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Description

The HD66729, 105-by-68 dot-matrix graphics LCD controller and driver LSI, displaysgraphics. It canbe
configured to drive a dot-matrix liquid-crystal display under the control of a microprocessor connectedvia
a clock-synchronized serial or 4/8-bit bus. The HD66729 has a partial display modethat selectsand drives
part of the display areaby using alow-duty ratio, a centering display mode that placesthe LCD drive
position at the center of the screen, a smooth vertical-scroll display mode and adoubl e-height display mode
for the remaining bit-map areas. It continuously displays several of the graphicsicons so that the user can
easily access a variety of information.

The HD66729 has a booster to generate a quintuple LCD drive voltage from asingle 1.8-V power supply
and voltage-followers to decrease the direct current flow inthe LCD drive bleeder resistors. Combining
these hardware functions with software functions such as standby and sleep, enablesfine power control.
The HD66729 is suitable for any portable battery-driven product requiring long-term driving capabilities,
including cellular phones, pagers, and electronic wallets.

Features

» Control and drive of a 105 x 68-dot-matrix graphics LCD enabling quintuple power boosting from a
single 1.8-V power supply

» Partial-display and centering-display modes in which a part of the display areaissel ected and drivenby
using alow-duty ratio

» Fixed display of severa graphicsicons (pictograms) at the top of the screen

» Low-power operation support:
— Veec=1.8t05.5V (low voltage)
— Vi p =4.0t013.0V (liquid crystal drive voltage)
— Double, triple, quadruple, or quintuple booster for liquid crystal drive voltage

— 64-step contrast adjuster and voltage followers to decrease direct current flow inthe LCD drive
bleeder-resistors

— Power-save functions such as the standby mode and sleep mode supported
— Programmable drive duty ratios and bias values displayed on LCD
» High-speed clock-synchronized seria interface (serial transfer rate: 5 MHz max.)
» High-speed 4-/8-bit businterface capability
e 105-segment x 68-common liquid crystal display driver
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HD66729

» Duty ratio and drive bias (selectable by program)

» Vertical smooth scroll

» Partial smooth scroll control (fixed display of graphicsicons)

» Vertical double-height display by each display line

» Black-and-white reversed display

* No wait timefor instruction execution and RAM access

* Internal R-C oscillation and hardware reset

e n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
» Shift change of segment and common driver

Tablel Progammable Display Sizes and Duty Ratios

Graphics Display

Duty Optimum 13 x 13-dotFont 16 x 16-dotFont 17 x 17-dot 7 x 8-dot Font
Ratio  Drive Bias Bit Map Width Width Font Width Width
1/16 1/5 105 x 16 dots 1line x8 1line x6 1line x6 2 lines x 15
characters characters characters characters
1/24 1/6 105 x 24 dots 1line x 8 1.5lines x 6 1line x 6 3 lines x 15
characters characters characters characters
1/32 1/7 105 x 32 dots 2 lines x 8 2 lines x 6 1line x6 4 lines x 15
characters characters characters characters
1/40 1/7 105 x40 dots 3 linesx 8 2.5lines x 6 2 lines x 6 5 lines x 15
characters characters characters characters
1/48 1/8 105 x 48 dots 3linesx 8 3linesx 6 2.5lines x 6 6 lines x 15
characters characters characters characters
1/56 1/8 105 x 56 dots 4 lines x 8 3.5lines x 6 3linesx 6 7 lines x 15
characters characters characters characters
1/64 1/9 105 x 64 dots 5lines x 8 4 lines x 6 3.5lines x 6 8 lines x 15
characters characters characters characters
1/68 1/9 105 x 68 dots 5 linesx 8 4 lines x 6 4 lines x 6 9 lines x 15
characters characters characters characters

HITACHI
2



HD66729

<Target values>

Total Current Consumption Characteristics (Vcc= 2.0V, 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
105 x 16 dots 1/16 75 kHz 73 Hz (22 pA) (8 pA) Double  (8pA) 0.1 pA
(38 pA)
105 x 16 dots 1/24 75 kHz 73 Hz (22 pA) (8 pA) Triple (8 pA)
(46 pA)
105 x 32 dots 1/32 75 kHz 73 Hz (25 pA) (8 pA) Triple (8 PA)
(49 pA)
105 x 40 dots 1/40 75 kHz 73 Hz (25 pA) (8 pA) Triple (8 pA)
(49 pA)
105 x 48 dots 1/48 75 kHz 74 Hz (25 pA) (8 pA) Triple (8 PA)
(49 pA)
105 x 56 dots 1/56 75 kHz 74 Hz (30 pA) (8 uA) Quadruple (8 pA)
(62 pA)
105 x 64 dots 1/64 75 kHz 73 Hz (30 pA) (8 pA) Quadruple (8 pA)
(62 pA)
105 x 68 dots 1/68 75 kHz 69 Hz (30 pA) (8 pA) Quintuple (8 pA)

(70 pA)

Note : When a double, triple, quadruple, or quintuple booster is used:
the total power consumption = Internal logic current + LCD power current x 2 (double booster),
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 (quintuple booster)

Type Name
Types External Dimensions Operation Voltages
HD66729TB0 Bending TCP 18Vto55V
HCD66729BP Au-bumped chip
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LCD Display Example
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Figure 1 LCD Display Example

* 1/68 duty
» Graphics display area: 105 x 68 dots (dot matrix)
» Graphics-icon display at the top of the screen
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L CD Family Comparison

Items

HD66705U

HD66717

HD66727

Character display sizes

12 characters x 2 lines

12 characters x 4 lines

12 characters x 4 lines

Graphic display sizes

Multiplexing icons 40 40 40
Annunciator Static: 10 Static: 10 Static: 12

Key scan control — — 4x8

LED control ports — — 3

General output ports — — 3

Operating power voltages 24Vto55V 24Vto55V 24Vto55V
Liquid crystal drive voltages 3Vto9V 3Vto13V 3Vto13V

Serial bus Clock-synchronized serial 12C, Clock-synchronized 12C, Clock-synchronized
serial serial

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

Liquid crystal drive duty ratios 1/10, 18 1/10, 18, 26, 34 1/10, 18, 26, 34

Liquid crystal drive biases 1/4 1/4, 1/6 1/4, 1/6

Liquid crystal drive waveforms B B B

Liquid crystal voltage booster

Double or triple

Double or triple

Double or triple

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

Vertical smooth scroll

Raster-row unit

Raster-row unit

Raster-row unit

Double-height display Yes Yes Yes
DDRAM 60 x 8 60 x 8 60 x 8
CGROM 9,600 9,600 11,520
CGRAM 32 x5 32 x5 32x6
SEGRAM 8x5 8 x5 8 x6

No. of CGROM fonts 240 240 240

No. of CGRAM fonts 4 4 4

Font sizes 5x8 5x8 5x8,6x8
Bit map area — — —

R-C oscillation resistor/
oscillation frequency

External resistor
(40, 80 kHz)

External resistor
(40-160 kHz)

External resistor
(40-160 kHz)

Reset function

External

External

External

Low power control

Partial display off
Oscillation off
Liquid crystal power off

Partial display off
Oscillation off
Liquid crystal power off

Partial display off
Oscillation off

Liquid crystal power off
Key wake-up interrupt

SEG/COM direction switching SEG only SEG only SEG, COM
TCP package TCP-153 TCP-153 TCP-158
Bare chip Yes Yes Yes
Bumped chip Yes Yes Yes

No. of pins 153 153 158

Chip sizes 9.69 x2.73 10.88x2.89 11.39x2.89
Pad intervals 120 pm 120 pm 120 pm
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L CD Family Comparison (cont)

Items

HD66724

HD66725

HD66726

Character display sizes

12 characters x 3 lines

16 characters x 3 lines

16 characters x5 lines

Graphic display sizes 72 x 26 dots 96 x 26 dots 96 x 42 dots
Multiplexing icons 144 192 192
Annunciator 1/2 duty: 144 1/2 duty: 192 1/2 duty: 192
Key scan control 8 x4 8x4 8x4

LED control ports — — —

General output ports 3 3 3

Operating power voltages 18Vto55V 18Vto55V 1.8Vto55V
Liquid crystal drive voltages 22Vto6V 22Vto6V 45Vto 11V

Serial bus Clock-synchronized serial Clock-synchronized serial Clock-synchronized serial
Parallel bus 4 hits, 8 bits 4 bits, 8 bits 4 bits, 8 bits

Liquid crystal drive duty ratios 1/2, 10, 18, 26 1/2, 10, 18, 26 1/2, 10, 18, 26, 34, 42
Liquid crystal drive biases 1/4 to 1/6.5 1/4 to 1/6.5 1/2 to 1/8

Liquid crystal drive waveforms B B B

Liquid crystal voltage booster

Single, double or triple

Single, double, or triple

Single, double, triple, or
quadruple

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 3-dot unit —

Vertical smooth scroll

Raster-row unit

Raster-row unit

Raster-row unit

Double-height display Yes Yes Yes
DDRAM 80 x 8 80 x 8 80 x 8
CGROM 20,736 20,736 20,736
CGRAM 384 x8 384 x8 480 x 8
SEGRAM 72 x8 96 x 8 96 x 8
No. of CGROM fonts 240 + 192 240 + 192 240 + 192
No. of CGRAM fonts 64 64 64

Font sizes 6x8 6x8 6x8

Bit map areas 72 x 26 96 x 26 96 x 42

R-C oscillation resistor/
oscillation frequency

External resistor, incorporated External resistor, incorporated

(32 kHz)

(32 kHz)

External resistor,
(50 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
Key wake-up interrupt

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

TCP package TCP-146 TCP-170 TCP-188

Bare chip — — Yes

Bumped chip Yes Yes Yes

No. of pins 146 170 188

Chip sizes 10.34x2.51 10.97x2.51 13.13x2.51

Pad intervals 80 um 80 um 100 pm
HITACHI
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L CD Family Comparison (cont)

Iltems

HD66728

(Under development)
HD66729

(Under WS)
HD66741

Character display sizes

16 characters x 10 lines

Graphic display sizes

112 x 80 dots

105 x 68 dots

128 x 80 dots

Multiplexing icons

Annunciator

Key scan control 8x4 — —

LED control ports — — —

General output ports 3 — 3

Operating power voltages 18Vto55V 18Vto55V 1.8Vto55V
Liquid crystal drive voltages 45Vto15V 40V to 13V 45Vto 15V

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

Liquid crystal drive duty ratios

1/8, 16, 24, 32, 40, 1/48, 56,
64, 72, 80

1/8, 16, 24, 32, 40, 1/48, 56,
64, 68

1/8, 16, 24, 32, 40, 1/48, 56,
64, 72, 80

Liquid crystal drive biases

1/4 to 1/10

1/4 to 1/9

1/4 to 1/10

Liquid crystal drive waveforms

B, C

B, C

B, C

Liquid crystal voltage booster

Triple, quadruple, or quintuple Double, triple, quadruple, or

quintuple

Triple, quadruple, or quintuple

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

Vertical smooth scroll

Raster-row unit

Raster-row unit

Raster-row unit

Double-height display Yes Yes Yes

DDRAM 160 x 8 — —

CGROM 20,736 — —

CGRAM 1,120x 8 1,050x 8 1,280x 8
SEGRAM — — —

No. of CGROM fonts 240 +192 — —

No. of CGRAM fonts 64 — —

Font sizes 6x8 — —

Bit map areas 112 x 80 105 x 68 128 x 80
R-C oscillation resistor/ External resistor External resistor External resistor
oscillation frequency (70-90 kHz) (75 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

Partial display off
Oscillation off
Liquid crystal power off

SEG/COM direction switching SEG, COM SEG, COM SEG, COM
TCP package TCP-243 TCP-213 TCP-254
Bare chip — — —

Bumped chip Yes Yes Yes

No. of pins 243 213 243

Chip sizes 13.67x2.78 12.23x2.52 14.30x2.78
Pad intervals 70 pm 70 um 70 um
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HD66729 Block Diagram

OSC1 0scC2
RESET*—p» CPG
TEST —»
> Timing generator
Instruction register Instruction
(IR) decoder ’
68-bit bidirectional
y —> | common shift
register COMY/ 6/4_
8 Address counter COM64/1,
(AC) COM®65/68—
Common COM68/65
IM2-1 —v driver
AA
IMO/ID — 10
Cs* —>»| System Y Y
interface
RS —> 105-bit
- Clock » ¢ |l 1o5bit SEG1/105-
EMRHSCL—> synchro- | g Graphic RAM || fateh | Segment | op o oe
. nized serial &> (CGRAM) S A It circuit driver
RW/RD*/SDA « 4-bit bus 1,050 bytes register
« 8-bit bus
8 \ A
DB0-DB7 &>
6
A/ LCD dri
Vi rive
W Parallel/serial converter voltage selector
C1+
&1’ A
C2+
gg - Double to
C3f quintuple
Ca+ booster
C4- ———
VLOUT <«€—
Contrast adjuster Drive bias controller
Vee > L L
VTESTL __pm : | | |
VTEST3 2| + Sy + 2] Y +|'_‘
VR P R " R " Ro| T R R A
Vico & HA— NN
\% Y4 \Y% Y%
OPOFF V10UT V20UT V3OUT  V40UT V50UT GND
HITACHI

8




HD66729

HD66729 Pad Arrangement

 Chip size: 12.23 mm X 2.52 mm
« Pad coordinates: Pad center

« Coordinate origin: Chip center

* Au bump size: 50 pm x 70 um

¢ Au bump pitch: 70 um (min.)

* Au bump height: 20 pm (typ.)
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HD66729 Pad Coordinate

No. | Pad Name X Y No. | Pad Name X Y No. | Pad Name X Y No. | Pad Name X Y
1|Dummy2 -5915| -1146| 74|C3+ 1364| -1135| 147|COM37/28 5455| 1106| 220|SEG70/ 36 -1640| 1135
2|Dummy3 -5735| -1146| 75|C3- 1508| -1135| 148|COM38/27 5385| 1106| 221|SEG71/35 -1737| 1135
3|Dummy4 -5663| -1146| 76|C3- 1608| -1135| 149|COM39 /26 5315| 1106| 222|SEG72/34 -1833| 1135
4|Dummy5 -5591| -1146| 77|C3- 1708| -1135| 150{COM40 /25 5245| 1106| 223|SEG73/33 -1930| 1135
5|Dummy6 -5519| -1146| 78|C2+ 1851| -1135| 151|SEG1/105 5017| 1135| 224|SEG74/32 -2026| 1135
6|Dummy7 -5447| -1146| 79|C2+ 1951| -1135| 152|SEG2/104 4920| 1135| 225|SEG75/31 -2123| 1135
7|Dummy8 -5375| -1146| 80|C2+ 2051| -1135| 153|SEG3/103 4824| 1135| 226|SEG76/30 -2219| 1135
8|Dummy9 -5303| -1146| 81|C2- 2195| -1135| 154|SEG4 /102 4728| 1135| 227|SEG77/29 -2316| 1135
9(Dummy10 -5231| -1146| 82|C2- 2294| -1135| 155|SEG5/101 4631| 1135| 228|SEG78/28 -2412| 1135

10| GNDDUM1 -5084| -1146| 83|C2- 2394| -1135| 156|SEG6 /100 4535| 1135| 229|SEG79/27 -2508| 1135
11(IM2 -4984| -1146| 84|Cl+ 2538| -1135| 157|SEG7/99 4438| 1135| 230|SEG80/ 26 -2605| 1135
12|IM1 -4800| -1146| 85|Cl+ 2638| -1135| 158|SEG8/98 4342| 1135| 231|SEG81/25 -2701| 1135
13|GNDDUM2 -4712| -1146| 86|Cl+ 2737| -1135| 159|SEG9/97 4245| 1135| 232|SEG82/24 -2798| 1135
14|IMO -4624| -1146| 87|Cl+ 2837| -1135| 160|SEG10/96 4149| 1135| 233|SEG83/23 -2894| 1135
15|VccDUM1 -4524| -1146| 88|C1- 2981| -1135| 161|SEG11/95 4052| 1135| 234|SEG84 /22 -2991| 1135
16| OPOFF -4424| -1146| 89|C1- 3081| -1135| 162|SEG12/94 3956| 1135| 235|SEG85/21 -3087| 1135
17|TEST -4323| -1146| 90|C1- 3180| -1135| 163|SEG13/93 3859| 1135| 236|SEGS86 /20 -3184| 1135
18| GNDDUM3 -4234| -1146| 91|C1- 3280| -1135| 164|SEG14/92 3763| 1135| 237|SEG87/19 -3280| 1135
19|DB7 -4145| -1146| 92|VLOUT 3424| -1135| 165|SEG15/91 3666| 1135| 238|SEG88/ 18 -3377| 1135
20|DB7 -4064| -1146| 93|VLOUT 3524| -1135| 166|SEG16/90 3570| 1135| 239|SEG89/ 17 -3473| 1135
21|DB6 -3961| -1146| 94|VLOUT 3623| -1135| 167|SEG17/89 3473| 1135| 240|SEG90/ 16 -3570| 1135
22|DB6 -3880| -1146| 95|VLCD 3767| -1135| 168|SEG18/88 3377| 1135| 241|SEG91/15 -3666| 1135
23|DB5 -3777| -1146| 96|VLCD 3867| -1135| 169|SEG19/87 3280| 1135| 242|SEG92/ 14 -3763| 1135
24|DB5 -3696| -1146| 97|VLCD 3967| -1135| 170|SEG20/ 86 3184| 1135| 243|SEG93/13 -3859| 1135
25|DB4 -3593| -1146| 98|V1OUT 4141| -1136| 171|SEG21/85 3087| 1135| 244|SEG94 /12 -3956| 1135
26|DB4 -3512| -1146 99|V20UT 4272| -1136|| 172|SEG22/84 2991| 1135| 245|SEG95/11 -4052| 1135
27|DB3 -3409| -1146| 100|Vv3OUT 4402| -1136| 173|SEG23/83 2894| 1135| 246|SEG96/ 10 -4149| 1135
28|DB3 -3328| -1146| 101|v40UT 4532 -1136|| 174|SEG24 /82 2798| 1135| 247|SEG97/9 -4245| 1135
29|DB2 -3225| -1146| 102|V50UT 4662 -1136|| 175|SEG25/81 2701| 1135| 248|SEG98/8 -4342| 1135
30|DB2 -3144| -1146|| 103|VTEST1 4792| -1136|| 176|SEG26 /80 2605 1135| 249|SEG99/7 -4438| 1135
31|DB1 -3041| -1146|| 104|VTEST2 4922 -1136| 177|SEG27/79 2508 1135| 250|{SEG100/6 -4535| 1135
32|DB1 -2960| -1146|| 105|VTEST3 5052 -1136| 178|SEG28/78 2412 1135| 251|SEG101/5 -4631| 1135
33|DB0 -2857| -1146(| 106|Dummyl4 5270| -1146| 179|SEG29/77 2316| 1135| 252|SEG102/4 -4728| 1135
34|DBO -2776| -1146( 107 |Dummyl5 5342 -1146| 180|SEG30/76 2219 1135| 253|SEG103/3 -4824| 1135
35|GNDDUM4 -2673| -1146( 108|Dummyl16 5414| -1146| 181|SEG31/75 2123| 1135| 254|SEG104/2 -4920| 1135
36|RESET* -2592| -1146( 109|Dummyl7 5486| -1146| 182|SEG32/74 2026 1135| 255|SEG105/1 -5017| 1135
37|RESET* -2511| -1146| 110|Dummyl8 5558| -1146| 183|SEG33/73 1930 1135|| 256|COM68 /65 -5245| 1106
38|CS* -2424| -1146| 111|VccDUM2 5630| -1146| 184|SEG34/72 1833| 1135| 257|COM67 /66 -5315| 1106
39|CS* -2343| -1146| 112|GNDDUM5 5702| -1146| 185|SEG35/71 1737| 1135| 258|COM66 / 67 -5385| 1106
40|RS -2240| -1146| 113|Dummy19 5915| -1146| 186|SEG36/70 1640 1135| 259|COM65 / 68 -5455| 1106
41|RS -2159| -1146| 114|Dummy20 5915| -966|| 187|SEG37/69 1544| 1135| 260|{COM64 /1 -5525| 1106
42| E/WR*/SCL -2056| -1146| 115|Dummy21 5915| -894| 188|SEG38/68 1447| 1135| 261|COM63/2 -5595| 1106
43| E/WR*/SCL -1975| -1146| 116|Dummy22 5915| -822| 189|SEG39/67 1351| 1135| 262|COM62/3 -5665| 1106
44|RW/RD*/SDA | -1866| -1146| 117|Dummy23 5915| -750| 190|SEG40/ 66 1254| 1135| 263|COM61/4 -5735| 1106
45|RW/RD*/SDA | -1785| -1146| 118|COM9 /56 5915| -665| 191|SEG41/65 1158| 1135|| 264|Dummyl -5915| 1135
46|/0SC2 -1688| -1146| 119/COM10/55 5915| -595| 192|SEG42/64 1061| 1135| 265|COM60 /5 -5915 945
47|0SC2 -1607| -1146| 120|COM11/54 5915| -525| 193|SEG43/63 965| 1135| 266|COM59 /6 -5915 875
48|0SC1 -1504| -1146| 121|COM12/53 5915| -455| 194|SEG44 /62 868| 1135| 267|COM58/7 -5915 805
49|0SC1 -1423| -1146|| 122|COM13/52 5915| -385| 195|SEG45/61 772| 1135|| 268|{COM57/8 -5915 735
50|GND -1327| -1146| 123|COM14 /51 5915| -315| 196|SEG46 /60 675| 1135|| 269|COM56 /9 -5915 665
51|GND -1224| -1146| 124|COM15 /50 5915| -245| 197|SEGA47/59 579| 1135|| 270{COM55/ 10 -5915 595
52|GND -1120| -1146| 125|COM16 /49 5915| -175| 198|SEG48/58 482| 1135| 271|COM54 /11 -5915 525
53|GND -1017| -1146| 126|COM17 /48 5915| -105| 199|SEG49/57 386| 1135| 272|COM53/ 12 -5915 455
54|GND -913| -1146|| 127|COM18/ 47 5915 -35|| 200|SEG50 /56 289| 1135| 273|COM52/13 -5915 385
55|Vee -789| -1089| 128|COM19/ 46 5915 35|| 201|SEG51/55 193| 1135| 274|COM51/14 -5915 315
56|Vce -659| -1089| 129|COMZ20/ 45 5915 105| 202|SEG52 /54 96| 1135| 275/COM50/ 15 -5915 245
57|Vce -528| -1089| 130|COM21/44 5915 175| 203|SEG53/53 0| 1135| 276{COM49/16 -5915 175
58|Vce -398| -1089| 131|COM22/43 5915 245| 204|SEG54 / 52 -96| 1135| 277|COM48/17 -5915 105
59|Dummy11 -246| -1146| 132|COM23/ 42 5915 315| 205|SEG55/51 -193| 1135| 278|COMA47/18 -5915 35
60|Dummy12 -174| -1146| 133|{COM24 /41 5915 385|| 206|SEG56 / 50 -289| 1135| 279|COM46/ 19 -5915 -35
61|Dummy13 -102| -1146|| 134{COM25 /40 5915 455| 207|SEG57 /49 -386| 1135| 280|COM45/ 20 -5915| -105
62| Vci 35| -1135| 135/COM26 /39 5915 525| 208|SEG58/ 48 -482| 1135| 281|COM44 /21 -5915| -175
63| Vci 135| -1135|| 136/COM27/38 5915 595| 209|SEG59 /47 -579| 1135| 282|COM43/ 22 -5915| -245
64|Vci 235| -1135| 137|COM28 /37 5915 665| 210|SEG60 / 46 -675| 1135| 283|COM42/ 23 -5915| -315
65| Vci 335| -1135| 138|{COM29/ 36 5915 735| 211|SEG61/45 -772| 1135| 284|COMA41/24 -5915| -385
66|C4+ 478| -1135|| 139|COM30/ 35 5915 805| 212|SEG62 /44 -868| 1135| 285|COM8 /57 -5915| -455
67|C4+ 578| -1135|| 140|{COM31/34 5915 875| 213|SEG63/43 -965| 1135| 286|COM7 /58 -5915| -525
68|C4+ 678| -1135| 141|{COM32/33 5915 945| 214|SEG64 / 42 -1061| 1135| 287|COM6 /59 -5915| -595
69|C4- 822| -1135|| 142|Dummy24 5915| 1135| 215|SEG65/41 -1158| 1135| 288|COMS5 /60 -5915| -665
70|C4- 921| -1135| 143|COM33/32 5735| 1106| 216|SEG66 /40 -1254| 1135| 289|COM4 /61 -5915| -735
71|C4- 1021| -1135|| 144|COM34 /31 5665| 1106| 217|SEG67 /39 -1351| 1135| 290|COM3/ 62 -5915| -805
72|C3+ 1165| -1135| 145/COM35/30 5595| 1106| 218|SEG68/38 -1447| 1135| 291|COM2/63 -5915| -875
73|C3+ 1265| -1135| 146|COM36 /29 5525| 1106| 219|SEG69/ 37 -1544| 1135| 292|COM1/64 -5915| -945
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TCP Dimensions (HD66729T BO)

IM2

1/0, Power supply

0.65P x (40 -1)
=25.35mm

IM1
IMO/ID
OPOF|

TES
DB7
DB6 ™

Iﬂ]

DB5

DB4

DB3
DB2 =
DB1 ™=
DBO =

RESET
Cs*
RS
E/WR*/SCL!
RW/RD*/SDA
OSCa=i
OosCr=

GND'

Ve

Ve
C4-+mm
C4m=
C3+mi
C3
c2
c2
C1
Clm=
VLOUT =i
VLCD =i

i

V10UT

V20UT

V30UT
V40U Tl
V50U T

Bend|ng slit

i

O 65-mm
pitch

'

HD@@?Q@

&ha I\

COM2/63
=-

cBwms/s7
coMm41/24
-

CoMe64/1

COM65/68
COM66/67
COM67/66
COM68/65
SEG105/1

0.15-mm
pitch

'

SEG1/105
COM40/25
COM39/26

-
COM10/55
COM9/56 v
Dummy
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HD66729

Pin Functions

Table2 Pin Functional Description

Number of
Signals Pins /0 Connected to

Functions

IM2, M1~ 2 | GND or V.

Selects the MPU interface mode:

IM2 IM1 MPU interface mode
"GND" "GND" Clock-synchronized serial interface

"GND" "Vcc"  68-system parallel bus interface
"Vec"  "GND"  Setting inhibited
"Vee"  "VWece"  80-system parallel bus 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
interface.

CS* 1 | MPU

Selects the HD66729:

Low: HD66729 is selected and can be accessed
High: HD66729 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

Fix this pin to the Vcc or GND level for a serial
interface.

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 I or MPU
SDA 110

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.

DBO-DB7 8 I/0 MPU

Serves as a bidirectional data bus for a parallel bus
interface.

For a 4-bit bus, data transfer uses DB7-DB4; fix
unused DB3-DBO0 to the Vcc or GND level. Fix all pins
to the Vcc or GND level for a serial interface.

HITACHI
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Table?2 Pin Functional Description (cont)
Number of

Signals Pins /0 Connected to  Functions

COM1/64—- 68 (0] LCD Output signals for common drive: COM1 to COMS for

COM64/1, the first line, COM9 to COM16 for the second line,

COM65/68, COML17 to COM24 for the third line, COM25 to

COM66/67, COMB32 for the fourth line, and COM57 to COM64 for

COM67/66, the 8th line. All the unused pins output unselected

COM68/65 waveforms. In the display-off period (D = 0), sleep
mode (SLP = 1) or 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, COM1/64 is
COML. If CMS = 1, COM1/64 is COM64.

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

SEG1/105- 105 (0] LCD Output signals for segment drive. In the display-off

SEG105/1 period (D = 0), sleep mode (SLP = 1)orstandby 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, SEG1/105is
SEGL. If SGS = 1, SEG1/105 is SEG105.

Vi0OUT- 5 lorO Open or Used for output from the internal operational

V50UT external amplifiers when they are used (OPOFF = GND);

bleeder-resistor attach a capacitor to stabilize the output. When the

amplifiers are not used (OPOFF = V_), V1 to V5
voltages can be supplied to these pins externally.

V.o 3 — Power supply Power supply for LCD drive. V,, — GND = 13 V max.

V.o, GND 8 — Power supply Ve +1.8 V to +5.5 V; GND (logic): 0 V

0OSCl1, 2 | orO Oscillation- For R-C oscillation using an external resistor, connect

0OscC2 resistor or clock an external resistor. For external clock supply, insert
the dumping resistance (about 600 Q to 2 kQ) and
input clock pulses to OSC1.

Vi 4 | 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 (0] Vo pin/booster Potential difference between Vci and GND is double-

capacitance

to quintuple-boosted and then output. Magnitude of
boost is selected by instruction.

HITACHI
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Table?2 Pin Functional Description (cont)
Number of

Signals Pins /0 Connected to  Functions

Cl+,Ci1- 8 — Booster External capacitance should be connected here when

capacitance using the double or more booster.

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 quintuple booster.

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

capacitance using the quintuple booster.

RESET* 1 I MPU or external Reset pin. Initializes the LSI when low.

R-C circuit

OPOFF 1 | V. 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.

VccDUM 2 (@] Input pins Outputs the internal V. level; shorting this pin sets the
adjacent input pin to the V. level.

GNDDUM 5 (0] Input pins Outputs the internal GND level; shorting this pin sets
the adjacent input pin to the GND level.

Dummy 16 — — Dummy pad. Must be left disconnected.

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

VTEST1 1 | GND or V¢ Adjusts the driving capability of the internal
operational 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 | V. or GND Adjusts the driving capability of the internal

operational 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 signal in the low-power mode so that the display
quality is not lowered.

HITACHI
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Block Function Description

System Interface

The HD66729 has five types of system interfaces, and a clock-synchronized serial, a68-system 4-bit/8-bit
bus, and a 80-system 4-bit/8-bit bus. The interface mode is selected by the IM2-0 pins.

The HD66729 has two 8-bit registers: an instruction register (IR) and a data register (DR).

The IR stores instruction codes, such as display control, and addressinformation for the graphic RAM
(CGRAM).

The DR temporarily stores datato be written into or read from the CGRAM. Datawrittenintothe DRfrom
the MPU is automatically written into the CGRAM by internal operation. When addressinformation is
written into the IR, dataisread and then stored in the DR from the CGRAM by internal operation. Datais
read through the DR when reading from the RAM, and the first read data isinvalid and the secondand the
following data are normal. After reading, datain the CGRAM at the next addressis sent to the DR for the
next reading from the MPU.

Execution time for instruction excluding oscillation start isO clock cycle and instructions can bewrittenin
succession.

Table3 Register Selection by RSand R/W Bits

R/W Bits RS Bits Operations

0 0 Write instructions to IR

1 0 Disabled

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

AddressCounter (AC)

The address counter (AC) assigns addresses to the CGRAM. When an address set instruction iswritten
into the IR, the addressinformation is sent from the IR to the AC.

After writing into the CGRAM, the AC is automatically incremented by 1 (or decremented by 1). After
reading from the data, the RDM bit automatically updates or does not update the AC.

Graphic RAM (CGRAM)

The graphic RAM (CGRAM) stores bit-pattern dataof 112 x 80 dots. A set bit in CGRAM data 1
corresponds to display selection (lit) and O to non-selection (unlit).

Timing Generator

Thetiming generator generatestiming signals for the operation of internal circuits such as the CGRAM.
The RAM read timing for display and internal operation timing by MPU accessare generated separately to
avoid interference with one another.

HITACHI
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Oscillation Circuit (OSC)

The HD66729 can provide R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulsescanalso be
supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced. For details, seethe Oscillation circuit section.

Liquid Crystal Display Driver Circuit

Theliquid crystal display driver circuit consists of 68 common signal drivers (COM1 to COM68) and 105
segment signal drivers (SEG1 to SEG105). When the number of linesare selected by a program, the
required common signal drivers automatically output drive waveforms, while the other common signal
drivers continue to output unsel ected waveforms.

Display pattern datais sent to a 105-bit shift register and latched when all needed data has arrived. The
latched data then enablesthe segment signal driversto generate drive waveform outputs. The shift
direction of 105-bit data can be changed by the SGS bit. The shift direction for the commondriver canalso
be changed by the CM S hit by selecting an appropriate direction for the device mounting configuration.

When multiplexing drive isnot used, or during the standby or sleep mode, all the above common and
segment signal drivers output the GND level, halting the display.

Booster (DC-DC Converter)

The booster generates double, triple, quadruple, or quintuple voltage input to the Vci pin. With this, both
the internal logic units and LCD drivers can be controlled with a single power supply. Boost output level
from double to quintuple boost can be selected by software. For details, see the Power Supply for Liquid
Crystal Display Drive section.

V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the L CD drive power
supply circuit. No external resistors are required because of the internal bleeder-resistor, which generates
different levels of LCD drive voltage. Thisinternal bleeder-resistor can besoftware-specifiedfrom 1/4bias
to 1/9 bias, according to the liquid crystal display drive duty value. The voltage followers canbeturned of f
while multiplexing drive is not being used. For details, see the Power Supply for Liquid Crystal Display
Drive section.

Contrast Adjuster

The contrast adjuster can be used to adjust LCD contrast in 64 stepsby varying the LCD drive voltage by
software. This can be used to select an appropriate L CD brightness or to compensate for temperature.

HITACHI
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CGRAM AddressMap

Table4 Reationship between Display Position and CGRAM Address (1)
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Notes: 1. A set bitin CGRAM data 1 corresponds to display selection (lit) and 0 to non-selection (unlit).

2. Addresses x69H-x6FH and xEQH—xEF exist but have no meanings for display.
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Table5 Reationship between Display Position and CGRAM Address (2)

HD66729
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2. Addresses x69H-x6FH and xEQH—XEF exist but have no meanings for display.

Notes: 1. A set bitin CGRAM data 1 corresponds to display selection (lit) and 0 to non-selection (unlit).
3. Lower 12-raster-row display areas are displayed by horizontal scrolling.




HD66729

I nstructions

Outline

Only the instruction register (IR) and the data register (DR) of the HD66729 canbecontrolled by the M PU.
Before starting internal operation of the HD66729, control information istemporarily stored in these
registersto allow interfacing with various peripheral control devicesor MPUs which operate at different
speeds. The internal operation of the HD66729 is determined by signals sent fromthe MPU. Thesesignals,
which include the register selection signal (RS), the read/write signal (R/W), and the databussignal (DBO
to DB7), make up the HD66729 instructions. There are four categories of instructions that:

e Control the display

e Control power management

e Setinternal CGRAM addresses

e Transfer datawith the internal CGRAM

Normally, instructions that perform data transfer with the internal CGRAM are used the most. However,
auto-incrementation by 1 (or auto-decrementation by 1) of internal HD66729 CGRAM addresses after each
data write can lighten the MPU program load.

Because instructions are executed in 0 cycle, instructions can be written in succession.

HITACHI
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Instruction Descriptions

Start Oscillation

The start oscillation instruction restarts the oscillator from the halt state in the standby mode. After issuing
thisinstruction, wait at least 10 msfor oscillation to stabilize before issuing the next instruction. (Seethe

Standby Mode section.)

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

0 0 0 0 0 0 0 0 1 1

Figure2 Start Oscillation Instruction

Driver Output Control

CMS: Selects the output shift direction of acommon driver. When CMS = 0, COM 1/64 shiftsto COM1,
and COM64/1 to COM64. When CMS = 1, COM 1/64 shiftsto COM64, and COM64/1 toCOM1. Output
position of acommon driver shifts depending on the CN1-0 bit setting. For details, seethe Display Line
Control section.

SGS: Selects the output shift direction of a segment driver. When SGS = 0, SEG1/105 shiftsto SEGL1, and
SEG105/1 to SEG105. When SGS = 1, SEG1/105 shifts SEG105, and SEG105/1 to SEG1.

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

0 0 0 0 0 0 0 1 |CMS|SGS

Figure3 Driver Output Control Instruction
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Power Control

AMP: When AMP = 1, each voltage follower for V1 to V5 pins and thebooster areturned on. WhenAMP
=0, current consumption can be reduced while the display isnot being used.

SLP: When SLP =1, the HD66729 entersthe sleep mode, where the internal display operations are halted
except for the R-C oscillator, thus reducing current consumption. For details, see the Sleep Mode section.
Only the power control instructions (AMP, SLP, and STB hits) can be executed during the sleep mode.

During the sleep mode, the other CGRAM data and instructions cannot be updated although they are
retained.

STB: When STB = 1, the HD66729 entersthe standby mode, where display operation completely stops,
halting all the internal operationsincluding the internal R-C oscillator. Further, no external clock pulses
are supplied. For details, see the Standby Mode section.

Only the following instructions can be executed during the standby mode.

a. Standby mode cancel (STB =0)
b. Voltagefollower circuit on/off (AMP = 1/0)
c. Start oscillation

During the standby mode, the CGRAM data and instructions may be lost. To prevent this, they must be set
again after the standby mode is canceled.

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

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

Figure4 Power Control Instruction
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Contrast Control 1/2
SW: Switches the bit configuration for the contrast control instruction.

CT4-CTO0: When SW =0, they control the LCD drive voltage (potential differencebetweenV 1 and GND)
to adjust contrast. A 64-step adjustment is also possible by using the CT5 bit which are set in theentry mode
register. For details, see the Contrast Adjuster section.

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

CT4|CT3| (SW=0)

o|lo|l o, 0|0 | 1|0 |SW
BTL|BTO| (SW=1)
ololololol 1l CT2|CT1|CTO| (SW = 0)
BS2|BS1|/BS0| (SW=1)

Figure5 Contrast-Control 1/2 Instruction

HD66729
VLCD
O 1
VR
V1
V2
V3
Ro
R V4
V5
R
ONDL | GND

Figure6 Contrast Adjuster
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Table 6 CT Bitsand Variable Resistor Valueof 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 155xR
1 0 0 0 1 0 1.50x R
1 1 1 1 0 1 0.15xR
1 1 1 1 1 0 0.10xR
1 1 1 1 1 1 0.05xR

BT 1-0: When SW = 1, they switch the output of V50UT between double, triple, quadruple, and quintuple
boost. Theliquid crystal display drive voltage level can be selected according to its drive duty ratio and
bias. A lower amplification of the booster consumes less current.

BS2-0: When SW = 1, they set the crystal display drive bias value within the range of 1/4 to 1/9 bias. The
liquid crystal display drive bias value can be selected according to its drive duty ratio and voltage. For
details, seethe Liquid Crystal Display Drive Bias Selector section.

Table7 BT Bitsand Output Level

BT1 BTO V50UT Output Level
0 0 Triple boost

0 1 Quadruple boost

1 0 Quintuple boost

1 1 Double boost
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Table8 BSBitsand LCD DriveBias Value

BS2 BS1 BSO Liquid Crystal Display Drive Bias Value
0 0 0 Setting inhibited

0 0 1 Setting inhibited

0 1 0 1/9 bias drive

0 1 1 1/8 bias drive

1 0 0 1/7 bias drive

1 0 1 1/6 bias drive

1 1 0 1/5 bias drive

1 1 1 1/4 bias drive

Entry Mode

After power-on reset, ensure the setting. Since the DBO bit isthe test bit, set DBO when SW =0, and clear
DBOwhen SW = 1.

REV: Displaysall character and graphics display sections with black-and-white reversal when SW =0
and REV = 1. For details, seethe Reversed Display Function section.

[/D: When SW = 0, increments (I/D = 1) or decrements (I/D = 0) the CGRAM addressby 1 when datais
written into or read from the CGRAM.

CT5: Setsthe most significant bit (CT5) for contrast adjustment when SW = 1. A 64-step adjustment is
also possible by using the CT4—CTO bits which are set in the contrast-control 1/2 instruction.

RDM: When SW =1 and RDM = 0, the RDM increments or decrements the address counter value
according to the I/D bit setting after reading the data from the CGRAM. When RDM = 1, the address
counter value is not updated after the data has been read from the CGRAM. The address counter valueis
used when the RAM datais read, modified, and written. Sincethefirst read dataisinvalid, theread must be
continuously done twice. After writing to the CGRAM, the address counter value must be updated.

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

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

0 0 0 0|1 0| O

Figure7 Entry Mode Set Instruction
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Display On/Off Control

D: Display ison when SW =0 and D = 1 and off when D = 0. When off, the display dataremainsin the
CGRAM, and can be displayed instantly by setting D = 1. When D is0, the display is off withthe SEG1to
SEG105 outputs and COM 1 to COM68 outputs set to the GND level. Because of this, the HD66729 can
control charging current for the LCD with AC driving.

DL 10: When SW =0, DL10 can be set. When DL 10 = 1, the 10th lineis displayed at double height.

DL9-DL7: When SW =1, DL9-DL7 canbe set. Double-height display is specified for any display line.
When DL7 = 1, the seventh lineis displayed at double height. Double-height display is used fortheeighth
linewhen DL8 = 1 and for the ninth linewhen DL9 = 1. For double-height display for the first tothe sixth
lines, control them by using DL1-DL 6 bits in the display-line control instruction.

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

0

0

0 0] 1 1

0

D

DL10

0

DL9

DL8

DL7

(SW = 0)
(SW=1)

Figure8 Display On/Off Control Instruction

HITACHI

25




HD66729

Display Line Control

NL 3-0: Set NL2-NLO bits when SW = 0, and the NL3 bit when SW = 1 to specify thedisplaylines. A line
consists of 8 dots. Display lineschange the liquid crystal display drive duty ratio. CGRAM address
mapping does not depend on the number of display lines.

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

NL2 |NL1|NLO| (SW=0)
0 | CN[NL3] (sW=1)

0 0 0 0 1 1 1

Figure9 Display-line Control Instruction

Table9 NL Bitsand Display Lines

NL3 NL2 NL1 NLO Display Size LCD Drive Duty Common Driver Used
0 0 0 0 105 x 8 dots 1/8 Duty COM1-COM8

0 0 0 1 105 x 16 dots 1/16 Duty COM1-COM16

0 0 1 0 105 x 24 dots 1/24 Duty COM1-COM24

0 0 1 1 105 x 32 dots 1/32 Duty COM1-COM32

0 1 0 0 105 x 40 dots 1/40 Duty COM1-COM40

0 1 0 1 105 x 48 dots 1/48 Duty COM1-COM48

0 1 1 0 105 x 56 dots 1/56 Duty COM1-COM56

0 1 1 1 105 x 64 dots 1/64 Duty COM1-COM64

1 0 0 0 105 x 68 dots 1/68 Duty COM1-COM68

CN: Set CN bit when SW = 1. If CN =1, the display position is shifted down by 16 dots (two lines) and
display starts from COM17. If the liquid crystal isdriven at alow-duty ratio in the systemwait state, there
isapartial display at the center of the screen (centering display). If CN = 1, the LCD-driveduty ratio must
be 1/48 or less (NL3-0 = 0000-0101). For details, see the Partial-display-on Function section.
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Table 10 Common Driver Pin Function

Common Driver Pin Function

CN =0 (Normal Output) CN =1 (Center Output)

Common Driver

Pin CMS=0 CMS=1 CMS=0 CMS=1

COM1/64 CcCoM1 COM64 Non-selected COM48
com2i63 com2 come3 Non-selected  coM47
com7iss com7 comss | Non-selected ~~ COM42
comsisT coms coms7 1 Non-selected ~ com41

COM9/56 COM9 COM56 Non-selected COM40
COM10/55  « cCoM10 comMss Non-selected ~ COM39
COM15/50 < comis coms0 1 Non-selected  COM34
COM16/49  ( coM16 com49 Non-selected ~ COM33

COM17/48 COoM17 CcomMm48 comi COM32
com18/47  « coM1s comM4r com2 comst
com24/41 comz4 comM4l  « coms comzs

COM25/40 COM25 COM40 COM9 COM24
coM32/33  « com32 coM33  « comie comiz

COM33/32 COM33 COM32 Ccomi17 COM16
COM40/25  ( comM40 coM25 ¢ com24 comg

COM41/24 COom41 COM24 COM25 Ccowms8
com48/17  « com4s coM17 ¢ comsz comt

COM49/16 COM49 COM16 COM33 Non-selected
COMs6/9  ( comMsé coM9 coma0 Non-selected

COM57/8 COM57 COMS8 COM41 Non-selected
comean < comea comi comas | Non-selected

COM65/68 COM65 COM68 Non-selected Non-selected
comesler comes comer 1 Non-selected  Non-selected
cCoMB7/66  ( come7 comes I Non-selected  Non-selected
comesies comes comes 1 Non-selected  Non-selected

Note: When the display is centered (CN = 1), the LCD-drive duty ratio must be set to 1/48 or less.
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Double-height Display

Control

DL 3-1: Can be specified when SW = 0. Specify the double-height displayforany line. WhenDL1=1,the
first line (8 dots) is displayed as 16 dotsat double height. When DL2 = 1, the second lineis displayed at
double height. When DL3 =1, the third line isdisplayed at double height. Double-height display of

multiple linesis possible. For details, see the Double-height Display section.

DL 6-4: Can be specified when SW = 1. Specify the double-height display forany line. WhenDL4 =1, the
fourth line (8 dots) is displayed at double height. When DL5 =1, thefifthlineisdisplayed at double height.
When DL6 = 1, the sixth lineis displayed at double height. For the seventh to 10th lines, control double-
height display by using the DL7-DL 10 bits in the display-line control instruction.

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

0

DL3

DL2

DL1

0 0 1 0 0 0 DL6

DLS

DL4

(SW = 0)
(SW = 1)

Figure 10 Double-height Display Control Instruction
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Vertical Scroll Control 1/2

SN3-0: Set SN2 to SNO bitswhen SW = 0. Set the SN3 bit when SW = 1. Specify the display start line
output from COM1. Because the CGRAM isassigned a 10-line display areain which aline consists of 8
dots, the datais displayed sequentially from the first lineto the 10th line then repeated from the first line
again. In partial smooth scrolling, these bits specify the display start linefor the next line of the fixed-
display line. For details, seethe Partial Smooth Scroll Display Function section.

SL 2-0: Select the top raster-row to be displayed (display-start raster-row) inthedisplay-startlinespecified
by SN2 to SNO. Any raster-row from the first to eighth can be selected (table 12). Thisfunction is used to
achieve vertical smooth scrolling together with SN2 to SNO. For details, seethe Vertical Smooth Scroll
section.

R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
SN2| SN1|SNO| (SW =0)
0 0 0 1 0 0 1 <0>| <0> |SN3| (SW=1)

SL2|SL1|SLO| (SW=0)
<0>|PS1|PSO| (SW=1)

Figure11 Vertical Scroll Control /2 Instruction

Tablell SN Bitsand 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
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Table12  SL Bitsand 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: Specify PS1 to PSO bits when SW = 1. When PS1-0 = 01, only the first lineisfixed-displayed in
vertical smooth scrolling, and the other display lines are smooth-scrolled. When PS1-0 = 10, the first and
second lines are fixed-displayed. When PS1-0 = 11, the first to third linesarefixed-displayed. For details,
see the Partial Smooth Scroll Display Function section.
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Booster Control

B/C: When SW =1 and B/C =0, a B-pattern waveform is generated and alternatesinevery framefor LCD
driving. When B/C = 1, a C-pattern waveform is generated and alternates (n-raster-row reversed ACdrive)
in each raster-row specified by bits EOR and NW4-NWO in the L CD-driving-waveform control register.

For details, seethe n-raster-row Reversed AC Drive section.

DCC: When SW =1 and DCC = 0, a booster operateswiththe 64-divided clock of the operatingfrequency.
When DCC = 1, the booster operates with the 32-divided clock. When the booster operates with the 64-
divided clock, current consumption in the booster islow, but boosting ability isweak.

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

0 0| 0 |(SW=0)
<0> |DCC|B/C | (SW =1)

0 0 0 1 1 1 0

Figure 12 Booster Control Instruction

L CD-Driving-Waveform Control

EOR: When the C-pattern waveform is set (B/C = 1) and SW =1 and EOR = 1, the odd/evenframe-select
signals and the n-raster-row reversed signals are EORed for alternating drive. EOR is used when theLCD
isnot alternated by combining the set values of the LCD drive duty ratio and n raster-row. Fordetails, see
the n-raster-row Reversed AC Drive section.

NW4-0: Specify the number of raster-rowsn that will aternate at the C-pattern waveform setting (B/C =
1). NW4-NWO alternate in every set value + 1 raster-row, and the first to the 32nd raster-rows can be
selected. When SW =0, bits NW2, NW1, and NWO can be set. When SW = 1, bits NW4 and NW3canbe
set.

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

NW2|NW1/NWO| (SW = 0)

ol ol 0| 1] 1| 1] 1
EOR|NW4/NW3| (SW =1)

Figure 13 LCD-Driving-Waveform Control Instruction
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RAM Address Set

AD10-0: Initially set CGRAM addresses to the address counter (AC). Once the CGRAM dataiswritten,
the ACisautomatically updated according to the I/D bit. Thisallows consecutive accesses without
resetting addresses. Once the CGRAM dataisread, the AC isautomatically updated according to the I1/D
bit when RDM = 0, and not updated when RDM = 1. Set RDM to 1 when read, modify, andwritearedone
in every one-byte data.

Addresses “*69"H—"*6F"H and “*E9"H—"*EF"H in the CGRAM area exist but do not appear in the
display.

CGRAM address setting is not allowed in the sleep mode or standby mode.

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

0 0 1 0 1 |AD10AD9 AD8 AD7|ADG6

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

Figure 14 RAM AddressSet Instruction

Table13 AD Bitsand CGRAM Settings

RM AD10-ADO CGRAM Setting

1 "000"H-"06F"H Display data for COM1 to COM8

1 "080"H-"0EF"H Display data for COM9to COM16
1 "100"H-"16F"H Display data for COM17 to COM24
1 "180"H-"1EF"H Display data for COM25to COM32
1 "200"H-"26F"H Display data for COM33 to COM40
1 "280"H-"2EF"H Display data for COM41to COM48
1 "300"H-"36F"H Display data for COM49 to COM56
1 "380"H-"3EF"H Display data for COM57 to COM64
1 "400"H-"46F"H Display data for COM65to COM68
1 "480"H-"4EF"H Displayed by upward scrolling

WriteDatato CGRAM

WD7-0 : Write 8-bit datato the CGRAM. After awrite, the addressis automatically incremented or
decremented by 1 according to the I/D bit setting. During the sleep and standby modes, the CGRAM cannot
be accessed.

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

0 1 |WD7/WD6|WD5WD4|WD3WD2WD1/WDO0

Figure15 WriteDatato CGRAM Instruction
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Read Data from CGRAM

RD7-0: Read 8-bit datafrom the CGRAM. In the parallel businterface mode, the first-byte data read will
be invalid immediately after the CGRAM address set, and the consecutive second-byte datawill be read
normally. In the serial interface mode, two bytes will be invalid immediately after the start byte, and the
consecutive third-byte datawill be read normally. For details, seethe Serial Data Transfer section.

After a CGRAM read, when RDM = 0, the addressis automatically incremented or decremented by 1
according to the I/D bit. When RDM = 1, the addressis not updated.

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

1 1 |RD7|RD6|/RD5|RD4| RD3| RD2|RD1| RDO

Figure16 Read Datafrom CGRAM Instruction

| Address: N set | | Start byte |

First byte| Dummy read (invalid data) | | Address: N set |
Second byte | Read (data of address N) | | Start byte |
Address: N+l (RDM = 0) First byte| Dummy read (invalid data) |

Address: N (RDM = 1)

|

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

v

Thid byte| Read (data of address N) |

v

Address: N1 (RDM = 0)
Address: N (RDM = 1)

i) Serial interface mode

Figure1l7 CGRAM 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 Setsthe register 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 CT1l CTO Setsthe lower contrast 0
adjustment bits (CT2-0).

BS2 BS1 BSO Sets the LCD bias value 0
(BS2-0).

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

CT5 RDM 0 Sets the higher contrast 0
adjustment bit (CT5) or read,
modify, write (RDM).

Display on/off 0 0 0 0 1 1 0 D DL10 O Sets display on (D) or 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 O
control lines (NL2-0).

0 CN NL3 Specifies centering (CN)or 0
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).
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Table14  Instruction List (cont)

E_XGCU-
Register Code tion
Name RW RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
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 (PS1- 0
0).
Booster control 0 0 0 1 1 1 0 0 0 0 NOP. 0
<0> DCC B/C Selects the boosting cycle 0
(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 CGRAM 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 CGRAM to
the AC.
Write data to 0 1 Write data Writes data to CGRAM. 0
RAM
Read data from 1 1 Read data Reads data from CGRAM. 0
RAM

Note: 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: COM1/64 => COM1

SGS = 0: SEG1/105 => 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: Quintuple, 11: Double)

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 dutyratio,
1000: 1/68 duty ratio)

DL1-10: Double-height line specifications (DL1: 1st line, DL2: 2nd 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)

CN=1: Centering specifications (LCD driving started at COM17)

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

ADD10-0: CGRAM address set (O00H—-4EFH)
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Reset Function

The HD66729 isinternaly initialized by RESET input. Because the busy flag (BF) indicates a busy state
(BF = 1) during the reset period and the 1000-clock cycle period following reset cancellation, no instruction
or CGRAM data access from the MPU isaccepted. Any initializing instruction must wait for 1,000 clock
cyclesafter the reset is canceled so that internal busy status can be completed. The reset input must beheld
for at least 1 ms.

Instruction Set I nitialization:

Start oscillation executed

Driver output control (SGS=0, CMS=0)

Power control (AMP = 0: LCD power off, SLP = 0: Sleep mode off, STB = 0: Standby mode off)
Triple boost (BT1/0 = 00), /10 bias drive (BS2/1/0 = 000), Weak contrast (CT5-0 = 00000)

Entry mode set (REV = 0: Normal display, I/D = 1: Increment by 1, RDM = 0: Automatically update
after reading)

Display on/off control (D = O: Display off, CEN = 0: Normal position)
Display linecontrol (NL3/2/1/0=1001: 1/80 duty ratio)
Double-height display off (DL10-1 = 0000000000)

Vertical scroll control (SN3/2/1/0 = 0000: First linedisplayed at the top, SL2/1/0: First raster-row
displayed at the top of the first line, PS1/0 = 00: Partial scroll off)

10. 1/64-divided clock boost (DCC = 0)
11. B-pattern waveform AC drive (B/C =0, EOR = 0, NW4/3/2/1/0 = 00000)

a bk~ w DN

© © N

CGRAM Data I nitialization:

Thisis not automatically initialized by reset input but must be initialized by software while display is off
(D =0).

Output Pin Initialization:

1. LCD driver output pins (SEG/COM): Outputs GND level
2. Booster output pins (VLOUT): Outputs Vcc level
3. Oscillator output pin (OSC2): Outputs oscillation signal
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Serial Data Transfer

Setting the IM1 and IM2 pins (interface mode pins) to the GND level allows standard clock-synchronized
serid datatransfer, using the chip select line (CS*), serial dataline (SDA), and serial transfer clock line
(SCL). For aseria interface, the IMO/ID pin function uses an ID pin.

The HD66729 initiates serial datatransfer by transferring the start byte at the falling edge of CS* input. It
ends serial datatransfer at the rising edge of CS* input.

The HD66729 is selected when the 6-bit chip addressin the start byte transferred from the transmitting
device matches the 6-hit device identification code assigned to the HD66729. The HD66729, when
selected, receives the subsequent data string. The least significant bit of the identification code can be
determined by the ID pin. The five upper bitsmust be01110. Two different chip addresses must be assigned
to asingle HD66729 because the seventh bit of the start byte is used as aregister select bit (RS): that is,
when RS = 0, an instruction can be issued, and when RS =1, datacanbewrittentoor read from RAM. Read
or write is selected according to the eighth bit of the start byte (R/W bit) as shown in table 26.

After receiving the start byte, the HD66729 receives or transmits the subsequent data byte-by-byte. Thedata
istransferred with the MSB first. To transfer data consecutively, note that only the display-clear instruction
requires alonger execution time than the others (see table 24, Instruction List).

Two bytesof CGRAM read data after the start byteareinvalid. The HD66729 startsto read correct CGRAM
datafrom the third byte.

Tablel5  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 ID

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

Table 16 RSand R/W Bit Function

RS R/W Function

Writes instruction

Writes RAM data

0 0
0 1 Invalid
1 0
1 1

Reads RAM data

HITACHI
38



HD66729

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

Transfer start Transfer end
iy ]

cs* i
(Input) '}'

oy LALALEALALA AL B
(Input)

SDA N ora—
(Input/ \o /o
output) ':7Device ID code—>| RS ‘ R/W‘ ‘

Start byte Instruction, CGRAM data

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

Cs*
(Input) ‘\
SCL
(Input)

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

output) ____

12345678 9 10111213141516 1718192021222324 252627 2829303132

Start End

c) CGRAM Data Read-transfer Timing

Cs* ‘\

(Input)

12345678 9 10111213141516 1718192021222324 2526272829303132

(Input) -

SDA Start byte Dummy read 1 Dummy read 2 RAM data read 1
(Inpuv RS=1,RW=1
output) ____ _ N S I
Start End

Note: Two bytes of the RAM read data after the start byte are invalid. The HD66729 starts to read the correct
RAM data from the third byte.

Figure 18 Clock-synchronized Serial Interface Timing Sequence
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Parallel Data Transfer

8-bit Bus Interface

Setting the IM2/1/0 (interface mode) to the GND/V cc/GND level allows E-clock-synchronized 68-system
8-hit parallel datatransfer. Setting the IM2/1/0 (interface mode) to the Vcc/V cc/GND level alows 80-
system 8-hit parallel datatransfer. When the number of buses or the mounting areais limited, use a 4-bit
businterface or serial datatransfer.

*Interface via I/O port

co | E/WR*
c1 | RS
H8/325 oo » | Riw/RD* HD66729
,,,,,,,,,,,,,,,,,, > | (CS*)
AQ-A7 [/ | DBO-DB7
8

Figure 19 Interfaceto 8-bit Microcomputer

4-bit Bus I nterface

Setting the IM2/1/0 (interface mode) to the GND/V cc/V cc level alows E-clock-synchronized 68-system
4-bit parallel datatransfer using pins DB7-DB4. Setting the IM2/1/0 (interface mode) to theVcc/Vec/Vee
level allows 80-system 4-bit parallel datatransfer. The 8-bit instructionsand RAM data are divided into
four upper/lower bits and the transfer starts from the upper four bits.

Note: Transfer synchronization function for a 4-bit businterface
The HD66729 supportsthe transfer synchronization function which resets the upper/lower counter
to count upper/lower 4-bit datatransfer inthe 4-hit businterface. Noise causingtransfer mismatch
between the four upper and lower bits can becorrected by aresettriggered by consecutivelywriting
a 0000 instruction four times.  The next transfer starts from the upper four bits. Executing
synchronization function periodically can recover any runaway in the display system.
When the 4-bit synchronization function is executed, the blink synchronization is executed
simultaneously.

RS \ /
RIW \ /

BN aWaWalaWalial
DB7— m( IL(,:l‘pree"r/ W / // //>\0000// / AOOO moooo // />"\0000" Uppermx LowerW

(€ @) ©)

@) 4_
(4-bit transfer synchronization)

Figure20 4-bit Transfer Synchronization
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Oscillation Cir cuit

The HD66729 can either be supplied with operating pul ses externally (externa clock mode) or oscillate
using an internal R-C oscillator with an external oscillator-resistor (external resistor oscillation mode).
Note that in R-C oscillation, the oscillation frequency is changed according to the internal capacitance
value, the external resistance value, or operating power-supply voltage. Insert the dumping resistance of
about 2 kQ to prevent malfunctions caused by over-shoot or under-shoot noise in the external clock mode.

1) External clock mode 2) External resistor oscillation mode
The oscillator frequency can be
2kO — losci adjusted by oscillator resistor
Clock —\A\— OsC1 Rf é 0SC2 (Rf). If Rfis increased or power
(80 kHz) supply voltage is decreased, the
HD66729 HD66729 oscillation frequency decreases.

. ) For the relationship between Rf
Insert the dumping resistance. ) o
resistor value and oscillation
frequency, see the Electric

Characteristics Notes section.

Figure21 Oscillation Circuits
Tablel7 Relationship between DriveDuty 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 8.5-line
Dis- Dis- Dis- Dis- Dis- Dis- Dis- Dis- Dis-
play play play play play play play play play
Set value for NL3-0

LCD Drive 0000 0001 0010 0011 0100 0101 0110 0111 1000

Multiplexing 1/8 1/16 1/24 1/32 1/40 1/48 1/56 1/64 1/68
duty ratio

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

Frame 73 Hz 73 Hz 73 Hz 73 Hz 72 Hz 74 Hz 74 Hz 73 Hz 69 Hz
frequency

One-frame 1,024 1,024 1,032 1,024 1,040 1,008 1,008 1,024 1,088
frequency

Note: If the frame frequency is low and the display flickers, increase the oscillation frequency (fosc).
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.1, ‘ , 4 ,nmmmnny | 67 068, 1 , 2 3 , mmnnnnmnl, 67, 68,
e S Sy — 11 —
V2 ‘ ‘ ‘ .
com1 ; ! ! ! ! ! : ! ! ! ! ;
V5= : : ‘ : ‘ : ‘ ‘ ‘ ‘
GND i | | | , | I_
vi— ! ! ; ! ; ! : : ; : :
vz : : : : : :
comz : ‘ : ‘ ‘ : ‘
- V5 ] I I I
= GND— : : : : : : : : : : :
"' Vi ; ; :
V2 — T
COM67 : : : : ‘ :
V5 ] I I I I ] I I I I I ]
GND—; ! ! ! ! ! ‘ : ! ! ! ! ! :
u— S S ——— s j
V2_! : : : : : : ! ! ! ! !_
COMé8 : : : : : : : : : : : :
V55—, ! ! ! ! ! I ‘ ‘ ‘ ‘ .
GND : : : ‘ ‘ ‘ . ‘ : ‘ : ‘ :
}( 1 frame ):4 1 frame >:

Figure22 LCD DriveOutput Waveform (B-pattern AC Drivewith 1/68 Multiplexing Duty Ratio)
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n-raster-row Reversed AC Drive

The HD66729 supports not only the LCD reversed AC drive in a one-frame unit (B-pattern waveform) but
also the n-raster-row reversed AC drive which alternates in an n-raster-row unit from oneto 32 raster-rows
(C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk at high-duty
driving of morethan six lines (1/48 duty), the n-raster-row reversed AC drive (C-pattern waveform) can
improve the quality. Determine the number of raster-rowsn (NW bit set value + 1) for alternating after
confirmation of the display quality with the actual LCD panel. However, if the number of AC raster-rows
isreduced, the LCD alternating frequency becomeshigh. Because of this,the chargeor dischargecurrentis
increased in the LCD cells.

lq—————— 1 fame—————— g1 frame————— |

123 456|7 8 910111213"**"** 67681 2/ 3|4 5/ 6 7 8 910111213"*"*** 67681 2 3

B-pattem
waveform drive
« 1/68 duty

- ~~—

C-pattem

?

waveform drive

« 1/68 duty

¢ 9-raster-row

reversal I 1

* Without EORs

C-pattem _ A\
waveform drive
« 1/68 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.

Figure23 Exampleof an AC Signal under n-raster-row Reversed AC Drive
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Liquid Crystal Display Voltage Generator

When External Power Supply and Internal Operational Amplifiersare Used

To supply LCD drive voltage directly from the external power supply without using the internal booster,
circuits should be connected as shown in figure 24. Here, contrast can be adjusted by software through the
CT hits of the contrast adjustment register.

The HD66729 incorporates a voltage-follower operational amplifier for each V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal drive
voltages. Thus, potential difference between V, ., and V1 must be 0.1V or higher, and that between V4 and
GND must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the operational
amplifiers. Place a capacitor of about 0.1 pF to 0.47 puF between each internal operational amplifier
V10UT to V50UT output and GND and stabilize the output level of the operational amplifier.

OPOFF = GND
e Vico HD66729
VR?
viouT| £[+>VV1
R
voout| ¥ Prve 3 SEGL to SEG105
LCD
Ro driver
vaout| T eV
R
[ Vi
0.1 uF v4ouT g - COM1 to COM6S8
R
to 0.47 pF %
vsout| T D>V
HH HHH R%
GNDo 4 053§} GND . GND
Vci
c1+
C1-
C2+
C2- Booster
c3+
c3-
ca+
C4-
VLOUT

Figure 24 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and Internal Operational Amplifiersare Used

To supply LCD drive voltage using the internal booster, circuits should be connected asshowninfigure25.
Here, contrast can be adjusted through the CT bits of the contrast control instruction. Temperature can be
compensated either through the CT bits or by controlling the reference voltage for the booster (Vci pin)
using athermistor.

Note that Vci is both a reference voltage and power supply for the booster. The reference voltage must
therefore be adjusted using an emitter-follower or a similar el ement so that sufficient current can be
supplied. In this case, Vci must be equal to or smaller than the V. level.

The HD66729 incorporates a voltage-follower operational amplifier for each of V1 to V5 toreducecurrent
flowing through the internal bleeder-resistors, which generate different liquid-crystal drive voltages. Thus,
potential difference between V| o, and V1 must be 0.1 V or higher, and that between V4 and GND must be
1.4V or higher. Note that the OPOFF pin must be grounded when using the operational amplifiers. Placea
capacitor of about 0.1 pF to 0.47 puF between each internal operational amplifier V1OUT to V50UT
output and GND and stabilize the output level of the operational amplifier.
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OPOFF = GND

VLCD

V10UT

V20UT|

V30UT]

V40UT]

0.1 pF
to 0.47 pR

V50UT]

LT
GNDo 1731331 o

HD66729

LCD
driver

GND

06 0O

\/Ci

Vci o
Cl+

1wk T C1-

C2+

C3+

il
T
C3+
il
T

’+—" 1uF

1pF =
" T VLOUT

GND

Booster

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 (15 V). Particularly, Vci must be

3.0 V or less for quintuple boosting.

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 26.

Figure25 Internal Booster for LCD Drive Voltage Generation

Vcc

Thermistor

1
GN

D

Tr

HD66729

Vcc

Vi

Figure26 Temperature Compensation Circuit
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Switching the Boosting M ultiplying Factor

Instruction bits (BT 1/0 bits) can optionally select the boosting multiplying factor of the internal booster.
According to the display status, power consumption can be reduced by changing the LCD drive duty and
the LCD drive bias, and by controlling the boosting multiplying factor for the minimumrequirements. For
details, see the Partial-display-on Function section.

Due to the maximum boosting multiplying factor, the following external capacitor needs to be connected.
For example, when the maximum boosting is quadrupled, the capacitors between C4+ and C4- for
quintuple boosting are not needed, so these pins must be open.

Table18 VLOUT Output Status

BT1 BTO VLOUT Output Status

0 0 Triple boosting output

0 1 Quadruple boosting output
1 0 Quintuple boosting output
1 1 Double boosting output

i) Maximum quintuple boosting

if) Maximum quadruple boosting iii) Maximum triple boosting

Vi Vei Vi Vei Vi © Vi
0.47pF ¥ s 047 pF * Ll 047 uF ¥ el
tolpF T | tolpF [ g tolpF T [,
047pF | C2* 047pF* |2 047ur ¥ |2
tolpF T |y tolpF |y tolpF T oo

+ C3+ + C3+ —|{ca+

047pF ‘L 047pF *L
tol pF C3- tol pF C3- —|c3-
0a7uF | G4 —|{ ca+ —| ca+
torpF T | ca- —|ca | ca
— VLOUT — VLOUT —— VLOUT

1 F_+ 1pF L 1|JF—Jr

"L L I

GND GND GND
Figure27 Booster Output Multiplying Factor Switching
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Example of Power-supply Voltage Generator for More Than Quintuple Boosting Output

The HD66729 incorporates the booster for up to quintuple boosting. However, the LCD drive voltage
(VLCD) will not be enough for quintuple boosting from V cc when the power-supply voltage of Vccislow
or when the LCD drive voltage is high for the high-contrast LCD display. Inthiscase, thereferencevoltage
(Vci) for boosting can be set higher than the power-supply voltage of Vcc.

Set the Vci input voltage for the booster to 5.5 V or lesswithin the range of Vcc + 1.0 V. Control the Vci
voltage so that the boosting output voltage (VLOUT) should be |ess than the absol ute maximumratings (15
V).

HD66729
Regulator| 2.0V_ |, = Logic circuit
(1)
Battery | _L_ | CHTT Xy e
25v | T T H
Regulator 2.3V Vi C1l- |
(2 Co+ [ 1
T 1uF
\ c2- 1
_.L Booster c3
N
= ik 1uF
GND el T
23 x5=115V
23x5=113V VLOUT Ca+ 7 1uF
I VLCD (= 115 V) O H
,,,,, . | _ 3 SEG1 10 SEG105
—I_— VLCD LCDdriver
1 ”Fl+ —> COML to COM68
GND GND
GND
— Vcc (=2.3V)
-&-F Ve (=2.0V)
— GND (=0 V)

Figure28 Usage Exampleof Booster at Vci >Vcc
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Contrast Adjuster

Software can adjust 64-step contrast for an LCD by varying the liquid-crystal drive voltage (potential
difference between V| o, and V1) through the CT bits of the contrast adjustment register (electron volume
function). The value of avariable resistor between V-, and V1 (VR) can be precisely adjusted in a0.05x
R unit within arange from 0.05 x R through 3.20x R, where Risareferenceresistance obtained by dividing
the total resistance.

The HD66729 incorporates a voltage-follower operational amplifier for each of V1 to V5 toreducecurrent
flowing through the internal bleeder resistors, which generate different liquid-crystal drive voltages. Thus,
CT5-0 bits must be adjusted so that potential difference between V ., and V1is0.1 V or higher and that
between V4 and GND is 1.4 V or higher when liquid-crystal drives, particularly when the VR issmall.

HD66729
VLCD
o1
v
V1
V2
V3
RO
\VZ
R
V5
R
GND | GND

Figure29 Contrast Adjuster
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Table19

Contrast Adjustment Bits(CT) and Variable Resistor Values

CT Set Value

CT5 CT4 CT3 CT2 CT1 CTO

Varable Resistor
Value (VR)

Potential Difference
between V1 and GND

Display Color

0

0 0 0 O

0

3.20x R

3.15xR

3.10 xR

3.05xR

3.00 xR

2.95 x R

290 x R

285 xR

280 xR

275 xR

2.70 x R

265 xR

Ol o/0ojojojojlojo|o|oO

Ol o o/ojojojojlojo|o|oO
PlRPrPRPIPIO OO O O|O|O
O|FRP|IPO|O|FRP|IPIO|O|F |k |O

RPlOO|O|O|FRP|FP|PIPIO|O|O

OFRP|IO|FRP|OFRP|IO|IFP|O|F O |k

2.60 x R

1.65 xR

1.60 x R

155 xR

150 x R

145 xR

1.40 x R

135 xR

1.30 xR

1.25 xR

1.20 x R

Rk |RrRr|lRr|R|[P|R|R|~,|O

r|lo|lo|lo|lo|lo|lo|lo|lo|o|r
b |lkr|lo|lo|lo|lo|lo|o|o|ol|r
olo|lr|rR|rR|r|lo|jlo|lo|o]|r
ololr|r|o|o|r|r|lololr

Rlo|lkr|lo|lrRr|O|R|O|R|O|R

1.15x R

0.20 x R

0.15x R

0.10 x R

PRk

PR ke
IS =N S
Rk k|
S E=1k=]

R|O|Fr | O

0.05 x R

(Small)

B Py

(Large)

(Light)

<----------------------------------------------->

(Deep)
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Table20  Contrast Adjustment per Bias Drive Voltage
Bias LCD drive voltage: VDR Contrast adjustment range
- LCD drive voltage i
U adjustment range 10.737 X (VLcp-GND) < VDR < 0.994 x (VLcp-GND)
: 9xR - Limit of potential L 2XR (VLCD-GND) = 1.4 [V
(?I‘I:/Se 9xR+VR * (Vico - GND) difference between V4 and GND ~ 9 X R + VR 2 14V
- Limit if potential .— VR \icp-GND) > 0.1V
difference between VLCD and V1~ 9 X R+ VR ( ) V1
- LCD drive voltage i
U8 adjustment range 10.714 x (VLcD-GND) < VDR < 0.993 x (VLcD-GND)
. 8xR - Limit of potential L 2xR .
——————— x(VLcp - GND p : X (VLcp-GND) = 1.4
(li)rlii‘/se 8xR+VR x( ) difference between V4 and GND 8xR+VR ( ) v
- Limit if potential VR (VLcD-GND) > 0.1 [V
difference between VLCD and V1~ 8 X R+ VR V1
- LCD drive voltage .
. adjustment range 1 0.686 x (VLcD-GND) < VDR £ 0.993 x (VLCD-GND)
- 7xR : - Limit of potential . 2XR__\ (\Vicp-GND) = 14
(;):Sse 7XR+ VR X (Viep - GND) difference between V4and GND ~ 7 X R + VR ( ) 2 14[V]
- Limit if potential VR x (VLco-GND) > 0.1
difference between VLCD and V1~ 7 XR + VR ( ) vl
- LCD drive voltage .
U6 adjustment range :0.652 x (VLcb-GND) £ VDR< 0.992 x (VLcD-GND)
bias _ 6xR x (VLcD - GND) | - L_imit of potential . _2xR x (VLCD-GND) = 1.4 [V]
drive 6 xR + VR difference between V4 and GND 6XxR+VR
- Limit if potential . — VR (VLeo-GND) = 0.1 [V]
difference between VLCD and V1~ 6 X R + VR
- LCD drive voltage i
s adjustment range 10.610 x (VLcp-GND ) £ VDR < 0.990 X (VLcp-GND)
- 5xR - Limit of potential ~2XR_ 4 (yicp-GND) 2 1.4 [V
(;)rli?/Se 5xR + VR X (VLo - GND) difference between V4and GND ~ 5X R + VR ( )z 14V]
- Limit if potential — VR \icD-GND) = 0.1V
difference between VLCD and V1~ 5X R+ VR ( ) v
» oement e 10556 X (VLCD-GND) < VOR< 0.988 X (VL.CD-GND)
- 4xR . ) 2xR
bias [—————— x (VLcD - GND) | - Limit of potential =, oo X(VLep-GND) = 1.4 [V
drive 4xR+VR difference between V4 and GND ~ 4 X R+ VR ( ) V1
R ) VR
- Limit if potential . ——"—— x (VLcD-GND) > 0.1 [V
difference between VLCD and V1~ 4 X R+ VR M
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Liquid Crystal Display Drive Bias Selector

An optimum liquid crystal display bias value can be selected using BS2-0 bits, according to the liquid
crystal drive duty ratio setting (NL3-0 bits). Liquid crystal display drive duty ratio and bias value can be
displayed while switching software applications to match the LCD panel display status. Theoptimum bias
value calculated using the following expressionisan ideal value where the optimum contrast is obtained.
Driving by using alower value than the optimum bias value provideslower contrast and lower liquid crystal
display voltage (potential difference between V1 and GND). Whenthe liquid crystal display voltageis
insufficient even if a quintuple booster isused or output voltage islowered becausethe battery life hasbeen
reached, the display can be made easier to see by lowering the liquid crystal bias.

Theliquid crystal display can be adjusted by using the contrast adjustment register (CT4-0 bits) and
selecting the booster output level (BT1/0 bits).

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

Table21  Optimum DriveBias Values

LCDdrive  1/68 1/64 1/56 1/48 1/40 1/32 1/24 1/16 1/8
duty ratio

(NL3-0 set 1000 0111 0110 0101 0100 0011 0010 0001 0000
value)

Optimum 1/9 1/9 1/8 1/8 1/7 1/6 1/6 1/5 1/4
drive bias
value
(BS2-0 set 010 010 011 011 100 101 101 110 111
value)
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VLCD
VR
Vi
R
V2
R
V3
5R
V4
R
V5
R
GND
GND
i) 1/ 9 bias
(BS2-0 =010)
VLCD

VR§
g V1
R
g V2
R
V3
R
V4
Ré
g V5
R
e
GND
v) 1/5 bias
(BS2-0 = 110)

VLCD

VR
V1
R
V2
R
V3
4R
V4
R
V5
R
GND

GND

ii) 1/ 8 bias
(BS2-0 = 011)

VLCD

VR
V1
R
V2
R
V3,V4
R
V5
R
GND
GND

vi) 1/ 4 bias
(BS2-0 = 111)

VLCD
VR
Vil
R
V2
R
V3
3R
V4
R
V5
R
GND
GND
iii) 1/7 bias
(BS2-0 = 100)

VLCD

VR§
; V1
R
g V2
R
V3
2R
V4
Ré
g V5
R
I
GND
iv) 1/6 bias
(BS2-0 = 101)

Note: R = Reference resistor

Figure30 Liquid Crystal Display DriveBias Circuit
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LCD Pandl Interface

The HD66729 has a function for changing the common driver/segment driver output shift direction using
the CM S bit and SGS hit to meet the chip mounting positions of the HD66729. Thisisto facilitate the

interface wiring to the LCD panel with COG or TCP installed.

H TACH Ltd.
LCD Controller/
Driver: HD66729
>105 x 68 dots
G aphi sc di spl ay
>Lar ge displ ay
>1. 8V (perati om

>x5 Boost er

SEG105/1
COM68/65
COMm64/1

SEG1/105

. i
Front of chip coniorzs

*CMS=0
*SGS=1

COM41/24
cowms/

COMm1/64 COM9/56

H TACH Ltd.
LCD Controller/
Driver: HD66729
>105 x 68 dots
G aphi sc di spl ay
>Large display
>1.8V Qperatiom

>x5 Boost er

COM9/56 COM1/64

COM8/57

Front of chip ~ comairzs

*CMS=1

«SGS =0 COM64/1

COM68/65
SEG105/1

COM40/25
SEG1/105

t—|COM1/64

SEG1/105 SEG105/1]

COM®68/65

COM40/25 COM64/L

Back of chip
*CMS =0

«SGS =0 COM41/24

COMms/57

COM9/56 COM1/64

!
!

H TACH Ltd.

LCD Controller/
Driver: HD66729

>105 x 68 dots

G aphi sc di spl ay

>Large displ ay

>1. 8V Operatiom

>x5 Boost er

COM9/56
Back of chip
*CMS=1
*SGS=1

COMm8/57
COM41/24

COM64/1

COM68/65
SEG105/1

COM40/25
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Figure31 1/68-duty DrivePattern Wiring
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Vertical Smooth Scroll Display

The HD66729 can vertically scroll a graphicsdisplay in units of raster-rows. Because the HD66729 hasan
80-raster-row vertical CGRAM area, it can write display databy using a 12-raster-row CGRAM area that
isnot displayed on the screen. In other words, the 80 raster-rows can be used to achieve continuoussmooth
vertical scrolling. After the 80th raster-row is displayed, thefirst raster-row is displayed again. Additionally,
when display areas of agraphicsicon such as a pictogram or a menu bar are partialy fixed-displayed, the
remaining areas can be displayed. For details, see the Partial Smooth Scroll Display Function section.

Specifically, this function is controlled by incrementing or decrementing the value in the display-start line
bits (SL2to SLO) and display-start raster-row bits (SN3 to SNO) by 1. For example, to smoothly scroll up,
first set linebits SN3 to SNO to 0000, and increment SL2 to SLO by 1 from 000 to 111 to scroll seven

raster-rows. Then increment line bits SN3 to SNO to 0001, and again increment SL2 to SLO by 1 from 000
to 111. If the vertical double-height display is at the top of theline, scrollingisdoneby eachtworaster-row.

When the response speed of the liquid crystal islow or when high-speed scrolling is needed, two- to four-
raster-row scrolling is recommended.
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1) Not scroled

- SN3 to 0 = 0000
- SL2 to 0 = 000

2) 2 rasterqows scroled up

-Sl2to 0 =010

3) 4 raster+ows scroled up

- Sl2 to 0 = 100

4) 8 rastertows scroled up

- SN3 to 0 = 0001
- SL2't0 0 = 000

\

Update 1st-line CGRAM dat

Figure 32 Vertical Smooth Scroll (4-line Display)
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Setting I nstructions (1/68-duty Drive: NL 3-0 = 1000)

( Scroll up display

R/W RS DB7DB6 DB5 DB4DB3 DB2DB1DB0
(olojofsfolof1fofo]fo]

(0] ofofzfof2]ofofo]o]

SN3-SNO = 0000

SL2-SL0 =000
(1st raster-row of 1st line displayed at the top)

Set 105 x 80-dot initial display data to CGRAM

(0] ofofsfoEafofofr]0]

\ CPU Wait \

(olofol1foz1]ols]o]o]
\ CPU Wait \

ol ofolrfoEof1fofo]1]
(olojofzfoEafoofofo]

Scroll up 2 raster-rows
(3rd raster-row of 1st line displayed at the top)

Scroll up 4 raster-rows
(5th raster-row of 1st line displayed at the top)

SN3-SNO = 0001
SL2-SL0 =000
(1st raster-row of 2nd line displayed at the top)

Update 1st-line (address 000 to 068H) display data in CGRAM ‘l

\ CPU Wait \
(o[ ofof1fozafofol1]0]
\ CPU Wait \

‘ofofolafoEs[ofz o]0

\ CPU_Wait \
[ofofofs[oEo] 2]of1]o]
(o ofofsfozs]ofofo]o]

Scroll up 10 raster-rows
(3rd raster-row of 2nd line displayed at the top)

Scroll up 12 raster-rows
(5th raster-row of 2nd line displayed at the top)

SN3-SNO = 0010

SL2-SL0 =000
(1st raster-row of 3rd line displayed at the top)

Update 2nd-line (address 080 to OE8H) display data in CGRAM ‘l

\ CPU Wait \
(ol ofof1foz1fofof1]0]

\ CPU_ Wait \
[ofofofsfoEs]ofa]o]o]

\ CPU Wat \
(o] ofofz]o

Zo[1[o]1]1]
AnRnnD

(olofofzfo

Scroll up 18 raster-rows
(3rd raster-row of 3rd line displayed at the top)

Scroll up 20 raster-rows
(5th raster-row of 3rd line displayed at the top)

SN3-SNO = 0011

SL2-SL0 =000 o
(1st raster-row of 4th line displayed at the top)

Update 3rd-line (address 100 to 1E8H) display data in CGRAM ‘l

\ CPU Wait \

Figure 33 Settinglnstructionsfor Vertical Smooth Scroll
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Partial Smooth Scroll Display Function

The HD66729 can partialy fixed-display the areas of a graphicsicon at the top of the screen, such as a
pictogram or amenu bar, and perform vertical smooth scrolling of the remaining bit-map areas. Since the
PS1 to PSO bits do not perform smooth scrolling of the upper first to third display linesbut does fixed-
display, pictograms can be placed. Thisfunction can largely control the bit-map rewrite frequencies and
reduce software loads.
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Table22 Bit Settingand Display Lines

PS1-0 SN3-0 Bit Setting
Bit COM
Setting |Position| 0000 0001 0010 0011 0101 0110-1001
COM1 1st line [ 2nd line | [ 3rd line | [4thline | | [ Sthline |
' 2nd line 3rd line 4th line 5th line 6th line
1
! 3rd line 4th line 5th line 6th line 7th line
PS1_0 [ sthiine | | [ 6thline | [7thine | | [ 8thline ]
_ 00_ ' 5th line 6th line 7th line 8th line 9th line """"""">
- : 6th line 7th line 8th line 9th line 10th line
v [8th line | [(othTine ] [10thTine | [ 1stline ]
8th line 9th line 10th line 1st line 2nd line
COM68 9th line 10th line 1st line 2nd line 3rd line
(Not - - - -
displayed) 10th line [ 1stline | [ 2ndline | [3rdline | [ 4thiine |
comM1 1st line ‘ 1st line ‘ ‘ 1st line ‘ ‘ st line ‘ ‘ 1st line ‘
! 1st line 2nd line 3rd line 4th line 5th line
H 2nd line 3rd line 4th line 5th line 6th line
] . . ] .
PS1-0 ! 3rd line 4th line | 5th line | | 6th line | 7th line
- o1 . 5th line 6th line 7th line 8th line """"""">
= !
' 5th line 6th line 7th line 8th line 9th line
' 6th line 7th line 8th line 9th line 10th line
7th line [ 8thline | [ othline | [10th line | [ 2nd line |
(COM68 8th line 9th line 10th line 2nd line 3rd line
Not - - - -
displayed) 9th line 10th line 2nd line 3rd line 4th line
com1 1st line 1st line 1st line 1st line 1st line
' 2nd line 2nd line 2nd line 2nd line 2nd line
\
H 1st line 2nd line 3rd line 4th line 5th line
PS1-0 i 2nd line 3r: IIine 4th line 5th line 61: :ine
- " i 4th line 5th line 6th line 7th line
=10 3rd line
; 4th line 5th line 6th line 7th line 8th line SLLTLITILITH
' 5th line 6th line 7th line 8th line 9th line
6th line 7th line 8th line 9th line 10th line
COM68| — ]
(Not 7th line 8th line 9th line 10th line 3rd line
displayed)| [ 8thiine | | [ othiine | [ 10th line | [ ardline ] | [ 4thline |
com1 [ istline | [ 1stline | [ istline | [ 1stline | [ istline |
' [ 2ndline | [2nd line | [ 2nd line | [ 2nd line | [ 2ndline |
H 3rd line 3rd line 3rd line 3rd line 3rd line
\
' 1st line 2nd line i 4th line i
P10 |\ | = | Same] | Cabie] | Copme] | Comine]
=11 ’ nd line rd line th line th line th line
: 3rd line Zth line 5th line 6th line 7th line ITTTITIIVIT
V 4th line 5th line 6th line 7th line 8th line
5th line 6th line 7th line 8th line 9th line
COM68 —_—
(Not 6th line 7th line 8th line 9th line 10th line
displayed) 7th line 8th line oth line 10th line 4th line

Notes: 1. The shadow lines above are fixed-displayed. They do not depend on the setting values of the SN3-0 or

SL3-0 bits.

2. The SN3-0 and SL3-0 bhits specify the next first scroll display line of the fixed-displayed lines.
3. The data in the 69th to 80th raster-rows are not displayed.
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Partial Smooth Scroll Display Examples

Table 23 Data Setting to the CGRAM

CGRAM Address CGRAM Data

ICC000

000 to 068 T W £

COOCCCoT T an unmn - mm
mass 0000o00

080 to OE8

CoOeT
100 to 168 £
| in] LN
0 ) o 0 O
1 1 1
N R [ W W T T T T T T T T T T 1 T
000CC0 e e g inm NO00000000)

180 to 1E8

mEsEsmEE

EnE
o
jmaaaaa;

200 to 268 i T

280 to 2E8

OO
i
COOCCCOoO

N
i
8 ] ]

e eeEaaa

I
T
OOOCCOnCOOOOo
1]
EEEEEEsEEEREaE

I o0
i

I I

OOO0CCCOCCO
OOOOCCCO
n/a
OOO0oCo0T
8

300 to 368

T
OO
OO
OO
I
=

380 to 3E8

| EEEE EEE EEmEEs =

I R
CO I

400 to 468

Cl

ol Il
1
R EEEEsEEmEmEmmsE

]

]
W ] W
i OC0000000000000000000k

480 to 4E8
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Double-height Display

The HD66729 can double the height of any desired area fromthefirst to 10thlines. A linecanbeselected by
the DL1 to DL 10 bits as listed in table 24. All the font characters or graphics display patterns stored in the
CGRAM can be doubled in height, allowing easy recognition. Note that there should be no space between
the linesfor double-height display (figure 37).

In vertical smooth scrolling, when the display-start setting lineis displaying at double height, scrollingcan
be done by each two-line (dot).

Table24 Double-height 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
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Rever sed Display Function

The HD66729 can display graphics display sections by black-and-whitereversal. Black-and-white
reversal can be easily displayed when REV isset to 1.
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Partial-display-on Function

The HD66729 can program the liquid crystal display drive duty ratio setting (NL3-0 bits), liquid crystal
display drive bias value selection (BS2-0 bits), boost output level selection (BT1/0 bit) and contrast
adjustment (CT5-0 hits). For example, in the 1/68 duty ratio, the HD66729 can selectively drive only the
center of the screen or only the top or bottom of the screen by combining these register functions and the
centering display (CN bit) function. Thisis called partial-display-on. Lowering the liquid crystal display
drive duty ratio as required savesthe liquid crystal display drive voltage, thus greatly reducing internal
current consumption. Thisissuitable for eight to 16 raster-row display of acalendar or time, or the display
of only graphicsicons (pictograms) at the top or bottom of the screen, which needsto be continuousinthe
system standby state with minimal current consumption. Here, the non-displayed lines are constantly
driven by the unselected level voltage, thusturning off the LCD for the lines.

In general, lowering the liquid crystal display drive duty ratio decreases the optimum liquid crystal display
drive voltage and liquid crystal display drive bias value. This reduces output multiplying factors in the
booster and greatly controls consumption current.

Table25 Partial-display-on Function

Partial-on Display Drive (Example: Limited 16-

Iltem

Normal 1/68-duty Drive

raster-row Display)

LCD screen

Full-screen 68-raster-row
display

Only 16 raster-rows
displayed at center of
screen (driven by 17 to
32 raster-rows)

Only 16 raster-rows
displayed at top of
screen (Driven by 1to 16
raster-rows)

LCD drive position
shift

Not necessary
(CN=0)

Necessary
(CN=1)

Not necessary
(CN = 0)

LCD drive duty ratio

1/68 (NL3-0 = 1000)

1/16 (NL3-0 = 0001)

1/16 (NL3-0 = 0001)

LCD drive bias
value

1/9 (BS2-0 = 010)

1/5 (BS2-0 = 110)

1/5 (BS2-0 = 110)

LCD drive voltage*

8ViollV
(adjustable using CT5-0)

4Vio6V
(adjustable using CT5—
0)

4Vto6V
(adjustable using CT5-
0)

Boosting output
multiplying factor

Quadruple to quintuple
(BT1-0 = 01/10)

Double (BT1-0 = 11)

Double (BT1-0 = 11)

Frame frequency
(fosc = 75 kHz)

69 Hz

73 Hz

73 Hz

Note: The LCD drive voltage depends on the LCD materials which are actually used. Sincethe LCDdrive

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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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66729 in the sleep mode, where the device stops all
internal display operations, thus reducing current consumption. Specifically, LCD driveis completely
halted. Here, al the SEG (SEG1 to SEG105) and COM (COM1 to COM68) pins output the GND level,
resultingin no display. If the AMP bit is set to 0 in the sleep mode, the LCD drive power supply can be
turned off, reducing the total current consumption of the LCD module.

Table26 Comparison of Sleep Mode and Standby M ode

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

Standby Mode

Setting the standby mode bit (STB) to 1 putsthe HD66729 in the standby mode, where the device stops
completely, halting al internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Specificaly, character and segment displays,
which are controlled by the multiplexing drive method, are completely halted. Here, all the SEG (SEG1to
SEG105) and COM (COM1 to COM68) pins output the GND level, resulting in no display. If the AMPbit
isset to 0 in the standby mode, the LCD drive power supply can be turned off.

During the standby mode, no instructions can be accepted other than the start-oscillation instructionand the
port control instruction. To cancel the standby mode, issuethe start-oscillation instruction to stabilize R-C
oscillation before setting the STB bit to O.

Tum off the LCDpowersupply: AMP =0

Set standby mode: STB = 1

Standby mode

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB = 0

Tum on the LCDdiive power supply: AMP = 1

Figure4l Procedurefor Settingand Canceling Standby Mode
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Absolute M aximum Ratings

Item Symbol Unit Value Notes*

Power supply voltage (1) V. \% -0.3t0 +7.0 1,2

Power supply voltage (2) V., — GND \% -0.3to +15.0 1,3

Input voltage Vit \% -0.3to V. +0.3 1

Operating temperature Topr °C —40 to +85 1,4

Storage temperature Tstg °C -55 to +110 1,5

Notes: 1. Ifthe LSl isused above these absolute maximum ratings, it may become permanently damaged.

o~ wbd

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.

VCC > GND must be maintained.

VLCD > GND must be maintained.

For bare die and wafer products, specified up to 85°C.
This temperature specifications apply to the TCP package.
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DC Characteristics (V.. = 1.8t0 5.5V, Ta=-40t0 +85°C*")

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vi, 0.7 Ve Vee \% 2,3
Input low voltage A -0.3 — 015V, V. V,=18t027V 2,3
-0.3 — 015V, V. V,=27t055V 2,3
Output high voltage (1) Vg, 0.75V,e — — \% loy ==0.1 mA 2,4
(SDA, DB0-7 pins)
Output low voltage (1) Vg, — — 02V, V V. =18t027V, 2
(SDA, DBO-7 pins) lo. = 0.1 mA
— — 015V, V V. =27t055YV, 2
lo. = 0.1 mA
Driver ON resistance Reom — 10 kQ =Id = 0.05 mA, 5
(COM pins) Vio =8V
Driver ON resistance Reee — 4 10 kQ +ld =0.05 mA, 5
(SEG pins) Vi =8V
I/O leakage current I -1 — 1 MA  Vin =0to V. 6
Pull-up MOS current -l, 1 6 25 MA V., =22V,Vin=0V 2
(SDA pin)
Current consumption lop — 30 50 HA  R-C oscillation, 7,8
during normal operation (T.B.D.) (T.B.D.) V=22V, Ta=25°C,
(V.c—GND) fosc = 75 kHz (1/64 duty)
Current consumption Ig, — 8 — HA  R-C oscillation, 7,8
during sleep mode V=22V, Ta=25 °C,
(Vcc—GND) fosc = 75 kHz (1/64 duty)
Current consumption lsr — 0.1 5 MA V,=22V,Ta=25°C 7,8
during standby mode
(VCC_GND)
LCD drive power supply |, ¢, — 15 30 MA Vo, =8V, 1/9 bias, 8
current (V, ,,—GND) Ta =25 °C, fosc = 75 kHz,
VTEST3 = Vcc
LCD drive voltage Vieo 4.0 — 13.0 \% 9
(VLCD - GND)

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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Booster Char acteristics

Item Symbol Min Typ Max Unit Test Condition Notes
Double-boost V 2 3.9 4.3 44 vV Vee=Vei=22V, 12
output voltage lo =30 pA, C =1 pF,

(VLOUT pin) fosc = 75 kHz, Ta = 25°C
Triple-boost V yps 6.1 6.5 6.6 V Vee=Vei=22YV, 12
output voltage lo =30 pA, C =1 pF,

(VLOUT pin) fosc = 75 kHz, Ta = 25°C
Quadruple- V ypa 8.3 8.6 88 V Vee=Vei=22YV, 12
boost output lo =30 pA, C =1 pF,

voltage (VLOUT fosc = 75 kHz, Ta = 25°C

pin)

Quintuple-boost Vg 10.5 10.8 11.0 V Vee=Vei=22YV, 12
output voltage lo =30 pA, C =1 pF,

(VLOUT pin) fosc = 75 kHz, Ta = 25°C

Use range of V pss Vcce — 13.0 V For triple to quintuple boost 12
boost output V ypar

voltages V yps

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. =1.8t055V, Ta=-40to +85°C*")

Clock Characteristics (V. =1.8t05.5V)

Item Symbol Min Typ Max Unit Test Condition  Notes

External clock fcp 50 75 150 kHz 10

frequency

External clock duty Duty 45 50 55 % 10

ratio

External clock rise trep — — 0.2 HS 10

time

External clock fall tfcp — — 0.2 us 10

time

R-C oscillation clock fosc 59 74 89 kHz Rf =330 kQ, 11
Ve =22V

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

68-system Bus I nterface Timing Char acteristics

(Vec=18t02.7V)

Item Symbol  Min Typ Max  Unit Test Condition

Enable cycle time Write  toyee 600 — — ns Figure 48
Read t.y: 800 — —

Enable high-level pulse width Write  PW,, 120 — — ns Figure 48
Read PW, 350 — —

Enable low-level pulse width Write  PW, 300 — — ns Figure 48
Read PW 300 — —

Enable riseffall time ten te — — 25 ns Figure 48

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 48

Address hold time tane 20 — — ns Figure 48

Write data setup time toswe 60 — — ns Figure 48

Write data hold time the 20 — — ns Figure 48

Read data delay time toore — — 300 ns Figure 48

Read data hold time tonre 5 — — ns Figure 48
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(Vec=2.7t05.5V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write  teycee 380 — — ns Figure 48
Read  teyere 500 — —

Enable high-level pulse width Write  PW, 70 — — ns Figure 48
Read PW_, 250 — —

Enable low-level pulse width Write  PW, 150 — — ns Figure 48
Read PW, 150 — —

Enable rise/fall time ten ter — — 25 ns Figure 48

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 48

Address hold time e 20 — — ns Figure 48

Write data setup time toswe 60 — — ns Figure 48

Write data hold time the 20 — — ns Figure 48

Read data delay time toore — — 200 ns Figure 48

Read data hold time tonre 5 — — ns Figure 48
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80-system Bus I nterface Timing Char acteristics

(Vec=1.8t02.7V)

Item Symbol  Min Typ  Max Unit Test Condition
Bus cycle time Write  teyew 600 — — ns Figure 49
Read teycr 800 — — ns Figure 49
Write low-level pulse width PW,,, 120 — — ns Figure 49
Read low-level pulse width PW, 350 — — ns Figure 49
Write high-level pulse width PW, 300 — — ns Figure 49
Read high-level pulse width PW, 300 — — ns Figure 49
Write/Read rise/fall time twre s wrt | — — 25 ns Figure 49
Setup time (RS to CS*, WR*, RD¥) tas 50 — — ns Figure 49
Address hold time tan 20 — — ns Figure 49
Write data setup time tosw 60 — — ns Figure 49
Write data hold time ty 20 — — ns Figure 49
Read data delay time toor — — 300 ns Figure 49
Read data hold time tonr 5 — — ns Figure 49
(Vec=2.7t05.5V)
Item Symbol  Min Typ  Max Unit Test Condition
Bus cycle time Write  teyew 380 — — ns Figure 49
Read teycr 500 — — ns Figure 49
Write low-level pulse width PW,,, 70 — — ns Figure 49
Read low-level pulse width PW,, 250 — — ns Figure 49
Write high-level pulse width PW, 150 — — ns Figure 49
Read high-level pulse width PW, 150 — — ns Figure 49
Write/Read rise/fall time tuwre, wa — — 25 ns Figure 49
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 49
Address hold time tan 20 — — ns Figure 49
Write data setup time tosw 60 — — ns Figure 49
Write data hold time ty 20 — — ns Figure 49
Read data delay time toor — — 200 ns Figure 49
Read data hold time tonr 5 — — ns Figure 49
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Clock-synchronized Serial Interface Timing Characteristics (V. =1.8t05.5V)

(Vee =1.8t02.7V)

Item Symbol Min Typ Max Unit  Test Condition
Serial clock cycle time At write tseve 0.5 — 20 ps Figure 50
(receive)
At read tseve 1 — 20 ps Figure 50
(send)
Serial clock high-level width At write tscn 230 — — ns Figure 50
(receive)
At read tsen 480 — — ns Figure 50
(send)
Serial clock low-level width At write tecL 230 — — ns Figure 50
(receive)
At read tseL 480 — — ns Figure 50
(send)
Serial clock rise/fall time S — — 20 ns Figure 50
Chip select setup time tesy 60 — — ns Figure 50
Chip select hold time ten 200 — — ns Figure 50
Serial input data setup time toisu 100 — — ns Figure 50
Serial input data hold time tom 100 — — ns Figure 50
Serial output data delay time tsop — — 400 ns Figure 50
Serial output data hold time tson 5 — — ns Figure 50
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(Vee =2.7t055V)

Item Symbol Min  Typ Max Unit Test Condition
Serial clock cycle time At write tseve 0.2 — 20 Us Figure 50
(receive)
At read tseve 0.5 — 20 Us Figure 50
(send)
Serial clock high-level width At write tscn 80 — — ns Figure 50
(receive)
At read tscn 230 — — ns Figure 50
(send)
Serial clock low-level width At write tseL 80 — — ns Figure 50
(receive)
At read tseL 230 — — ns Figure 50
(send)
Serial clock rise/fall time teep teer — — 20 ns Figure 50
Chip select setup time tesu 60 — — ns Figure 50
Chip select hold time ten 200 — — ns Figure 50
Serial input data setup time toisu 40 — — ns Figure 50
Serial input data hold time tom 40 — — ns Figure 50
Serial output data delay time tson — — 200 ns Figure 50
Serial output data hold time tson 5 — — ns Figure 50
Reset Timing Characteristics(V¢c =1.8t05.5V)
Item Symbol Min Typ Max Unit Test Condition
Reset low-level width tres 1 — — Figure 51
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Electrical Characteristics Notes

1. For bare die products, specified up to 85°C.
2. Thefollowing threecircuits are I/O pin configurations (figure 42).
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Pins: RESET*, CS*, E/WR*/SCL, RS,
OSC1, OPOFF, IM2/1, IMO/ID, TEST

H@m

@H -

Pin: OSC2

Vcce

PMOS

NMOS

GND

(Input circuit)

NMOS §|—0 O<]_

(Tri-state output circuit)

< Output enable

(Input circuit)

NMOS
GND
Pin: DB7 to DBO Vce
PMOS |—|§ PMOS
L s
m— o
Pin: RW/RD*/SDA
Vce
Vce
(Pull-up MOS)
PMOS | PMOS
L, nwos
= Vce

PMOS

NMOS

-

(Tri-state output circuit)

< Qutput data

< Output enable

o<H

< Output data

IM2

Figure 42
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3. The TEST pin must be grounded and the IM2/1, IMO/ID, and OPOFF pins must be grounded or
connected to Vcc.

4. Corresponds to the high output for clock-synchronized serial interface.

5. Applies to the resistor value (RCOM) between power supply pinsV10UT, V20UT, V50UT, GND and
common signal pins, and resistor value (RSEG) between power supply pinsV10UT, V30UT, V40UT,
GND and segment signal pins.

6. Thisexcludesthe current flowing through pull-up MOSs and output drive MOSs.

7. Thisexcludesthe current flowing through the input/output units. Theinput level must be fixed highor
low because through current increasesif the CMOS input is left floating.

8. Thefollowing showsthe relationship between the operation frequency (fosc) and current consumption
(Icc) (figure 43).

Vec=22V <T.B.D> Vec=22V,fosc=75kHz <T.B.D.>
60 30
; typ.
Display on (typ.
40 /p y on (typ.) 20
lop (HA)  frererprerr e ot ILCD (uA)
: 10
20 i | Sleep (typ.)
e ]
0 -— Standby (typ.) 0
0 20 40 60 80 100 6.0 8.0 10.0 12.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure 43 Relationship between the Operation Frequency and Current Consumption

9. Each COM and SEG output voltage iswithin £0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5)
when thereisno load.

10. Applies to the external clock input (figure 44).

Th T
2 kQ
Oscilator AWM OSC1 0.7Vee
0.5Vce Duty = x 100%
0.3Vce f Th+Tl
Open | OSCZ RE—
-

tcp ticp

Figure44 External Clock Supply
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11. Applies to the internal oscillator operations using external oscillation resistor Rf (figure 45 and table

27).

3

OSC1  since the oscillation frequency varies depending on the OSC1 and OSC2 pin

capacitance, the wirng length to these pins should be minimized.

0SC2

Figure45 Internal Oscillation

Table27 External Resistance Valueand R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc

Resistance (Rf) Vcc =18V Vec =22V Vecc =3.0V Vec =40V Vecc =50V
200 kQ 86 kHz 111 kHz 130 kHz 140 kHz 148 kHz
270 kQ 70 kHz 86 kHz 100 kHz 108 kHz 113 kHz
300 kQ 64 kHz 79 kHz 92 kHz 98 kHz 102 kHz
330 kQ 60 kHz 74 kHz 86 kHz 91 kHz 95 kHz

360 kQ 57 kHz 69 kHz 79 kHz 84 kHz 87 kHz

390 kQ 54 kHz 64 kHz 74 kHz 78 kHz 81 kHz

430 kQ 49 kHz 59 kHz 67 kHz 71 kHz 74 kHz

470 kQ 46 kHz 54 kHz 61 kHz 65 kHz 67 kHz

12. Booster characteristics test circuits are shown in figure 46.

(Quadruple boosting) (Quintuple boosting)
Vcc Vi Vcec Vi
+ +
Cl+ _1 1 IJF Cl+——= 1 UF
c1-— Cl-|—7,
+ +
C2H— 1 F C2H™1 1 F
c2-—— c2-—7
+
C3+ - 1uF C3+——m 1 UF
c3-— C3-—
s +
C4+ Ca+——_ 1 HF
ca-|— C4-—T
VLCD + VLCD |— +
GND 1 uF GND I 14F
T T T I

Figure 46 Booster
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Referential data

VUP4 = VLCD - GND; VUP5 = VLCD - GND

(i) Relation between the obtained voltage and input voltage

Quadruple boosting

Quintuple boosting

16.0 typ. | typ.
15.0
VUP4 (V) 12,0 // VUP5 (V)
10.0 T
8.0 { 5ol
aokl L '
1.0 2.0 3.0 4.0 1.0 2.0 _3.0 4.0
Vci (V) Vci (V)
Vci = Vcc, fosc = 75 kHz, Ta = 25°C, Vci = Vce, fosc = 75 kHz, Ta = 25°C,
DCC=0 DCC=0
(i) Relation between the obtained voltage and temperature
Quadruple boosting Quintuple boosting
10.0
9.0 typ. 12.0
VUPA4 (V) ' VUP5 (V) typ
8.0 i 11.0 "
7.0 E 10.0 :
-60 20 0 20 60 100 -60 -20 0 20 60 100
Ta (°C) Ta (°C)
Vci=Vceec =2.2V, fosc = 75 kHz, 1o = 30pA, Vci=Vcece =2.2V, fosc = 75 kHz, 1o = 30pA,
DCC=0 DCC=0
(i) Relation between the obtained voltage and capacity
10.0 120
typ. typ.
9.0 P yp
— 11.0
VUP4 (V) VUP5 (V)
8.0 10.0
7.0 9.0
6.0
05 1.0 15 80755 1.0 15
C (uF) C (WF)
Vci=Vceec =2.2V, fosc = 75 kHz, 1o = 30pA, Vci=Vcece =2.2V, fosc = 75 kHz, 1o = 30pA,
DCC=0 DCC=0

Figure 46 Booster (cont)
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(iv) Relation between the obtained voltage and current

Quadruple boosting

Quintuple boosting

9.5 115
9.0 - By 11.0
VUP4 (V) 85 ; ‘\\ VUP5 (V) 105 R typ.
8.0 ——— 10.0 T~
75 95f— —~
0 50 100 150 200 0 50 100 150 200
10 (LA) lo (A)
Vci=Vee =2.2V, fosc = 75 kHz, Ta = 25 °C, Vci=Veec =2.2V, fosc = 75 kHz, Ta =25 °C,
DCC =0 DCC=0

Figure 46 Booster (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB7 to DBO, SDA

Test Point O

50 pF

L
L

Figure47 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS - VIH VIH
R/W  VIL ViIL
<— tAHE ﬁ‘

cs* VII\' AL

2 PWEH*l*) < PWEL—— >

E m{VIL\/IH VIHV_ILTA\\ VIL

tEr tEf
>« >l

tcyce

l«— tDSWE > |<«—— tHE —>

DBO ol NG VA VIH AR
N N 1 IR
to DB7 I s VIL ) VIL L

I
10

<tDDRE>‘ ‘(— tDHRE —>

DBO v VOH1 VOHLNG /)
Y R S S N NSRRI Read data Ny
CUL L i L L iy, Srr ety

to DB VoLl VoLl

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

Figure 48 68-system Bus Timing
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80-system Bus Operation

[
VIH VIH
RS ><t VIL VIL

< tAS — > < tAH ‘x‘

VIH
CSs* VIL\ /

*

l«<— PWLW, PWLRﬂ l«——— PWHW PWHR

WR* \
RD* \\§\:T/IL VI:”:ZV// .
twrr ol twRf

< tcycw, fcycr

<— tbsw —> |<— tHWR —>

R RN NN NS ~VIH VIH (NN NN

R R N N N NNy T H SO gy

NN N NN RN NN NN NN FE N VIL VIL SRR EREEETN
(0] R I | L L

l<tDDR>| L— {DHR ——>

DBO VOH1 VOH1
GO Readdata ST g
to DB7 ...y VoLl VoLl

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

Figure 49 80-system Bus Timing
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Clock-synchronized Serial Operation

Start: S End: P
*
CS VIL ,,Z VIL
tcsu tscr
> tcH—>
scL VIH VIH
VIL\C ViL 7
tsisy | tsiH
VIH VIH \>/
SDA Input data Input data
L VIL /
tsob tsoH
(<> —
\ 7/ VoH1 VOH
SDA Output data Output data
VOH1 VoL
Figure50 Clock-synchronized Serial I nterface Timing
Reset Operation
< trRES >
RESET* VIL VIL

Figur

e51 Reset Timing
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