay
Dr |06 [ D5 p D4 | D3 |D2|D1| D0
ALC X Memory contents (RX) inciuding carry flag are rolated left and Ay — A2 « R — AND T CcF 0 1 1 ] 1 o} 1 1
the result is slorad in the accumulalar. b CF mooo— AC « [A) XT | X6 [ X5 [ X | xapx2a|[x]xo
RCM page flags 1 and 2, the data pointer flag and carry flag 0 1 1 0 1 1 1 1
MPF X are copied inlo the accumulator and mamory location RX, {RX]. AC « CPGY. OPG2, DPF, CF Xr | ¥ | X5 Xe [ Xa|xz|x1|xe
Memory conlants (RX) are copied inlo ROM page flags 1 and 2, CcF o o | o | | ; \
MROPF X | and the camy llag, into lhe accumulalor. The data pointer flag is | AC — OPG1, OPGZ, CF ~ (RX) 0PG wlxs [is|aalw e |x]x
riol affecled.
SCF | The camy flag is sal to 1. CF 1 CF ,; slatlaldl? g ]
RCF The cary llag is cleared 10 O {reset). CF+~0 CF :) é (1) (; g g l!.' ?
Memory manipulation
SRAPF D | 256 x 4-bit memory pags unils are selected. APGY — DO, APG2 « DI ARG :] ; (1) g ‘; :J 011 [?0
The RAM page is stored in bits 0 and 1, and the RAM save
. L - RX0 «— APG1, RX1 « APG2; ] 1 1 [H 1 1 0 1
LRAPF X g:ga is clored in bits 2 and 3 of memory location RX and the AX2, AX « AAM save page ¥ | xe | xs [ xe |2l | x| x0
umulaler,
SANK D | immediate data (D9 to D3) is copied i j A L I L RN LA B I
s copied into the RAM bank registar. | BNK « DO to D3 a 0 0 o losleefon!os
MEBK X | Memo jod i i v IV IO IO I IR I B
ry contents (RX) are copied inlo the RAM bank register. BNK « (R¥) el alos!elxn!x
The RAM bank regisler contents are copied into the accumulator , 0 1 1 ] 1 1 1 0
MBNK X and memory location {AX). AC + BNK: RX « BNK X7 | X6 [ X5 [ Xe | X3 | X2 | X | X
. . s . PPH 1 1 1 Q 1 1 1 1
SDP D Immediate data (DO loe D7) is copied inlo the data pointer. 0P « DO 1o D7 DPL o7 | o6 os | palosloelor| oo
Memory cenlents (RX) are copied info the da‘a pointer high _ . 0 1 1 0 8 1 1 0
MADH X1 ibbie, DPR — RY) CR Jxr | ws [ xe [ %o x| 2| x| w0
Memary conients (RX] are copied info the data poinler low = . 0 1 1 0 0 1 ] 1
MADL X | bble. OPL — (RX} B o | s [ xs | e [ [z | xe [ e
The data pointer low nibble is copied inlo he accumulator and o 1 \ 1 \ 1 o 1
MDFR X memory location RX, and the data poinler high nibble is copied RX « AC « [PL; Brag +~ DPH ,
inlo register B, X7 | X6 [ X5 ) Xa | X3 [x2 [ Xt ] X
Arithmatic
Memory contents (RX), accumulator conlents and carry flag ara 0 1 0 ] ] ¢ Q 0
ADG X added and the result is slered in the accumulator. AC e R+ AC 4 CF CF Xt | Xa[Xs | Xe|xa]x|x|xo
. Memory contents (RX) and lhe accumulalor contents are added, ‘ 0 1 0 0 0 0 9 1
ADC" X and the resull i stored in the accumulator. AC « (RN « AC « CF RK & AC CF XP | X5 [ X5 [ Xe | Xa x| x| X
The accumulator conlents are sublracted from memory contents _ 0 1 0 o o 0 ' 0
SBC X (RX) with cany [borrow) and the resull is stored in the AC «— (AX) + AC « CF CF
accumulator. X7 | X6 | X5 | Xd | X3 LANE I (H
The accumulator contents are subtracted from memory conlanls _ 0 1 a 0 0 0 1 |
SBCG X {AX) and the result is stored in the accumulator and memory AC « (RX] + AC + CF; RX « AC CF ¥ lxe|xs | x| %
lecation RX.
Memory contents (RX) and accumulator conlenls are added and 0 1 0 ¢ 0 1 0 ]
ADD X the result is stored in memory localion RX, : AC « (X} + AC cF X | X6 | X5 | X [ X3 X2 | X1 | X
. Mamoty centents (RX) and accumulator conlents are added and . Q 1 Q ¢ 0 | 0 1
AOD" X the result is storad in the accumufator and memory location RX. AC « (RX) + G RX e AC ¢F X7 [ Xe | X5 | Xa X3Pk X1 | X
The accumuator contents ara subtracted from memory conlonls = 0 1 0 0 0 1 1 4
SUB X | Ay and the resull is sloraS in the accumwlator BC o (FX) + AC + 1 CF Axr e |us|wa[xalwe ||
The accumulator conlanls ara sublractad from the memory _ 0 1 o 0 o 1 1 1
supt X contents (AX] and the resull is slored in the accumulator and AC +— {RX) + AC + 1; RX « AC CF rlws s fwa | x1 | x
momory logation RX, ! 0
Memory contents {RX} and the accumulator contents are added 0 1 ¢ 0 1 0 [+ a
ADN X and the rosul is siored in the accumulaler, AC  (RK) + AT xr | xs s fxe [ | x| |
Memory contenls (RX) and the accumulator contents are added 0 1 o o 1 a o 1
ADN' X and the result is &tored in the accumulalor and memory location | AC «— (AX) + AC; RX « AC
/Y. X1 ¥ {XspXa|Xa|x2|x]x
Memory contents (RX) and immediate data (Y0 10 ¥3) are added 0 1 1] 1 ¢ 0 [ Q
ADC) XY | ith camy and the result is stored in the accumuiator AC (A + ¥ 4 CF cF valve lvipyo|xa|xe]x|[x
Memary contents (AX) and immediate dala (Y0 to Y3} are added o 1 0 1 o o o 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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Instruction code

Opcode Descriplion Operation Flag
O7 | D6 | DS | Ds D3 (D2 | D1 | DO
Immediate data (YO lo Y3) is sublracted from memary contents _ 0 1 o \ o 1o ] o
SBCI X, Y | (AX) wilh carry (borrow) and the rasull is stored in the AC — (RAX) + ¥ « CF CF
accumulalor, Ya vz |yr]ve|xs|x|x]x
Immediale data (YO to Y3) is subtracled from memery conlents _ o 1 0 1 0 0 1 1
SBCIE X Y | {AX) with carry {borrow] and the result is stored in the AG «— (AX) + ¥ + CF; RX « AC CF valva v |volw|oe|xi|x
accumulator and memory location RX. .
Memory contents (RX) and immadiate dala (YO lo Y3) ere added 0 1 [V 1 ¥ 1 0 0
ACDI X, ¥ and the cesult is slored in the accumulator. BC = RX) 4 Y cF Yol vz ]y vo | X3|xe| x|
. Memory conlenls [RX) and immediate data (YC fo Y3) are added . - 0 1 0 1 ] 1 ¢ 1
ADOF XY | and tha resul is storsd in the accumulaior, AG = (AX) » Y AX e AC CF va vz [y [vo|xa|xe] x| xo
Immediato dala {YO to Y3) is subtracled Irom memory conlents H ] 1 Q t a 1 { Q
SUBLX. ¥ | (R%) and the rasul is stored in ha accumulator AC = {RX) + ¥ 4 1 vy |w|a|e]olx
Immediale dala (Y0 fo ¥3) is sublracted rom memory contents _ o i a | 0 \ 1 1
SUBt X, Y {.:Rc);)tioanndR;hB resull is slorad in the accumulalor and memary AC — (AX) + Y + 1. RX « AC CF valvelv|velxlelolx
Memory conlenls (RX) and immediala data (YO to Y3} are added 0 1 0 1 ' 0 0 0
ADNI X, Y | and the result is stored in the accurnulator. The carry flag is not | AC «— (R¥} + ¥ vi|velvi|vwlwle!xlo
alfacted.
Momory contants (X} and immediate data (YO to Y3) are added 0 1 o 1 \ 0 o 1
ADNIP X, Y | and the rasult is #lored in the accumulator and memory localion | AC «— (RX) + Y; AX — AC
RX. The camy fleg is not affected, LC CH AN RO R R AN R
Logic
Mamory contents (RX) and accumulalor ¢ontents are ANDed and 0 1 ] 0 1 0 1 0
AND X g vosul is stored in the sccumulator, AT = (RX) ~ AC 7| X6 [ xs [ xa fxa|xe || %
. Memory contents (RX) and accumulator contanls are ANDed and : ] 1 Q ¢ 1 ¢ 1 1
AND" X1 1ia resull is siored in the aceumulalor nd memary location AX, | AC ¢ (RX) A AC AX « AC Xr[xe | xs | xe [ xa]xe| x| x
Memory contenls (RX) and ascumula‘or contenls are ~ - 0 1 Q 0 1 i 0 <}
E0R X exclusive-ORed and Ihe result is stored in the accumulalor. A = AR v AL XT | X6 | X5 | N4 | Xa| x| X1 | x
Memory contents {RX) and accumulalor contents are o | o o 1 | 0 "
EOR' X exclusive-ORed and the resJ!t is stored i the accumulator and AC « [3X) v AZ; AX ~ AC
memory focaron AX, Xr e | xs | xe | X[ xa | |0
Mematy conlenls (RX) and accumulator conenls are ORed and N 6 1 4 a 1 1 1 [H
OR X the resull is stred in the accumulalor, AC - (7X) v AT Xt [ x| xs [ x| xaxe| x|
. Memery contents (RX) and accumulator contents ara OFled and : 0 1 ] ] 1 1 ! 1
OR" X the result is slored in the accumulalor and memory location RX. AC — (RX) v AC) RX « AC XWIXs | 6 | Xe XXz x| %
Memory contenls (RX} and immediate data {YO lo Y3} are ] 1 [} 1 t 0 1 0
ANDI X. ¥ | 4NDod and Ihe resull is siored in fhe accumulalor AC (X A Y va|velvyi|vo|xa[xz|x|x
Memory (RX) contents and immediale data {YO fo Y3) are a 1 0 \ 1 0 1 1
ANDI X, Y AND_ed and the rasult is stered in the accumulator and memary AC « (AX) A Y: AX « AC vailvelwilwlxlwelx|x
localion RX.
Momory conlents (AX} and immediate data {Y0 lo Y3 are 0 1 0 1 1 1 0 ¢
ECRI XY exclusive-ORed and the result is slored n the accumulator. AC — {RK) v Y YalY2 | Y[ Yo[Xa|x]|Xr] X
Memery conlenls (RX) and immediate data (Y0 to Y3} are 0 1 o 1 | ] o 4
EOR* X. Y axclusive-ORed ard the result is stored in the accumulator and AC — [RX) ¥ Y, RX « AC vslvelvilvwio!{xe!| ol
memery location AX, i
'Mamory contents {AX) and immediale data (Y0 to Y3} are ORed ¢ 1 0 1 1 1 1 0
ORN XY | and the rosull is slored in the accumuater, AC  (AX) v ¥ Ya | va gy [voxa|xe x|
Memory conlants [AX} and mmediate data (YO lo Y¥3) ara OFed 0 ' 0 1 1 1 1 |
ORI® X ;:;(d the resull is slored in the accumulator and memory localion | AC «— (RX) v ¥: RX « AC valvwe |vilvw]xalelx]x
Branch and subroutine
MR X The address spetiliad by immediate data (X0 fo X10} is jumped | PCC ta PCI0 « X2 %0 X10; PC11 + OPGH: 1 1 0O e ] o |[X0]X | X8
to, PC12 « DPG2 X1 | X6 [ Xs | A Xa|xe || x
BASC X The address specified by immediale dala {XO to X10) is HACO = (; PCO 16 PC10 « XO to Xi0; 1 010 0 0 X0 X3 | X8
branched 1o il accumulator bit 0 is 1. No operation if bit 0 is 0. | PC11 — QPG1; PC12 « OPG2 X7 | X6 | X5 [ % | Xa | x| x|x
BABI X Tha address specifiod by immediata data {XC fo X10) is ¥ AC! = 1, PCO to PCI0 « X0 to X10; ! 0 0 Q 1 X0 X9 | X8
branched to it accumulator bil 1 is 1. No operation if bit 1 is 0. | PC11 «— OPG1: PC12 «— QPGP Xt | X | X5 | da[Xa[xe | x| X0
BAB2 X The address specified by immediale data (X0 to X10) is IFAC2 = 1; PCO o PCI0 « X0 1o X10; 1 1 ] 1 0 | X0 Xa | X8
Iranched to il accumulalor bit 2 is 1. No operation it bit 2 is 0. | PC11 « OPGI; PC12 « OPGZ XT P Xs | X5 | Xa | xa|x2]| %] %0
8AB3 ¥ The address specilied by immediate data (X0 lo X10) is i AC3 = 1; PCO 10 PCI0 « X0 to X1D; 1 0 Q 1 1 | X1o0] Xo | X8
branched to if aceumulalor bit 3 is 1. No operafion it bit 3 is 0. | PC11 « OPGY; P12 « OPG2 Xr | X6 | %5 [ xa [ X3 x| x1|xe
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Instruction cade

Opcode Descriplion Operalion Flag
Dr | D6 | D5 { DA | D3 | D2 | D1 | DO
The address specitied by immecate data (X0 to Xi0] is AG = 0 N )
, . = 0 PCO lo PC10 « X0 1o X10 1 0 1 1 0 X0 X3 | X8
BAZ X branched 1o il tha accumulator contents are 9, No operaton if e '
e contents arg nol 0. PC11 o~ QPGY PGI2 « OPG2 Wl % X | X | Xa x| x| X
The address specified by immediate data {XQ to X10) i
N " {LAC # O PCO lo PC1D « X0 fo X10; 1 0 1 ¢ 0 | X0 X9 | X3
BANZ X _branched 1o il the accumulator contents are not 0. No operation PCI1 o OPGY PCIZ o OPGZ x| xs [ xe|a!de | x| x
il the conlenls are 0.
The address speciled by immediate dala (X0 to X10) is )
. ) ) Il CF = 1. PCO 16 PCI0 « X0 fo X{0; 1 2} 1 + 1 | X0 X3 | X8
BCH X ::;agched to it the carry ffag is 1. No cperation if the carry flag PCI — DPGI PCIZ o OPG2 w7 | e | xs [ xa [ s | | % | %
The address specilied by immedate data (X0 1o X10) is
N L Il CF = O; PCO to PCI10 « X0 to X10; 1 o] 1 [+ 1| %10 X9 | XB
BCNH X ::;ra::hed to it the carry flag is Q. No operation il the camy llag FCH « QPG PCI2 o ORG2 xt s los Da o e )% | o
CALL X The subroutine address specified by immediate dala (X0 to X10) | (STACK) « PC + 1; PCO to PC10 « X0 lo X10, l 1 0 0 1o X0 Xe | X8
is callgd. FCH1 « OPGY; PC12 « OPG2 AT | X6 | X5 F X4 | X3 ) X2 | X1 | X0
. . . 1 1 1 1 1 1] 1] 0
ATS The previous {calling} subroutine 15 retumed lo. PCO to PC12, DPF « (STACK) DPF o o o 0 0 0 0 ¢
The previous (cafling) subrouting 1§ ratumed 1o and the hall 1 1 1 1 1 0 0 [d
ATSA condition i relaased, PCO o FC12, DPF « {STACK) DRF 0 ¢ 0 0 0 0 ¢ !
_ ) R t ] 1 1 t]o]e]
PoP Tha stack pointer is moved 10 Ine stack ponter minus 1, STACK +~ STAZK -1 o o o 0 0 0 P 0
CPU ceontrel
SLow Low-spsad syslem clock is selecied. SLOW ; é } {1) é é g g
FAST High-spaed system clock is seiesied. FAST ; : ; {|) é (1} g g
The syslem is halted and 1he CPU ceases operation, HALT 1 | | 1 1 1 0 o
HALT mode is released when an in‘a~uol oceurs o ane of the stop HALT 1 0 0 0 0 o 0 o
condihon Hags changes stale. ' .
- The system clock i halfed and the CPU ceases aperation when - .- 1 1 1 1 1 1 0 ¢
HLTF ! FAST
LT high-speed syslem clock mode & selecled. AST and HAL 1 1 0 ] 0 0 0 o3
- The system clock 1s halled arg ne CPU ceases operation when - - 1 1 1 1 1 1 ol
HLTL low-speed syslam clock mode 15 selacled. SLCW and HAT 1 0 1 0 0 0 0 o
The system clock is halled and the CPU ceases operation, and 1 1 1 1 1 1 0 1
§ton then the oscillalors ara halted. stoe 0 0 0 0 0 0 0 0
The systerm clock is halled ano the CPU ceases operation, and 1 1 1 | 1 1 o 1
STPRF then the oscillators are halted when high-speed syslem clock FAST and STQP 0 1 0 0 0 0 0 o
mode is selecled.
The system clock is halted anc tha CPU caasas operalion, and 1 1 1 1 1 N o '
STRL then the oscillators are halled when low-speed syslem clock SLOW and STOR o | o 1 ololololo
mode is selecled.
Internipt and hold condilions are selected by immediate cata {AD lo A7) as lollows.
co INT input inlerrupt requesls are disabled when 0, and enabled, when 1. IEFO
o] Timer 1 inlerrupt requests are disabled when O, and enabled, when 1. ™
D2 Timar 2 inlerrypl requests wre disabled when O, and enabled, when 1. IEF3, 1 1 1 1 1 o [} 0
SHRF D | g Serial VO port interup! requests ar disabled when O, and enabled, when 1, qrro (o7 I oslosloe losdozlor [ oo
Ca Frequency divider overflow hold release requesls are disabled when 0. and enabled, when 1, fo
03 Timer 1 underfiow hold release requests aro disabled when O, and enabled, whan 1. HAF3
& Timer 2 underflow hald release requests are disabled when O, and enabled, when 1.
o7 Serial VD register overfiow hold relaase requests are disabled when O, and enabled, when 1,
interrupl Mags (IEFO to EF3) ara set or clearad by immediale IEFG Y 1 y y 1 ¢ 1 1
SIC D data (DO to D3). Each inlerrupt 1s disabled when the IEF) to IEF3 — D0 10 D3 fo o 0 0 o |oaloz)on| oo
carrgsponding fag is 0. and enabled. when 1, 1EF3
Interrupl Rags (IEFO to 1EF3} are set or clearad by memory : IEFC ¢ 1 1 0 o 3 0 0
MR X comtents (RX). Each inlerrupt is disabled when the comesponding | IEFD 1o IEF3 «— (RX) fo 7 b | xs e Ixal e | i | e
flag is 0, and erabled, when 1. . IEF3
The following internal resets are generaled when the corresponding immediate dala bits (DO lo D7} are sat to 1,
uli} The INT inpul hall rakase flag is resel
D1 Timer 1 hall release flag is resel.
D2 Timer 2 hall release flag is reser. 1 1 1 1 1 1 { ]
ACD D3 Serial VO helt release flag is resal Dr | Cs | D5 | Da p O3 | D2 | D1 | Do
D& Frequency divider ovarflow hall release Fag is reset,
D5 Frequency divicer stages 11 1o 15 arg reset.
D& Watchdog timer 1 is resef,
o7 Watchdog timer 2 is reset.
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Instrustion code

Opecode Description Operation Flag
DT | D6 ) D5 (D4 | DI (D2 | D1 | DO
Starl condition fiags {SCFO Lo SCF3) ere copied into tha
accumulator and memory location RX. They are sel by the lol-
lowing condilions. 0 : . , . 0 0
o
MsB X SCFo The INT ingut changes stas. AC « (SCFO 1o SCF3); RX « AC wlw ! wlwlaole ol
SCF1 Port K {K! Io K4) changes state.
SCF2 Stalus register 4 changes slate.
8CF3 Port § (51 to B4} chariges slale.
Starl condition flags {SCF4 to SCF?) are copied into tha
accumulalor and memory location RX, They are set by the
following conditions,
MSC X | SCFd Tha requency divider cverfows. AC — (SCF4 10 SCF7), RX « AC vl I T N A B I I
SCFs Timer 1 underllows. <t ! X7 | X6 [ X5 | Xa | X3 | Xz | X1 | X0
SCFé Timer 2 underflows,
SCF7 Serial 110 input (SO1), oulput (SO2) or (S04)
changes slate.
Timer control
Accumulalor bits 0 and 1 are cleared 10 0, the INT input slate
MSTR X is copied into aceumulaior bil 2 and the LCD strobe flag is ACD, ACY &= 0; AC2 « INT state; AC3 « STBL: staL | © ! 1 1 0 1 | 0
copied inlo accumulator bit 3. The accumulator contents are AX « AC XP Y Xs | X5 | e [ Xa]xe| X1]| X
copied inlo memory locaion RX.
Timer mode is selacted by immediate data (MC to M1) and limer . 1 1 1 Q 0 ¢ | M1 | Mo
STMI M. D 1 4755 toaced with immedale data (D0 1o D7), Tmer 1 then sars, | M5 < MO M1i TMI ¢ D010 D7 7 [ ps | o5 |ca [Dafoe| D0 |00
i Timer mode is selecled by immediate data (MO to M1) and timer X 1 1 1 Q ¢ 1 M1 | Mo
STMZ M. D | 5% londed with immesiate data (DO o D7), Tmer 2 lhon stars, | Mo = MO M1 TM2 D0 1o 7 o7 | o6 | 05 | oa |03 | b2 | 01| Do
MATM2 M, | Timer mode is selected by immediate data (MG to Mi) and imer i 0 0 1 Q 0 T MM
X 2 s loadsd with memosy conlents (RX). Timer 2 hen starls, MS o Mo to M1 THE e [RX) x| xe{xs | xe|xyxe|x|x
Timer 2 low byte is copied into the accumulalor and memory s 0 1 1 1 1 ¢ 1 1
MI2R X | \ocation AX. fimer 2 hgh byla is coped inlo regisler B, RX + AC - TM2L: Brog « ThEH w e [xs | xe [ xa|we] x|
Serfal VO register
The serial 1D cegister law byla s copied inta the accumulator 0 | i 1 1 1 o 0
MSOR X [ and memory location RX, and the seral VO register high byte is | RX «— AC « S!OL Breg « SIOH
copied inko ragister B XT P X6 [ X5 ) X | X3 | X2 | X1 | X0
Memory comtenis {RX) a'e copied into the accumulator and the 0 | ' 0 f 0 | 0
MRSI X seriat VO register low by'e, and register B con'enls are copied SIOL « AC « (RX} SIOH « Breg
info Ihe se~al KO register high byle. X [ X6 XS ) Xe | X)X | KT XD
Status regisier 2 conlents are copied inlo the accumulator and
mamory 'ocation RX, Status register 2 bit allocation is as follows.
CSTF (bt 0} The sefial VO stat flag is clearsd 1o O during
normal operation and sel to 1 to slarl the counter,
SIOF (bit 1) The serial IO status Kag is cleared to 0 1o halt the 0 [ q 1 [ 1 1 1
MSCF X counfer and sel to 1 during normal cperation. AG o 3TSZ RX ~ AC Xt | xs [ xs [ xelxa|xe] x| x
OSELF (bit 2) The serial IO oulput enable fag is cleared o 0 lo
enable the register output and sel to 1 to disable
the oulput,
ICF (bit 3) The tlock flag is clearad to O for an external clock
and set to 1 for an inlernal clock.
sk D | immed ‘ L . T T I T R T R
mmediate data (D0 lo D3) is copled inlo slatus register 2. 5752 «~00 1o D3 0 0 0 o loalealor ] oo
Memory contents {RX) are copied into Ihe accumulater and bl 1 1 [ 1 0 0 0
MBS X | ks regisier 2. 8TS2 + AC + (RX) x| x| xs | xafoa|%e ||
Data manipulation
Memory con'ents (RX) are copied inte the accumulater and . 0 0 1 1 0 | W2 |wi|Wwo
MAW W. X | mamory kocation FW. AC — (RN AW — AC Wl [ x5 | xe|alxe|x |
Memory contenls (RW) are 'copwad into the accumulator and | 0 0 1 1 1 W2 |wi|wo
MWR X W | o mory location RX, M e (RWE RX — AC v | de | xs | | xe ] x| x| o
L 0 1 1 ¢ 1 1 ] Q
LDA X Memery contents (RX) are copied info the accumulator. AC « (RX) x7 Lxe | xs | Do {we |2 | 30
L . 4] 1 1 1 1 1 1 1
S5TA X The accumulalor conlenls are copied into memory location RX. RAY « AC x7 | xs s | oe | a2l |
Immediale data (DO to DJ) is copied inlo the accumulator and . 1 1 ¢ 1 03 |C2| Dy | De
Wws X o mamory location X, AC « DO to DX RX « AC xrlxs lasfoa | oalxe i |
VAB X ) o ‘ olo|rjolr|rf1]o
Memory centenls (RX) are copied inlo register B. Brag +— [RX) s bxs [ el xlx
Register B conlants are copied into the accumulator and memory . 0 1 1 1 1 1 1 0
MBR X | focation RY, : AC - Breg: AX — AC x1 [ xe [ xs [ e | xa x| [ %o
Port § dala {51 to 54] is copied into the accumulater and i ) 0 1 1 1 0 0 0 0
P X | memary losaton AX, AC « 51t 54 RX « AC X1 | ws | xs Pwe | %a|xe|w|x
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Inslruction code
Opcode Desc¢ription Operation Fiag
DY | D6 | DS | D4|D3|D2|DW | D0
Porl K dala (K1 lo K&} is copied into Ihe accumulalor and . 0 1 1 1 ] 0 0 1
IPK X memory location RX. AC « Ki o K4 X « AC X7 | X6 | X5 | Xa | X3 [ X2 | X1 | %
Port M dala M1 to M4) is copied inlo the accumulator and . Q 1 1 1 0 0 1 c
PM X | memory locaion AX. AC = M1 1o M4 BX o AC x| x| x [ xe [xalxe|x]|w
Port P data (P1 1o P4) is copied inlo the accumulator and | . ) 0 1 1 1 0 0 1 1
IFP X memory losalion AX. AC « Pl to P4; RX e AC XT{xs | x5 [ X [xa]x]xi|x
Pert 50 dala {SO1 1o 504) is copied into the accumulaler and . 0 1 1 1 ¢ 1 ¢ 0
IPSG X | mamory location AX. AC - 501 lo 504; AX + AC xr | x| xs | xe | x| x|
Port A dala {A1 to Ad) is copied inlo the accumulater and ) 0 1 1 1 [4 1 0 1
A X mamory location RX, AC - Alto Ak, RX + AG. XT | X6 | X5 | Xe | Xa [ x2]x1|xe
Memory contents {RX) a8 copied into the LCO decoder and X
WRT ¥, X | LCD faich {L}. The carry fag s copied inic the LCD lakch (L), tCP_ dg;?d;;m'b_e (dF:::(;l‘dnl;r : LVCODmdeYcaodar. ;.', )'?6 :5 )& ;g E ;: ;g
Immediala data Y0 o Y3 is copied to the strebe decoder. ' :
Mamory (AX) and register B contents ace copied inlo the LD L — (AXj; L + Brag;
- . . ; ag; 0 0 [H 1 Yalvz Y| yo
WRP Y, X gatzlgdgl_r}. Immediale dala YO to Y3 is copied to the slrobe Strebe docodar — YO to Y3 w |lwe | s b lale!|xlx
OPN X Mamory contenls (RX) are loadad inlo port N. N1 1o N4 « (RX) KD? ;25 )(ls :4 ;3 )?2 ;l )?U
OPK X Memory conlenls (RX) are loaded into port K, Kt to Kd « (RX) ;., )?E ,(15 :4 ;3 )?2 )?1 ;o
CPM X | Mamory contents (AX) are loaded into port M. Mi to Mb — (RX) ,?7 )?e x15 ;d w |l
OPP X Memory contents (RX) are loaded inta pon P. Pito P4 « [RX) ;?7 )?E )(15 ’?‘ )(13 :2 )(11 ):0
] o] 1 v] 1 1 0 ¢
OPSC X Memory contants (RX) are loaded into port SO, 501 to SO4 e (RX) x| ws | % Pxe lsaloe | st | xo
. a o 1 a 1 1 0 1
orA X Memary contents (RX) are loaded inla port A, Al to A+ (RX) 7 | xs [ x5 (% [ xa]xe | x| x
Flag wetting/resetling
The following functions are selecled when the corresponding immediale data bit (DO to D7) is set to 1.
Do The carry flag (CF) is sel o 1,
[} The data pointer flag (DPF) is set to 1.
Dz 1254250 millisecond Iraquancy divider overiow is selected, DP?, i ] 1 1 [V [ [ 0
S8F1 D o< Port K outout mode i5 selecled. HEF01 pr|os|os|os|oalo2]or oo
04 Port M output mede is selected, c
05 Port P outpul mode is Selecled.
0s Port SO output mede i selected,
07 Port A outoul mode is selected.
The lollowing functions are selacted when tha corrasponding immediate data bit (DO lo D8} is set to 1.
Co The cary flag (CF) is raset (clearad).
b1 The data pointer fag (DFF) is reset [cleared).
D2 50041000 millisecond frequency divider overfiow is selected. DRF, : ; : : 0 0 i | s
RF1 D D3 Port K input mode is selected. HRFC,
D4 Porl M input mods is selacted. cF D7 | Ds | D5 [ Da p D3 [ D2)| D100
Ds Porl P input mods is selecled.
D6 Porl S inpul mode is selacted.
D? Port A input made is selacted.
De Tha senal VO counter is raset.
The lollowing funclions are selectad when the corrasponding immediala data bit (D9 to D8} is set to- 1.
Do The interrupt inpul (INT) ho'd releasa is enabled,
D1 10H to 1FH LCD strobe is selected.
D2 Port S pulkupipull-down transistor is enabled,
5r2 0 D3 Port K pullupipul-down transistor is anabled. LN I L L A U LI -
D4 Port M (p-channel, open-drain output) pull-up/pulldow Transittor is enabled, D7 (D& g £5 (Ds | D3] D2 D1|De
05 Port P {p-channae!, open-drain output] pull-up/pull-down Tansislor is enabled,
ps Part SO (n-channel, open-grain outpul} pull-up/pull-down transistor is anabled,
o7 Porl A {p-channel, open-drain output) pull-up/pull-down transisior is enabled.
D8 12 carrier signal duty is selacted.
The following functions are salected whan the corresponding immediate data bit (DO lo D8] is set ko 1. N
Do The inlernypt input (INT) held release is disabled.
] 00H 1o 0FH LCD strebe is salected.
02 Porl § puftup/puli-down transistor is disabled. 1 , ; ] o ] ; o8
RF2 D D3 Porl K pultup/pull-down transistor is disabled.
04 Port M {CMOS qutput) pull-up/pull-down transistor is disabled, D7 (D6 [ DS | D4 | D3 | D2 | D1 | DO
D5 Port P {CMOS output] pull-up/pull-down transistor is disabled,
1] Port SO (CMOS outpul) pulkunipull-down Transistor is disabled,
D7 Part A (CMOS output) pull-upipull-down transistor is disabled.
[ol:] 1 carier signal duty is sefected.
COMD D | Same as the SF1 instruction for D3 o D7 B D17 015 [)15 D14 noa g g g
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Instruction code
Opcode ' Description Cpenation Flag
D7 | D6 | D5 | D4 | D3 ] D2 | D1 | Do
CMD D | Same a5 the RFY instruction for D3 to D7 9’7 o6 | o5 | o4 6’3 g {" :
SPDF D Same as the SF2 instruction for D2 to D7 DlT D16 015 014 003 [;2 g g
RPOF D Same as the SF2 instruction for D2 o D7 C"F D16 [;5 D'd Doa D'z ; g
The following funclions are selected by the corresponding immediale dala bit (D0 to D7),
Do St nising-edge or lalling-edge intarrupt requesl (and hall release) enable when 1, and disable when 0.
D 52 rising-edge or falling-adge interrupt requesl {and hall release) enable when %, and disable when 0,
D2 83 rising-edge or laling-edge interrupt requesl (and hafl rglpase] enable when 1, and disable when 0.
D3 54 rising-edga o¢ laling-adge intarupt requesl (and hall release) erable when 1, and disable when O, 1 1 1 0 [ 8 | o )
Ssw D Da Fort K (K1 lo K4} intarrupt requesl [and hall release) inputs are aclve on 4 rising edge, when 1. pr los | ps | DslDs|D2|ot | Do
D5 Fort K (K1 1o K4} interrupt requesl (and halt ralease) inputs are aclive on a faling edge, when 1.
D6 Porl § is disabled for direct transler of input dala to the accumulator and memory location {RX) when 0, and
enabled. when 1,
D7 7.8 milliseconds debounce delay is selected lor porl S and porl K whan 0, and 2 milliseconds, when 1 o & clock
requency of 32.768 kHz.
STOF Carrigr signal enable : ; : g é g g ;
RTOF | Carder signat disable tlatalSatetsd,
Miscellaneous
Immadiate data (DO and D1) is copied into OPG1 and OPGZ, | 1 1 1 1] 1 o} 0 1
SROPF D respactvaly, OPG1 « DO; OPG2 « Dt OPG o o 0 0 0 o |ov}oo
Tho alarm output frequancy (N4 outpul} is selected by immediale data (00 to CB), as follows.
°“"‘“‘(:|':)"“’“°’ o1 o 05 DS D4 07 b2 D1 Do
1 0 * x 1 Q 0 [H 0 4
2 ] *® X [t} 1 ] 0 0 0
4 0 x x 0 0 1 [H 0 ]
] q % x 0 0 0 1 <} ]
1 1 i [} 1 1 0 ol:]
SAs © 18 0 * x 0 0 0 0 1 9 or | os | b5 {04 | pa|pe| oo
2 0 x % o 0 0 0 [ I 1
T kHz 1 0 ¢ x X x b x x
2 kHz 1 1} 1 x x x x X x
4 kHz 1 1 [H X X x X X x
DC 1 1 1 x x x x x x
Note
Clock frequency = 32.768 kH:
NOP No operation Ma operatign : : : : : } : :
Opcode/instruction Code Summary
Inklruction code
Low nibble (hex)
High nibble (hex)
0 [ 1 I 2 l 3 | 4 | 5 | 13 | 7 | ] | ] | A l B l 4 | o l E | F
WART
]
00|01|02|03IN|05|06|07|08|09|0A|03|OC[0D‘DE|DF
WRF
1 .
9] | 01 | 02 | 03 04 l 05 l 06 [ [ ] l ] l 0A | 08 l 0c | [olo] DE OF
MATMZ2 ouT
2 MAB MROPF
| | | o | .8 I -6 | BT | o [ 0P I oPm | opp lopsol OPA
3 MRW MWR
4 ADC ADC* 58C SBC* ADD ADD* SuUB sup ADN ADN* AND AND* EOR ECOR* OR CR’
H ALCCI ACCr SBCI secr ADDI ADDI* suBl sup” ACMI ADNI* ANDI ANDI* ECRI EORI ORI ORI
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Instruction code
Low nibbla (hex)
High nibble (hex)

0 1 2 3 4 ] ] ? ] 9 A B c D E F

6 5SRO SR1 SLo sL1 MRI MRBK MRDH MRDL MRSC RRC MRS( ALG LDA LRAPF | MBNK MPF
INPUT

7. MSTR MSCF Ms8 MSC MT2R MSCR MDPR M3R STA

IPS | IPK | IPM l IPP | IPS0 l IPA
8 BABO BAB1
9 BAB2 BAR3
A BANZ BCNH
1} BAZ acH
C IMP CALL
D Los
E STM1 STM2 S5W SRCOPF SBNK SSCF SAS SRAPF spP
F SF1 | RF1 SF2 RF2 RTS POP 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

SN
¢ |-~ CP

= T1
CFOUT . Swilch Timing T2
3 3 Oscillator 1 cireuit [ gonerator: Ta
STORP SLOW Té
XTIN [F¢ HALT
Crystal
resanalor = 1 Frequency
| XTOUT 78 Cscillator 2 o0 divider
T oo ]
Vas o o5

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 63
stops when the SLOW instruction is executed. Cycle kHz.

time is 4n times the ceramic filter resonator period

— SLOW FAST
Ceramit 2, : $|1:
titer Switch || Timing | = 12
circuit gensratorl . T3
= T4
HALT
Crystal = -
rasanator = requency
n .[ XTOUT Cscillator 2 - divider
-+ [ov ol
Vsg e1 015

Figure 10. Ceramic filter and crystal resonators

RC oscillator

Frequency divider internal outputs (1 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
.

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

Frequency
20 divider

(oo ]
a1 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 § 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 |w T3
= T4

Frequency
a0 dividar

—I---i

L a1

Ceramic &
filtar

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, L.CD drive waveform genera- nator frequency can be either 32, 38 or 65 kHz.
tion and ports S and K swilch debounce. Cycle time is

= CP
=T
T2
- Ta
M T4

Frequency
divider

Timing
generator

80

lovo |l
al 815

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 n, the divider
ratio, is 2.

|- CP
- = T1

Timing  |-= T2
genarator e T3
- T4

Frequency
o0 dividar

[oead

al 13

Figure 14, External input

32 kHz crystal oscillator

A 200 kQ (typ) resistor R, is incorporated for 32 kHz
crystal oscillater operation.

XTIN
.y 79 Mo
A L~
Cg
R
£ 32,768 kHz Ry d
XTOUT
i 78
Ga 'T' = 20pF (iypi
Vss Vssg

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
e 7] C>e
(v
9
=] F‘l
XTOUT
i 78
G '—I-' = 20 pF (Iyp)
—— ——
58 Vs

Figure 16. 38 or 65 kHz crystal
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IO Port Options

/O port input transistors

Ports S, K, M, P, 8O and A can have either pull-up or
puil-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. ‘

("
e
| =

A

\
=

8F2-D210 0T
Qr
RF2-D2 tc 07

Figure 17, I/OQ port input transistors

VO port hold level

Ports S, K, M, P, S50 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 wransistor,
whichever is selected, turns ON before and turns OFF
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
- —
{1
A
[ )
Va3

Mask oplion switches

Figure 18. 1/0 port structure

The hold transistors do not operate when

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

Y00 1iaH-1avel hold

Voo # transisior
Pull-up Bus
transistor
—
!
. T/ A c\T ba
|
| & 1.7
B o]
A LOW-lavel

p——q  Pull-down
transistor

hold transistor

J_—D"‘ . SF2-D2loD7

- or
RF2-D2to D7
L Cutput

mode

Figure 19. I/O port hold level
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Type
Option Switch
1 2 3 4

Pull-up A ON ON - -
Pull-down 8 - - ON ON
LOW-lavel 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-leve! hold
transistor and rising- or falling-edge detector circuit.

Pull-u HIGH-lave! hold

resislgr transistor

INT r/ T/ Data bus D2

B [oe—t>

l\

resistor
' LOW-level

K

hold transistor

—

-
Rising/lalling edge SFz2 - DO S q
de'eclar swilch
GF2-pg—R
Initial reset

Hold release

Interrupt request

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

Pull-down resistor

HIGH-level reset

LOW-level rasat

Figure 21, RES input opticns
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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.

Vop

|
Nitod

Vss

Figure 22. Port N output

options

Initial
reset
N1 5 1 o Data bus
- o] Q@ 0 2
RC
| I |
Mask opti ' S
N2 ask option T
W— Switch 6 D 2
o<} .
il
T —1
N3 s 22
— x ﬁ%l c D
E RC
Clear j—
R—— |
N4 s 2
— ¢ 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 RF!

or 250 ms and 500 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

[T+

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-
sistor configures port K as a falling-edge detector (op-

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

tion A), and the pull-up transistor, as a rising-edge

detector (option B).

Summary

Data busl
K1
" a—
K2 [
B pull.up / pull-down ol
transistors and P
K3 lave! hold
— transistors L
[
Ka g L]
— -
IPK
A
SSW - D4 —
Edge detector circuit
SSW-D5
Intarrupt and

hold release request

Figure 25. Port K edge detector options

Option

Selection

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

Pull-up er pull-down. All ports are selected {ogether.

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

Connected or not connected. Each pont is sefected independently.

INT input edge and resistor

Rising edge (pullk-down resistor) or faling edge {pull-up resistod

INT input edge with no resistor

Rising edge (open inputy or faling edge (cpen input)

INT hold transister

LOW- or HIGH-level

RES inpul leve! and resistor

LOW-leve! raset (puf-up resistor) or HIGH-level reset (pull-down resistor)

RES input leve! with no resistor

LOW-level resel {open input) or HIGH-level reset {open input)

Port N output type

Open-drain {n-channel) or complementary (CMOS). Each output is selected independently.

Port N slale after reset

LOW- or HIGH-level

Oscillator 1 and 2 combination

Oscillator 1 only {ceramic filter), oscillater 1 only (RC circuit), oscillalor 2 only (crystal),
oscillator 1 only (external input), oscillator 1 and 2 (ceramic fiter and crystal), oscillator 1 and
2 (RC circuit and crystal) or oscillator 1 and 2 {external input and crysta))

Ceramic filter and external input frequency

400 or B00 kHz and 1, 2 or 4 MHz, respactively

Crystal frequency

32, 38 or 65 kHz

15-stage overflow counter divide ratio

@ + 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
02.

Serial O internal clock perigd

Cycle time x 1 x 2, cycle time x 2 x 2 or cycle time x 4 x 2

LCO drive wavetorm

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

& = counter input clock frequency
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LCD Interfacg

|
Segment PLA
_ f=mm e ———— - ) ax35
Segment [ ! sagmentjata memory
decodar ! b CMOS
a L : ) A Segn
1 1 l
. ——{L QF
1 I | LCD driver [—e
- 1 — 1 Lco
b | [ . 1 !
J— T [ . 1 . !
0 = 1 | 1
? | v { | ! !
| o | | ! 1
1 ] o X ! 1
c 1 F | L 1 : !
1 | [ | 1 1
A T —r—{L Q™ ! |
1 [ ; : 1
| + + | |
d +— ) P L | ! [
— '. NI R : '
22 : I I \ | |
| 1 ! | ! 1
— I ! ! I ! !
e ! \ I : i
— 1
23 j : 1 | : ! !
\ ' ' | ! 1
| 1 1 1 | 1
: —t | 1 I | | 1
1 1 L 1 1 1
| ! | | ! 1
| 1 1 | [ 1
X I L | ! I
- I ! ! ! ! !
g ¥ 1 | [ 1
1 1 ) ! '
! ! ! |
. 1 ' ! I
—; ! ! .
1 )
h Seg 2
CF — T t
! : LCD driver |—s
Reset : 1
Data bus e I I I I -
| _l_———l Seg 1
Raset
Bbus ¥ WRP
LCD driver
STB OO
o1
Y3——o 02
Y2 —— 03
Y1———  Strabe N
Yo —— dacoder \
~
STHF ——— b
1E
Figure 26. Segment outputs
Voo ) Voo
F 3
B p—eee
4 Cutput
Output . x
Vss

Vss

‘Figure 28. N-channel output option
Figure 27. P-channe! 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 CF
2 1 1 0 i 1 0 1 CF
3 1 1 1 1 0 0 1 CF
4 0 1 1 1] 0 1 1 CF
5 1 0 1 1 0 1 1 CF
6 1 0 1 1 1 1 1 CF
7 1 i 1 0 0 0 0 CF

WRT -
8 1 1 1 1 1 1 1 CF
8 ‘ 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 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 CF
RAM Register B
WRP 00 10 FF
Bitd Bil1 gir2 Bit3 Bitd Bit1 Bit2 Bit3

Note
CF = carry flag

T 4 VU
Figure 29, 7-segment character

Common outputs

Duty com4 COM3 comM2 COM1 Drive frequency
11 duty Not used Not used Not used " Output 32.0 Hz
112 duty Not used Not used Cutput Qutput 32.0 Hz
173 duty Not used Output Quiput Output 427 Hz
174 duty Qutput Output Output Output 320 Hz
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Bias control

— ¥
Common 1 I | oo

Commeon 2

Common 3

Common 4

Figure 30. 1/1 bias, 1/1 duty

B 1/2 Bias — 1/2 Cuty

CUPy

Le — Vo

Common 1 — Vopy ! Vo2
cur2 l_‘ — Vs
—— Vo

vDD Gommon 2 J l I |—— — Vpoi ! Vo2

VDO1
L _ VDD

Commen 3 —— Vooi/ ooz
vDoz V5

— Vpp

VvSS Comman 4 — Vopr ' Vopz

Ves

Figure 31. 1/2 bias, 1/2 duty

C 1/2 Bias — 1/3 Duly

CUP1

< Common 1 l__
cupP2
VoD Common 2 I

VOD1

GComman 3
vOoDe ._J [—l_l ’_L

Common 4

Voo
Voot ! Vooz
Vg5

Voo

Yoo1 / Vo2
Vsg
Voo

Voot / ooz
Vss

Voo

Voor / Vopz

RERRERERENE

Vss

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

’— — Voo

Common 1 — Vooi/ Vop
— Vs
— Voo

Common 2 {_L‘ l —~—  Vpp1/ VoD2
Vss

— Voo
Common 3 —— Vpp1 / Vopz

— Vs

— Voo
Common 4-J | F|_‘7 — Vo1 ! Vooz

Vsg

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

1/3 Bias = 1/3 Duty

Common 1 Voo

Common 2 —— ;)

Cemmon 3 — Voo

Common 4 i , f“‘ — Vopu

Figure 34, 1/3 bias, 1/3 duty

F 1/3 Bias - 1/4 Duty

Commen 1 Voo
Common 2 — Vopu

Common 3 Voos

—_—
Commen 4 001

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

INT
M1 COM1
M2 COM2
COM
W Coms LCD
Key malrix E; SEG :> .
K3 Al
Az hr—
Ka g -
Ad fe—m
- VDD
o OauF |
P3 vDD1 j_—-'- — 5.0V
Pa vDD2 T
R R V5SS
o 2 CUP1 -—-—-]°'1 uF
L SE—
54 cupe —
3akH|z Na
o Erysia r_.
é‘; S ’;'CTUT NitoN3 |— ‘
ci’g S CFIN 801 r--oa
d C‘ﬂmmiu CFOUT 502 1 |
Ca filter 503 !
S04 [— ! !
. S
RES i
bl
rr
Design Notes
Resonators
XTiN Crystal XTOUT —n n—
0 CFIN CFCUT
G T Ce Ceramic filter Fea=082
I
Crystal Vss Ceg T = Cey
651 | 55,53 Witz ' !
85 k : 65.
36 k : 38,2203 kHz Vss
Figure 36. Crystal resonator circuit Figure 37. Ceramic filter resonator circuit
Resonator constants
Murata Kyocera
Frequency .
Product number Ceq (pF) Cua (pF) Product number Cey (pF} Ced (PF)
400 kHz CSB 400P 330 330 KBR-4008 330 330
800 kHz CSB 800J 220 220 KBR-800H 100 100
1 MHz CSB t000J 220 220 KBR-1000H/Y 100 100
CSA 2.00MG - .
2 MHz ST 2.00MG 33, Built-in | 33. Buill-in | KBR-2.0MS 33 33
CSA 4.00MG . . KBR-4.0MSA/MCA -~ -
4 MHz CST 4.00MGW 33. Built-in 33. Built-in KBR-4 OMKS/MWS 33. Built-in 33, Built-in
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Crystal oscillator element conslants

Daishinku Kyocera
Frequency
Product number €y {pF) Product number Cq (pF)
KF-38G 15
32 kHz DT-38, 32.768kHz 15 KF-26G 12
65 kHz DT-381, 65.536kHz 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 directty or Indirectly cause injury,

death or property loss.

B 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 distributers and all their
officers and employees, jointly and severally, against any and all ciaims and lifigation 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.,
LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees, jointly or severally,

W Information (including circult diagrams and circuit parameters) herein is for example only; it is not guaranteed for volume production. SANYO
believes information herein is accurate and refiable, but no guarantees are made or implied regarding its use or any infringements of
intellzctual 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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