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Description

The HD66740,112by-80 dotmatrix graphics LCD controller and driver LSI, displays graphics such as
text, kanjiand pictograms. It canbe configuredo drive a dot-matrixliquid crystalunderthe control of the
microprocessor conrected viathe dock-synchronized serial or 4/8-bit bus. The HD66740 has a smocth
verticalscroll displayard a double-heightlisplayfor the remainingit map areas. It fixed-displaysa part
of the graphicsconssothatthe usecaneasilyseea varietyof information.

The HD66740 fas various functions to reduce the power consumption of an LCD system such as low-
voltage opeaionof 1.8 V min., a booder to genaate maximum five-times LCD drive voltage from the
supplied voltage and voltage followers to decrease the dired current flow in the LCD drive bleeda-
resistors.  Combining these ha dware functionswith software functions such as sandby and deep modes
dlows fine power control. The HD66740is suitable for any poitable batery-driven produd requiring

long-termdriving capabilitiessuch as cellulgsthonespagerspr electroniowvallets.
Features
e Controland driveof a graphicd CD
e 112 x 80-dodisplay
« Fixed displayof graphicdcons(pictograms)
e Low-power operatiosupport:
0 Vcc =1.8t03.6V (low voltage)
0 V,cp =4.51t015.0 V(liquid crystaldrive voltage)
O Triple, quadrupleor five-timesboosteffor liquid crystaldrive voltage
O

64-stepcontrast adjuster analtagefollowersto decreaselirectcurrentflow in the LCD drive
bleeder-resistors

O Power-savédunctions suclasthe standbynode andleepmode supported
O Programmable drivduty ratiosandbiasvaluesdisplayedon LCD
* High-speed clock-synchronizaeerialinterface(serialtransferrate:5 MHz max.)
¢ 12C businterface
« High-speed 4-/8-biusinterfacecapability
e 112-segment 80-commorliquid crystaldisplaydriver
e 1,120-byte (11% 80 dotsxharactegeneratoRAM
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* Vertical smoottscroll

< Partialsmoothscroll control (fixed display ofgraphics icons)

« Vertical double-heightisplay byeachdisplay line

e Black-and-white reversedisplay

¢ Wide rangeof instructionfunctions:
O Display on/offcontrol,black-and-whiteeversed

* No wait timefor instructionexecutiorandRAM access

* Internal oscillatiorandhardwarereset

¢ n-raster-row AQiquid-crystaldrive (C-patternwaveformdrive)

« Shift changeof segmentind commorriver

e Tape carriepackaggTCP)

Table 1 ProgammableDisplay Sizesand Duty Ratios
Graphics Display
Duty Optimum 12 x 13-dot 14 x 15-dot 16 x 16-dot
Ratio Drive Bias  Bit Map Font Width ~ Font Width Font Width
1/32 1/7 112 x 32 dots 2 lines x 9 2 lines x 8 2 linesx 7
characters characters characters
1/40 1/7 112 x 40 dots 3 lines x 9 25linesx8 2.5linesx7
characters characters characters
1/48 1/8 112 x 48 dots 3 lines x 9 3linesx 8 3linex7
characters characters characters
1/56 1/8 112 x 56 dots 4 lines x 9 3.5linesx8 3.5linesx7
characters characters characters
1/64 1/9 112 x 64 dots 5 lines x 9 4 lines x 8 4 linesx 7
characters characters characters
1/72 1/9.5 112 x 72 dots 6 lines x 9 45linesx8 45linesx7
characters characters characters
1/80 1/10 112 x 80 dots 6 lines x 9 5 lines x 8 5linesx 7
characters characters characters
HITACHI
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<Target values>

Total Current Consumption Characteristics(Vcc =3V, TYP Conditions, LCD
Drive Power Current Included)

Total Power Consumption

Normal Display Operation

Character R-C
Display Dot Duty Oscillation Frame Internal LCD Sleep  Standby
Size Ratio Frequency Frequency Logic Power Total* Mode Mode
112 x 32 dots 1/32 75 kHz 73 Hz (27 pA) (16 pA) Triple (15 pA) 0.1 pA
(75 UA)
112 x40 dots 1/40 75 kHz 73 Hz (27 pA) (16 pA) Triple (15 pA)
(75 pA)
112 x 48 dots  1/48 75 kHz 74 Hz 27 pA) (16 pA) Triple (15 pA)
(75 pA)
112 x 56 dots 1/56 75 kHz 74 Hz (27 pA) (16 pA) Triple (15 pA)
(75 UA)
112 x 64 dots 1/64 75 kHz 73 Hz 27 pA) (18 pA) Quadruple (15 pA)
(99 pA)
112 x 72 dots 1/72 80 kHz 70 Hz (32 pA) (18 pA) Quadruple (15 pA)
(104 pA)
112 x 80 dots 1/80 90 kHz 70 Hz (35 pA) (20 pA) Five-times (15 pA)
(135 pA)
Note : When a triple, quadruple, or five-times booster is used:
the total power consumption = Internal logic current + LCD power current x 3 (triple booster),
the total power consumption = Internal logic current + LCD power current x 4 (quadruple booster),
and
the total power consumption = Internal logic current + LCD power current x 5 (five-times booster)
Type Name
External
Types Dimensions Bus Interface Operation Voltages
HD66740TBO Bending TCP 4/8-bits parallel and clock synchronized serial 18Vto36V
HD66740WTBO Bending TCP 4/8-bits parallel and 12C bus interface
HCD66740BP Au-bumped chip 4/8-bits parallel and clock synchronized serial
HCD66740WBP Au-bumped chip 4/8-bits parallel and 12C bus interface
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LCD Specification Comparison

(Under development)

Iltems HD66725 HD66728 HD66740
Character display sizes 16 characters x 3 lines 16 characters x 10 lines —

Graphic display sizes 96 x 26 dots 112 x 80 dots 112 x 80 dots
Multiplexing icons 192 — —
Annunciator 1/2 duty: 192 — —

Key scan control 8x4 8x4 —

LED control ports — — —

General output ports 3 3 —

Operating power voltages 18Vto55V 18Vto55V 18Vto36V
Liquid crystal drive voltages 3Vto6V 45Vto15V 45Vto 15V

12C bus

12C bus interface
(HD66740W)

Serial bus Clock-synchronized serial Clock-synchronized serial Clock-synchronized serial

Parallel bus 4 bits, 8 bits 4 bits, 8 bits 4 bits, 8 bits

Expansion driver control Impossible Impossible Impossible

Liquid crystal drive duty ratios 1/2, 10, 18, 26 1/8, 16, 24, 32, 40, 48, 56, 6< 1/8, 16, 24, 32, 40, 48, 56, 6¢
72, 80 72, 80

Liquid crystal drive biases 1/4 to 1/6.5 1/4 to 1/10 1/4 to 1/10

Liquid crystal drive waveforms B B, C B, C

Liquid crystal voltage booster

Single, double, or triple

Triple, quadruple, or five-
times

Triple, quadruple, or five-
times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Incorporated (external)

Liquid crystal drive operational amplifier Incorporated Incorporated Incorporated
Liquid crystal contrast adjuster Incorporated Incorporated Incorporated
Horizontal smooth scroll 3-dot unit — —

Vertical smooth scroll Line unit Line unit Line unit
Double-height display Yes Yes Yes
DDRAM 80x8 160 x 8 —

CGROM 20,736 20,736 —

CGRAM 384 x8 1,120x 8 1,120x8
SEGRAM 96 x8 — —

No. of CGROM fonts 240 + 192 240 + 192 —

No. of CGRAM fonts 64 64 —

Font sizes 6x8 6x8 —

Bit map areas 96 x 26 112 x 80 112 x 80
R-C oscillation resistor/ External resistor, External resistor External resistor
oscillation frequency incorporated (32 kHz) (70-90 kHz) (70-90 kHz)
Reset function External External External

Low power control

Partial display off
Oscillation off

Liquid crystal power off
Key wake-up interrupt

Partial display off
Oscillation off

Liquid crystal power off
Key wake-up interrupt

Partial display off
Oscillation off
Liquid crystal power off

SEG/COM direction switching SEG, COM SEG, COM SEG, COM

QFP package — — —

TQFP package — — —

TCP package TCP-170 TCP-243 TCP-233

Bare chip — — —

Bumped chip Yes Yes Yes

No. of pins 170 243 243

Chip sizes 10.97x2.51 13.67x2.78 9.40 x2.18

Pad intervals 80 pm 70 pm 50 pm
HITACHI
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HD66740 BlockDiagram

OSC1 0OscC2
RESET*—p CPG
TEST —»
Timing generator
Instruction register Instruction
(IR) | decoder >
(
80-bit bidirectional
8 Address > comrlnoll'l lsrﬁ:;t“r):ga}ster
counter COM1/80
IM2-1 (AC) Common COM80/L
driver |
IMO/ID —>»|
CS*—>» System Y Y
interface ‘
RS —>»|_ Clock
synchro- . SEG1/112—
E/WR¥/SCL—| nized LL2:BIt |19 15 it s SEG112/1
serial Data segment||” egment
RW/RD*/SDA -12C bus [ register shift ol driver |
- 4-bit bus (OR) register circuit
- 8-bit bus
DBO0-DB7 8
<> 10 \ AA
/
Character LCD drive
generator RAM voltage
(CGRAM) selector
1,120 bytes A
8
Cl+
Cl- —
c2+ Triple to /
C2- five-times ) |
gg+ booster Parallel/serial converter |
C4+
C4-
VLOUT <€&—
| Contrast adjuster | | Drive bias controller |
Vee > ¥
VTEST1— E I
VTEST3 /+ ; + S
VR 1 ]
R R Ro R P2
Ve ——m—
v v v v
OPOFF V10UT V20UT V30UT  V40UT V50UT  oNDp
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HD66740 Pad Arrangement

- Chip size : 9.40mm x 2.18mm
- Chip thickness : 550um (typ.)
- PAD coordinates : PAD center
- Coodinate origin : Chip center
- Au bump size (pin number is shown in the
lacket)
1)80um x 80um
Dummy1(1) to Dummy2(78),
Dummy3(104), Dummy20(263)
2)45um x 80um
COM34(105) to COM80(119)
Dummy4(120)
Dummy5(121) to Dummy10(126)
Dummy13(241) to Dummy18(246)
Dummy19(247)
COM72(248) to COM58(262)
3)80um x 45um
COMS57(264) to COM1(288)
COM9(79) to COM33(103)
4)35um x 80um
Dummy11(127)
SEG1(128) to SEG112(239)
Dummy12(240)

- Au bump pitch:

Refer PAD coodinate
- Au bump height : 15um(typ.)
- No cross recognition mark

NO.1

Dummy1

GNDDUM

EWRUISCL

RWIRDYSDA

s
a-
vt
ot
wiour
vt
Vieo
wieo
weo
wieo
viout
v2ouT
vaout
vaout
vsout
VTESTL
vresT2
VrEsT3

GnoLUMZ

Dummyz

08I0
6LIZNOD
BLIENOD
1219000
SL/SN0D
SLISWOD
PLILNOD
ELIBNOD
OVITPNOD

6EZINOD

SE/EPNOD
L51vPNi0D
SEISTNOD
SE/9PN0D
VEILINOD
£8/8YN0D
ZE6YNOD
TEI0SHOD
OE/TSHOD

62/25N0D
8Z/ESH0D
Lgvsnod
5215500
52195100
VeILSHOD

O 0 0o O OO0 O

O o0 o oo

Oooo OO0 oo 000000 000

EREEEEE

ERERE]

ol
ol
o
0
ol

NO.288

NO.2

NO.77

NO.78
NO.79

o

0
o
=
ol
o
0
=
ol
]
0
ol
0
0
ol
o
0l

NO.264
NO.263
NO.262

TYPE CODE

HD66740

(Top view)

0299aH

NO.105
NO.104

NO.103
00 0000 0000O000 0 000 0000 00

2258100

910200
0911200

D00 a0 00 000
900 98 99 899
2222222222

6vIZENOD|
sv/EE0o|

0 NO0000A0100000000 ana000 an000a0i000 000000000 00000000000 000000000000 A000 0000 00A00000 00000000 0000000 000000000 00010000000 0 00OA0A0 00010000 00OA00 (00000 000000 0000000000 0
€ € « o

Rev 0.5

Dummy20
comssizs
comsorzz
Comsoizl
come1/20
CoMme2119
come3ng
Comean
Comesil6
comss1s
Coms /112
comesn3
ComeoI2

Bummy1y
Dummy1s

Dummvi3

oummy12
SEGLI2L

Gy
StCuany
SEGH)
SEGuzI21
SEGO122
SEG80123

SEG76137

SEGo/1as
St/
SEGESI48
SEG644Y

SEG57/56
Goor:

SEGav73
SEGI/a
SEG38ITS
SEG37I76
SeGsei/

SeouLL
DummyL
Dummy10
Dummyy
oummys
ummy ¢
Lummys
Dummys
Lummya
Comeon
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HD66740 Pad Coordinate 2000.06.13Ynit : um)

No. PAD NAME X No. PAD NAME X Y No. PAD NAME X Y No. PAD NAME X Y
1 |pummvi 4538 | 930 || 7 |vsour 3834 | -930 |[ 145 |sEG1isies 1930 | 928 || 217 [sEGoors 1679 | o8
2 |GNDDUM -4336 | -930 74 |VTEST1 3936 -930 146 |SEG19/94 1880 928 218 |SEG91/22 -1729 | 928
3 M2 2190 | %0 |[ 7 [viESTZ 2038 | 930 || 147 [SEG2093 1829 | 928 || 29 [sEGo2i21 1779 | 928
4 M1 4045 | 930 || 76 |VTEST3 4120 | 930 || 148 |[SEG21/02 1779 | 928 || 220 |SEG93/20 1829 | 928
5 |IMonD 3915 [ -930 || 77 |enDDUM2 4336 | 930 || 149 [sEG22/01 1729 | 928 || 221 |sEGeans 1880 | 928
6 |vccbum 3813 [ -930 || 78 |pummy2 4533 | 930 || 150 [sEG23/90 1679 | 928 || 222 |sEGesis 1930 | 928
7 loporr 3711 | 930 || % comerz 4538 | 721 || 151 [secoame 1629 | 928 || 228 [sEcoen 1980 | o8
s [resT 3600 | 930 || &0 [comiom 4538 | 661 || 152 [sEcosies 1579 | 98 || 224 [secorne 2030 | 98
9 |oe7 3466 | 030 || & |comivro 4538 | 601 || 153 [sEcosis7 1529 | 928 || 225 [sEcosns 2080 | 98
10 [pB6 3321 | -930 || &2 |comizes 4538 | a1 || 154 |sEG27i86 1479 | 98 || 226 [sEGeva 2130 | 928
11 |pBs 3177 | 930 || & |comiaes 4533 | -a81 || 155 [sEG2s/85 1428 | 928 || 227 |sEGi00i3 2180 | 928
12 |pB4 3032 | -930 || & |comiame? 4533 | -a21 || 156 [sEG20/84 1378 | 928 || 228 |sEGi01/12 2230 | 928
13 |DB3 -2887 | -930 8 |COM15/66 4538 -361 157 |SEG30/83 1328 928 229 |SEG102/11 -2281 | 928
14 |pB2 2742 | 930 |[ 8 |comieres 7538 | 01 || 158 [sEcavez 1278 | 928 || 230 |sEG103/10 2331 | 928
15 [oeL 2507 | 930 || &7 |comiziea 4538 | 240 || 159 [sEcaze1 1228 | 98 || 231 [sEGio49 2381 | 98
16 [oeo 2453 | 930 || &8 |comsies 4538 | -180 || 160 |sEc3aim0 178 | 98 || 232 [secios 2431 | o8
17 |RESET* 2308 | 930 || & |comioe2 4538 | 120 || 161 [sEc3ame 128 | 928 || 238 [seGi067 2481 | o8
18 |Cs* -2163 | -930 0 |COM20/61 4538 -60 162 |SEG35/78 1078 928 234 |SEG107/6 -2531 | 928
19 RS -2018 | -930 91 |COM21/60 4538 0 163 |SEG36/77 1028 928 235 |SEG108/5 -2581 | 928
20 [E/WR*/SCL -1873 | -930 R |COM22/59 4538 60 164 |SEG37/76 977 928 236 |SEG109/4 -2631 | 928
21 [Rwirowspa [-1729 | 930 || s Jcomearss 4538 | 120 || 165 [secasrs o7 | o8 || 237 [secuiom 2682 | 98
2 |ono 1627 | 930 || 94 |comzas 4538 | 180 || 166 [secaora g7 | o8 || 238 [secuuire 2732 | 98
2 |GND 1525 | 930 |[ % |comzsrse 7538 | 200 || 167 [Secaors 527 | 928 || 23 |sEcuizn 2782 | 928
2 |onp 1423 | 030 || 6 |comzerss 4538 | aov || 168 [secavrz 777 | 98 || 20 Joummviz 2836 | 98
25 |GND -1321 | 930 97 |cOM27/54 4538 361 169 |SEG42/71 727 928 241 |DUMMY13 -2981 | 928
26 |GND -1219 | 930 98  |coMm28/53 4538 421 170 |SEG43/70 677 928 242 |DUMMY14 -3041 | 928
27 Josc2 -1117 | 930 9 |COM29/52 4538 481 171 |SEG44/69 627 928 243 |DUMMY15 -3101 | 928
28 |OsC1 -972 -930 100 |COM30/51 4538 541 172 |SEG45/68 576 928 244 |DUMMY16 -3161 | 928
2 |vcc 791 | -930 || 101 |comsiso 4538 | 601 || 173 |secasier 526 | 98 || 245 [pummyviz 3221 | o8
0 |vce 689 | -930 || 102 Jcomsaiae 4538 | es1 || 174 [secaries 476 | 98 || 246 Joummvis 3281 | o8
a1 |vec 587 | -930 || 108 Jcomsaus 4538 | 721 || 175 |secasies 426 | 98 || 247 Joummvie 3431 | o8
2 VCC 285 | 930 || 104 [oUMMY3 753 | 98 || 176 |SEG49I64 36 | 928 || 248 |comraie 3495 | 928
ENEl 332 | -930 || 105 |comzaiar 7336 | 928 || 177 |SEGS063 326 | 928 || 229 |comriio 3555 | 928
4 Cl -230 -930 106 |COM35/46 4276 928 178 |SEG51/62 276 928 250 |COM70/11 -3615 | 928
35 Cl -128 -930 107 |COM36/45 4216 928 179 |SEGS52/61 226 928 251 |COM69/12 -3675 | 928
6 Cl -26 -930 108 |COM37/44 4156 928 180 |SEGS53/60 175 928 252 |COM68/13 -3735 | 928
37 |car 76 | 930 || 100 |comassis 4006 | 928 || 181 |secsase 125 | 928 || 253 |comernna 3795 | 98
B |car 178 | -930 || 110 |comsomz 4036 | 928 || 182 |secssiss 75 | o8 || 254 Jcomesis 3856 | 98
2 |car 280 | -930 || 111 Jcomaonar 3076 | 928 | 183 [secses? > | o2 || 25 [comesne 3916 | o8
40 [C4- 381 -930 112 |COM73/8 3916 928 184 |SEG57/56 -25 928 256 |COM64/17 -3976 | 928
41 |C4- 483 -930 113 |COM74/7 3856 928 185 |SEGS58/55 -75 928 257 |COM63/18 -4036 | 928
42 |C4- 585 -930 114 |COM75/6 3795 928 186 |SEG59/54 -125 928 258 |COM62/19 -4096 | 928
43 [C3+ 687 -930 115 |COM76/5 3735 928 187 |SEG60/53 -175 928 259 |COM61/20 -4156 | 928
4 |ca+ 789 | -930 || 116 |com77ia 3675 | 928 |[ 188 |sEceus2 226 | 928 || 260 [comeor2r 4216 | 98
45 |ca+ 801 | -930 || 117 |com7sra 3615 | 928 |[ 189 [sEce2s1 276 | 928 || 261 [comser2 4276 | 98
46 |cs- 993 | -930 || 118 |com7ar 3555 | 928 |[ 190 [sEceaso 326 | 928 || 262 |comssres 4336 | 928
47 |cs- 1095 | -930 || 119 |comsonn 3495 | 928 |[ 191 [sEceans 376 | 928 || 263 [pummy20 4538 | 98
48 |C3- 1197 -930 120 |DUMMY4 3431 928 192 |SEG65/48 -426 928 264 |COM57/24 -4538 | 721
49 [C2+ 1299 -930 121 |DUMMY5 3281 928 193 |SEG66/47 -476 928 265 |COM56/25 -4538 | 661
50 |C2+ 1401 -930 122 |DUMMY6 3221 928 194 |SEG67/46 -526 928 266 |COM55/26 -4538 | 601
51 |C2+ 1503 -930 123 |DUMMY7 3161 928 195 |SEG68/45 -576 928 267 |COMb54/27 -4538 | 541
2 o> 1605 | -930 || 124 [pUMMYS 3101 | 928 || 196 |sEGe9aa 27 | 928 || 268 |coMsai28 2538 | 481
5 |c2- 1707 | -930 || 125 [pummye 041 | 928 |[ 197 [sEG7043 677 | 928 || 269 |coms2r29 4538 | 421
5 |co- 1809 | -930 || 126 [pumMmY10 2081 | 928 |[ 198 [sEG7ua2 727 | 98 || 270 |comsizo 4538 | 361
5 [C1+ 1911 -930 127 |DUMMY11 2836 928 199 |SEG72/41 =777 928 271 |COM50/31 -4538 | 301
5% |C1+ 2013 -930 128 |SEGU112 2782 928 200 |SEG73/40 -827 928 272 |COM49/32 -4538 | 240
57 |C1+ 2115 -930 129 |SEG2/111 2732 928 201 |SEG74/39 -877 928 273 |COM48/33 -4538 | 180
58 |C1- 2217 -930 130 |SEG3/110 2682 928 202 |SEG75/38 -927 928 274 |COM47/34 -4538 | 120
5 [c1- 2319 | -980 || 131 |sEG4i100 2631 | 928 |[ 208 |sEG6i37 977 | 928 || 275 |comaeras 4538 | 60
0 [c1- 2421 | -980 || 132 |sEGs/108 281 | 928 |[ 204 [sEG77136 1028 | 928 || 276 |comasias 4538 | 0
1 [vLouT 7523 | 930 || 133 [sEGE/07 a1 | 98 || 25 [sEG7eiEs 078 | 928 || 277 [comaarst 2538 | 60
& [VLouT 2625 | 930 || 134 [seG706 281 | 98 || 2% [sEG7oa 1128 | 928 || 278 [comaais 2538 | 120
6 [vLouT 2727 | -930 || 135 |sEG8ios 231 | 928 |[ 207 |sEcsoss 1178 | 928 || 279 [comazias 4538 | -180
64 LOUT 2829 -930 136 |SEG9/104 2381 928 208 |SEG81/32 -1228 928 280 |COM41/40 -4538 | -240
65 LCD 2930 -930 137 |SEG10/103 2331 928 209 |SEG82/31 -1278 928 281 |COM8/73 -4538 | -301
66 LCD 3032 -930 138 |SEG11/102 2281 928 210 |SEG83/30 -1328 928 282 |COM7/74 -4538 | -361
& |vL.cD 3134 | -930 || 139 [sEG121101 230 | 928 |[ 211 [sEcsare 1378 | 928 || 283 |comerrs 4538 | -421
6 |vL.CD 3236 | -930 || 140 |sEG13/100 2180 | 928 |[ 212 [sEcssies 1428 | 928 || 284 |comsize 4538 | -481
6 [viouT 3426 | -980 |[ 141 |sEG14199 2130 | 928 |[ 213 [sEcser2r 1479 | 928 || 285 |comarr7 4538 | 541
70 [v20uT 528 | 920 || 122 [cEG158 2060 | 98 || 24 [sEGs726 1529 | 928 || 2% [comars 2538 | 601
71 [vaouT 3630 | 930 | | 143 |SEG1607 2030 | 958 || 25 [SEG88s 1579 | 928 || 287 [comzrre 2538 | -661
72 40UT 3732 -930 144 ISEG17/96 1980 928 216 ISEG89/24 -1629 928 288 |COM1/80 -4538 | -721
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TCP Dimensions(HD66740TB0)

1/0, Power supply

0.65P x (49 -1)
=31.20 mm

Bending slit
4.0 mm

o
8
09209GH

E/WR*/SCL mmmm—
RW/RD*/SDA ===

VTEST3

O

Dummy

COM1/80
-

COM8/73

CON0 0 17P x (41 - 1)

=6.80 mm
|

COM72/9 0.50 mm

G
SEG109/4
0.16-mm

pitch

v .

|

0.16P x (112 — 1)

OO "R EEEEEEEERER NN

=17.76 mm

SEG4/109
SEG3/110
COM80/1 0.50 mm
COM73/8
COM40/41

- 0.17P x (41 -1)

- =6.80 mm

A

.36 mm

-
o v l

COM9/72

Dummy
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Pin Functions

Table 2 Pin Functional Description

Number of
Signals Pins

110

Connected to

Functions

IM2, IM1 2

GND or V¢

Selects the MPU i

nterface mode:

IM2 IM1 MPU interface mode

"GND" "GND" Clock synchronized serial interface

"GND" "Vcc" 68-system parallel interface

"Vcc"  "GND" 12C bus interface

"Vec"  "Vee"  80-system parallel interface

IMO/ID 1

GND or V.

Selects the transfer bus length for a parallel bus

interface.

GND: 8-bit bus, Vcc: 4-bit bus
Inputs the ID of the device ID code for a serial bus anc

I12C bus interface.

Cs* 1

MPU

Selects the HD66740:
Low: HD66740 is selected and can be accessed
High: HD66740 is not selected and cannot be

accessed

Must be fixed at GND level when not in use.

RS 1

MPU

Selects the register for a parallel bus interface.

Low: Instruction

High: RAM access

Must be fixed at GND level when not in use.

E/WR*SCL 1

MPU

For an 80-system parallel bus interface, serves as a
write strobe signal and writes data at the low level.
For a 68-system parallel bus interface, serves as an
enable signal to activate data read/write operation.
Inputs the serial transfer clock for a serial interface.
Fetches data at the rising edge of a clock.

RW/RD*/ 1
SDA

| or
1/0

MPU

For an 80-system parallel bus interface, serves as a
write strobe signal and reads data at the low level.
For a 68-system parallel bus interface, serves as a

signal to select data read/write operation.

Low: Write

High: Read

Serves as the bidirectional serial transfer data for a

serial interface.

Sends/Receives data.

Downloaded from Elcodis.com electronic components distributor
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Table 2
Number of

Signals Pins

110

Pin Functional Description (cont)

Connected to

Functions

DBO-DB7 8

1/0 or

MPU

Serves as a bidirectional data bus for a parallel bus
interface.
For a 4-bit bus, data transfer uses DB7-DB4

Must be fixed at GND level when serial interface mode
is used.

COM1/80-
COM80/1

80

LCD

Common output signals for graphics display: COML1 tc
COMS for the first line, COM9 to COM16 for the
second line, COM17 to COM24 for the third line,
COM25 to COM32 for the fourth line, and COM73 to
COMBO for the 10th line. All the unused pins output
unselected waveforms. In the sleep mode (SLP = 1) ol
standby mode (STB = 1), all pins output GND level.
The CMS bit can change the shift direction of the
common signal. For example, if CMS = 0, COM1/80 is
COML1. If CMS = 1, COM1/80 is COM80.

Note that the start position of the common output (the
first line) is shifted by CN1—-CNO bits.

SEG1/112—-
SEG112/1

112

LCD

Segment output signals for graphics display. In the
sleep mode (SLP = 1) or standby mode (STB = 1), all
pins output GND level.

The SGS bit can change the shift direction of the
segment signal. For example, if SGS = 0, SEG1/112 i
SEGL1. If SGS =1, SEG1/112 is SEG112.

V10UT-V5 5
ouT

lorO

Open or
external
bleeder-resistor

Used for output from the internal operational amplifiers
when they are used (OPOFF = GND); attach a
capacitor to stabilize the output. When the amplifiers
are not used (OPOFF = V), V1 to V5 voltages can b
supplied to these pins externally.

VLCD 3

Power supply

Power supply for LCD drive. V., — GND = 15 V max.

Ve, GND

Power supply

Ve +1.8 V to +3.6 V; GND (logic): 0 V

0OSC1, 2
0SsC2

Oscillation-
resistor or clock

For R-C oscillation using an external resistor, connect
an external resistor. For external clock supply, input
clock pulses to OSC1.

Vi 5

Power supply

Inputs a reference voltage and supplies power to the
booster; generates the liquid crystal display drive
voltage from the operating voltage. The boosting
output voltage must not be larger than the absolute
maximum ratings.

Must be left disconnected when the booster is not
used.

VLOUT 3

V, ¢ pin/booster

Potential difference between Vci and GND is triple- to

Downloaded from Elcodis.com electronic components distributor

capacitance five-times-boosted and then output. Magnitude of
boost is selected by instruction.
HITACHI

10


http://elcodis.com/parts/6192179/hd66740.html

HD66740

Table 2 Pin Functional Description (cont)
Number of

Signals Pins I/0 Connected to Functions

Cl+,C1- 8 — Booster External capacitance should be connected here for

capacitance boosting.

C2+,C2- 6 — Booster External capacitance should be connected here when

capacitance using the triple or more booster.

C3+,C3- 6 — Booster External capacitance should be connected here when

capacitance using the quadruple and five-times booster.

C4+,C4- 6 — Booster External capacitance should be connected here when

capacitance using the five-times booster.

RESET* 1 | MPU or external Reset pin. Initializes the LS| when low.

R-C circuit

OPOFF 1 Ve or GND Turns the internal operational amplifier off when
OPOFF =V, and turns it on when OPOFF = GND. If
the amplifier is turned off (OPOFF = V), V1 to V5
must be supplied to the V1OUT to V50UT pins.

VcecDUM 1 (@) Input pins Outputs the internal V. level; shorting this pin sets th
adjacent input pin to the V. level.

GNDDUM 1 O Input pins Outputs the internal GND level; shorting this pin sets
the adjacent input pin to the GND level.

Dummy 5 — — Dummy pad. Must be left disconnected.

TEST 1 | GND Test pin.  Must be fixed at GND level.

VTEST1 1 | GND or V¢ Adjusts the driving capability of the internal operationa
amplifier for the LCD. This signal enters the normal
drive mode in the GND side, and it enters the high-
power drive mode in the V. side. When the display
quality is not sufficient, use the high-power drive mode
even though the power-consumption current is large.

VTEST2 1 — — Test pin.  Must be left disconnected.

VTEST3 1 Ve or GND Adjusts the driving capability of the internal operationa

amplifier for the LCD. This signal enters the normal
drive mode or high-power mode in the GND side
according to the VTEST1 pin setting, and it enters the
low-power drive mode in the V. side. Use this signe
in the low-power mode so that the display quality is nc
lowered.

Downloaded from Elcodis.com electronic components distributor

HITACHI

11


http://elcodis.com/parts/6192179/hd66740.html

HD66740

Block Function Description

System Interface

The HD66740 has six types of system intefaces, and acdock-synchronzed srial, an 12C businteface a
68-system 4-bit/8-bit bus, and a 80-system 4-hit/8-bit bus. The interfacemade is sdected by the IM2-0
pins.

TheHD66740 haswo 8-bitregistersan instructionmegister(IR) and a dataegisteDR).

The IR stores instruction codes, such as dea display, display control, end aldressinformation for the
display charactegeneratoRAM (CGRAM).

The DR temporarily stores data to be written into the CGRAM. Data written into the DR fromthe MPU is
automaticallywritten intothe CGRAM by internaloperation Whenaddressnformationis written intothe
IR, datais read andhen storedn the DRfrom the CGRAMby internaloperation Datais read throughhe
DR whenreadingfrom theRAM, and thefirst readdatais invalid and thesecondand thefollowing dataare
nomal. After reading, daainthe CGRAM & the next addressis sent to the DR for the next realing rom
the MPU.

Exeaition timefor instructionexcluding dea display is 0 dock cycle and instructions can bewritten in

succession.

Table 3 RegisterSelectionby RSand R/W Bits

R/W Bit RS Bit Operations

0 0 Write instructions to IR

1 0 -

0 1 DR write as an internal operation (DR to CGRAM)
1 1 DR read as an internal operation (CGRAM to DR)
Address Counter(AC)

Theaddress counter (AG@ssignsaddresset the CGRAM. Whenanaddress sahstructionis written into
the IR,the addresmformation issentfrom the IRtothe AC.

After writinginto the CGRAM, the AC isautomaically incremented by 1 (or decremented by 1). After
readingfrom the datathe RDMbit automaticallyupdatesr doesnotupdatethe AC.

Character Generator RAM (CGRAM)
The CGRAM servesasa RAMto store 112x 80-dotbit patterndatain the graphicgdisplaymode. Here,
display patternaredirectly written into CGRAM. For detailsseethe GraphicsDisplay section.

Timing Generator

The timing generator generatestiming signds for the opeaionof internal drcuits such as the CGRAM.
TheRAM readtiming for displayandinternaloperatiortiming by MPU accessaregeneratedeparatelyo
avoid interference with one another. This prevents flickering in areas othe than the display ereawhen

writing data to theCGRAM, for example.

HITACHI
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HD66740

Oscillation Circuit (OSC)

The HD66740 an provide R-C ogillation simply through te addition of an externd oscillation-resistor
betweerthe OSC1 and OSC2 pingheappropriatescillationfrequencyfor operatingvoltage displaysize,
and frame frequency can be obtained by aljusting the externd-resistor vaue. Clock pulses can dso be
supplied externdly. Since R-C odillation stops during the standby npde current consumption @n be

reduced. Fodetails,seethe Oscillationcircuit section.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit condsts of 80 common dgnd drivers (COM1 to COM80) and 112
segment signd drivers (SEG1 to SEG112). When the number of lines are sdected by a program, the
required common sgnd drivers automatically outputdrive waveforms while the othe common signd
drivers continudo outputunselectedvaveforms.

Graphics daaissent serially through all2bit shift regiger and latched when dl needed déata has arrived.
Thelatcheddatathen enablethe segmensignaldriversto generatelrive waveformoutputs.

The shiftdirection of112-bitdatacanbe changedyy the SGShit. The shiftdirection forthe commondriver
can dso be changal by the CMS bit by seding ax gopropiae diredion for the device mounting
configuration.

Whendisplayis off, or during thestandby osleepmode,all the abovecommonandsegmensignaldrivers

outputthe GNDlevel, haltingthe display.

Booster (DC-DCConverter)

The booger generates triple, qualruple, or five-times voltage input to the Vci pin. With this both the
internallogic units and LCDdriverscanbe controlledwvith a singlepowersupply.Boostoutputlevel from
triple to five-times boog can besdeded by software. For ddail s, seethe Power Supply for Liquid Crystd

Display Drivesection.

V-Pin Voltage Follower

A voltagefollower for eachvoltagelevel (V1 to V5) reduces currertonsumptiorby the LCD drive power
supply circuit. No externd resistors are required beause of the internal bleede-resstor, which generates
different levelsof LCD drive voltage.Thisinternalbleeder-resistocanbe software-specifieilom 1/4bias
to 1/10 biasaccordingto theliquid crystaldisplaydrive duty value.Thevoltagefollowerscanbeturnedoff
while multiplexing dive is notbeéng used. For ddails, see the Power Supply for Liquid Crystd Display

Drive section.

Contrast Adjuster
The contrast adjuster can be used to adjust LCD contrast in 64 steps by varying the LCD drive voltage by

software This carbe usedto select arappropriatdCD brightnessor to compensatéor temperature.

HITACHI
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RelationshipbetweenDisplay Position and CGRAM Address(1)

HD66740
CGRAM Address Map

Table 4
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HITACHI

A set bit in CGRAM data 1 corresponds to display selection (lit) and O to non-selection (unlit).

Notes: 1.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192179/hd66740.html

HD66740

Relationship betweenDisplay Position and CGRAM Address(2)

Table 5
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HITACHI

A set bit in CGRAM data 1 corresponds to display selection (lit) and 0 to non-selection (unlit).

Notes: 1.
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HD66740

Instructions

Outline

Only the instructionregider (IR) and the daa regiger (DR) of the HD66740 can becontrolled by the
MPU. Before stating internal opeation of the HD66740,control information is temporarily stored in
these regigers to dlow intefadng with various peipheal control devices or MPUs which opede a
different speeds The internal opeaionof the HD66740 & ddermined by sgnds sent fromthe MPU.
Thesesignals,whichincludethe registeselectiorsignal(RS),the read/writesignal (R/W), andthe data
bussignd (DBO to DB7), make up the HD66740instructions There are four categories of instructions
that:

e Control thedisplay

e Control powemanagement

¢ SetinternaRAM addresses

¢ Transfer datavith theinternalRAM

Normally, instructions that perform data trander with the internal RAM ae used the most. However,
autoincrementatiomy 1 (orauto-decrementatioby 1) of internalHD66740RAM addresseaftereach
data writecanlightenthe MPU programnioad.

Becauseénstructions arexectiedin 0 cycle,instructions came written in succession.

HITACHI
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HD66740

Instruction Descriptions

Start Oscillation

The stat oscillation instruction restarts the oscillator from the hdt state in the ssandby node After
issuing this instruction, wait & least 10 msfor oscillation to stabilize bef ore issuing the next instruction.
(See theStandby Modesection.)

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 0 0 1 1

Figure 1 Start Oscillation Instruction

Driver Output Control

CM S Sdeds the outputshift diredion of acommon diver. When CMS = "0", COM1/80 difts to
COM1, and COM80/1 to COM80. When CMS = "1", COM1/80shifts to COM80, and COM80/1 to
COM1. Output postion of acommon diver shifts dgpending onthe CN1-0 bi setting. For ddail s,
see theDisplay On/Off Controlsection.

SGS: Sdeds the output shift diredion of a segment driver. When SGS = "0", SEG1/112 diftsto
SEG1, and G112/ to SEG112. When SGS = "1", SEG1/112 shifts SEG112, and FEG112A to
SEG1.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 0 1 |CMS SGS

Figure 2 Driver Output Control Instruction

HITACHI
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HD66740

Power Control

AM P: When AMP = 1, each voltage foll ower for V1 to V5 pinsand the booser areturned on. When
AMP =0, current consumptioganbereducedvhile the displays notbeing used.

SLP: WhenSLP =1, the HD6674Centerghe sleepnode wherethe internabperationsare haltedexcept
for theR-C oscillator, thus reducirgurrentconsumption. Fordetails,seethe Sleg Mode sectionOnly
the powercontrol (AMP, SLP,and STBbits)instructioncanbe executeduring the sleepmode.

During the sleep mode the otha RAM daa and instructions cannot be updaded dthough hey are
retained.

STB: WhenSTB =1, the HD6674Cenersthe standbynode wheredisplayoperationrcompletelystops,
halting allthe internaloperationsncluding theinternalR-C oscillator. Further,no externalclock pulses
are supplied. Fordetails,seethe Standbyvode section.

Only the followinginstructions carbe executedluringthe standbynode.

a. Standby modeancel(STB=0)
b. Voltage followercircuit on/off (AMP = 1/0)
c. Start oscillation

During the standbynode the otheRAM dataandinstructionamay belost. To preventthis,they mustbe
setagainafterthe standbynode iscanceled.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 1 |AMP|SLP|STB

Figure 3 PowerControl Instruction

HITACHI
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HD66740

Contrast Control 1/2
SW: Switchesthe bitconfigurationfor the contrastontrolinstruction.

CT4-CT0: When SW = 0, they control the LCD drive voltage (potential difference beween V1 and
GND) to adjust contrast. A 64-step adjustment isdso possible by usng the CT5 bit which are set inthe
entrymode registerf-or details,seethe ContastAdjustersection.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

CT4|CT3| (SW=0)

ol ol 0| o0o|lO0]| 1| o0]|SW
BT1|BTO | (SW=1)
olol ol olol 1l CT2 |CT1|CTO | (SW =0)
BS2|BS1/BSO | (SW=1)

Figure 4 Contrast-Control 1/2Instruction

HD66740

VLCD
oD |

Vi
V2
V3

V4
V5
oCGND] GND

Figure 5 Contrast Adjuster

HITACHI
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HD66740

Table 6 CT Bits and Variable ResistorValue of Contrast Adjuster

CT Set Value

CT5 CT4 CT3 CT2 CT1 CTO Variable Resistor (VR)
0 0 0 0 0 0 3.20xR
0 0 0 0 0 1 3.15xR
0 0 0 0 1 0 3.10xR
0 0 0 0 1 1 3.05xR
0 0 0 1 0 0 3.00xR
0 1 1 1 1 1 1.65xR
1 0 0 0 0 0 1.60xR
1 0 0 0 0 1 1.55xR
1 0 0 0 1 0 150 xR
1 1 1 1 0 1 0.15x R
1 1 1 1 1 0 0.10x R
1 1 1 1 1 1 0.05xR

BT1-0: WhenSW= 1, they switchthe outpubf V50UT betweertriple, quadrupleandfive-timesboost.
The ligud aystal display drive voltage level canbe sdeded acoording toits drive duty ratio and bias.
A loweramplificationof the booster consumes lessrrent.

BS2-0: When SW =1, they st the arystal display drive bias vadue withinthe rangeof 1/4to 1/10bias.
Theliqud crystal display diive bias vdue canbe sdeded ecoording toitsdive duty ratio and volege
Fordetails,see thd.iquid CrystalDisplay Drive Bias Selector section.

Table 7 BT Bits and Output Level

BT1 BTO V50UT Output Level
0 0 Triple boost

0 1 Quadruple boost

1 0 Five-times boost

1 1 Setting inhibited

HITACHI
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HD66740

Table 8 BS Bits and LCD Drive Bias Value

BS2 BS1 BSO Liquid Crystal Display Drive Bias Value
1/10 bias drive

1/9.5 bias drive

1/9 bias drive

1/8 bias drive

1/7 bias drive

1/6 bias drive

1/5 bias drive

1/4 bias drive

P k|| Ol O O|O
P P O|O|F|F,| O|O
P O/, O|FR,|O|F,|O

HITACHI
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HD66740

Entry Mode

REV: Displays dl graphicsdisplay sectionswith black-and-whitereversal when SW=0 and REV =1.
For detailsseethe Reversedisplay Functionsection.

I/D: WhenSW= 0,incrementg!/D = 1) or decrement$l/D = 0) the CGRAM addresby 1 when adata
is writteninto or readfrom the CGRAM.

CT5: Setsthe most significant bit (CT5) for contrast adjustment when SW = 1. A 64-step adjustment is
also possibldy usingthe CT4-CTObits which areset inthe contrast-controll/2 instruction.

RDM: When SW =1 and RDM = 0, the RDM increments or decrements the address counter vaue
acording to the I/D hit setting ater realing the data from the CGRAM. When RDM =1, the address
countevalue is noupdated aftethe data habeernreadfrom the CGRAM. Theaddresgountewvalue
is used when the RAM data is real, madified, end written. ~ Sincethefirst real dataisinvdid, therea
must be continuoudy donetwice. After writing to the RAM, the address counter vaue must be
updated.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

REV|I/D| 1 |(SW=0)
CT5RDM| 0 |(SW=1)

0 0 0 0] 1 0 0

Figure 6 Entry Mode SetlInstruction

HITACHI
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HD66740

Display On/Off Control

D: Display isonwhen SW =0 and D = 1 and off when D = 0. When off, the display data remainsin the
DDRAM or CGRAM, and can be displayed instantly by stting D=1. When D is0, the display is off
withthe SEG1 to SEG112outpusand COM1to COM80outpus set tothe GND level. Becaise of this
the HD6674Qancontrol chargingcurrentfor the LCDwith AC driving.

DL10: When SW=0, DL10 can beset. When DL10= 1, the 10thline is displayedat doubleheight.

DL9-DL7: When SW =1, DL9-DL7 can beset. Double-hdght display isspecified for any display
line. WhenDL7 =1, the seventHine is displayedat doubleheight. Double-heightlisplayis usedfor
the @ghth line when DL8 =1 and for the ninth linewhenDL9 =1.
first to the sixth lines,controlthemby usingDL1-DL6 bits inthe display-linecontrolinstruction.

For doubk-hdghtdisplay for the

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

D |pLio] 0 |(sw=0)
0l 0p0p 01 110 59pspL7|(sw=1)
Figure 7 Display On/Off Control Instruction
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Display Line Control

NL 3-0: Set NL2—NLO bitswhen SW = 0, and the NL3 bit when SW = 1 to specify the display lines.
Display lines changethe liquid crystal display drive duty ratio. CGRAM address mgpping dos not
depend orthe numberof display lines.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

NL2 |NL1|NLO| (SW=0)
CN1|CNO|/NL3]| (SW =1)

0 0 0 0 1 1 1

Figure 8 Displayline Control Instruction
Table 9 NL Bits and Display Lines

Graphics LCD Drive  Common
NL3 NL2 NL1 NLO Display Duty Driver Used
112 x 8 dots 1/8 Duty COM1-COM8
112 x 16 dots ~ 1/16 Duty COM1-COM16
112 x 24 dots 1/24 Duty COM1-COM24
112 x 32 dots  1/32 Duty COM1-COM32
112 x 40 dots ~ 1/40 Duty COM1-COM40
112 x 48 dots ~ 1/48 Duty COM1-COM48
112 x 56 dots  1/56 Duty = COM1-COM56
112 x 64 dots ~ 1/64 Duty COM1-COM64
112 x 72 dots ~ 1/72 Duty COM1-COM72
112 x 80 dots  1/80 Duty COM1-COM80

Rk lOoO|lolojlojo|lo|o|o
olo|r|rR|Fr|r|lojlo|o|o
o|lo|r|r|O|O|R|r|O|O
Rrlo|lRr|O|lR|O|R|O|RL|O

CN1-CNO: SetCN1-CNObitswhen SW= 1. WhenCN1-0= 01,the displaypositionis shiftedby 16
dotsbelow and displagtartsfrom COM17. Whentheliquid crystalis drivenatlow dutyin the system
wait state it can display patially & the center of the screen.  For deails, seethe Patid-display-on
Function section.

When CN1-CNG- 10, thedisplay positionis shifted by 8 dotsabove andecond-linadisplay start§rom
COM1. The 8 dots of thefirst lineare moved tothe lowest edgeof the display screen.  The output
postion of the lowest edgedependson the drive duty setting. In verticd smooh <rolli ng, PSI-P0
bits canselectively fixed-display only thiérst to thethird lines. Combiningthesefunctionsenableghe
fixed displayof oneline of thelowest edge. Fordetails,seethe Partial Smooth ScroDisplay Function
section.
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Table 10 Common Driver Pin Function

Common Driver Pin Function

CN1-0=00 CN1-0=01 CN1-0=10
(Normal Output) (Center Output) (Lowest-edge Output)

Common
Driver Pin CMS=0 CMS=1 CMS=0 CMS=1 CMS=0 CMsS=1
COM1/80 coM1 COM80 COM65 COM64 COM9 COM8
COM2/79 COM2 COM79 COM66 COM63 COM10 Com7
COoM7/72 com7 COM74 COoM71 COM58 COM15 COM2
COM8/73 COoMS8 COM73 COM72 COM57 COM16 COoM1
COM9/72 COM9 COM72 COM73 COM56 comi17 COoMm80
COM10/71 COM10 COM71 COM74 COM55 CcOom18 COM79
COM15/66 COM15 COM66 COM79 COM50 COM23 COM73
COM16/65 COM16 COM65 COM80 COM49 COM24 COM72
COM17/64 COM17 COMe64 coM1 COM48 COM25 COM71
CcOM18/63 CcOMm18 COM63 COM2 com47 COM26 .

. . . . . . COM66
COM24/57 COM24 COM57 Ccoms8 COM41 COM32 COM65
COM25/56 COM25 COM56 COM9 COM40 COM33 COM64
COM32/49 COM32 COM49 COM16 COM33 COM40 COM57
COM33/48 COM33 COm48 COM17 COM32 COMm41 COM56
COM40/41 COM40 COm41 COM24 COM25 COMm48 COM49
COM41/40 CcOom41 COM40 COM25 COM24 COM49 COm48
COM48/33 CcOm48 COM33 COM32 com17 COM56 COm41
COM49/32 COM49 COM32 COM33 COM16 COM57 COM40
COM56/25 COM56 COM25 COM40 COM9 COM64 COM33
COM57/24 COM57 COM24 COom41 COM8 COM65 COM32
COM64/17 COM64 CcoM17 com48 CoM1 COM72 COM25
COM65/16 COM65 COM16 COM49 COMS80 COM73 COM24
COM72/9 COM72 COM9 COM56 COM73 Ccom80 comi17
COM73/8 COM73 Ccoms8 COM57 COM72 COoM1 COM16

. . . . . COM2 COM15
COM79/2 COM79 COM2 COM63 COM66 . .
COM80/1 COMS80 comi COM64 COM65 COMS8 COM9

Double-height DisplayControl

DL3-1: Canbespecifiedwhen SW=0. Specifythe double-heightlisplayfor anyline. WhenDL1 =
1, the first lineis displayed a doublk haght When DL2 = 1, the second line isdisplayed a double
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height. WhenDL3 =1, thethird line is displayedat doubleheight. Double-heightisplayof multiple
lines ispossible. For detailsseethe Double-héght Display section.

DL6-4: Canbespecifiedwhen SW= 1. Specifythe double-heightlisplayfor anyline. WhenDL4 =
1, the fourth line is displayed a doubke heght. When DL5 = 1, the fifth lineis displayed a double
haeght When DL6 = 1, the sixth lineis displayed a doubk haght. For the seventh to 10th lines,
control doubk-heght display by usng the DL7—DL 10bits in the display-line control instruction. For
details, se¢he Double-heighDisplay section.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DL3[DL2[DL1]| (SW=0)
0| 0] 0 1] 0| 0| 0 p5DI5pLal (SW=1)

Figure 9 Double-height Display Control Instruction
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Vertical Scroll Control 1/2

SN3-0: Set SN2 to SNO bitswhen SW= 0. Setthe SN3bit whenSW =1. Spedfy the display start
lineoutputfromCOM1. Becaise the CGRAM isassgnal a104ine display area the daais displayed
sequentiallyfrom the firstlineto the 10tHine then repeateftom the firstline again. In partialsmooth
scrolling, these bits spedify the display start linefor the next lineof the fixed-display line  For detail s,
seethe Partial Smooth ScroDisplay Functionsection.

SL2-0: Sdect the top raster-row to be displayed (display-dart raster-row) in the display-start line

specifiedby SN2to SNO. Any raster-rowfrom the firstto eighthcanbe selected (tabl&2). Thisfunction
is usd to achieve verticd smooth scrolling togeher with SN2 to SNO. For ddails, seethe Verticd

Smooth Scrolsection.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 110 0 1 SN2 |SN1|SNO | (SW=0)
<0>|<0>|SN3 | (SW=1)

SL2|SL1 |[SLO | (SW =0)
o| o] 0] 1|0 11 0 [5|ps1|Pso (SW=1)

Figure 10 Vertical Scroll Control 1/2Instruction

Table 11  SNBits and Display-start Lines

SN3 SN2 SN1 SNO Display-start Line

0 0 0 0 1st line

0 0 0 1 2nd line

0 0 1 0 3rd line

0 0 1 1 4th line

0 1 0 0 5th line

0 1 0 1 6th line

0 1 1 0 7th line

0 1 1 1 8th line

1 0 0 0 9th line

1 0 0 1 10th line
HIT@CHI
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Table 12  SL Bits and Display-start Raster-row

SL2 SL1 SLO Display-start Raster-row
0 0 0 1st raster-row
0 0 1 2nd raster-row
0 1 0 3rd raster-row
0 1 1 4th raster-row
1 0 0 5th raster-row
1 0 1 6th raster-row
1 1 0 7th raster-row
1 1 1 8th raster-row

PS1-0:SpecifyPS1to PSObitswhenSW=1. WhenPS1-0= 01, only thefirst lineis fixed-displayed
in verticalsmoothscrolling,andthe othedisplaylinesare smooth-scrolled. WhenPS1-0= 10, the first
and second lines are fixed-displayed. When PS1-0 = 11, the first to third lines are fixed-displayed.
For detailsseethe Partial SmoothScroll DisplayFunctionsection.

LCD-Driving-Pattern Control

B/C: WhenSW=1and B/C=0,a B-patterrwaveformis generate@nd alternates everyframefor LCD
drivin.  When B/C=1, a C-patern wavefrom is generated and dternates (n-raster-row reversed AC
drive) inead raster-row spedified by bits EOR and NW4-NWOin the LCD-driving-waveform control
register. Fordetails seethen-raster-ronReversedAC Drive section.

DCC: WhenSW=1andDCC=0,a boosterperatewith the 64-dividedclock of the operatingrequency.
When DCC=1, the booder opedaes with the 32divided dock. When the booder opeates with the
64-dividedclock, currentconsumptionirthe boostetis low, butboostingability is weak.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

o/l o] o0o| 1| 1| 1] of| o |pcc|BiC |(SW=1)

Figure 10a LCD-Driving-Waveform Control Instruction

LCD-Driving-Waveform Control

EOR: Whenthe C-patternwaveformis set(B/C = 1) andSW= 1 andEOR= 1, the odd/even frame-select
signds and the n—aster-row reversed signds are EORed for dternaingdrive. EOR is used when the
LCD isnot dternated by combiningthe set vdues of the LCD drive duty ratio and nraster-row. For
details,see then-raster-ronReversedAC Drive section.

NW4-0: Specify thenumber ofraster-rows thatwill alternateat the C-patternvaveform settingB/C =
1). NWA4-NWO dternate inevery set vdue + 1 raster-row, and the first to the 32nd aster-rows can be

sdeded. When SW =0, bits NW2, NW1, and NWO can beset. When SW = 1, bitsNW4 and NW3

can beset.
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R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

ololol 1! 111l 1 NW2INW1|NWO/| (SW = 0)
EOR [NW4|NW3| (SW = 1)
Figure 11 LCD-Driving-Waveform Control Instruction
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RAM Address Set

AD10-0: Initially set RAM addresses tothe addresscounter (AC). Oncethe RAM ddais written, the
AC is automatically updaed aoording to the I/D bit. This dlows consaltive accesses without
resetting aldreses.  Once the RAM daais real, the AC is automatically updaed acording to the I/D
bit when RDM = 0, and not updded when RDM = 1. Set RDM to 1 when real, modify, and write are
donein everyone-byte data. RAM address setting notallowedin the sleepmodeor standbymode.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 0 1 |AD10JAD9|AD8|AD7|AD6

0 0 1 1 |AD5|AD4|AD3|AD2|AD1 ADO

Figure 12 RAM AddressSetlInstruction

Table 13  AD Bits and CGRAM Settings

AD10-ADO CGRAM Setting

"000"H-"06F"H Bit map data for COM1 to COM8
"080"H-"0EF"H Bit map data for COM9 to COM16
"100"H-"16F"H Bit map data for COM17 to COM24
"180"H-"1EF"H Bit map data for COM25 to COM32
"200"H-"26F"H Bit map data for COM33 to COM40
"280"H-"2EF"H Bit map data for COM41 to COM48
"300"H-"36F"H Bit map data for COM49 to COM56
"380"H-"3EF"H Bit map data for COM57 to COM64
"400"H-"46F"H Bit map data for COM65 to COM72
"480"H-"4EF"H Bit map data for COM73 to COM80

Write Data to RAM

WD7-0 : Write 8-bit data to the CGRAM. After a write, the addressis automatically incremented or
decremented by 1 aoording tothe I/D bit setting. During the deepand gandby nodes, the CGRAM
cannot beaccessed.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

‘ 0 ‘ 1 ‘WD7‘WD6‘WD5‘WD4‘WD3‘WD2‘WD1‘WDO‘

Figure 13 Write Datato RAM Instruction
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Read Datafrom RAM

RD7-0 : Read8-bit datafrom the CGRAM.In the parallebusinterfacemode the first-bytedataread will
be invdid immediady &ter the RAM addressset, and the conseaitive secondbyte daa will be read
normally. In the serial intefacemaode or 12C bus interfacemode, two bytes will be invaid immediatdy
dter the stat byte, and the conseaitive third-byte data will be read normally. For detail s, see the Serial
Data Transfer section.

After a RAM real, when RDM = 0, the address is automaically incremented or decremented by 1
accordingto the I/D bit. WhenRDM = 1, the address notupdated.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 1 | RD7| RD6|RDS| RD4| RD3| RD2| RD1| RDO

Figure 14 ReadData from RAM Instruction

| Address: N set | | Start byte |
Y Y

First byte | Dummy read (invalid data) | | Address: N set |
Y Y

Second byte | Read (data of address N) | | Start byte |
‘ Y

Address: N+1 (RDM = 0) First byte | Dummy read (invalid data) |
Address: N (RDM = 1) +

i) Parallel bus interface mode Second byte | Dummy read (invalid data) |
Y

Third byte | Read (data of address N) |
\

Address: N+1 (RDM = 0)
Address: N (RDM = 1)

i) Serial interface mode

Figure 15 RAM Read Sequence
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Table 14  Instruction List

Execu-

Register Code tion
Name R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
Start oscillation 0 0 0 0 0 0 0 0 1 1 Starts the oscillation standby —

mode.
Driver output 0 0 0 0 0 0 0 1 CMS SGS Selects the common driver 0
control shift direction (CMS) and

segment driver shift direction

(SGS).

Power control 0 0 0 0 0 0 1 AMP SLP STB Turns on LCD power supply 0
(AMP), and sets the sleep
mode (SLP) and standby
mode (STB).

Contrast control 1 0 0 0 0 0 1 0 SW CT4 CT3 Setstheregister selection 0
(SW) or upper contrast
adjustment bits (CT4-3).

BT1 BTO Sets the register selection 0
(SW) or boost level (BT1/0).

Contrast control 2 0 0 0 0 0 1 1 CT2 CT1 CTO Sets the lower contrast 0
adjustment bits (CT2-0).

BS2 BS1 BSO Setsthe LCD bias value 0
(BS2-0).

Entry modeset 0 0 0 0 1 0 0 REV IID 1 Sets the black-and-white 0
reversal (REV) and address
update direction after RAM
access (I/D).

CT5 RDM 0 Sets the higher contrast 0
adjustment bit (CT5) and
read modify write (RDM).
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Table 14  Instruction List (cont)
Execu-
Register Code tion
Name R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
Display on/off 0 0 0 0 1 1 0 D DL10 O Sets display on (D) and 0
control double-height display line
(DL10).
DL9 DL8 DL7 Specifies double-height 0
display lines (DL9-DL7).
Display line 0 0 0 0 1 1 1 NL2 NL1 NLO Setsthe numberof display 0
control lines (NL2-0).
CN1 CNO NL3 Specifies centering (CN1-0) 0
or the number of display lines
(NL3).
Double-height 0 0 0 1 0 0 0 DL3 DL2 DL1 Specifies double-height 0
display control display lines (DL3-1).
DL6 DL5 DL4 Specifies double-height 0

display lines (DL6-4).

Vertical scroll

0 0 0 1 0 0 1 SN2

SN1

SNO

Sets the display-start line 0

control 1 (SN2-0).
<0> <0> SN3 Sets the display-start line 0
(SN3).
Vertical scroll 0 0 0 1 0 1 0 SL2 SL1 SLO Sets the display-start raster- 0
control 2 row (SL2-0).
<0> PS1 PSO Sets the partial scroll 0
(PS1-0).
HITACHI
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Table 14  Instruction List (cont)

Execu-

Register Code tion
Name R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
LCD-driving- 0 0 0 1 1 1 0 0 DCC B/C Selects the boosting cycle 0
pattern control (DCC) or LCD drive AC

waveform (B/C)
LCD-driving- 0 0 0 1 1 1 1 NW2 NW1 NWO Sets the number of n-raster- 0
waveform control rows (NW2-0) in C-pattern

AC drive.

EOR NW4 NW3 Sets the EOR output (EOR) 0

or the number of n-raster-

rows (NW4-3) in C-pattern

AC drive.
RAM address set 0 0 1 0 1 AD10-6 Initially sets the upper 0
(upper bits) (upper bits) addresses of the RAM to the

address counter (AC).
RAM address set 0 0 1 1 AD5-0 Initially sets the lower 0
(lower bits) (lower bits) addresses of the RAM to the

AC.
Write data to RAM 0 1 Write data Writes data to CGRAM. 0
Read data from 1 1 Read data Reads data from CGRAM. 0
RAM

Notes: 1. The upper column of each register can be set when SW =0. The lower column can be set
when SW = 1.
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Bit definition:

CMS =0: COM1/80 => COM1

SGS =0: SEG1/112 => SEG1

AMP = 1: Operational amplifier and booster circuit on

SLP =1: Sleep mode

STB =1: Standby mode

SW =0: Upper register setting

SW=1: Lower register setting

CT5-0:  Contrast adjustment

BT1-0: Boost level selection (00: Triple, 01: Quadruple, 10: Five-times)

BS2-0:  LCD drive bias selection

REV = 0: Normal display

REV = 1: Black-and-white reversed display of the graphics display

ID=1: Address increment

ID=0: Address decrement

RDM =1: Read, modify, and write mode (Not automatically update the address counter after reading)
D=1: Display on

NL3-0: Display line setting (0000: 1/8 duty ratio, 0001: 1/16 duty ratio, 0010: 1/24 duty ratio, 0011: 1/32

duty ratio, 0100: 1/40 duty ratio, 0101: 1/48 duty ratio, 0110: 1/56 duty ratio, 0111: 1/64 duty
ratio, 1000: 1/72 duty ratio, 1001: 1/80 duty ratio)

DL1-10: Double-height line specifications (DL1: 1st line, DL2: 2nd line, DL3: 3rd line, DL4: 4th line, DL5:
5th line, DL6: 6th line, DL7: 7th line, DL8: 8th line, DL9: 9th line, DL10: 10th line)

SN3-0:  Display-start line (0000: 1st line, 0001: 2nd line, 0010: 3rd line, 0011: 4th line, 0100: 5th line,
0101: 6th line, 0110: 7th line, 0111: 8th line, 1000: 9th line, 1001: 10th line)

SL2-0: Display-start raster-row specifications (000: 1st raster-row...111: 8th raster-row)
CN1-0 Centering specifications (00: no centering, 01: 16-dot shift below, 10: 8-dot shift above)
B/C = 0: B-pattern waveform drive

B/C = 1: C-pattern waveform drive

EOR = 1. EOR alternating drive at C-pattern waveform

NW4-0: Reversed number of n raster-rows at C-pattern waveform drive (alternating with the set value +
one raster-row)

DCC = 0: Boosted at 1/64-divided clock
DCC = 1. Boosted at 1/32-divided clock
AD10-0: CGRAM address set (CGRAM: 000H-4EFH)
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Reset Function
The HD66740s internallyinitializedby RESET input.The reseinput mustbe heldfor atleastl ms.
Instruction Set Initialization:

Start oscillatim executed

Driver outputcontrol (SGS = 0CMS = 0)

Powercontrol (AMP = 0: LCD poweroff, SLP = 0: Sleepmodeoff, STB = 0: Standbymodeoff)
Threetimes boost (BT1/& 00),1/10biasdrive (BS2/1/0= 000),Weakcontrast (CT5-6= 00000)

Entry modeset(REV = 0: Normaldisplay,|I/D = 1:Incrementby 1, RDM = 0: Automatically
update aftereading)

Display on/offcontrol (D = 0: Display off, CEN=0: Normalposition)
Display line control (NL3/2/1/0= 1001: 1/80 duty ratio)
Double-height displapff (DL10—1= 0000000000)

Vertical scroll control (SN3/2/1/G= 0000:First linedisplayed athetop, SL2/1/0:First raster-row
displayedat the topf the firstline, PS1/0= 00: Partialscroll off)

10. 1/64-divided clockoost(DCC=0)
11. B-patternwaveformAC drive (B/C = 0, EOR= 0,NW4/3/2/1/0= 00000)

a M wn e

© o N

RAM Data Initialization:

1. CGRAM

This isnot automaticallynitialized by resetinputbut mustbeinitialized by softwarewhile displayis
off (D = 0).

Output Pin Initialization:

1. LCD driveroutputpins(SEG/COM):OutputsGND level
2. Booster outpupins(VLOUT): OutputsGND level
3. Oscillator outpupin (OSC2):Outputsoscillationsignal
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Serial Data Transfer (Clock synchronized serial interface)

Settingthe IM1 andM2 pins(interface mode pinsjo the GNDlevel allows standarctlock-synchronized
serial datatrand er, using the chip sdect line(CS*), serial data line (SDA), and serial trander dock line
(SCL). Foraserialinterface the IMO/ID pin functionuses anD pin.

TheHD66740 initiatesserialdatatransferby transferringhe start byte at the fallingdgeof CS* input. It
endsserial data transfeat the risingedgeof CS* input.

The HD66740 s sdeded whenthe 6-bit chip addressinthe stat byte tranderred from the transmitting
device matches the 6-bit device identification mde assgnal to the HD66740. The HD66740, when
sdeded, recavesthe subssquent daa string. The least significent bit of the identification @decan be
determined by the ID pin. The five uppe bits must be 01110.Two different chip addresses must be
assignedo asingleHD66740becaus¢he seventtit of the start byte issedasaregisterselectbit (RS):
that is, when RS =0, an instructioncan beisaued, and when RS = 1, dada can bewritten to or read from
RAM. Read or writeissdeded acoording tothe eghth bit of the start byte (R/W bit) as shown intable
16.

After recaving the stat byte the HD66740 recdves or tranamits the subsequent data byte-by-byte. The
data is transferredith the M SB first.

Two bytes of RAM rea daadfter the stat byte are invdid. The HD66740 starts toreal corred RAM
data fromthe third byte.

Table 15  Start Byte Format

Transfer Bit S 1 2 3 4 5 6 7 8
Start byte format Transfer start Device ID code RS R/W
0 1 1 1 0 1D

Note: ID bit is selected by the IMO/ID pin.

Table16 RS andR/W Bit Function

RS R/W Function

Writes instruction

Writes RAM data
Reads RAM data

0 0
0 1
1 0
1 1
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a) Basic Data-transfer Timing through Clock-synchronized Serial Bus Interface

Transfer start Transfer end

cs* *\ / T

(Input)
(Input)

SDA W rrrarrray
(Input/ 0"
output) ':7Device ID code >{ RS ‘ R/W‘ )

Start byte Instruction, RAM data

b) Consecutive Data-transfer Timing through Clock-synchronized Serial Bus Interface

cs* T

(Input)

scL 12345678 9 10111213141516 1718192021222324 252627282930 3132

(Input)

SDA
(Input/ Start byte Instruction 1 Instruction 2 Instruction 3

output)

Note: When instruciton 1 is a clear display instruction, adjust the transfer rate so that the 8th bit of instruction 2
is transferred after execution of the clear display instruction.

¢) RAM Data Read-transfer Timing

Ccs* T

(Input)
12345678 9 10111213141516 1718192021222324 2526272829303132

SCL

(Input)

SDA Start byte Dummy read 1 Dummy read 2 RAM data read 1
(Input/ RS=1,RW=1
output) _____ B B I I IR

Start End

Note: Two bytes of the RAM read data after the start byte are invalid. The HD66740 starts to read the correct
RAM data from the third byte.

Figure 16 Clock-synchronizedSerial Interface Timing Sequence
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Serial Data Transfer (12C bus interface)

Settingthe IM2=Vcc and IM1=GNDlevel allows|2C businterface, usinghe serialdataline (SDA) and
serialtransferclockline (SCL). Forthe 12Chusinterface the IMO/ID pin functionuses anD pin.

TheHD66740Wis initiated serial data transfiey transferring thdirst byte when ahigh SCL level atthe
falli ng edgeof the SDA inputis sampled; it ends serial daa tranger when ahigh SCL level a therising
edge ofthe SDA inputis sampled.

Table 164aillugratesthe start byte of 12C businterfacedaa and Figure 16-a and 16-b show the I12C bus
interface timingsequence.

The HD66740Wis sdeded when the highe 6-bit dave addressin the first byte trangerred from the
measter device match the 6-bitsdevice identification codeassgned to the HD66740W. The HD66740W,
when selected, receitiee subsequendata stringThelower 1-bit of the deviceidentificationcodecanbe
determined by the ID pin; sded an gpproprae codethat is notassgnel to any othe slave device The
upperfive bitsarefixed t001110.0neslave address assignedo a singleHD66740W.

The ninth bit ofthefirst byteis areceive-datacknowledgeit (ACK). Whenthereceivedslave address
matches the device ID code, HD66740Wpulls down the ACK bit toa low level. Therefore, the ACK
output buffer is an oper-drain structure, only dlowing low-leve output. However, the ACK bit is
underminedmmediatelyafter power-on;make sure tanitialize the LS| using theRESET*input.

After identifying the address in the first byte, the HD66740W receves the subsquent daa as an
HD66740Winstructionor as RAM déda. Having receved 8-bit daa nomally, HD66740Wpulls down
the ninth bit (ACK)to alow level. The instructioror RAM datais 8-bitsdataformat.

Two bytes of RAM real daa ater the start byte are invdid. The HD66740Wstart toreal corred RAM
data fromthird byte.

Table 16-a Start Byte Format

Transfer Bit S 1 2 3 4 5 6 7 8 9
Start byte format ~ Transfer start Device ID code RS R/W  ACK
0 1 1 1 0 ID

Note: ID bit is selected by the IMO/ID pin.
Table 16-b RSand R/W bit function

RS R/W Function

0 0 Writes instruction
0 1 -

1 0 Writes RAM data
1 1 Reads RAM data
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a) Basic data-receive timing through the 12C bus interface

Transfer start

RW|

Transfer end

: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 :
SCL
(input)
SDA
(input/
output)

Device ID code
e |

oo os oo oz o oo
N

T
Start byte Acknowledge  Instruction / RAM data Acknowledge

b) Consecutive data-receive timing through the 12C bus interface

1234567 8 91011121314151617 18192021 222324252627 282930313233343536373839404142434445

SCL
s Start byt 5 Instruction or 5 Instruction or 5 Instruction or S Instruction or Sle
SDA artbyte < RAM write < RAM write < RAM write < RAM write <
Transfer start Transfer end
>
Instruction / RAM Instruction / RAM Instruction / RAM Instruction / RAM
write execution. write execution. write execution. write execution

note:
- Start byte should be transfered just after start (S).

Figure 16-a 12C bus interface data-receivesequence

a) Basic data-send timing through the 12C bus interface

Transfer start Transfer end
"""" 12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 |
SCL :

(input)

SDA
(input/
output)

Start byte Acknowledge RAM read Acknowledge

b) Consecutive data-send timing through the 12C bus interface

Dummy read

¥ < =
SDA 2 (1 byte) |2| RAM data read lgl RAM data read

Transfer start

S | Start byte

X
Q
<

x
[ X} .’ RAM data read Ig P‘

Transfer end

note:
- Start byte should be transfered just after start (S).

Figure 16b 12C businterface data-sendsequence
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Parallel Data Transfer

8-bit Bus Interface

Setting the IM2/1/0 (interfacemode to the GNDNcdGND level dlows E-clodk-synchronized 8-bit
pardlel daa transfer. Setting the IM2/1/0 (interface mode) to the VcdVcdGND level dlows 80-
system 8-bit padld daatrander. When the numbe of buses or the mountng aeaislimited, use a4-
bit businterfaceor serial data transfer.

*Interface via 1/O port

Co > E/WR*
c1 > RS
H8/325 oo »| R/ RD* HDE6740
e — (o153
AO-A7 [« | DB0O-DB7
8

Figure 17 Interfaceto 8-bit Microcomputer

4-bit Bus Interface

Setting the IM2/1/0 (interface mode to the GNDN/cdVcc level dlows E-clodk-synchronized 4-bit
padld daatrande usngpins DB7-DB4. Setting the IM2/1/0 (interfacemodeé tothe VcdVcdVcece
level allows 80-systen¥-bit paralleldatatransfer. The8-bit instructionandRAM dataaredividedinto
four upper/lowelbits and theransferstartsfrom theupperfour bits.

Note: Transfer synchronization functidar a 4-bit bus interface
The HD66740 suppots the trander synchronizaion function which resets the uppe/lower
counter to count uppe/lower 4-bit dda trander in the 4-bit bus inteface Noise causng
transfemismatchbetweerthe four upper andower bitscanbe correctedby aresetriggeredby
congaitively writinga 0000 instruction fourtimes.  The next trander starts from the uppe
four bits Exeating synchronizaion function peiodicdly can re@ver any runaway in the
display system.

RS \ /

RIW \ /

o A W A WA WA W A W A A
RS 11 N1 N1 1 o o
1) (2 ) @

) @ *

(4-bit transfer synchronization)

Figure 18 4-bitTransfer Synchronization
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Oscillation Circuit

The HD66740 can @ther be supplied with ope aing pubkes externdly (externd dock mode or ocillate
using an internal R-C oscillator with an externa oscillator-resistor (external resistor oscillation mode).
Note that in R-C oscillation, the osdillation frequency is changed according to the internal capacitance
vaue, the externd resistance va ue, or opeaing pover-supply voltage Insert the dumping regigance
of about1.5kQ to prevent mafunctions caused by ove-shootor unde-shootnoise inthe externa dock

mode.
1) External clock mode 2) External resistor oscillation mode
The oscillator frequency can be
1.5kQ 0Ssc1 adjusted by oscillator resistor
Clock — A\ OSCL Rf % (Rf). If Rf is increased or power
(80 kHz) 4 0Ssc2 supply voltage is decreased, the
HD66740 HD66740 oscillation frequency decreases.

For the relationship between Rf

he d resistor value and oscillation
Inser mping resistance. .
sert the dumping resistance frequency, see the Electric

Characteristics Notes section.

Figure 19 Oscillation Circuits
Table 17  RelationshipbetweenDrive Duty Ratio and Frame Frequency (fosc= 75 kHz)

Display mode

1-line 2-line 3-line 4-line 5-line 6-line 7-line 8-line 9-line  10-line
Dis- Dis- Dis- Dis- Dis- Dis- Dis- Dis- Dis- Dis-
play play play play play play play play play play
Set value for NL3-0

LCD Drive 0000 0001 0010 0012 0100 0101 0110 0111 1000 1001

Multiplexing 1/8 1/16 1/24 1/32 1/40 1/48 1/56 1/64 1/72 1/80
duty ratio

Drive bias 1/4 1/5 1/6 1/6 1/7 1/8 1/8 1/9 1/9.5 1/10
(recommend-
ed value)

Frame 73Hz 73Hz 73Hz 73Hz 72Hz 74Hz 74Hz 73 Hz 65Hz 59Hz
frequency

One-frame 1,024 1,024 1,032 1,024 1,040 1,008 1,008 1,024 1,152 1,280
frequency

Note: If the frame frequency is low and the display flickers, increase the oscillation frequency (fosc).
Particularly in the 9-line display and 10-line display modes, note that the frame frequency is
lowered.
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1, 2,3 , 4

Conom, 79,80 .12 3 i, 79, 80

vzT : :
CcoMm1 : :
5—
GND— —
Vi— !
V2
COM2
- VSJ.
GND—
v Vil
V2
COoM79
V5
GND ;
V1 — 1
vz -
COM80 ' : :
V5 i
GND™ | | | | | ! : | | | | 1 :
1 frame—— 1 frame——
Figure 20 LCD Drive Output Waveform (B-pattern AC Drive with 1/80Multiplexing Duty
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n-raster-row Reversed AC Drive

The HD66740 suppots not only the LCD reversed AC diive in a one frame unit (B-pattern waveform)
but dso the nraster-row reversed AC drive which dternaes in an n+aster-row unit from one to 32
raster-rows (C-pattern waveform). When aproblem affeding display qudity occurs, such as crosdalk
a high-duty driving of more than five lines (1/40 duy), the n-raster-row reversed AC drive (C-pattern
waveform) canimprove the quaity. Determine the number of raster-rows n (NW bit set vaue + 1) for
alternatingafter confirmationof the displayquality with the actuaLCD panel. However,if the number
of AC raster-rowss reducedthe LCDalternatingrequencypbecomesigh. Becausef this,the charge
or discharge current increasedn the LCD cells.

lg————1frame———————— poleg———————— 1 frame————— ]

1234567 8910111213 4227980123 4 56 7 8 910111213 4sssx79801|2 3

C-pattern

waveform drive

 1/80 duty

« 11-raster-row
reversal T |

« Without EORs

\
B-pattern
waveform drive
« 1/80 duty
n \

C-pattern |
waveform drive >

-

« 1/80 duty

¢ 11-raster-row
reversal \

« With EORs

Note: Specify the number of AC drive raster-rows and the necessity of EOR so that the DC bias is not generated for
the liquid crystal.

Figure 21 Exampleof an AC Signalunder n-raster-row ReversedAC Drive
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Liquid Crystal Display VoltageGenerator

When External Power Supply and Internal Operational Am plifiers are Used

To supply LCDdrive voltagedirectly from the externalpowersupply withoutusing theinternalbooster,
dreuits should beconnected as shown infigure 22. Here, contrast can be adjusted by software through
the CThits of the contrasadjustmentregister.

The HD66740incorporates voltage-followeroperationabmplifier for eachV1 to V5 toreducecurrent
flowing through the internal bleeda-resstors, which geneate different levels of liquid-crystal diive
voltages. Thus potentid differencesbdween V -, and V1 and béween V5 and GND must be 0.4V or
highe. Note tha the OPOFF pin must be grounded when usngthe opeationd amplifiers. Place a
capacitor of @out 0.1 puF to 0.5 pF beween eat internal opeaiond amplifier V1IOUT to V50UT
outputand GNDand stabilizehe outputlevel ofthe operationabmplifier.

OPOFF = GND
\
Vies Vieo HD66740
VR
V10UT 7] Vi
V20UT ) v2 3 SEG1 to SEG112
LCD
Ro driver
vaout| 7 [P>e Vs
) :[gr
vaout| b [>eVva 3> comi
0.1 = ® to COMS80
R
to 0.5 pF
V50UT j&w
+HHHH O+ R%
GNDo o o b o b} GND . GND
Vci
C1+
Cl1-
ggi Booster
C3+
C3-
Ca+
Cé4-
VLOUT

Figure 22 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and Internal Operational Amplifiers are Used

To supplyLCD drive voltage uang theinternalboostercircuits shouldbe connectedsshownin figure
23.Here,contrasttanbe adjustedhroughthe CThits of the contrastontrolinstruction.Temperaturean
be compensated ether through he CT bits or by controlli ng the reference voltage for the booger (Vci
pin) usingathermistor.

Note that Vci is both a reference voltage and power supply for the booger. The reference voltage must
therefore be adjusted using an emitter-follower or a smilar eement so that sufficient current can be
supplied.In this caseyci must be equab or smaller tharthe V. level.

The HD66740 incorporaes a voltage follower opeationd amplifier for each of V1 to V5 to redue
current flowing through the internal bleede-resstors, which generate different liquid-crystal diive
voltages. Thushe potentialdifferencesbetweenV ., and V1and betweeiv5 and GNDmust be 0.4/
or higher.

Note that the OPOFF pin must be grounded when usng the opeaiond amplifiers. Placea capecitor of
about0.1 pFto 0.5 pFbetweereachinternal operationamplifier V1OUT to V50UT outputandGND
and stabilizehe outputlevel ofthe operationabmplifier.
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OPOFF = GND
|
Vico HD66740
VR
V10UT Vi
R
V20UT V2 -
LCD
Ro driver
V30UT SV
R ?
V4 -
V40UT >
0.1 pF glj
R
to 0.5 pF
V50UT ; J}f V5
HH 4 H R%
GNDo 13444 GND . GND
Vci o vei
. Cil+
1uF T C1-
c2+
1uF ﬁf Co- Booster
C3+
1uF ﬁf c3-
C3+
ul
9 1uF T C3-
1pF =
. L vLouT
GND

3.3 V or less for five-times boosting.

—3p- SEG1 to SEG112

—3» COM1 to COM80

Notes: 1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not exceed
the absolute maximum rating for the liquid-crystal power supply voltage (17 V). Particularly, Vci must be

2. Vciis both a reference voltage and power supply for the booster; connect it to Vcc directly or combine it
with a transistor so that sufficient current can be obtained.

3. Polarized capacitors must be connected correctly.

4. Circuits for temperature compensation should be based on the sample circuit in figure 24.

Figure 23 Internal Boosterfor LCD Drive Voltage Generation
HD66740
Vce Vce
Thermistor Tr vel
GND L —
Figure 24 Temperature CompensationCircuit
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Notes onUsing Internal Operational Amplifier

TheHD66740 has low-current-consumption-typeperationabmplifier.  Whena low-voltagesupply
is usedparticularlyat low temperatures nea2(°C, the currenin the operationamplifieris reduced.
Thereforedependingn the specification®or displaypatternof the LCD panelused screerguality may
bepoor or theLCD panelmay notoperateat all.

Forthe operationapecification®f the LCDpanel,onemustconsidetthe drivecondition(settingof the
VTEST pin) orthe peripheratircuits of the LCDpanelin conjunction withthe power-supplyoltage.

Pin conditionfor HD66 70 (settingVTEST pin):

1. When thepower-supplwoltageis Vcc = 2.5V (i.e., the currenin the operationamplifieris
sufficient), leavahe VTEST pin open(disconnected).

2. Whenthe power-supplyoltageis Vcc < 2.5V (i.e., the currenis reducedn the operational
amplifier at low temperature)l.2 t01.3 V shouldbeinputto the VTEST pin.

The foll owingtable and figure correspond b inputs of 1.2 to 1.3V to the VTEST pin. When highe
LCDdrive aurrent isrequired due tothe charaderistics of the LCD panel, ched the screen qudity and
current consumption, adjust the resistance vdues (R1 and R2), and increase the VTEST pin voltage
(This isalso validwhenVcc = 2.5 V.)

R1

—O to VTEST pin

R2 Vtest=1.2t0 1.3V
Y

GND

Figure 244a Circuit to for Generating VTEST Pin Voltage

Table 17a  Settingsto GenerateVTEST Pin Voltage

Vcce R1 R2 Vtest (VTEST Pin Voltage)
2.4V 270 kQ 330 kQ 123V
20V 220 kQ 360 kQ 122V
18V 180 kQ 390 kQ 122V
HITACHI
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Countermeasuresfor ScreenQuality when Using On-chip Operational Amplifier

The HD6670 is anon-chipLCD driver that hasanLCD power supplyfor high duty. Screenquality is
affectedby theload currentof the high-duty LCD panelused. Whenthebias (1/D bias,1/9.5 bias, 1/9
bias, etc.)is high andthe displayedpatternis completelyor almostcompletelywhite, the white sections
may appeardark.

If this happensexecutethe following countermeasurds improvescreenquality.

(1) After the changedn the VAOUT/V3OUT levelis verified, insertaboutl MQ betweerv40OUT and
GND or VLCD andV30UT andthenadjustthe screenquality (seethe following figures). By
inserting resistancehe currentconsumptionincreasesasmuchasthe boostingfactor of the
resistanceurrent. Adjust the resistancaftercheckingthe screenquality andtheincreasen current
consumption.

(2) Decreasehedrive biasandusethe new biaslevel afterverifying that thepotential differences
betweenv4OUT andGND or VLCD andV3OUT aresufficient.

Vbn
source

GND T

Figure 24b Countermeasurefor VAOUT Output

VLCD -©—

Vbp
source

@ Driver

GND T

Figure 24c  Countermeasurefor V3OUT Output

Note: The actualLCD drive voltage-VLCD usednustnot exceedl5.0 V, andthe absoluterating must
not exceedl6.0 V.
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Switching the Boosting Multiplying Factor

Instructionbits (BT 1/0bits) canoptionally selectthe boostingnultiplying factor of the internabooster.
According tothe displaystatus powerconsumptiorcanbereducedy changinghe LCDdrive duty and
the LCD drive bias, and by mntrolling the booging multi plying fador for the minimum requirements.
For detailsseethe Partial-display-orFunctionsection.

Dueto the maximurrboostingmultiplying factor,the followingexternal capacitaneeddo be connected.
For example, when the maximum booging is qualrupled, the capecitors beween C4+ and CA—for five-
times boostin@renotneededsothesepins musteopen.

Table 18 VLOUT Output Status

BT1 BTO VLOUT Output Status

0 0 Triple boosting output

0 1 Quadruple boosting output
1 0 Five-times boosting output
1 1 Setting inhibited

i) Maximum five-times boosting i) Maximum quadruple boosting iii) Maximum triple boosting
Vci o———/ Vi Vci o——— Vi Vci o———| Vei
0.47 uF el 0.47 uF * EL57 0.47 uF ELss
to 1 pF L C1- to 1 pF L C1- to 1 pF L C1-
oa7pF | ©% 0a7pFt | C%F oarpri | ©?*
tolpur T | Co- toluF [ | Co- toluF [ co-

— +
047y | &3 0a7prt | cs
tolpF T |c3. tolpuF T | ca. | c3-
0.47 uF -H_i Ca+ — C4+ —| C4+
tolpF T ca —| ca- | ca-
O—L— VLOUT o—l— VLOUT o—l— VLOUT

1pF - 1pF - 1pF -
L L L
GND GND GND

Figure 25 BoosterOutput Multiplying Factor Switching
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Example of Power-supplyVoltage Generator for More Than Five-times BoostingOutput

TheHDG66740 incorporates tHaoster fotup to five-timesboosting. However,the LCD drive voltage
(VLCD) will not be enough or five-times booging from Vcc when the power-supply voltage of Vccis
low or whenthe LCD drive voltageis highfor the high-contrast CD display. In this casethereference
voltage(Vci) for boostingcanbe sethigherthan the power-supphpoltageof Vcc.

Set the Vci inputvoltagefor the booger to 3.6 V or lesswithin the rangeof Vcc+ 1.0 V. Conrol the
Vci voltage so tha the booging ouput voltage (V LOUT) should be lessthan the absolute maximum
ratings (17V).

HD66740
Regula
-t?:)r 25V vec  Logic circuit
(1)
Battery | _L_ ‘ ci+ [T 1 LU
36V T Regul H
gula
—tor 30V Vei c1c
C2+ +
@ T 1uF
. ‘ Booster ez
= 3 I 1pF
GND ca LT H
30x5=15V | oo cas [T
1uF
— VLCD (=15 V) o T
i‘ -
,,,,,, ] |y SEG1to SEG112
VLCD LCD driver
14F L+ —> COML to COM80
777777 I
GND iriD
GND
Vce (=3 V)
T" "7 Vee (=2.5V)
GND (=0V)

Figure 26 UsageExample of Boosterat Vci >Vcc
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Contrast Adjuster

Software can ajust 64-step contrast for an LCD by varying the liquid-crystal drive voltage (potential
difference betweeV, -, andV1) throughthe CTbits of the contrasadjustmentegister(electronvolume
function). Thevalueof avariable resistobetweenV, ., and V1(VR) canbe precisehadjustedn a 0.05
x R unit withina rangefrom 0.05 x Rthrough 3.20x R, where R is areference resistance obtained by
dividing thetotalresistance.

The HD66740 incorporaes a voltage follower opeationd amplifier for each of V1 to V5 to redue
caurrent flowing through te internal bleede resistors, which generate different liquid-crystal drive
voltages. Thus CT5-0 bits must be adjusted sotha the potentid differences beween V -, and V1 and
beween V5 and GND ae 0.4 V or highe when liquid-crystal drives paticulaly when the VR is
small.

HD66740

V4
V5

GND GND

Figure 27 Contrast Adjuster
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Table 19  Contrast Adjustment Bits (CT) and Variable ResistorValues

Downloaded from Elcodis.com electronic components distributor

Variable Resistor| Potential Difference .
CT5 CszTsseéyzati cto |Value (VR) between V1 and GND Display Color
0000 ] B32xR (Small) (Light

000 0 0 1 3.15xR

000 0 1 0 3.10xR A A
00 0 0 1 1 3.05x R
0001 00 3.00 xR : 5
000 1 0 1 2.95x R
0001 10 2.90 xR : :
00 0 1 1 1 2.85 xR
001 00O 2.80 xR : 5
0 01 0 0 1 2.75x R
0 01 0 1 O 2.70x R :
0 01 0 1 1 2.65xR :
0o o1 1 0 O 260XR
01 1 1 1 1 1.65xR :
1.0 0 0 0 O 1.60 x R
1. 0 0 0 0 1 1.55x R 5
1 0 0010 1.50 x R ;
1 0 o 0 1 1 1.45x R
1.0 0 1 0 O 1.40 X R :
10 0 1 0 1 1.35x R :
1 00 110 1.30xR :
1 0 o 1 1 1 1.25xR
1 0 1 0 0 O 1.20xR
1 1 1 0 o0 1 1.15x R
11 1 1 0 0 0.20xR
1111 0 1 0.15x R v v
111110 0.10xR

11 1 1 1 1 0.05x R (Large) (Deep)
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Table 20  Contrast Adjustment per Bias Drive Voltage
Bias LCD drive voltage: VDR Contrast adjustment range
- LCD drive voltage .
Y10 adjustment range 1 0.757 x (VL.cp-GND) < VDR < 0.995 x (VLcp-GND)
. 10xR _ - Limit of potential P - S x (VLcp-GND) > 0.4
!?rlizjlse 10xR + VR x (Vieo - GND) difference between V5 and GND ©~ 10 xR + VR ( ) 2 041V]
- Limit if potential . VR (VicD-GND) = 0.4
difference between VLCD and V1~ 10 X R + VR ( ) M
- LCD drive voltage .
Yo adjustment range 10.748 x (VLcD-GND) < VDR < 0.994 x (VLCcD-GND)
o 95xR - Limit of potential . R -
——=—— x (VLcp - GND p : x (VLcb-GND) > 0.4
!?rli?/z 9.5x R+ VR v ) difference between V5 and GND ~ 9.5 xR + VR ( ) v
- Limit if potential VR __ (VLcp-GND) > 0.4
difference between VLCD and V1~ 9-5X R+ VR M
- LCD drive voltage .
Ue adjustment range 10.737 x (VLcp-GND) < VDR < 0.994 x (VLcD-GND)
. __9xR - Limit of potential . Ry (VLcD-GND) > 04
:::,Z 9xR+VR X (Vico - GND) difference between V5 and GND ~ 9 X R + VR ( )2 041
- Limit if potential . — VR (vicp-GND) = 0.4
difference between VLCD and V1~ 9 X R+ VR ( ) M
- LCD drive voltage .
U8 adjustment range 10.714 x (VLcp-GND) < VbR < 0.993 x (VLcb-GND)
. 8xR - Limit of potential R .
——>"—— x(VLcp - GND p : x (VLcD-GND) > 0.4
(tj)rlslse 8xR+VR ( GND) difference between V5 and GND 8XR+VR ( ) v
- Limit if potential — VYR (VLcp-GND) > 0.4
difference between VLCD and V1~ 8 XR +VR v
- LCD drive voltage .
. adjustment range 1 0.686 x (VLcb-GND) < VDR < 0.993 x (VLcb-GND
- 7xR R - Limit of potential —— R Y (Vico-GND) > 4
(li)rli?lse 7xR+VR X (Vico - GND) difference between V5and GND =~ 7 XR + VR ( ) 2 04[]
- Limit if potential .—VR___  (vico-GND) > 04 V]
difference between VLCD and V1~ 7 X R+ VR
- LCD drive voltage )
U6 adjustment range 10.652 x (VLcb-GND) £ VDR< 0.992 x (VLcD-GND
bias __6xR (VLcD - GND)| - Limit of potential . S (VLcD-GND) > 0.4 [V]
drive 6 xR+ VR difference between V5 and GND 6 xR+ VR
- Limit if potential VR (VLeD-GND) = 0.4 [V]
difference between VLCD and V1~ 6 X R + VR
- LCD drive voltage .
U adjustment range 10.610 x (VL.cp-GND ) < VDR < 0.990 x (VLcp-GND
) 5xR - Limit of potential . Ry (VLcD-GND)> 04
bl_as 5x R+ VR x (VLcD - GND) difference between V5and GND ©~ 5x R + VR ( )2 041V]
drive " |
- Limit if potentia VR X (VLcp-GND ) > 0.4
difference between VLCD and V1~ S XR+VR ( ) M
- LCD drive voltage .
14 adjustment range 10.556 x (VLcD-GND) < VbR < 0.988 x (VLcD-GND)
4xR . ) R
bias |—————— x (VLcD - GND)| - Limit of potential = 5 X(VLcp-GND) = 0.4
drive 4xR+VR difference between V5 and GND =~ 4 X R + VR v ) v
VR
- Limit if potential —— o X(VLcp-GND) > 0.4
difference between VLCD and V' 4 X R+ VR v
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Liquid Crystal Display Drive Bias Selector

An optimum liquid crystal display bias vaue can besdeded usng BS2-0bits acoording tothe liquid

aystal diive duty ratio setting (NL3-0 bitg. Liquid crystal display drive duty ratio and bias vdue can

be displayed while switching ftware gpplications to mach the LCD panel display status. The

optimum bias vdue calculated usng the following epresson is an ided vdue where the optimum

contrast isobtaned. Driving by usnga lower vaue than the optimum bias vdue provides lower

contrast andbwer liquid crystal displayoltage(potentialdifferencebetweerivl andGND). Whenthe
liquid aystal display voltage is insufficient even if a five-times booder is used or output voltage is

lowered because the batery life has been readhed, the display can bemade easier to seeby lowering the

liquid crystalbias.

The liqud crystal display can be adjusted by usng the contrast adjustment regiger (CT4-0 bitg and
selecting théoosteroutput level(BT1/0bits).

. . N 1
Optimum bias value for 1/N duty ratio drive voltage = ——
AN+ 1

Table 21 Optimum Drive Bias Values

LCD drive duty ratio 1/80 1/72 1/64 1/56 1/48 1/40 1/32 1/24 1/16 1/8

(NL3-0 set value) 1001 1000 0111 0110 0101 0100 0011 0010 0001 0000
Optimum drive bias 1/10 1/95 1/9 1/8 1/8 1/7 1/6 1/6 1/5 1/4
value
(BS2-0 set value) 000 001 010 011 011 100 101 101 110 111
HITACHI
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VLCD VLCD VLCD VLCD VLCD
VR 2 VR § VR § VR §' VR §
V1 V1 V1 V1 V1
R R R R R
V2 V2 V2 V2 V2
R R R R R
V3 V3 V3 V3 V3
6R 5.5R 5R 4R 3R
R
R R R R R
V5 V5 V5 V5 V5
R R R R R
ND ND ND ND ND
GND GND GND GND GND
i) 1/ 10 bias ii) 1/ 9.5 bias iii) 1/ 9 bias iv) 1/ 8 bias V) 1/7 bias
(BS2-0 = 000) (BS2-0 = 001) (BS2-0 = 010) (BS2-0 = 011) (BS2-0 = 100)
VLCD VLCD
VLCD
VR VR
V1 V1
R R VR
V2 V2 5v1
R R R
V3 V3 §V2
2R R R
V4 V4 53,V4
R R R
V5 V5 V5
R R R Note: R = Reference resistor
ND ND ND
GND GND GND
v) 1/6 bias v) 1/5 bias vi) 1/ 4 bias
(BSZ—O = 101) (BSZ—O = 110) (BSZ—O = 111)
Figure 28 Liquid Crystal Display Drive Bias Circuit
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LCD Panel Interface

The HD6674hasa functionfor changinghe commondriver/segmendriver output shiftdirectionusing
the CM S bit and SGS bit to meet the chip mountng pogti ons of the HD66740. Thisistofadlitatethe

interface wiringto the LCD panelwith COG or TCPinstalled.

HITACHI Ltd.
LCD Controller/
Driver:HD66740
>112 x 80 dots
Graphisc display
>16 x 10 chracter

-

il

display

>

>x4 Booster

>0Op-amp

SEG112/1

COM2 - Eront of chip
32

M73/ j

HITACHI Ltd.
LCD Controller/
Driver:HD66740
>112 x 80 dots
Graphisc display
>16 x 10 chracter
display
>

>x4 Booster

1A
3

8
32
2

LCD Controller/
Driver:HD66740

>112 x 80 dots
Graphisc display

>16 x 10 chracter
display

>

L

>x4 Booster
>Op-amp

SEG1/112
COM80/1
COM73/8
«CMS=0 CcOMA0/41
COM41/40
3 comei7ra. ¢ SGS=1
CoM1/80 Ccom9/72
COoM8/72 COM1/80
32 A Front of chip &R/
coms0i4r ¢ CMS =1
3 CoM73/8
comson  *SGS=0 Ccom72/9
SEG1/112 SEG112/1
m"

|

)

>0Op-amp
o
SEG1/112 SEG112/1]
CoMm80/1 .
"~ Backofchip “"*°
OM73/8 32
COMADAL  y cMS = 0
COMA41/40
*SGS=0 CoM8/73 3
COM9/72 COM1/80
COM1/80 comaT2
Sovers,  Back of chip A 32
*CMS=1 COM40/41
COM73/8 3
comrag  *SGS=1 COM80/1
SEG1i2/1 SEG1/112
H--
HITACHI Ltd.

LCD Controller/
Driver:HD66740

>112 x 80 dots
Graphisc display

>16 x 10 chracter
display

>

>x4 Booster
>Op-amp

Figure 29
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—

LCD PANEL

[ e |

SEG112/1 SEG1/112
COM72/9 . COM80/1
i Front of chip covrs

; «CMS =0 COMA40/41

COM41/40 :
comsizz *SGS=1 i

COM1/80 COM9/72

3

Table 22

Drive Duty Ratio

Figure 30

Left Edge of Screen

1-lineDisplay Pattern Wiring

Number of Left and Right Extension Lines of Common Driver

Right Edge of Screen

1/48

16 (COM1-8, 41-48)

32 (COM9-40)

1/56 24 (COM1-8, 41-56) 32 (COM9-40)
1/64 32 (COM1-8, 41-64) 32 (COM9-40)
172 40 (COM1-8, 41-72) 32 (COM9-40)
1/80 40 (COM1-8, 41-72) 40 (COM9-40, 73-80)
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Graphics Display Function

In the graphics display mode kanji charaders, spedd symbols, and graphics icons can be displayed.
Up to 112 x 80-dot display is dl owed usng the CGRAM. Thus for a12 x 13-dot kanji font, up toa
64ine x 9charader kanji display, and for a 14 x 15dot kanji font, up toa 6dine x 8-charader kanji
display,andfor a 16 x 16-dotkanjifont, up toa5-line x 6-charactekanji displayareallowed.

i) 12 x 13-dot kanji display
example

(6-line x 9-character display)

=

ii) 112 x 80-dot game display CL gy g

example

| R

Figure 31 DisplayExamplein Graphics Display Mode

Vertical Smooth Scroll Display

The HD66740 can <roll charader and graphics display verticdly in units of raster-rows. This is
achieved by writingdisplay daainto aoneline aeatha isnot beéng usd for display. In othe words

HITACHI
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oneline can be used to achieve continuoussmoot verticd scroll even ina 94ine or lessdisplay. Here,
afterthe 10thineis display@l, the firstline is displayedagain.Whenthe 10tHine s fully displayedall
one-line display data must be rewritten immediatdy ater scrolling because there is no nondisplayed
area.Additionally, whendisplayareasf agraphicscon such as @ictogramor amenubararepartially
fixed-displayedthe remainingareascanbe displayed For details,seethe PartialSmoothScroll Display
Function section.

Spedficdly, thisfunction is controlled by incrementing or decrementing the vaue inthe display-start
linebits (SL2 to SLO)and display-start raster-row bits (SN3 to SNO) by 1. For example, to smootly
scroll up, first setline bits SN3 to SNO to 000@GndincrementSL2to SLOby 1 from 000to 111to scroll
seven raster-rows. Thenincrement linebits SN3to SNOto 0001, and gain increment SL2 toSLO by 1
from000to 111.If the verticd double-hdéght display is a the top ofthe ling, scrollingisdoneby each
two raster-row.

When the response speed of the liquid crystal is low or when high-speed scrolling is needed, two- to
four-raster-row scrollings recommended.

HITACHI
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Setting Instructions (10-line Display: NL3-0 =1001)

[ Scroll up display J

R/W RS DB7 DB6DB5 DB4 DB3 DB2DB1 DBO
oloJol1]ofo]1 o\o 0 SN3-SNO = 0000

o[oJo[1]o]1]ofo]o]o SL2-SL0 = 000
(1st raster-row of 1st line displayed at the top)

‘ Set 96 x 80-dot initial display data to CGRAM |

= Scroll up 4 raster-rows
‘ 0‘ 0| 0‘ 1 ‘ 0 ‘E 1 H 0 ‘ 1 ‘ 0 ‘0 ‘ (5th raster-row of 1st line displayed at the top)

‘ Update 1st-line (address 000 to O5FH) display data in CGRAM
[ CPU wait ]
o[ o[ o[ 1] 0Eo] 1[0 01| SN3-SNo=0001

E SL2-SL0 = 000
‘ 0‘ 0| 0‘ 1 ‘ O_E 1 H 0 ‘ 0 ‘ 0 ‘0 ‘ (1st raster-row of 2nd line displayed at the top)

‘ Update 1st-line (address 000 to 05FH) display data in CGRAM |

\ CPU Wait |
Scroll up 12 raster-rows
‘ 0‘ 0 | 0‘ 1 ‘ 0 ‘E 1 H 0 ‘ 1 ‘ 0 ‘ 0 ‘ (5th raster-row of 2nd line displayed at the top)

‘ Update 2nd-line (address 100 to 15FH) display data in CGRAM |

|___CPU_Wait
ojojo/1]ofo|1[o]1]o] SN3-SNO=0010

- SL2-SL0 = 000
0/ 0j0[1]0E1]0]0O ‘ 00 (1st raster-row of 3rd line displayed at the top)

‘ Update 2nd-line (address 100 to 15FH) display data in CGRAM |
\ CPU_Wait |

Scroll up 20 raster-rows
‘ 0‘ 0 | 0‘ 1 ‘ 0 ‘E 1 H 0 ‘ 1 ‘ 0 ‘ 0 ‘ (5th raster-row of 3rd line displayed at the top)

‘ Update 3rd-line (address 200 to 25FH) display data in CGRAM |
[ CPU Wait |
0| 0|0|1|0[FO|1]|0 ‘ 1)1 SN3-SNO = 0011

E SL2-SL0 =000
0] 0jO0]1]0E1]0]0O ‘ 010 (1st raster-row of 4th line displayed at the top)

‘ Update 3rd-line (address 200 to 25FH) display data in CGRAM |
| CPU Wait |
= Scroll up 28 raster-rows
‘ 0‘ 0| 0‘ 1 ‘ 0 ‘E 1 H 0 ‘ 1 ‘ 0 ‘ 0 ‘ (5th raster-row of 4th line displayed at the top)
Update 4th-line (address 300 to 35FH) display data in CGRAM |

[ CPU Wai \

Figure 32 Settinglnstructions for Vertical SmoothScroll
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Partial Smooth Scroll Display Function

TheHD66740canpartially fixed-displaythe areasof agraphicscon, such as gictogramor amenubar,
and peform verticd smooth srolli ngof the remainingbit-mgp areas. Since the PS1 to P bitsdo not
peform smooh scrolli ngof the uppe first to third display lines butdoes fixed-display, pictograms can
be placed.WhenCN1to CNObits are seto 10, the firstline is displayedat the bottonedgeof the LCD
screen, and the menu ba can be fixed-displayed & the botom. This function @n largdy control the
bit-map rewritefrequencies andeducesoftwareloads.

HITACHI
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Table 23 Bit Settingand Display Lines
Bit CN1-0= 00 CN1-0= 10

Setting | COM SN3-0 SN3-0 | SN3-0 SN3-0 | SN3-0 | SN3-0 SN3-0 | SN3-0 SN3-0 SN3-0
Position| = 0000 =0001 | =0010 =0011 | =0011 | =0000 | =0001 | =0010 =0011 = 0100

CO.M]' 1st line 2nd line 3rd line 4th line 5th line 2nd line 3rd line 4th line 5th line 6th line

E 2nd line 3rd line 4th line 5th line 6th line 3rd line 4th line 5th line 6th line 7th line

E 3rd line 4th line 5th line 6th line 7th line 4th line 5th line 6th line 7th line 8th line

4th line 5th line 6th line 7th line 8th line 5th line 6th line 7th line 8th line 9th line

PS1-0 ; 5th line 6th line 7th line 8th line 9th line 6th line 7th line 8th line 9th line 10th line

= 00 : 6th line 7th line 8th line 9th line 10th line 7th line 8th line 9th line 10th line 1stline
E 7th line 8th line 9th line 10th line 1stline 8th line 9th line 10th line 1st line 2nd line

H 8th line 9th line 10th line 1stline 2nd line oth line 10th line 1st line 2nd line 3rd line

H oth line 10th line 1stline 2nd line 3rd line 10th line 1stline 2nd line 3rd line 4th line

CoM80 10th line 1st line 2nd line 3rd line 4th line 1st line 2nd line 3rd line 4th line 5th line

COM1| Mistiine 1st line 1st line 1stline 1stline 1st line 2nd line 3rd line 4th line 5th line

E 1st line 2nd line 3rd line 4th line 5th line 2nd line 3rd line 4th line 5th line 6th line

E 2nd line 3rd line 4th line 5th line 6th line 3rd line 4th line 5th line 6th line 7th line

E 3rd line 4th line 5th line 6th line 7th line 4th line 5th line 6th line 7th line 8th line

E)Sl_o : 4th line 5th line 6th line Tth line 8th line 5th line 6th line 7th line 8th line 9th line
=01 E 5th line 6th line 7th line 8th line 9th line 6th line 7th line 8th line 9th line 10th line
H 6th line 7th line 8th line 9th line 10th line 7th line 8th line 9th line 10th line 2nd line

E 7th line 8th line 9th line 10th line 2nd line 8th line 9th line 10th line 2nd line 3rd line

Iv 8th line 9th line 10th line 2nd line 3rd line 9th line 10th line 2nd line 3rd line 4th line

comao| L_9th line 10th line 2nd line 3rd line 4th line 1st line 1stline 1st line 1st line 1st line

CO:Ml 1st line 1st line 1st line 1st line 1st line 2nd line 2nd line 2nd line 2nd line 2nd line

H 2nd line 2nd line 2nd line 2nd line 2nd line 1st line 2nd line 3rd line 4th line 5th line

E 1st line 2nd line 3rd line 4th line 5th line 2nd line 3rd line 4th line 5th line 6th line

E 2nd line 3rd line 4th line 5th line 6th line 3rd line 4th line 5th line 6th line 7th line

55110—0 E 3rd line 4th line 5th line 6th line 7th line 4th line 5th line 6th line 7th line 8th line
: 4th line 5th line 6th line Tth line 8th line 5th line 6th line 7th line 8th line Oth line

5th line 6th line 7th line 8th line 9th line 6th line 7th line 8th line oth line 10th line

\ 6th line 7th line 8th line 9th line 10th line 7th line 8th line 9th line 10th line 3rd line

H 7th line 8th line 9th line 10th line 3rd line 8th line 9th line 10th line 3rd line 4th line

COMS0 8th line 9th line 10th line 3rd line 4th line 1st line 1st line 1st line 1st line 1st line

CO.Ml 1st line 1st line 1st line 1st line 1st line 2nd line 2nd line 2nd line 2nd line 2nd line

E 2nd line 2nd line 2nd line 2nd line 2nd line 3rd line 3rd line 3rd line 3rd line 3rd line

E 3rd line 3rd line 3rd line 3rd line 3rd line 1st line 2nd line 3rd line 4th line 5th line

E 1st line 2nd line 3rd line 4th line 5th line 2nd line 3rd line 4th line 5th line 6th line

?51—0 : 2nd line 3rd line 4th line 5th line 6th line 3rd line 4th line 5th line 6th line 7th line
=1 : 3rd line 4th line 5th line 6th line 7th line 4th line 5th line 6th line 7th line 8th line
H 4th line 5th line 6th line 7th line 8th line 5th line 6th line 7th line 8th line 9th line

E 5th line 6th line 7th line 8th line 9th line 6th line 7th line 8th line 9th line 10th line

. 6th line 7th line 8th line 9th line 10th line 7th line 8th line 9th line 10th line 4th line

COMS0 7th line 8th line 9th line 10th line 4th line 1st line 1st line 1st line 1st line 1st line

Notes: 1. The shadow lines above are fixed-displayed.
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SN3-0 or SL3-0 bits.
2. The SN3-0 and SL3-0 bits specify the next first scroll display line of the fixed-displayed lines.

3. When the drive duty ratio is nine lines (1/72 duty ratio) or less and CN1-0 is 10, the first line
shifts to the last displayed line.
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Partial Smooth Scroll Display Examples

Table 24 Data Settingto the CGRAM Partial SmoothScroll Display Examples

CGRAM Address CGRAM Data
"000" to "06F"
080" to "0EF"
"100" to "16F"
"180" to "1EF"
"200" to "26F"
"280" to "2EF"
"300" to "36F"
"380" to "3EF"
"400" to "46F"
"480" to "4EF"

- SL2-0 = "000"

Scroll area

i) Initial screen display
- PS1-0 ="10" : Fixed-displays the first and second lines
- CN1-0 ="10" : Moves the first line to the bottom edge

- SN3-0 = "0010" : Starts display from the third line

2nd line
(fixed display)

3rd line
(Display start position)

st line
(fixed display)

Figure 33

Downloaded from Elcodis.com electronic components distributor

Exampleof Initial Screenin the Partial SmoothScroll Mode
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i) Four-dot partial scroll up
- PS1-0 = "10" : Fixed-displays the first and second lines
- CN1-0 = "10" : Moves the first line to the bottom edge
- SN3-0 = "0010" : Starts display from the third line
- SL2-0 ="100" : Shifts up by 4 dots
Fixed display
(2nd line) Display start
setting position
Fixed display
(1st line)

Figure 34 Exampleof Display Screenin the Partial SmoothScroll Mode (1)

iii) 8-dot partial scroll up

- PS1-0 = "10" : Fixed-displays the first and second lines
- CN1-0 = "10" : Moves the first line to the bottom edge
- SN3-0 ="0011" : Starts display from the fourth line

- SL2-0 ="000"
Fixed display
(2nd line) Display start
setting position
Fixed display
(1st line)

Figure 35 Exampleof Display Screenin the Partial SmoothScroll Mode (2)
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Double-height Display

TheHD66740candouble the heighif anydesiredine from the firstto 10thlines. A line canbe selected
by theDL1 to DL10bits aslistedin table25. All graphicsdisplaypatternsstoredin the CGRAM canbe
doubled inhdght, dlowingeasy remgrition. Note that there should beno spacebeween the lines for
double-height displaffigure 36).

In verticd smooh srolli ng, when the display-start settingline isdisplaying @ doubk heght, scrolling
canbe done byeachtwo-line (dot).

Table 25 Doubleheight Display Specifications

Bit Setting Display Position
DL1=1 1st line: double-height
DL2=1 2nd line: double-height
DL3=1 3rd line: double-height
DL4=1 4th line: double-height
DL5=1 5th line: double-height
DL6=1 6th line: double-height
DL7=1 7th line: double-height
DL8=1 8th line: double-height
DL9=1 9th line: double-height
DL10=1 10th line: double-height

- NL3-0 = "1001" (10-line display)
-DL2=1
-DL8=1

Double height
display
(2nd line)

Double height
display
(8th line)

Figure 36 Doubleheight Display (2nd and 8th Lines)
HITACHI
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Reversed DisplayFunction

The HD66740 can display charader/graphics display sections by black-and-white reversal. Bladk-
and-whitereversakanbe easily displayed wheREV is setto 1.

REV =1 (Reversed display)

Figure 37 Reversedisplay

HITACHI
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Partial-display-on Function

The HD66740can program the liquid crystal display drive duty ratio setting (NL3-0bitg), liquid aystal
display drive bias vdue sdedion (BS2-0 bitg, boog output level sdedion BTL1/0 bit) and contrast
adjustment (CT5-0its). For example, inthe 10-linedisplay modg1/80 dutyratio), the HD66740can
selectivelydrive only the centerof the screeror onlythetop or bottom of thescreerby combiningthese
regiger functions and the centering display (CN1-0 bi) function. Thisis called patial-display-on.
Lowering the liquid aystal display drive duty ratio & required sves the liquid aystal display drive
voltage thus reducingnternalcurrentconsumption. Thisis suitablefor four-linedisplayof a calendar
or time, or thedisplay of only graphicscons(pictogramsat thetop or bottom of thescreenwhich needs
to be continuousin the system standby gae with minimal current consumption. Here, the non-
displayed linesare conganty driven by the unseded level voltage thusturningoff the LCD for the
lines.

In general, lowering the liqud aystal display drive duty ratio dereases the optimum liquid aystal
display drive voltage and liquid aystal display drive bias vdue. This reduces output multi plying
factorsin the booster and greatlyontrolsconsumptiorcurrent.

Table 26 Partialdisplay-on Function (10-line Display)

Item Normal 10-line Display Partial-on Display (Limited 4-line Display)
LCD screen 10th line displayed Only four lines on the Only four lines at the top
center of the screen and bottom of the screen
(from the 3rd to 6th lines) (from the 1st to 3rd and
10th lines)
LCD drive position Not necessary Necessary Necessary
shift (CN1-0=00) (CN1-0=01) (CN1-0=01)
LCD drive duty ratio 1/80 (NL3-0 = 1001) 1/32 (NL3-0 = 0011) 1/32 (NL3-0 = 0011)
LCD drive bias 1/10 (BS2-0 = 000) 1/6 (BS2-0 = 101) 1/6 (BS2-0 = 101)
value (optimum)
LCD drive voltage* 12V to1l5V 6Vto8V 6Vto8V
(adjustable using CT5-0) (adjustable using (adjustable using
CT5-0) CT5-0)
Boosting output Five times (BT1-0 = 10) Triple (BT1-0 = 00) Triple (BT1-0 = 00)

multiplying factor

Frame frequency 70 Hz 88 Hz 88 Hz
(fosc = 90 kHz)

Note: The LCD drive voltage depends on the LCD materials which are actually used. Since the LCD
drive voltage is high when the LCD drive duty ratio is high, a low duty ratio is suitable for low-power
consumption.
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- 1/32 duty drive at the top and bottom of the screen

Always applying
non-selection
level

Figure 38 Partialon Display (Date and Time Indicated) (1)

- 1/32 duty drive at the center of the screen

Always applying
selection level

Figure 39 Partialon Display (Date and Time Indicated) (2)
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Sleep Mode

Setting the deegp modebit (SLP)to 1 pus the HD66740inthe slegp mode where the device stopsal

internal display opeations thusredudng arrent consumption. Spedficdly, LCD drive is completely
hdted. Here, dl the SEG (SEG1 to SEG112)and COM (COM1 to COM80) pinsoutputthe GND level,

resulting in no display. If the AMP bit is set to 0 in the slegp mode the LCD drive power supply can be
turnedoff, reducingthe totalcurrentconsumptiorof the LCDmodule.

Table 27 Comparisonof SleepMode and Standby Mode

Standby Mode

Function Sleep Mode (SLP =1) (STB=1)
LCD control Turned off Turned off
R-C oscillation circuit ~ Operates normally Halted
HITACHI
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Standby Mode

Setting the standby nodebit (STB) to 1 pussthe HD66740 nthe standby node where the device stops
completely, hdting dl internal operaions induding the R-C oscillation drcuit, thus further reducing
current consumption mmpared to tha inthe sleep mode Spedficdly, charader and segment displays,
which ae controll ed by the multi plexing dive method, are completely hdted. Here, dl the SEG (SEG1
to SEG112) and COM (COM1 to COM80) pins outputthe GND level, resulting in no display. If the
AMP bit is setto 0 in the standbymode,the LCD drive powersupply carbeturnedoff.

During the standby mode no instructionscan be accepted othe than the start-o<ill ation. To cancel the
standbymode, issu¢he start-oscillationnstructionto stabilizeR-C oscillation beforsetting theSTB bit
to 0.

Turn off the LCD power supply: AMP =0

Set standby mode: STB =1

Standby mode

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB =0

Turn on the LCD drive power supply: AMP =1

Figure 40 Procedurefor Settingand Canceling Standby Mode
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) Vcc \% -0.3t0 +4.6 1,2
Power supply voltage (2) V., — GND \% -0.3to +16.0 1,3
Input voltage Vt \% -0.3t0 V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C -55 to +110 1,5

Notes: 1. If the LSI is used above these absolute maximum ratings, it may become permanently
damaged. Using the LSI within the following electrical characteristics limits is strongly
recommended for normal operation. If these electrical characteristic conditions are also exceeded,
the LSI will malfunction and cause poor reliability.

2. VCC > GND must be maintained.

3. VLCD > GND must be maintained.

4. For bare die and wafer products, specified up to 85°C.

5. This temperature specifications apply to the TCP package.
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DC Characteristics (V. = 1.8 to 3.6 V,Ta =—40 to +85°C*)

ltem Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vi 0.7V, — Ve \% 2,3
Input low voltage vV, -0.3 — 015V, V. V. =18t02.7V 2,3
Input low voltage A -0.3 — 015V, V. V. =27t036V 2,3
Output high voltage Vo 0.75V, — — V g, =-0.1mA 2,4
(SDA, DBO-7 pins)
Output low voltage Vo — — 02V, V V. =18t02.7V, 2
(SDA, DBO-7 pins) lo. = 0.1 mA
Output low voltage Vou — — 015V, V. V, =27t036V, 2
(SDA, DBO-7 pins) lo, = 0.1 mA
Driver ON resistance Reom — 3 20 kQ +ld = 0.05 mA, 5
(COM pins) Vieo =10V
Driver ON resistance Rses — 3 30 kQ +£ld=0.05 mA, 5
(SEG pins) Vi =10V
1/0 leakage current 1, -1 — 1 HA  Vin=0to V. 6
Pull-up MOS current -, 1 10 40 MA V,=3V,Vin=0V 2
(DBO-7, SDA pins)
Current consumption lop — 32 55 HA  R-C oscillation, 7,8
during normal operation Ve =3V, Ta=25"°C, fu
(V.c—GND) = 86 kHz (1/72 duty)
Current consumption lg — 11 — HA  R-C oscillation, 7,8
during sleep mode Ve =3V, Ta=25"°C, fu
(V.c—GND) = 86 kHz (1/72 duty)
Current consumption lgr — 0.1 5 MA V=3V, Ta=25C 7,8
during standby mode
(VCC_GND)
LCD drive power supply | ¢ — 20 35 MA V=12V, 8
current (V c,—GND) Ta =25 °C, fos = 86 kHz,

1/9 bias, VTEST3="High”
LCD drive voltage Vi 4.5 — 15.0 \% 9
(VLCD - GND)
Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these

tables.
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Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes
Triple-boost Vies 85 8.9 9.0 V Ve =Vei=3.0V, 12
output voltage lo =30 HA, C = 1 pF,

(VLOUT pin) fosc = 86 kHz, Ta = 25°C
Quadruple- V upa 115 11.8 120 V Ve =Vei=3.0V, 12
boost output lo =30 uA, C = 1 pF,

voltage (VLOUT fosc = 86 kHz, Ta = 25°C

pin)

Five-times- V s 145 14.8 150 V Ve =Vei=3.0V, 12
boost output lo =30 HA, C = 1 pF,

voltage (VLOUT fosc = 86 kHz, Ta = 25°C

pin)

Use range of Vypas Ve — 150 V For triple to Five-times 12
boost output v boost

voltage oper

VUP5

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these

tables.
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AC Characteristics (V.. = 1.8 to 3.6 V,Ta = —40 to +85°C*)

Clock Characteristics (V. =1.8 t103.6 V)

Item Symbol Min Typ Max Unit Test Condition Notes

External clock fcp 50 75 100 kHz 10

frequency

External clock duty Duty 45 50 55 % 10

ratio

External clock rise trcp — — 0.2 us 10

time

External clock fall tfcp — — 0.2 us 10

time

R-C oscillation clock fosc 69 86 103 kHz Rf=270 kQ, 11

Ve =3V

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these

tables.

68-system Budnterface Timing Characteristics

(Vec=1.8102.7 V)

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time Write  teyee 600 — — ns Figure 47
Read  toyce 800 — —
Enable high-level pulse width Write  PW, 120 — — ns Figure 47
Read PW, 350 — —
Enable low-level pulse width Write  PW,_ 300 — — ns Figure 47
Read PW 300 — —
Enable rise/fall time ten te — — 25 ns Figure 47
Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 47
Address hold time tane 20 — — ns Figure 47
Write data setup time toswe 60 — — ns Figure 47
Write data hold time the 20 — — ns Figure 47
Read data delay time toore — — 300 ns Figure 47
Read data hold time tonre 5 — — ns Figure 47
HITACHI
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(Vcc=2.71t03.6 V)

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time Write  toyce 380 — — ns Figure 47
Read  toyee 500 — —
Enable high-level pulse width Write  PWg, 70 — — ns Figure 47
Read PW, 250 — —
Enable low-level pulse width Write  PWg_ 150 — — ns Figure 47
Read PW, 150 — —
Enable rise/fall time e te — — 25 ns Figure 47
Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 47
Address hold time tane 20 — — ns Figure 47
Write data setup time toswe 60 — — ns Figure 47
Write data hold time the 20 — — ns Figure 47
Read data delay time toore — — 200 ns Figure 47
Read data hold time tomre 5 — — ns Figure 47
HITACHI
76

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192179/hd66740.html

HD66740

80-system Budnterface Timing Characteristics

(Vecc=1.8102.7V)

Item Symbol Min Typ Max  Unit Test Condition

Bus cycle time Write  teyew 600 — — ns Figure 48

Read toyr 800 — — ns Figure 48
Write low-level pulse width PW,, 120 — — ns Figure 48
Read low-level pulse width PW, ¢ 350 — — ns Figure 48
Write high-level pulse width PW,w 300 — — ns Figure 48
Read high-level pulse width PW,; 300 — — ns Figure 48
Write/Read rise/fall time twrr » wre — — 25 ns Figure 48
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 48
Address hold time tan 20 — — ns Figure 48
Write data setup time tosw 60 — — ns Figure 48
Write data hold time ty 20 — — ns Figure 48
Read data delay time toor — — 300 ns Figure 48
Read data hold time tonr 5 — — ns Figure 48

(Vcc=2.7103.6 V)

Item Symbol  Min Typ Max  Unit Test Condition

Bus cycle time Write  teyew 380 — — ns Figure 48

Read tcycr 500 — — ns Figure 48
Write low-level pulse width PW, 70 — — ns Figure 48
Read low-level pulse width PW,; 250 — — ns Figure 48
Write high-level pulse width PW, 150 — — ns Figure 48
Read high-level pulse width PW,« 150 — — ns Figure 48
Write/Read rise/fall time tuwre, war — — 25 ns Figure 48
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 48
Address hold time tan 20 — — ns Figure 48
Write data setup time tosw 60 — — ns Figure 48
Write data hold time ty 20 — — ns Figure 48
Read data delay time toor — — 200 ns Figure 48
Read data hold time tonr 5 — — ns Figure 48
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Clock-synchronized Serial InterfaceTiming Characteristics (Vo =1.810 3.6V)

(Ve =1.8102.55 V)

Item Symbol Min  Typ Max Unit  Test Condition
Serial clock cycle time At write tseve 0.5 — 20 ps Figure 49
(receive)
At read tseve 1 — 20 ps Figure 49
(send)
Serial clock high-level width At write tocn 230 — — ns Figure 49
(receive)
At read tscn 480 — — ns Figure 49
(send)
Serial clock low-level width At write tser 230 — — ns Figure 49
(receive)
At read tseL 480 — — ns Figure 49
(send)
Serial clock rise/fall time toen toer — — 20 ns Figure 49
Chip select setup time tesu 60 — — ns Figure 49
Chip select hold time tey 200 — — ns Figure 49
Serial input data setup time taisu 100 — — ns Figure 49
Serial input data hold time tom 100 — — ns Figure 49
Serial output data delay time tsop — — 400 ns Figure 49
Serial output data hold time tson 5 — — ns Figure 49
HITACHI
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(Ve = 2.55 103.6 V)

Item Symbol Min  Typ Max Unit  Test Condition
Serial clock cycle time At write tseve 0.2 — 20 us Figure 49
(receive)
At read tseve 0.5 — 20 Hs Figure 49
(send)
Serial clock high-level width At write tscn 80 — — ns Figure 49
(receive)
At read tscn 230 — — ns Figure 49
(send)
Serial clock low-level width At write tscL 80 — — ns Figure 49
(receive)
At read tser 230 — — ns Figure 49
(send)
Serial clock rise/fall time toen teer — — 20 ns Figure 49
Chip select setup time tesu 60 — — ns Figure 49
Chip select hold time ten 200 — — ns Figure 49
Serial input data setup time teisu 40 — — ns Figure 49
Serial input data hold time tom 40 — — ns Figure 49
Serial output data delay time tsoo — — 200 ns Figure 49
Serial output data hold time tson 5 — — ns Figure 49
Reset Timing Characteristics (V. =1.8103.6 V)
Item Symbol Min Typ Max Unit Test Condition
Reset low-level width tres 1 — — Figure 50
HITACHI
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I12C Bus Interface Timing Characteristics

(Vcc=1.8103.6 V)

Item Symbol Min Typ Max  Unit Test Condition
SCL clock frequency fsal 0 — 1300 kHz Figure 51
SCL clock high-level pulse width tscn 120 — — ns Figure 51
SCL clock low-level pulse width | P 240 — — ns Figure 51
SCL/SDA rise time te, 10 — 160 ns Figure 51
SCL/SDA fall time tg 10 — 70 ns Figure 51
Bus free time tour 240 — — ns Figure 51
Start condition hold time toran 320 — — ns Figure 51
Setup time for a repeated START tsras 320 — — ns Figure 51
condition

Setup time for STOP condition tsros 320 — — ns Figure 51
SDA data setup time tspas 40 — — ns Figure 51
SDA data hold time tspan 0 — — ns Figure 51
SCL/SDA spike pulse width tep — 10 ns Figure 51
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Electrical Characteristics Notes

1. For baredie productsspecifiedup to 85°C.
2. The followingthreecircuitsarel/O pin configurationgfigure 41).

Pins: RESET*, CS*, E/lWR*/SCL, RS, Pin: OSC2
OSC1, OPOFF, IM2/1, IMO/ID, TEST

Vce
—|g‘ PMOS
=
—|§ NMOS
GNp

Pin: RW/RD*/SDA

PMOS

Vce
i NMOS
GND

11

Vce

(Pull-up MOS) -IgP‘MOS _|
_|

PMOS

Vce

NMOS

Vcc  (Tri-state output circuit)
Output enable
PMOS! I—G—ﬁf Output data
EZ IM1

NMOS %.

GND

L F— octm

(Input circuit)

Pin: DB7 to DBO

PMOS

Vce
A
P Vce  (Tri-state output circuit)
Output enable
PMOS I—( | < Output data

IM1

(Input circuit)

NMOS

GND

Figure 41 I/O Pin Configuration
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3. The TEST pin must be groundel and the IM2/1, IMO/ID, and OPOFF pins must be grounded or
connected t&¥/cc.

4. Correspondso thehigh outpuffor clock-synchronizederialinterface.

5. Applies tothe resistor vdue (RCOM) baweea power supply pinsV10UT, V20UT, V50UT, GND
and commonsignd pins, and resistor vdue (RSEG) beéween power supply pinsV10UT, V30OUT,
V40UT, GND andsegmensignalpins,when currentd is flown throughall driver outputpins.

6. Thisexcludeghe currentflowing through pull-ugMOSsandoutputdrive MOSs.

7. Thisexcludeghe currentflowing throughtheinput/outputunits. The inputlevel must be fixedhigh
or low because througturrentincreases ithe CMOS inputis left floating.

8. The following shows the relaion$ip baween the opedion frequency (fosc) and arrent
consumptionl€c) (figure 42).

Vec=3V Vcec =3V, fosc = 86 kHz
60 30
Displ typ. —
isplay on (typ.) yp.
40 —— 20—+ —
lop (MA) = ILCD (uA) F—T |
/ | Sleep (typ.)
20 / — ' 10
- // |
P Standby (typ.)
0 . | 0
0 20 40 60 80 100 8.0 10.0 12.0 14.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure 42 Relationshp betweenthe Operation Frequencyand Current Consumption

9. EachCOM andSEGoutputvoltageis within £0.15V of the LCD voltage(Vcc, V1, V2, V3, V4, V5)
when theras noload.

10. Appliesto the external clocknput (figure 43).

1.5k to 2kQ Th Tl
Oscillator [~A\/\A OSC1 0.7vce h
Duty = x100 %
0.5Vce y TheTl o
Open 0SC2 0.3Vcce

-
trep ticp

Figure 43 External Clock Supply
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11. Appliesto the internabscillator operationgsingexternal oscillatiomesistorRf (figure 44andtable
28).

osc1 Since the oscillation frequency varies depending on the OSC1 and OSC2 pin
Rf capacitance, the wiring length to these pins should be minimized.

0SC2

Figure 44 Internal Oscillation

Table 28 External ResistanceValue and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc

Resistance (Rf) Vcc=18V Vcc=22V Vec=3.0V Vec=36V
200 kQ 89 kHz 103kHz 115 kHz 121 kHz
270 kQ 70 kHz 80 kHz 88 kHz 92 kHz

300 kQ 65 kHz 73 kHz 80 kHz 83 kHz

330 kQ 60 kHz 68 kHz 74 kHz 77 kHz

360 kQ 55 kHz 62 kHz 68 kHz 71 kHz

390 kQ 52 kHz 58 kHz 64 kHz 66 kHz

430 kQ 48 kHz 53 kHz 58 kHz 60 kHz

470 kQ 44 kHz 48 kHz 52 kHz 54 kHz

12.Booster characteristigestcircuitsareshown infigure45.

(Quadruple boosting) (Five-times boosting)
Vcec Vi Vcc Vi
+ +
Cl+ - uF Cly—aZ HF
cr-—1 Cl-
+ +
C2+ - 4 uF Co+——m_ 1 =
c2-—T c2-—7
+ +
C3+ - UF C3+——=aZ 1 uF
c3-[— C3-
| +
C4+ Ca+——_ 1uF
Cé- |— C4-—7T
VLOUT o VLOUT o
VLCcD + VLCD [— +
GND m I 1 uF GND I 10F
T T T 1

Figure 45 Booster
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Referential data
VUP4 = VLCD - GND; VUP5 = VLCD — GND
(i) Relation between the obtained voltage and input voltage
Quadruple boosting Five-times boosting
typ. ]
16.0 yp
15.0
vupa (v) 120 < VUPS5 -
10.0
8.0 5.0 yd
4.0
1.0 2.0 30 40 10 20 3.0 4.0
Vei (V) Vei (V)
Vi = Vcc, fosc = 86 kHz, Ta = 25°C Vci = Vcc, fosc = 86 kHz, Ta = 25°C
DCC=0 DCC=0
(i) Relation between the obtained voltage and temperature
Quadruple boosting Five-times boosting
14.0 |
typ.
12.0 16.0
i typ.
VUP4 (V) 10.0 : VUP5 14.0 :
8.0 12.0 i
60 -20 0 20 60 100 60 -20 0 20 60 100
Ta (°C) Ta (°C)
Vci =Vce =3V, fosc = 86 kHz, lo = 30pA Vci =Vce =3V, fosc = 86 kHz, lo = 30pA
DCC=0 DCC=0
(iii) Relation between the obtained voltage and capacity
Quadruple boosting Five-times boosting
13.0
16.0
typ. typ.
12.0 P
15.0
VUP4 (V) VUPS5 (V.
11.0 % 140
10.0 13.0
%055 1.0 15 120 =55 1.0 15
C (WF) C (uF)
Vci = Vee = 3.0 V, fosc = 86 kHz, lo = 30 pA Vei = Vcee =3.0 V, fosc = 86 kHz, 1o = 30 pA
DCC=0 DCC=0

Figure 45 Booster(cont)
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(iv) Relation between the obtained voltage and current
Quadruple boosting Five-times boosting
125 155
typ. :
12.0 !
1 15. ! -
: VUP5 (V) o o \l
VUP4 (V) 115 : 145 3
10.0 ; 140 f—
9.5 | 135
0 50 100 150 200 0 50 100 150 200
lo (HA) lo (HA)
Vci=Vee =3.0V, fosc = 86 kHz, Ta =25 °C Vci=Vce =3.0V, fosc =86 kHz, Ta=25°C
DCC=0 DCC=0

Figure 45 Booster(cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB7 to DBO, SDA

Test Point

50 pF

L

Figure 46  LoadCircuit
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Timing Characteristics

68-system BugDperation

RS VIH
R/W ViIL

VIH

A
w X

<— tASE —>

Ccs*

V|L\v

l«— TAHE —>|

S

< PWEH*l;) < PWEL—— >

>
>

< E)—e

tcyce— >

l«<— tDSWE —>» |<«—— tHE —>]

VIL VIL

VIH Write data ViH X
‘ .,

l<{DDRE> L— {DHRE

l’ll,><_VOHl Read data "™

VOL1 VOL1

Note 1: PWeH is specified in the overlapped period when CS* is low or E is high.

Figure 47 68-systenBus Timing
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80-system BudDperation

=~ VIH VIH )
RS Xtvm VIL J
<— tAs—> l«— tAH —>|
VIH
CS* VIL

l— PWLW, PWLRH <—— PWHW PWHR—>

RO+ DN\ /74 N

tWRr) < twrf

<

tcycw, tcycr

Y

tosw —>/  |«— tHWR —>

h
DBO N VH Write data ViH
to DB7 ... . VIL | VIL
l«-tDDR->| L— tDHR
DBO h VOH1 VOH1
to DB7 , >< vonn Readdata g,

Note 1: PWww and PWLR are specified in the overlapped period when CS* is low or WR* or RD* is low.

Figure 48 80-systenBus Timing
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Clock-synchronized Serial Operation

Start: S End: P
* -/
CS vie X 7~ ViL
<—— tscYC
tcsu
<> *)tSCI’ 1 <— {CH —>
VIH VIH
SCL VIL ViL 7/
tsisu tsiH
SDA VIH g VIH | q \>/
nput data
viL Input data Vit p /
tsop tsoH
»,
VOH1 VOH
SDA Output data Output data
VOH1 VoL
Figure 49 Clock-synchronizedSerial Interface Timing
Reset Operation
< tRES
RESET* VIL VIL

Figure 50 Resefliming
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I12C Bus Operation

Stop: P Start: S Repeated Start : Sr Stop : P
VHf——\ ..,
SDA I VIH /i VH y—
i jg VL2 \ 7‘*\/”_2
BUF
<—>‘
P
SCL r—¢ < —> —r 41—
h N
3«_5 VIH VIH VIH w
tsf
» d
RDERI

Figure 51 I2C bus Interface Timing
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Power-on/off Sequence

To prevenpulse lighting ofLCD screenst power-on/off,the power-on/offsequencés activated as
shownbelow. However,sincethe sequence dependa LCD materials tdeusedconfirm the
conditions byusing yourown system.

Power-on Sequence

Turn on power voltages Vcc and Vci, RESET = "Low"

Wait for 1 ms or longer (power-on time)
Wait for 10 ms or longer (oscillation stabilization time)

Y

Issue LCD power instruction

Y Y

Wait for 10-150 ms or longer
Issue use-state instruction (op-amplifier output

Note: Depends on the
external capacitance of

. V10UT to V50UT.
stabilization time)

Y Y

Turned on display: D =1

Figure 52 Power-onSequence
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Vcc
Power voltage: Vcc
GND / Power-on reset time: 1 ms
€S>
Vcc
RESET
GND

g SOOI

Oscillation stabilization time: 10 ms

Vce
Signal-input
instruction issued

GND

Note: CR oscillation starts by power-on and input reset.
The standby mode is cleared by input reset.

Figure 53 Power-onTiming
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Power-off Sequence

Turn off display: D=0

f

Issue LCD power instruction

!

Turn off power voltages Vcc and Vci

: To the power-on sequence :

Figure 54 Poweroff Sequence
Vee — .
Power is turned off.

Power voltage: Vcc

GND

Vee — RESET is input as soon as possible.

RESET
GND
V10OUT —

Driver SEG/
COM output

GND

Note: When hardware reset is input during the power-off period, the D bit is
cleared to 0 and SEG/COM output is forcibly lowered to the GND level.

Figure 55
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Modification history

Revision0.1 (Feb15. 2000)

- First release

Revision0.2 (5 May.2000)
- Changepad pitchfrom 60umto 50um.
- Added LCD-Driving-PatterrControlinstruction

Revision0.3 (1. July. 2000)
- Addedpad arrangemefiigureand coordinatéable
- Change figurd1l (removepull-up MOS from DB7 to DBO)

Revision 0.4(Septenber. 2000)
- Added RSpin explanation when serial interfagedeis used.
- Added standar@CP (TBO) drawing.

Revision 0.5(November2000)

- Remove cursadisplayrelatedexplanaions.

- Removecharacteandsuper-imposed display relatedplanations.

Revision 06 (Januay. 2001)
- Support 1.8V lowoltageoperation
- Corrected corndPAD number(p6).
- AddedVTEST usaggp48) and operationamgifier usage(p49).
- Changed R-@scillationFrequencyof Table28 (p83).
- Added 12Cinterface(HCD66740WBP, HD66740WTBO).

Revision 07 (Januay. 2001)

- Added powepn/off sequence

HITACHI
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When usinghis documentkeep thefollowing in mind:

1. This documenmay,wholly or partially, be subjectto changewithout notice.

2. Allright reservedNo oneis permittedto reproducer duplicatedjn anyform, thewholeor partof this
document withouHitachi'spermission.

3. Hitachi will nat be hed responsble for any danage to the user tha may result from acddents or any
other reasonguring operatiorof the user'sunit accordingo this document.

4. Circuitry and otha examples described haen are meant merdy to indicae the charaderistics and
paformance of Hitachi's semicondudor produds Hitachi assumes no responsbility for any
intellectualpropertyclaimsor otherproblems thatnay result fromapplicationsbasedn the examples
described herein.

5. No licenseis grantedby implicationor otherwisauinderany patents or othaightsof anythird party of
Hitachi, Ltd.

6. MEDICAL APRICATIONS Hitachi's produds ae not authorized for use in MEDICAL
APR_ICATIONS withoutthe written consent of the gppropiate office of Hitachi's sdes company.
Such usindudes, butisnotlimited to use inlife suppot systems. Buyas of Hitachi's produdsare
requestedo notify the relevantHitachi salesoffices whenplanningto usethe productsn MEDICAL
APPLICATIONS.
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