S1C388649

8-bit Single Chip Microcomputer

e Original Architecture Core CPU
e Character Generator ROM (192K bytes)
e Dot-matrix LCD Driver (80 x 16)

m DESCRIPTION

The S1C88649 is an 8-bit microcomputer for portable equipment with an LCD display that has a built-in LCD
controller/driver and a character generator (kanji) ROM. This microcomputer features low-voltage (1.8V) and
high-speed (4.2MHz) operations as well as low-current consumption (2.5pA during standby). The LCD control-
ler/driver contains an LCD drive power supply circuit and can drive an maximum of 80 x 16-dot LCD panel in
low-power consumption. Furthermore, the S1C88649 has a built-in 11 x 12-dot kanji font ROM that contains JIS
level-1 and level-2 kanji sets and other characters, this makes it possible to display kanji characters without any
external kanji font ROM. This 8-bit CPU has up to 16MB accessible address space allowing easy implementa-
tion of a large data processing application. The S1C88649 is suitable for display modules, portable CD/MD and
solid audio players, cordless phones, digital TV remote control units and other applications that required an
exclusive LCD driver in conventional systems.

m FEATURES
® Core CPU ....ccviiieiiiieec e S1C88 (MODEL3) CMOS 8-bit core CPU
e Main (OSC3) oscillation circuit ............. Crystal oscillation circuit/ceramic oscillation circuit 4.2MHz (Max.)
or CR oscillation circuit 2.0MHz (Max.) (1)
e Sub (OSC1) oscillation circuit ............... Crystal oscillation circuit/CR oscillation circuit 32.768kHz (Typ.) (L)
® INSLruction Set........ccvveveiiiiiiiiiiiiiiieeeee 608 types (usable for multiplication and division instructions)
e Min. instruction execution time ............. 0.476usec/4.2MHz (2-clock)
e Internal ROM capacity .........ccccceeeerrnnnne Program ROM: 48K bytes
Kanji font ROM: 192K bytes (can be used for a program/data ROM)
e Internal RAM capacity .........ccccooevvveeeenne RAM: 8K bytes
Display memory: 480 bytes
® BUS NG ..oeviiiiiiiiiiii e Address bus:19 bits (also usable as a general output port
when not used as a bus)
Data bus: 8 bits (also usable as a general 1/0 port when
not used as a bus)
ES'Q”""': 4 b!ts (also usable as a general output port
WR signal: 1 bit
" ) when not used as a bus)
RD signal: 1 bit
® INPUL POIt .o 8 bits (2 bits can be set for event counter external clock input)
® OULPUL POt .oevieieiiiiiiiiieeeeeec e 0-3 bits (when the external bus is used)
25 bits (when the external bus is not used)
® 1/O POt .ovveeeiiiiieeee e 8 bits (when the external bus is used)
16 bits (when the external bus is not used)
(shard with serial interface, buzzer, FOUT and TOUT terminals)
e Serial interface .........ccccvviiis 1 ch. (optional clock synchronous system or asynchronous system)
® TIMEN woeiiiiiiiiiee e Programmable timer: 16 bits x 2 ch. or 8 bits x 4 ch.
Clock timer: 1 ch.
Stopwatch timer: 1 ch.
® LCD ArVer ..ccocoeiiiiiiiiiiieeeee e Dot matrix type (supports 5 x 8 or 5 x 5 dot fonts and 11 x 12 kaniji font)

80 segments x 16 or 8 commons ([R2) (1/4 bias)
Built-in LCD power supply circuit (booster type, 4 potentials)
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S1C88649

Watchdog timer

e Supply voltage ........occcvvviiieiiiiiiie

Sound generator

Timer interrupt

Supply voltage detection (SVD) circuit... 13 value programmable (1.8V to 2.7V)
INEEITUPT ..ot External interrupt: Input port interrupt

Internal interrupt:

1 system (8 types)
3 systems (15 types)

Serial interface interrupt 1 system (3 types)

1.8V to 3.6V

e Current consumption (Typ.) ..ccccveeerrnnee SLEEP mode:
HALT mode (32kHz Crystal oscillation):
HALT mode (32kHz CR oscillation):
Run (32kHz Crystal oscillation):
Run (32kHz CR oscillation):

Run (4MHz ceramic oscillation):
Run (2MHz CR oscillation):

e Package

m BLOCK DIAGRAM

Chip

[1: Can be selected with mask option

[R:

1pA
2.5pA
10pA
TUA
15pA
670pA
500pA

Can be selected with software

Core CPU S1C88

i 1 1
0sC1, 2 -
Oscillator — Interrupt Controller
0SC3, 4
_ K|
MCU/MPU System Controller +— Input Port
RESET <
Reset/Test 1/0 Port
TEST
_ K| _
Watchdog Timer — E—[[«— Serial Interface [+
EXCLO, EXCL1. (K06, KO7) Programmable Timer < —J F—]]___| Sound Generator
TOUTO-TOUTS (P14, P15) /Event Counter
Clock Ti < e ey e External |
ock Timer Memory Interface _T
_ K|
Stopwatch Timer — =l Output Port
VoD K
LCD Driver
Vss
Vb1 Power Generator [ I
Vci, Vez, Vea, Ves W
CACE Supply Voltage Detector
K>
RAM ROM
8K bytes 48K bytes+192K bytes
0

KO0-K05
K06 (EXCLO)
KO7 (EXCL1)

P10 (SIN)
P11 (SOUT)
P12 (SCLK)
P13 (SRDY)

P14 (TOUTO/TOUT1)
P15 (TOUT2/TOUT3)
P16 (FOUT)

P17 (BZ)

PO0-P07 (DO-D7)

R00-R07, R10-R17, R20-R22
(AO-A7, A8-A15, A16-A18)
R23, R24 (RD, WR)

R30-R33 (CE0-CE3)

SEGO0-SEG79

COM0-COM15
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m PAD LAYOUT

e Diagram of Pad Layout
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< > Chip thickness: 400pm
7.0 mm Pad opening:  90pm
e Pad Coordinates

Pad Coordinate Pad Coordinate Pad Coordinate Pad Coordinate

No. Name X Y No. | Name X Y No. | Name X Y No. | Name X Y
1 |Vop 2.850 | 1.632 | 43 |R13/A11 |-1.350 | 1.632 | 85 | SEG26 |-2.750 |-1.632 | 127 | SEG68 | 1.450 |-1.632
2 |Vss 2.750 | 1.632 | 44 |R14/A12 |-1.450 | 1.632 | 86 | SEG27 |-2.650 [-1.632 | 128 | SEG69 | 1.550 |-1.632
3 |0SC1 2.650 | 1.632 | 45 |R15/A13 |-1.550 | 1.632 | 87 | SEG28 |-2.550 [-1.632 | 129 | SEG70 | 1.650 |-1.632
4 | 0OSC2 2.550 | 1.632 | 46 |R16/A14 |-1.650 | 1.632 | 88 | SEG29 |-2.450 (-1.632 | 130 |SEG71 | 1.750 |-1.632
5 |RESET 2.450 | 1.632 | 47 |R17/A15 |-1.750 | 1.632 | 89 | SEG30 |-2.350 [-1.632 | 131 |SEG72 | 1.850 |-1.632
6 |TEST 2.350 | 1.632 | 48 | R20/A16 |-1.850 | 1.632 | 90 | SEG31 |[-2.250 [-1.632 | 132 | SEG73 | 1.950 |-1.632
7 | MCU/MPU 2.250 | 1.632 | 49 |R21/A17 |-1.950 | 1.632 | 91 |SEG32 |-2.150 |-1.632 | 133 | SEG74 | 2.050 |-1.632
8 | KO7/EXCL1 2.150 | 1.632 | 50 |R22/A18 |-2.050 | 1.632 | 92 | SEG33 |-2.050 [-1.632 | 134 | SEG75 | 2.150 |-1.632
9 | KO6/EXCLO 2.050 | 1.632 | 51 |R23/RD |-2.150 | 1.632 | 93 |SEG34 |-1.950 |-1.632 |135|SEG76 | 2.250 |-1.632
10 | K05 1.950 | 1.632 | 52 |R24/WR |-2.250 | 1.632 | 94 | SEG35 |-1.850 |-1.632 | 136 |SEG77 | 2.350 |-1.632
11 | K04 1.850 | 1.632 | 53 | R30/CEO |-2.350 | 1.632 | 95 | SEG36 |-1.750 |-1.632 | 137 | SEG78 | 2.450 |-1.632
12 | KO3 1.750 | 1.632 | 54 |R31/CE1 |-2.450 | 1.632 | 96 | SEG37 |-1.650 |-1.632 [ 138 | SEG79 | 2.550 |-1.632
13 | K02 1.650 | 1.632 | 55 |R32/CE2 |-2.550 | 1.632 | 97 | SEG38 |-1.550 |-1.632 | 139 | COM15 | 2.663 |-1.632
14 | K01 1.550 | 1.632 | 56 |R33/CE3 |-2.650 | 1.632 | 98 | SEG39 |[-1.450 |-1.632 | 140 |COM14 | 2.763 |-1.632
15 | KOO 1.450 | 1.632 | 57 |VpbD -2.750 | 1.632 | 99 |SEG40 |-1.350 |-1.632 [141|COM13 | 2.863 |-1.632
16 |P17/BZ 1.350 | 1.632 | 58 |Vss -2.850 | 1.632 [ 100 | SEG41 |-1.250 |-1.632 [ 142 | COM12 | 3.382 |-1.200
17 | P16/FOUT 1.250 | 1.632 | 59 | SEGO -3.382 | 1.200 [ 101 | SEG42 |-1.150 |-1.632 [ 143 | COM11 | 3.382 |-1.100

18 | P15/TOUT2/TOUT3 | 1.150 | 1.632 | 60 | SEG1 -3.382 | 1.100 [ 102 | SEG43 |-1.050 |-1.632 [ 144 | COM10 | 3.382 |-1.000
19 | P14/TOUTO/TOUT1 | 1.050 | 1.632 | 61 | SEG2 -3.382 | 1.000 [ 103 | SEG44 |-0.950 |-1.632 | 145 | COM9 3.382 |-0.900

20 | P13/SRDY 0.950 | 1.632 | 62 | SEG3 -3.382 | 0.900 [ 104 | SEG45 |-0.850 |-1.632 | 146 | COM8 3.382 | -0.800
21 | P12/SCLK 0.850 | 1.632 | 63 | SEG4 -3.382 | 0.800 [ 105 | SEG46 |-0.750 |-1.632 | 147 | COM7 3.382 |-0.700
22 | P11/sOUT 0.750 | 1.632 | 64 | SEG5 -3.382 | 0.700 | 106 | SEG47 |-0.650 |-1.632 | 148 | COM6 3.382 |-0.600
23 | P10/SIN 0.650 | 1.632 | 65 | SEG6 -3.382 | 0.600 [ 107 | SEG48 |-0.550 |-1.632 | 149 | COMS 3.382 | -0.500
24 | PO7/D7 0.550 | 1.632 | 66 | SEG7 -3.382 | 0.500 [ 108 | SEG49 |-0.450 |-1.632 [ 150 | COM4 3.382 |-0.400
25 | P06/D6 0.450 | 1.632 | 67 | SEGS8 -3.382 | 0.400 [ 109 | SEG50 |-0.350 |-1.632 | 151 | COM3 3.382 |-0.300
26 | PO5/D5 0.350 | 1.632 | 68 | SEG9 -3.382 | 0.300 [ 110 | SEG51 |-0.250 |-1.632 | 152 | COM2 3.382 | -0.200
27 | P04/D4 0.250 | 1.632 | 69 | SEG10 |-3.382 | 0.200 | 111 | SEG52 |-0.150 |-1.632 | 153 | COM1 3.382 |-0.100
28 | PO3/D3 0.150 | 1.632 | 70 |SEG11 |-3.382 | 0.100 [ 112 | SEG53 |-0.050 |-1.632 | 154 | COMO 3.382 | 0.000
29 | P02/D2 0.050 | 1.632 | 71 |SEG12 |-3.382 | 0.000 | 113 | SEG54 | 0.050 |-1.632 | 155 | CE 3.382 | 0.100
30 | PO1/D1 -0.050 | 1.632 | 72 |SEG13 |-3.382 |-0.100 [ 114 | SEG55 | 0.150 |-1.632 | 156 | CD 3.382 | 0.200
31 | POO/DO -0.150 | 1.632 | 73 |SEG14 |-3.382 |-0.200 | 115 |SEG56 | 0.250 |-1.632 | 157 |CC 3.382 | 0.300
32 | ROO/AO -0.250 | 1.632 | 74 |SEG15 |-3.382 |-0.300 [ 116 | SEG57 | 0.350 |-1.632 | 158 |CB 3.382 | 0.400
33 |RO1/A1 -0.350 | 1.632 | 75 |SEG16 |-3.382 |-0.400 (117 | SEG58 | 0.450 |-1.632 | 159 |CA 3.382 | 0.500
34 | RO2/A2 -0.450 | 1.632 | 76 | SEG17 |-3.382 |-0.500 | 118 | SEG59 | 0.550 |-1.632 | 160 | Vcs 3.382 | 0.600
35 | RO3/A3 -0.550 | 1.632 | 77 |SEG18 |-3.382 |-0.600 [ 119 | SEG60 | 0.650 |-1.632 [ 161 | Vc4 3.382 | 0.700
36 | RO4/A4 -0.650 | 1.632 | 78 |SEG19 |-3.382 |-0.700 [ 120 | SEG61 | 0.750 |-1.632 [ 162 | Vc2 3.382 | 0.800
37 | RO5/A5 -0.750 | 1.632 | 79 | SEG20 |-3.382 |-0.800 | 121 | SEG62 | 0.850 |-1.632 | 163 | Vc1 3.382 | 0.900
38 | RO6/A6 -0.850 | 1.632 | 80 |SEG21 |-3.382 |-0.900 [ 122 | SEG63 | 0.950 |-1.632 [ 164 | OSC3 3.382 | 1.000
39 | RO7/A7 -0.950 | 1.632 | 81 |SEG22 |-3.382 |-1.000 [ 123 | SEG64 | 1.050 |-1.632 [ 165 | OSC4 3.382 | 1.100
40 | R10/A8 -1.050 | 1.632 | 82 | SEG23 |-3.382 |-1.100 | 124 | SEG65 | 1.150 |-1.632 | 166 | VD1 3.382 | 1.200
41 | R11/A9 -1.150 | 1.632 | 83 |SEG24 |-3.382 |-1.200 [ 125 |SEG66 | 1.250 |-1.632 | — |- - -
42 | R12/A10 -1.250 | 1.632 | 84 |SEG25 |-2.850 |-1.632 [126 | SEG67 | 1.350 |-1.632 | — |— — —
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m PIN DESCRIPTION

Pin name Pad No. In/Out Function
VbD 1,57 - Power supply (+) terminal
Vss 2,58 - Power supply (GND) terminal
Vb1 166 - Internal logic system and oscillation system voltage regulator output terminals
Vci, Ve, Ves, Ves 163-160 - LCD drive voltage output terminals
CA-CE 159-155 - Booster capacitor connection terminals for LCD
0SC1 3 | OSC1 oscillation input terminal (select crystal/CR oscillation by mask option)
0SsC2 4 @) OSC1 oscillation output terminal
0OSC3 164 | OSC3 oscillation input terminal (select crystal/ceramic/CR oscillation by mask option)
0SC4 165 (@) OSC3 oscillation output terminal
MCU/MPU 7 I Terminal for setting MCU or MPU modes
K00-K05 15-10 | Input terminals (KO0O—K05)
KO6/EXCLO 9 | Input terminal (KO6) or programmable timer external clock input terminal (EXCLO)
KO7/EXCL1 8 | Input terminal (KO7) or programmable timer external clock input terminal (EXCL1)
R0O0-R07/A0-A7 32-39 o Output terminals (RO0—R07) or address bus (A0—A7)
R10-R17/A8-A15 40-47 (@) Output terminals (R10-R17) or address bus (A8-A15)
R20-R22/A16-A18 48-50 @) Output terminals (R20—R22) or address bus (A16—-A18)
R23/RD 51 o Output terminal (R23) or read signal output terminal (RD)
R24/WR 52 O | Output terminal (R24) or write signal output terminal (WR)
R30-R33/CE0-CE3 53-56 O | Output terminals (R30—R33) or chip enable signal output terminals (CEO-CE3)
P00-P07/D0-D7 31-24 1/0 | 1/O terminals (PO0-P07) or data bus (D0-D7)
P10/SIN 23 /0 | I/O terminal (P10) or serial I/F data input terminal (SIN)
P11/SOUT 22 /0 | /O terminal (P11) or serial I/F data output terminal (SOUT)
P12/SCLK 21 1/0 | /O terminal (P12) or serial I/F clock 1/0 terminal (SCLK)
P13/SRDY 20 /0 | I/O terminal (P13) or serial I/F ready signal output terminal (SRDY)
P14/TOUTO/TOUT1 19 /0O | I/O terminal (P14)
or programmable timer underflow signal output terminal (TOUT0/TOUT1)
P15/TOUT2/TOUT3 18 I/O | I/O terminal (P15)
or programmable timer underflow signal output terminal (TOUT2/TOUT3)
P16/FOUT 17 1/0 | 1/O terminal (P16) or clock output terminal (FOUT)
P17/BZ 16 /0 | I/O terminal (P17) or buzzer signal output terminal (BZ)
COM0-COM15 154-139 @) LCD common output terminals
SEGO0-SEG79 59-138 (@) LCD segment output terminals
RESET 5 | Initial reset input terminal
TEST 6 | Test input terminal

EPSON




m BASIC EXTERNAL CONNECTION DIAGRAM

S1C88649

LCD panel 80 x 16

)
)

Vss 8 2 e 3
L w0 % - =
5 T i > § S 8
. et T osci1
g tall 53
K> X'tal T K00
& = 0sc2 Ko1
o
o ; sz T OSC3 K02
o Xtal2 or = Ry
& Ceramic T K03
‘ 0sc4
'Cp2-+ ¢ K04
| % Vb1 K05
) 2
! Ve S1C88649 Ko
— b Vcez K07
— % Vea [The potential of the substrate
) 5 LN s
o L— A (back of the chip) is Vss.]
o CA P10 (SIN)
t e CB P11 (SOUT)
iy cc P12 (SCLK)
e CD P13 (SRDY)
— CE P14 (TOUTO/1)
—° ? ] RESET P15 (TOUT2/3)
| Cres P16 (FOUT)
3V _g%zCP N
g
VDD ~
—_— —
TEST o
[1: OSC1 = Crystal oscillation
[2: OSC1 = CR oscillation
_ [B: OSC3 = Crystal or Ceramic oscillation
PJlezo [4: OSC3 = CR oscillation
]
Coll
Recommended values for external parts
Symbol Name Recommended value Symbol Name Recommended value
X'tall  |Crystal oscillator 32.768 kHz, Cl(Max.) = 35 kQ| [Rcr3  |Resistor for CR oscillation 40 kQ
Ce1 Trimmer capacitor 0-25 pF C1 Capacitor between Vss and Vb1 | 0.1 pF
RcRr1 Resistor for CR oscillation |1.5 MQ C2 Capacitor between Vss and Vc1 | 0.1 pF
X'tal2  |Crystal oscillator 4 MHz Cs3 Capacitor between Vss and Vcz | 0.1 pF
Ceramic | Ceramic oscillator 4 MHz Ca Capacitor between Vss and Vc4 | 0.1 pF
Rf Feedback resistor 1 MQ Cs Capacitor between Vss and Vcs | 0.1 pF
Cae2 Gate capacitor 15 pF (Crystal oscillation) Ce—Csg |Booster capacitors 0.1 pF
30 pF (Ceramic oscillation) | |Cp Capacitor for power supply 3.3 uF
Cb2 Drain capacitor 15 pF (Crystal oscillation) Cres Capacitor for RESET terminal | 0.47 pF
30 pF (Ceramic oscillation)

Note: The above table is simply an example, and is not guaranteed to work.
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m ELECTRICAL CHARACTERISTICS

e Absolute Maximum Rating

(Vss=0V)
Item Symbol Condition Rated value Unit |Note
Power voltage VDD -0.3to +4.7 \Y
Liquid crystal power voltage Vcs -0.3to +6.0 Y
Input voltage Vi -0.3to Vop + 0.3 Y
Output voltage Vo -0.3to Vop + 0.3 Y
High level output current loH 1 terminal -5 mA
Total of all terminals -20 mA
Low level output current loL 1 terminal 5 mA
Total of all terminals 20 mA
Permitted loss Pp 200 mw
Operating temperature Topr -20 to +70 °C
Storage temperature Tstg -65 to +150 °C
Soldering temperature / time Tsol 260°C, 10 sec (lead section) -
e Recommended Operating Conditions
Item Symbol Condition Min. Typ. Max. Unit |Note
Operating power voltage VDD 1.8 3.6 \%
Operating frequency fosci 30 32.768 200 kHz
foscs | CR oscillation 0.03 2.0 MHz
Crystal/ceramic oscillation 0.03 4.2 MHz
Capacitor between Vb1 and Vss C1 0.1 pF
Capacitor between Vc1 and Vss C2 0.1 uF 1
Capacitor between Vc2 and Vss Cs 0.1 pF 1
Capacitor between Vc4 and Vss Ca 0.1 uF 1
Capacitor between Vcs and Vss Cs 0.1 uF 1
Capacitor between CA and CB Ce 0.1 uF 1
Capacitor between CA and CC C7 0.1 pF 1
Capacitor between CD and CE Cs 0.1 uF 1

Note) 1 When LCD drive power is not used, the capacitor is not necessary.
In this case, leave the Vc1 to Ves and CA to CE terminals open.

e DC Characteristics

(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=-20 to 70°C)

Item Symbol Condition Min. Typ. Max. Unit |Note
High level input voltage VIH Kxx, Pxx 0.8VbDp VDD \Y
Low level input voltage ViL Kxx, Pxx 0 0.2VbD Y
High level schmitt input voltage (1)| VTi+ | RESET, MCU/MPU 0.5VbD 09vop | V
Low level schmitt input voltage (1) | VT1- | RESET, MCU/MPU 0.1Vbp 05Vop | V
High level schmitt input voltage (2)| VT2+ | Kxx 0.4Vbp 0.9VbD \Y 1
Low level schmitt input voltage (2) | VT2- | Kxx 0.1Vbp 0.4VbD Y 1
High level output current lIoH Pxx, Rxx, VoH = 0.9 Vbp -0.5 mA
Low level output current loL Pxx, Rxx, VoL = 0.1 Vbp 0.5 mA
Input leak current LI Kxx, Pxx, RESET, MCU/MPU -1 1 PA
Output leak current ILo Pxx, Rxx -1 1 HA
Input pull-up resistance RIN Kxx, Pxx, RESET, MCU/MPU 100 500 kQ 2
Input terminal capacitance CiN Kxx, Pxx 15 pF
VIN = 0V, f= 1MHz, Ta = 25°C

Segment/Common output current | ISEGH | SEGxx, COMXxX, VSEGH = Vc5-0.1V -5 HA

ISeGL | SEGxX, COMxX, VseGL = 0.1V 5 HA

Note) 1 When CMOS Schmitt level is selected by mask option.
2 When addition of pull-up resistor is selected by mask option.
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VoD >
>
5 Y A
o
>
0 g
0 VT VT+ VDD
VIN (V)

e LCD Drive Circuit

(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, C1—Cs8=0.1pF)

Item Symbol Condition Min. Typ. Max. Unit |Note

LCD drive voltage Vci (L 0.24Vcs 0.28Vcs \%

Vcz2 |[R2 0.48Vcs 0.52Vcs \%

Vca |[B 0.74Vcs 0.78Vcs \%

Vcs |4 LCX =0H 3.64 \%

LCX =1H 3.71 \%

LCX =2H 3.79 \%

LCX =3H 3.86 \%

LCX =4H 3.93 \%

LCX =5H 4.00 \%

LCX = 6H 4.07 \%

LCX=7H |[Typx0.94 4.15 ([Typx1.06| V

LCX =8H 4.22 \%

LCX =9H 4.30 \%

LCX = AH 4.37 \%

LCX =BH 4.45 \%

LCX =CH 4.52 \%

LCX =DH 4.60 \%

LCX = EH 4.68 \%

LCX =FH 4.76 \%

[ Connects 1 MQ load resistor between Vss and Vcu. B Connects 1 MQ load resistor between Vss and Vca.
[2 Connects 1 MQ load resistor between Vss and Vc2. 4 Connects 1 MQ load resistor between Vss and Vcs.
e SVD Circuit

(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C)
Item Symbol Condition Min. Typ. Max. Unit [Note

SVD voltage Vsvb | SVDS0-3 ="0" - \%

SVDS0-3 ="1" - \%

SVDS0-3 ="2" - \%

SVDS0-3 ="3" 1.8 \%

SVDSO0-3 ="4" 1.85 \%

SVDS0-3 ="5" 1.9 \%

SVDS0-3 ="6" 1.95 \%

SVDS0-3 ="7" 2.0 \%

SVDS0-3 ="8" 2.05 \%

SVDS0-3 ="9" Typx0.91| 2.1 |[Typx1.09| V

SVDS0-3 ="10" 2.2 \%

SVDS0-3 ="11" 2.3 \%

SVDS0-3 ="12" 2.4 \%

SVDSO0-3 ="13" 25 \%

SVDS0-3 ="14" 2.6 \%

SVDS0-3 ="15" 2.7 \%

SVD circuit response time tsvp 500 us
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e Power Current Consumption

(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, C1—Cs8=0.1uF, No panel load)
Iltem Symbol Condition Min. [ Typ. [Max.| Unit [Note
SLEEP mode IsLp OSC1 = OFF, OSC3 = OFF 1 |25]|uA
current consumption
HALT mode IHALT1 | OSC1 = 32kHz Crystal oscillation, OSC3 = OFF 25| 5 | uA
current consumption IHALT2 | OSC1 = 32kHz CR oscillation, OSC3 = OFF 10 | 20 | pA
IHALT3 | OSC1 = 32kHz Crystal oscillation, 130|300 | uA
OSC3 = 4MHz Ceramic oscillation
IHALT4 | OSC1 = 32kHz CR oscillation, OSC3 = 2MHz CR oscillation 220|450 | A
Runtime current leExer | OSC1 = 32kHz Crystal oscillation, OSC3 = OFF 7 | 15 | uA
consumption leExe2 | OSC1 = 32kHz CR oscillation, OSC3 = OFF 15 | 30 | uA
IExes | OSC1 = 32kHz Crystal oscillation, 670 |1500| pA
OSC3 = 4MHz Ceramic oscillation
lExes4 | OSC1 = 32kHz CR oscillation, OSC3 = 2MHz CR oscillation 500 |1000| nA
Runtime current consumption IHvL1 | OSC1 = 32kHz Crystal oscillation, OSC3 = OFF, HLMOD =H 15 | 30 | uA
(Heavy Load Protection Mode) | IHvi2 | OSC1 = 32kHz CR oscillation, OSC3 = OFF, HLMOD =H 40 | 80 | UA
LCD drive circuit current ILcon | LCDCx = All on, LCx = 8H, fosc1 = 32.768kHz 2 5 | pA
LCD drive circuit current ILcoH | LCDCx = All on, LCx = 8H, fosc1 = 32.768kHz, 12 | 25 | uA
(Heavy Load Protection Mode) HLMOD =H
SVD circuit current Isvb | SVDON = ON 5|10 |pA | 3

Note) 1 This value is added to the runtime current consumption when the LCD drive circuit is active.
2 This value is added to the runtime current consumption (in heavy load protection mode) when the LCD drive circuit is active.
3 This value is added to the runtime current consumption (normal mode or heavy load protection mode) when the SVD circuit is active.

e AC Characteristics

Operating range
(Condition: Vbb=1.8 to 3.6V, Vss=0V, Ta=-20 to 70°C)

Iltem Symbol Condition Min. Typ. Max. Unit |Note

Operating frequency fosci |Vobp = 1.8 to 3.6V 30 32.768 200 kHz

foscs 0.03 4.2 MHz
Instruction execution time tcy 1-cycle instruction 10 61 67 us
(during operation with OSC1 clock) 2-cycle instruction 20 122 133 us
3-cycle instruction 30 183 200 us
4-cycle instruction 40 244 267 us
5-cycle instruction 50 305 333 us

6-cycle instruction 60 366 400 us

Instruction execution time tey 1-cycle instruction 0.5 66.7 us
(during operation with OSC3 clock) 2-cycle instruction 1.0 133.3 us
3-cycle instruction 14 200.0 us

4-cycle instruction 1.9 266.7 us

5-cycle instruction 2.4 333.3 us

6-cycle instruction 2.9 400.0 us

External memory access

1. Read cycle
(Condition: Vpp=1.8 to 3.6V, Vss=0V, Ta=25°C, VIH1=0.8VDD, VIL1=0.2VDD, VIH2=1.6V,
ViL2=0.6V, VoH=0.8VpD, VoL=0.2VDpp, CL=100pF(load capacitance))
Item Symbol Min. Typ. Max. Unit |Note
Address set-up time in read cycle tras | tc+tl1-100+nstc/2 ns 1
Address hold time in read cycle trah th-80 ns
Read signal pulse width trp tc-50+netc/2 ns 1
Data input set-up time in read cycle trds 300 ns
Data input hold time in read cycle trdh 0 ns

Note) 1 Substitute the number of states for wait insertion in n.
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2. Write cycle

S1C88649

(Condition: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, VIH1=0.8VbD, ViL1=0.2VDD, VIH2=1.6V, VIL2=0.6V,
VoH=0.8VbDp, VoL=0.2Vbp, CL=100pF(load capacitance))

Iltem Symbol Min. Typ. Max. Unit |Note
Address set-up time in write cycle twas tc-180 ns
Address hold time in write cycle twah th-80 ns
Write signal pulse width twp tl-40+nstc/2 ns 1
Data output set-up time in write cycle twds | tc-180+nstc/2 ns 1
Data output hold time in write cycle twdh th-80 th+80 ns
Note) 1 Substitute the number of states for wait insertion in n.
- tc* Ll
ViH2
ICLK \ ViL2
Tt TP e T
A00-A18 ~ VoH Y\ *Xi
CE VoL /A _
< tras " Ttrah
Foln VOH T
RD VoL—Fx=
b LI > < >
trds trdh
VIH1
DIN Vi1 >_ E_
A00-A18 ~ VoH Y\ *Xz
CE VoL A _
b twas . “twah
= VoH
WR VoL
< L
v - twds “twdh_
IH1
DOUT ViL | O>—

0 In the case of crystal oscillation and ceramic oscillation: th = 0.5tc + 0.05tc, tl = tc - th (1/tc: oscillation frequency)
O In the case of CR oscillation: th = 0.5tc + 0.10tc, tl = tc - th (1/tc: oscillation frequency)

Serial interface

1. Clock synchronous master mode
(Condition: Vpp=1.8 to 3.6V, Vss=0V, Ta=25°C, ViH1=0.8VDD, ViL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD)

Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tsmd 200 ns
Receiving data input set-up time tsms 500 ns
Receiving data input hold time tsmh 200 ns

2. Clock synchronous slave mode

(Condition: Vpp=1.8 to 3.6V, Vss=0V, Ta=25°C, ViH1=0.8VDD, ViL1=0.2VDD, VoH=0.8VDD, VoL=0.2VDD)

Item Symbol Min. Typ. Max. Unit |Note
Transmitting data output delay time tssd 500 ns
Receiving data input set-up time tsss 200 ns
Receiving data input hold time tssh 200 ns
EPSON 9
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3. Asynchronous system
(Condition: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C)

Item Symbol Min. Typ. Max. Unit |Note
Start bit detection error time tsa1 0 16 s 1
Erroneous start bit detection range time tsaz ot/16 10t/16 s 2

Note) 1 Start bit detection error time is a logical delay time from inputting the start bit until internal sampling begins operating.
(Time as far as AC is excluded.)
2 Erroneous start bit detection range time is a logical range to detect whether a LOW level (start bit) has been input again
after a start bit has been detected and the internal sampling clock has started.
When a HIGH level is detected, the start bit detection circuit is reset and goes into a wait status until the next start bit.
(Time as far as AC is excluded.)

—_— VoH
SCLK OUT VoL ‘ \ /
<>
tsmd
VOH N/ —
souT vou X
tsms tsmh 3
VIHL =/ — I
SIN ViLl = —
—_— Vi
SCLKIN 1, \ i \ /
<>
tssd
VOH N/ —
souT vou X
Ctsss | tssh g
VIHL =/ I
SIN ViLl —
Start bit Stop bit
SIN A X ><
tsal »— 4
Sampling T |_T \j
clock T T
«—
Erroneous
start bit
detection signal ™ tsan
Input clock
1. SCLK, EXCL input clock
(Condition: Vpb=1.8 to 3.6V, Vss=0V, Ta=25°C, VIH1=0.8VDD, VIL1=0.2VDD)
Item Symbol Min. Typ. Max. Unit |Note
SCLK input clock time Cycle time tscey 4 us
"H" pulse width tsch 2 us
"L" pulse width tscl 2 us
EXCL input clock time Cycle time tevey 4 us
"H" pulse width tevh 2 us
"L" pulse width tevl 2 us
Input clock rising time tckr 25 ns
Input clock falling time tokf 25 ns
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_ tscey =
tckf—» | »la—tckr
SCLK VIH1 /
Vil —
tscl tsch
_ tevey =
tckf | »la—tckr
EXCL VIH1 /
Vil -
tevl " tevh
2. RESET input clock
(Condition: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, ViH=0.5VDD, VIiL=0.1VDD)
Iltem Symbol Min. Typ. Max. Unit |Note
RESET input time tsr 100 us
_ tsr =
SECET —— VH
RESET Vi —\
Power ON reset
(Condition: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C)
Iltem Symbol Min. Typ. Max. Unit |Note
Operating power voltage Vsr 2.4 \%
RESET input time tpsr 10 ms
Vsr
VDD /
— > tpsr
RESET 0.5vop
———0.1vop
Power ON
VDD
m
RESET
ﬁ Vss
1 Because the potential of the RESET terminal not reached Vop level or higher.

EPSON
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e Oscillation Characteristics
Oscillation characteristics change depending on conditions (board pattern, components used, etc.). Use the following char-
acteristics as reference values. In particular, when a ceramic oscillator or crystal oscillator is used for OSC3, use the
oscillator manufacturer’s recommended values for constants such as capacitance and resistance. The oscillation start time
is important because it becomes the wait time when OSC3 clock is used. (If OSC3 is used as CPU clock before oscillation
stabilizes, the CPU may malfunction.)

OSC1 (Crystal)

(Unless otherwise specified: Vpbp=1.8 to 3.6V, Vss=0V, Ta=25°C, Crystal oscillator=Q12C2*, Cc1=25pF, Cp1=Built-in)

Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 3 s
External gate capacitance Coc1 Including board capacitance 5 25 pF
Built-in drain capacitance Cb1 In case of the chip 10 pF
Frequency/IC deviation 0f/aIC | Vobp = constant -10 10 ppm
Frequency/power voltage deviation | af/oV 1 ppm/V
Frequency adjustment range 0f/oCc | VoD = constant, Cc = 5 to 25pF 25 ppm

0 Q12C2 Made by Seiko Epson corporation

0OSC1 (CR)
(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C)
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 100 us
Frequency/IC deviation of/oIC | Rcr = constant -25 25 %

OSC3 (Crystal)
(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, Crystal oscillator=Q21CA301xxx*, RF=1MQ, Cc2=Cp2=15pF)
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 10 ms 1
0 Q21CA301xxx Made by Seiko Epson corporation
Note) 1 The crystal oscillation start time changes by the crystal oscillator to be used, Cc2 and Cb2.

OSC3 (Ceramic)
(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C, Ceramic oscillator=KBR-4.0MSB*, RF=1MQ, Cc2=Cp2=30pF)
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 1 ms 1
0 KBR-4.0MSB Made by Kyocera
Note) 1 The ceramic oscillation start time changes by the ceramic oscillator to be used, Cc2 and Cb2.

0SC3 (CR)
(Unless otherwise specified: Vbp=1.8 to 3.6V, Vss=0V, Ta=25°C)
Item Symbol Condition Min. Typ. Max. Unit |Note
Oscillation start time tsta 100 us
Frequency/IC deviation 0f/0IC | Rcr = constant -25 25 %
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e Characteristics Curves (reference value)

e High level output current-voltage characteristic
Ta = 70°C, Max. value
VDD-VOH [V]
0.0 0.2 0.4 0.6 0.8 1.0

] N

< N
% \
2

\\
N
- . \\

wzs.ev \ VDD = 2.4V

-15

* Low level output current-voltage characteristic
Ta = 70°C, Min. value

° Vbb=3.6V 4 VI‘DD =24V ﬁ: 1.8V
12 /// /

: v e
Y
Iy

0.0 0.1 0.2 0.3 0.4 0.5 0.6
VoL [V]

loL [mA]
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* LCD drive voltage-ambient temperature characteristic
Typ. value

1.05Vces
1.04Vcs
1.03Ves
1.02Vcs
1.01Ves
1.00Vcs
0.99Vcs
0.98Vcs
0.97Vcs
0.96Vcs

0.95Vcs
-50 -25 0 25 50 75 100
Ta [°C]

Vs [V]

* LCD drive voltage-supply voltage characteristic

Connects 1MQ load resistor between Vss and Vcs. (no panel load)
Ta = 25°C, Typ. value

5.0
LCH = FH
Ve

45 /

ol
> L LCH = OH
- 35
g /
> /

3.0 —

25

2.0

1.0 15 2.0 25 3.0 35 4.0
VoD [V]

» LCD drive voltage-load characteristic

Ta =25°C, Typ. value, LCx = 8H
4.35

4.30

4.25

4.20

Vs [V]

4.15

4.10

4.05

4.00

-Ives [pA]
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e In HALT status current consumption temperature characteristic
(During operation with OSC1) <Crystal oscillation, fosc1 = 32.768kHz>

Typ. value
4

3 -
—

By

<
=
E 2
<
=

1

0

-50 -25 0 25 50 75 100

Ta [°C]

e In HALT status current consumption resistor characteristic
(During operation with OSC1) <CR oscillation>

Ta = 25°C, Typ. value
30
25 \\\
20 AN
73 N
=
o 15 ~
2 S~
Iz T~~~
T—
10 ——
5
0
100 1000 10000
Rcr1 [kQ]
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* In executed status current consumption temperature characteristic
(During operation with OSC1) <Crystal oscillation, fosc1 = 32.768kHz>

10

Typ. value

IEXEL [MA]

25
Ta [°C]

50

* In executed status current consumption resistor characteristic
(During operation with OSC1) <CR oscillation>

70

75

100

Ta = 25°C, Typ. value

60 \

Ul
o

N
o

IEXE2 [UA]

w
o

8
/
I,

\

=
o

100 1000

Rcr1 [kQ]

10000
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e In executed status current consumption frequency characteristic

(During operation with OSC3) <Crystal oscillation/Ceramic oscillation>

Ta=25°C
1600
1400 / Max.
1200 /
__1000 ~
< /
=
o 800 -
i
£ 600 7 _—1 P
/ /
200
0
0.0 1.0 2.0 3.0 4.0 5.0
foscs [MHZ]
« In executed status current consumption resistor characteristic
(During operation with OSC3) <CR oscillation>
Ta=25°C
1800
1600
1400 \\
1200
< 1000
Y
< 800 N
o N
- N
600 NN
400 ~
\\\\ ——— | Max.
200 —_—
Typ.
0 \
10 100 1000
RcRr3 [kQ]
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* Oscillation frequency resistor characteristic (OSC1)

1000

Ta = 25°C, Typ. value

N
T
= 100 \\\\\
O
8 BN
N
\
\
10
100 1000 10000
Rcr1 [kQ]
» Oscillation frequency temperature characteristic (OSC1)
Typ. value, Rcr1 = 1500kQ
1000

N
I
X
= 100
(@]
0
Ne)

10

-50 -25 0 25 50 75

Ta [°C]

100

18
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e Oscillation frequency resistor characteristic (OSC3)
Ta = 25°C, Typ. value
10000
\
o~
T~
T~
1000 =
N \\\
< ——
= T~
~~
)
100
10
10 100 1000
Rcr3 [kQ]
e Oscillation frequency temperature characteristic (OSC3)
Typ. value, Rcr3 = 40kQ
10000
N
I
=,
— 1000
O
n
)
100
-50 -25 0 25 50 75 100
Ta [°C]
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NOTICE:

No part of this material may be reproduced or duplicated in any form or by any means without the written permission of Seiko Epson. Seiko
Epson reserves the right to make changes to this material without notice. Seiko Epson does not assume any liability of any kind arising out of
any inaccuracies contained in this material or due to its application or use in any product or circuit and, further, there is no representation that
this material is applicable to products requiring high level reliability, such as, medical products. Moreover, no license to any intellectual
property rights is granted by implication or otherwise, and there is no representation or warranty that anything made in accordance with this
material will be free from any patent or copyright infringement of a third party. This material or portions thereof may contain technology or the
subject relating to strategic products under the control of the Foreign Exchange and Foreign Trade Law of Japan and may require an export
license from the Ministry of International Trade and Industry or other approval from another government agency.

© Seiko Epson Corporation 2003, All right reserved.
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