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Description

The HD66750/1, dot-matrix graphics LCD controller and driver LSI, displays 128-by-128-dot graphics
for four monochrome grayscales. Since the HD66750/1 incorporates bit-operation functions and a 16-bit
high-speed bus interface, it enables efficient data transfer and high-speed rewriting of data in the graphics
RAM. The following functions allow the user to easily see a variety of information: a smooth scroll
display function that fixed-displays a part of the graphics icons and perform vertical smooth scrolling of the
remaining bit-map areas, a double-height display function, and a hardware-supported window cursor
display function.

The HD66750/1 has various functions to reduce the power consumption of an LCD system such as low-
voltage operation of 1.8 V min., a booster to generate maximum seven-times LCD drive voltage from the
supplied voltage, and voltage-followers to decrease the direct current flow in the LCD drive bleeder-
resistors. Combining these hardware functions with software functions, such as a partial display with
low-duty drive and standby and sleep modes, allows precise power control. The HD66750/1 is suitable
for any mid-sized or small portable battery-driven product requiring long-term driving capabilities, such as
digital cellular phones supporting a WWW browser, bidirectional pagers, and small PDAs.

Features

e 128 x 128-dot graphics display LCD controller/driver for four monochrome grayscales
* Fixed display of graphics icons (pictograms)
¢ 16-/8-bit high-speed bus interface capability
e Bit-operation functions for graphics processing incorporated:
— Write-data mask function in bit units
— Bit rotation function
— Bit logic-operation function
¢ Low-power operation support:
— Vee =1.8t03.6 V (low voltage)
— Vicp =5 to 15.5 V (liquid crystal drive voltage)
— Two-, five-, six-, or seven-times booster for liquid crystal drive voltage

— 64-step contrast adjuster and voltage followers to decrease direct current flow in the LCD drive
bleeder-resistors
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HD66750/1

— Power-save functions such as the standby mode and sleep mode supported

— Programmable drive duty ratios and bias values displayed on LCD
e 128-segment x 128-common liquid crystal display driver
e n-raster-row AC liquid-crystal drive (C-pattern waveform drive)
¢ Duty ratio and drive bias (selectable by program)
e Window cursor display supported by hardware
¢ Vertical smooth scroll
* Partial smooth scroll control (fixed display of graphics icons)
e Vertical double-height display by each display raster-row
¢ Black-and-white reversed display
¢ No wait time for instruction execution and RAM access
¢ Internal oscillation and hardware reset

e Shift change of segment and common driver

Table 1 Progammable Display Sizes and Duty Ratios
Graphics Display
Duty Optimum Bit-map 12 x 12-dot 12 x 13-dot 14 x 15-dot 16 x 16-dot 8 x 10-dot
Ratio Drive Bias Display Area Font Width Font Width Font Width Font Width Font Width
116 1/5 128 x 16 dots 1 line x 10 1linex10 1linex9 1 line x 8 1 line x 16
characters characters characters characters characters
124 1/6 128 x 24 dots 2 linesx 10 1linex10 1 linex9 1 line x 8 2 lines x 16
characters characters characters characters characters
132 1/6 128 x 32 dots 2 linesx 10 2 linesx 10 2 linesx9 2 lines x 8 3 linesx 16
characters characters characters characters characters
1/72 119 128 x 72 dots 6 linesx 10 51linesx 10 4 lines x 9 4 lines x 8 7 lines x 16
characters characters characters characters characters
1/80 1/10 128 x 80 dots 6 linesx 10 6 linesx 10 5 linesx9 5lines x 8 8 lines x 16
characters characters characters characters characters
1/88 1/10 128 x 88 dots 7 linesx 10 6 linesx 10 5 linesx 9 5lines x 8 8 lines x 16
characters characters characters characters characters
1/96 1/10 128 x 96 dots 8 linesx 10 7 linesx 10 6 linesx9 6 lines x 8 9 linesx 16
characters characters characters characters characters
1/104 1/11 128 x 104 8linesx10 8linesx10 6 linesx9 6 lines x 8 10 lines x 16
dots characters characters characters characters characters
1112 1/11 128 x 112 9linesx10 8linesx10 7 linesx9 7 lines x 8 11 lines x 16
dots characters characters characters characters characters
1120 1/11 128 x 120 10 linesx 10 9 linesx 10 8 linesx 9 7 lines x 8 12 lines x 16
dots characters characters characters characters characters
1128 1/11 128 x 128 10 linesx 10 9 linesx 10 8 linesx 9 8 lines x 8 12 lines x 16
dots characters characters characters characters characters
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HD66750/1

<Target values>

Total Current Consumption Characteristics (Vee =3 V, 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
128 x 16 dots 1/16 70 kHz 72 Hz (15 uA) (15 nA) Two-times (10 uA) 0.1 uA
(45 uA)
128 x 24 dots 1/24 70 kHz 72 Hz (15 uA) (15 uA) Two-times (10 uA)
(45 uA)
128 x 32 dots 1/32 70 kHz 72 Hz (15 uA) (15 nA) Two-times (10 uA)
(45 uA)
128 x 72 dots 1/72 70 kHz 71 Hz (40 uA) (18 uA) Five-times (10 uA)
(130 uA)
128 x 80 dots 1/80 70 kHz 73 Hz (40 uA) (18 uA) Five-times (10 uA)
(130 uA)
128 x 88 dots 1/88 70 kHz 74 Hz (45 uA) (18 uA) Five-times (10 uA)
(135 uA)
128 x 96 dots 1/96 70 kHz 74 Hz (45 uA) (20 nA) Five-times (10 uA)
(145 uA)
128 x 104 dots 1/104 70 kHz 73 Hz (45 uA) (20 nA) Five-times (10 uA)
(145 uA)
128 x 112 dots 1/112 70 kHz 71 Hz (50 uA) (25 nA) Six-times (10 uA)
(200 uA)
128 x 120 dots 1/120 70 kHz 76 Hz (50 uA) (25 nA) Six-times (10 uA)
(200 uA)
128 x 128 dots 1/128 70 kHz 72 Hz (50 uA) (25 nA) Six-times (10 uA)
(200 uA)

Note: When a two-, five-, six-, or seven-times booster is used:
the total power consumption = internal logic current + LCD power current x 2 (two-times booster),
the total power consumption = internal logic current + LCD power current x 5 (five-times booster),
the total power consumption = internal logic current + LCD power current x 6 (six-times booster), and
the total power consumption = internal logic current + LCD power current x 7 (seven-times booster)

Type Name

Types External Dimensions COM Driver Arrangement Display

HD66750TBO Bending TCP Both sides of COM Four monochrome
(Output from left and right sides of the chip)  grayscales

HCD66750BP Au-bump chip

HD66751TB0O Bending TCP One side of COM

HCD66751BP Au-bump chip (Output from one side of the chip)
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HD66750/1

LCD 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 — - -

Grayscale display — - -
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 24Vtob55V 24Vtob55V 24Vtob55V
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, 18 110, 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

Two- or three-times

Two- or three-times

Two- or three-times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Incorporated (external)

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

Vertical smooth scroll Line unit Line unit Line unit
Double-height display Yes Yes Yes
DDRAM 60 x 8 60 x8 60 x8
CGROM 9,600 9,600 11,520
CGRAM 32 x5 32x5 32x6
SEGRAM 8x5 8x5 8x6

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
QFP package — - -

TQFP package — - -

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 uwm 120 um 120 um
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LCD Family Comparison (cont)

ltems HD66724 HD66725 HD66726
Character display sizes 12 characters x 3 lines 16 characters x 3 lines 16 characters x 5 lines
Graphic display sizes 72 x 26 dots 96 x 26 dots 96 x 42 dots
Grayscale display — - -
Multiplexing icons 144 192 192
Annunciator 1/2 duty: 144 1/2 duty: 192 1/2 duty: 192
Key scan control 8 x4 8 x4 8x4

LED control ports - - -

General output ports 3 3 3

Operating power voltages 1.8Vto55V 18Vto55V 1.8Vto55V
Liquid crystal drive voltages 3Vto6.5V 3Vto65V 45Vto11V

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 1/2, 10, 18, 26 1/2, 10, 18, 26 1/2, 10, 18, 26, 34, 42
Liquid crystal drive biases 1/4 t0 1/6.5 1/4 to 1/6.5 1/2t0 1/8

Liquid crystal drive waveforms B B B

Liquid crystal voltage booster

Single, two-, or three-times

Single, two-, or three-times

Single, two-, three-, or four-
times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Incorporated (external)

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

Vertical smooth scroll Line unit Line unit Line unit
Double-height display Yes Yes Yes
DDRAM 80 x8 80x8 80x8
CGROM 20,736 20,736 20,736
CGRAM 384 x8 384 x8 480 x 8
SEGRAM 72x8 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/ External resistor, incorporated External resistor, incorporated External resistor
oscillation frequency (32 kHz) (32 kHz) (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

QFP package — - -

TQFP package — - -

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 10.97 x2.51 13.13x2.51

Pad intervals 80 um 80 um 100 um
HITACHI
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LCD Family Comparison (cont)

Items

HD66728

(WS available)
HD66729

Character display sizes

16 characters x 10 lines

Graphic display sizes

112 x 80 dots

105 x 68 dots

Grayscale display

Multiplexing icons

Annunciator

Key scan control 8 x4 -
LED control ports - -
General output ports 3 -
Operating power voltages 1.8Vto55V 18Vto55V
Liquid crystal drive voltages 45Vto15V 40Vto13V

Serial bus

Clock-synchronized serial

Clock-synchronized serial

Parallel bus

4 bits, 8 bits

4 bits, 8 bits

Liquid crystal drive duty ratios

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

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

Liquid crystal drive biases

1/4 to 110

1/4 to 1/9

Liquid crystal drive waveforms

B,C

B,C

Liquid crystal voltage booster

Three-, four-, or five-times

Two-, three-, four-, or five-
times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

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

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

CGROM 20,736 —

CGRAM 1,120x 8 1,050 x 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
R-C oscillation resistor/ External resistor External resistor
oscillation frequency (70-90 kHz) (75 kHz)
Reset function 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

SEG/COM direction switching SEG, COM SEG, COM

QFP package — -

TQFP package — -

TCP package TCP-243 TCP-213

Bare chip — -

Bumped chip Yes Yes

No. of pins 243 213

Chip sizes 13.67x2.78 12.23x2.52

Pad intervals 70 um 70 um
HITACHI
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LCD Family Comparison (cont)

Items

HD66741

(Under development)
HD66750/751

Character display sizes

Graphic display sizes

128 x 80 dots

128 x 128 dots

Grayscale display

Four monochrome grayscales

Multiplexing icons

Annunciator

Key scan control

LED control ports

General output ports 3 -

Operating power voltages 1.8Vto55V 1.8Vto3.6V

Liquid crystal drive voltages 45Vto 15V 5Vto155V

Serial bus Clock-synchronized serial -

Parallel bus 4 bits, 8 bits 8 bits, 16 bits

Liquid crystal drive duty ratios 1/8, 16, 24, 32,40, 48,56, 64, 1/16, 24, 72, 80, 88, 96, 104,
72, 80 112, 120, 128

Liquid crystal drive biases 1/4 to 1110 1/4 to 1/11

Liquid crystal drive waveforms B, C B, C

Liquid crystal voltage booster

Three-, four-, or five-times

Two-, five-, six-, or seven-times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Liquid crystal drive operational amplifier Incorporated Incorporated
Liquid crystal contrast adjuster Incorporated Incorporated
Horizontal smooth scroll — —

Vertical smooth scroll Line unit Line unit
Double-height display Yes Yes
DDRAM — —

CGROM — —

CGRAM 1,280x 8 4,096 x 8
SEGRAM — —

No. of CGROM fonts - —

No. of CGRAM fonts - —

Font sizes - —

Bit map areas 128 x 80 128 x 128
R-C oscillation resistor/ External resistor External resistor
oscillation frequency (70-90 kHz) (70 kHz)
Reset function External External

Low power control

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

QFP package — -

TQFP package — -

TCP package TCP-254 TCP-308

Bare chip — -

Bumped chip Yes Yes

No. of pins 243 308

Chip sizes 14.30x2.78 10.97 x4.13

Pad intervals 70 um 60 um
HITACHI
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HD66750/1 Block Diagram
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HD66750 Pad Arrangement

+ Chip size: 10.97 mm X 4.13 mm

+ Pad coordinates: Pad center

+ Coordinate origin: Chip center

* Au bump size: 40 um x 90 pm
Chip corner bump size : 90 pm x 90 um
(Dummy1, Dummy22, Dummy23 and Dummy 48)

+ Au bump pitch: 60 um (min.)

*» Au bump height: 20 pm (typ.)
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HD66751 Pad Arrangement

« Chip size: 10.97 mm X 4.13 mm

+ Pad coordinates: Pad center

« Coordinate origin: Chip center

* Au bump size: 40 pm x 90 um
Chip corner bump size : 90 pm x 90 um
(Dummy1, Dummy22, Dummy23 and Dummy 48)

+ Au bump pitch: 60 um (min.)

+ Au bump height: 20 pm (typ.)
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HD66750/1
HD66750 Pad Coordinate

PAD NAME X Y PADNAME [ X Y PADNAME [ X Y PADNAME [ X Y PADNAME| X Y

1|Dummy1 -5269 -1895 83|C6+ 1582| -1849| | 165|COM54/75 5269| 571| | 247|SEG43/86 1310| 1849| | 329|SEG125/4 | -3655| 1849
2|Dummy2 -5089 -1895 84|C6- 1703] -1849| | 166 | COM55/74 5269| 631 | 248|SEG44/85 1250| 1849| | 330(SEG126/3 | -3715| 1849
3|Dummy3 -5029 -1895 85|C6- 1763| -1849| | 167 |COM56/73 5269| 691 | 249|SEG45/84 1190| 1849| | 331[SEG127/2 | -3775| 1849
4|Dummy4 -4969 -1895 86|C5+ 1883| -1849| | 168 COM57/72 5269| 752| | 250|SEG46/83 1130| 1849| | 332|SEG128/1 | -3835| 1849
5|Dummy5 -4909 -1895 87|C5+ 1943| -1849| | 169|COM58/71 5269| 812 | 251|SEG47/82 1070| 1849| | 333|COM112/17 | -3931| 1849
6|Dummy6 -4848 -1895 88|C5- 2063| -1849( [ 170|COM59/70 5269| 872| [ 252|SEG48/81 1010| 1849| | 334|COM111/18 | -3991| 1849
7|Dummy7 -4788 -1895 89|C5- 2124 -1849( [ 171|COM60/69 5269| 932| | 253|SEG49/80 950| 1849| | 335|COM110/19 | -4051| 1849
8|Dummy8 -4728 -1895 90|C4+ 2244| -1849( [ 172|COM61/68 5269| 992| | 254|SEG50/79 889| 1849| | 336|COM109/20 | -4111| 1849
9|Dummy9 -4668 -1895 91|C4+ 2304 -1849( [ 173|COM62/67 5269| 1052| | 255|SEG51/78 829| 1849| | 337|COM108/21 | -4171| 1849
10{Dummy10 -4608 -1895 92|C4- 2424| -1849( [ 174|COM63/66 5269| 1112| | 256|SEG52/77 769| 1849| | 338|COM107/22 | -4232| 1849
11|GNDDUM1 -4454 -1895 93|C4- 2484| -1849( [ 175|COM64/65 5269| 1172| | 257|SEG53/76 709| 1849| | 339|COM106/23 | -4292| 1849
12]IM1 -4394 -1895 94|C3+ 2605| -1849( [ 176|COM113/16 | 5269| 1232| | 258 | SEG54/75 649| 1849| | 340|COM105/24 | -4352| 1849
13]IM1 -4334 -1895 95|C3+ 2665| -1849( [ 177|COM114/15 | 5269| 1293 | 259 |SEG55/74 589| 1849| | 341|Dummy36 | -4428| 1895
14{IM0 -4210 -1895 96|C3- 2785| -1849( [ 178|COM115/14 | 5269| 1353 | 260 | SEG56/73 529| 1849| | 342|Dummy37 | -4488| 1895
15/IM0 -4150 -1895 97|C3- 2845| -1849( [ 179|COM116/13 | 5269| 1413| | 261 |SEG57/72 469| 1849| | 343[Dummy38 | -4548| 1895
16| VccDUM1 -4086 -1895 98|C2+ 2965| -1849( | 180|COM117/12 | 5269| 1473| | 262 SEG58/71 409| 1849| | 344[Dummy39 | -4608| 1895
17|OPOFF -4026 -1895 99|C2+ 3025/ -1849( [ 181|COM118/11 | 5269| 1533 | 263 |SEG59/70 348| 1849| | 345|Dummy40 | -4668| 1895
18|OPOFF -3966 -1895| | 100|C2- 3146| -1849( [ 182|COM119/10 | 5269| 1593 | 264 | SEG60/69 288| 1849| | 346|Dummy41 -4728| 1895
19|TEST -3842 -1895| | 101|C2- 3206 -1849( [ 183|COM120/9 5269| 1653| | 265|SEG61/68 228| 1849| | 347|Dummy42 | -4788| 1895
20| TEST -3782 -1895( [ 102|C1+ 3326 -1849( | 184 |Dummy23 5269| 1895| | 266|SEG62/67 168| 1849| | 348|Dummy43 | -4848| 1895
21|GNDDUM2 -3722 -1895( [ 103|C1+ 3386 -1849( | 185|Dummy24 5089| 1895| | 267 |SEG63/66 108| 1849( | 349|Dummy44 | -4909| 1895
22|DB15 -3658 -1895| | 104|C1- 3506 -1849( | 186|Dummy25 5029| 1895| | 268|SEG64/65 48| 1849 | 350|Dummy45 | -4969| 1895
23|DB15 -3598 -1895| | 105|C1- 3566 -1849( | 187 |Dummy26 4969| 1895| | 269 | SEG65/64 -48| 1849( [ 351|Dummy46 | -5029| 1895
24|DB14 -3474 -1895| | 106 |VLOUT 3687 -1849| | 188|Dummy27 4909| 1895]| | 270|SEG66/63 -108| 1849| | 352|Dummy47 | -5089| 1895
25|DB14 -3414 -1895| | 107 |VLOUT 3747| -1849( | 189|Dummy28 4848| 1895| | 271|SEG67/62 -168| 1849| | 353|Dummy48 | -5269| 1895
26|DB13 -3290 -1895( | 108|VLCD 3867 -1849( [ 190|Dummy29 4788| 1895| | 272|SEG68/61 -228| 1849| | 354|COM104/25 | -5269| 1653
27|DB13 -3230 -1895( | 109|VLCD 3927 -1849( [ 191|Dummy30 4728| 1895 | 273 |SEG69/60 -288| 1849| | 355|COM103/26 | -5269| 1593
28|DB12 -3106 -1895| | 110{V1OUT 4047| -1849]| | 192| Dummy31 4668| 1895| | 274|SEG70/59 -348| 1849| | 356|COM102/27 | -5269| 1533
29|DB12 -3046 -1895| | 111|V20UT 4108 -1849| | 193 | Dummy32 4608| 1895| | 275|SEG71/58 -409| 1849| | 357|COM101/28 | -5269| 1473
30|DB11 -2922 -1895| | 112|V3OUT 4168 -1849| | 194|Dummy33 4548| 1895| | 276 |SEG72/57 -469| 1849| | 358|COM100/29 | -5269| 1413
31|DB11 -2862 -1895| | 113|V40UT 4228 -1849| | 195 |Dummy34 4488| 1895| | 277 |SEG73/56 -529| 1849| | 359|COM99/30 | -5269| 1353
32|DB10 -2738 -1895| | 114|V50UT 4288 -1849| | 196 | Dummy35 4428| 1895| | 278 |SEG74/55 -589| 1849| | 360|COM98/31 | -5269| 1293
33|DB10 -2678 -1895| | 115|VTEST 4348| -1849( [ 197|COM121/8 4352| 1849| | 279 |SEG75/54 -649| 1849| | 361|COM97/32 | -5269| 1232
34|DB9 -2554 -1895( | 116|Dummy11 4488| -1895| | 198| COM122/7 4292| 1849 | 280|SEG76/53 -709| 1849| | 362|COM96/33 | -5269| 1172
35|DB9 -2494 -1895| | 117|Dummy12 4548 -1895| | 199|COM123/6 4232| 1849| | 281|SEG77/52 -769| 1849| | 363|COM95/34 | -5269| 1112
36|DB8 -2370 -1895| | 118|Dummy13 4608 -1895| | 200|COM124/5 4171| 1849| | 282|SEG78/51 -829| 1849| | 364|COM94/35 | -5269| 1052
37|DB8 -2310 -1895( | 119|Dummy14 4668 -1895| | 201 |COM125/4 4111| 1849| | 283 |SEG79/50 -889| 1849| | 365|COM93/36 | -5269| 992
38|DB7 -2186 -1895| | 120|Dummy15 4728 -1895| | 202|COM126/3 4051| 1849]| | 284 |SEG80/49 -950| 1849| | 366|COM92/37 | -5269| 932
39|DB7 -2126 -1895| | 121 |Dummy16 4788 -1895| | 203|COM127/2 3991| 1849( | 285|SEG81/48 -1010| 1849( [ 367|COM91/38 | -5269| 872
40|DB6 -2002 -1895( | 122|Dummy17 4848 -1895| | 204|COM128/1 3931| 1849| | 286|SEG82/47 -1070| 1849| [ 368|COM90/39 | -5269| 812
41|DB6 -1942 -1895| | 123|Dummy18 4909| -1895| | 205|SEG1/128 3835| 1849| | 287|SEG83/46 -1130| 1849( [ 369|COM89/40 | -5269| 752
42|DB5 -1818 -1895| | 124|Dummy19 4969 -1895| | 206 | SEG2/127 3775| 1849| | 288|SEG84/45 -1190| 1849| [ 370|/COM88/41 | -5269| 691
43|DB5 -1758 -1895| | 125|Dummy20 5029 -1895| | 207 | SEG3/126 3715| 1849| | 289|SEG85/44 -1250| 1849( [ 371|COM87/42 | -5269| 631
44|DB4 -1634 -1895( | 126 | Dummy21 5089 -1895| | 208|SEG4/125 3655| 1849( [ 290|SEG86/43 -1310| 1849( [ 372|/COM86/43 | -5269| 571
45|DB4 -1574 -1895| | 127 |Dummy22 5269 -1895| | 209|SEG5/124 3595| 1849( [ 291|SEG87/42 -1370| 1849| [ 373|COM85/44 | -5269| 511
46|DB3 -1450 -1895| | 128|COM17/112 | 5269( -1653| | 210| SEG6/123 3535| 1849( [ 292|SEG88/41 -1431| 1849| [ 374|COM84/45 | -5269| 451
47|DB3 -1390 -1895| | 129|COM18/111 | 5269( -1593| | 211|SEG7/122 3475| 1849| | 293|SEG89/40 -1491| 1849| [ 375|COM83/46 | -5269| 391
48|DB2 -1266 -1895| | 130|COM19/110 | 5269| -1533] | 212|SEG8/121 3415| 1849| | 294|SEG90/39 -1551| 1849| [ 376|COM82/47 | -5269| 331
49|DB2 -1206 -1895| | 131|COM20/109 | 5269( -1473| | 213|SEG9/120 3354| 1849( | 295|SEG91/38 -1611| 1849( [ 377|COM81/48 | -5269| 271
50|DB1 -1083 -1895| | 132|COM21/108 | 5269| -1413| | 214|SEG10/119 | 3294| 1849 | 296 |SEG92/37 -1671| 1849| [ 378|COM80/49 | -5269| 210
51|DB1 -1022 -1895| | 133|COM22/107 | 5269 -1353| | 215|SEG11/118 | 3234| 1849| | 297 |SEG93/36 -1731| 1849| [ 379|COM79/50 |-5269| 150
52|DBO -899 -1895| | 134|COM23/106 | 5269 -1293| | 216|SEG12/117 | 3174| 1849| | 298| SEG94/35 -1791| 1849( [ 380|COM78/51 | -5269 90
53| DBO -838 -1895| | 135|COM24/105 | 5269 -1232| | 217|SEG13/116 | 3114| 1849| | 299 |SEG95/34 -1851| 1849( [ 381|COM77/52 | -5269 30
54|GNDDUM3 -775 -1895| | 136|COM25/104 | 5269 -1172| | 218|SEG14/115 | 3054| 1849| | 300|SEG96/33 -1912| 1849( [ 382|COM76/53 | -5269| -30
55|RESET* -715 -1895| | 137|COM26/103 | 5269 -1112| | 219|SEG15/114 | 2994| 1849| | 301 |SEG97/32 -1972| 1849| [ 383|COM75/54 | -5269| -90
56| RESET* -654 -1895| | 138|COM27/102 | 5269( -1052| | 220|SEG16/113 | 2934| 1849| | 302| SEG98/31 -2032| 1849| [ 384|COM74/55 |-5269| -150
57|CS* -531 -1895| | 139|COM28/101 | 5269| -992| | 221|SEG17/112 | 2873| 1849| | 303 | SEG99/30 -2092| 1849| [ 385|COM73/56 | -5269| -210
58|CS* -471 -1895| | 140|COM29/100 | 5269| -932| | 222|SEG18/111 | 2813| 1849| | 304|SEG100/29 | -2152| 1849 | 386|COM72/57 | -5269| -271
59|RS -347 -1895| | 141|COM30/99 5269| -872| [ 223|SEG19/110 | 2753| 1849| | 305[SEG101/28 | -2212| 1849| | 387|COM71/58 | -5269| -331
60|RS -287 -1895| | 142|COM31/98 5269| -812| [ 224|SEG20/109 | 2693| 1849| | 306 [SEG102/27 | -2272| 1849| | 388|COM70/59 | -5269| -391
61|E/WR* -163 -1895| | 143|COM32/97 5269| -752| [ 225|SEG21/108 | 2633| 1849| | 307 [SEG103/26 | -2332| 1849| | 389|COM69/60 | -5269| -451
62| E/WR* -103 -1895| | 144|COM33/96 5269| -691| [ 226|SEG22/107 | 2573| 1849| | 308 SEG104/25 | -2392| 1849| | 390|COM68/61 | -5269| -511
63| RW/RD* 21 -1895| | 145|COM34/95 5269| -631| (227|SEG23/106 | 2513| 1849| | 309 [SEG105/24 | -2453| 1849| | 391|COM67/62 | -5269| -571
64| RW/RD* 81 -1895| | 146|COM35/94 5269| -571| | 228|SEG24/105 | 2453| 1849| | 310[SEG106/23 | -2513| 1849| | 392|COM66/63 | -5269| -631
65|GND 151 -1895| | 147|COM36/93 5269| -511| (229|SEG25/104 | 2392| 1849| | 311[SEG107/22 | -2573| 1849| | 393|COM65/64 | -5269| -691
66|GND 211 -1895| | 148|COM37/92 5269| -451| | 230|SEG26/103 | 2332| 1849| | 312|SEG108/21 | -2633| 1849( [ 394|COM16/113 | -5269| -752
67|GND 271 -1895| | 149|COM38/91 5269| -391| [ 231|SEG27/102 | 2272| 1849| | 313|SEG109/20 | -2693| 1849| [ 395|COM15/114 | -5269| -812
68|GND 332 -1895| | 150|COM39/90 5269| -331| (232|SEG28/101 | 2212| 1849| | 314|SEG110/19 | -2753| 1849( [ 396|COM14/115 | -5269| -872
69|GND 392 -1895| | 151|COM40/89 5269| -271| [ 233|SEG29/100 | 2152| 1849| | 315[SEG111/18 | -2813| 1849( [ 397|COM13/116 | -5269| -932
70|GND 452 -1895| | 152|COM41/88 5269| -210( | 234|SEG30/99 2092| 1849( [ 316|SEG112/17 | -2873| 1849| | 398 COM12/117 | -5269| -992
71|GND 512 -1895| | 153|COM42/87 5269| -150( | 235|SEG31/98 2032| 1849( [ 317|SEG113/16 | -2934| 1849| | 399(COM11/118 | -5269| -1052
72|GND 572 -1895| | 154|COM43/86 5269| -90| [ 236|SEG32/97 1972| 1849| | 318[SEG114/15 | -2994| 1849( [ 400|COM10/119 | -5269| -1112
73|GND 632 -1895| | 155|COM44/85 5269| -30| [ 237|SEG33/96 1912| 1849| | 319[SEG115/14 | -3054| 1849( [ 401|COM9/120 | -5269|-1172
74|0SC2 702 -1895| | 156|COM45/84 5269 30| | 238 SEG34/95 1851| 1849| | 320(SEG116/13 | -3114| 1849( [ 402|COM8/121 | -5269] -1232
75|0SC2 762 -1895| | 157|COM46/83 5269 90| | 239|SEG35/94 1791| 1849| | 321|SEG117/12 | -3174| 1849( [ 403|COM7/122 | -5269] -1293
76| 0SC1 886 -1895| | 158|COM47/82 5269| 150( | 240|SEG36/93 1731| 1849| | 322|SEG118/11 | -3234| 1849( [ 404|COM®6/123 | -5269] -1353
77|0SC1 946 -1895| | 159|COM48/81 5269| 210( [ 241|SEG37/92 1671| 1849| | 323[SEG119/10 | -3294| 1849( [ 405|COM5/124 | -5269| -1413
78|Vce 1119 -1849| | 160|COM49/80 5269| 271| [ 242|SEG38/91 1611| 1849| | 324[SEG120/9 -3354| 1849| [ 406|COM4/125 | -5269]| -1473
79|Vce 1179 -1849| | 161|COM50/79 5269| 331 [ 243|SEG39/90 1551| 1849| | 325|SEG121/8 -3415| 1849| [ 407|COM3/126 | -5269] -1533
80| Vci 1342 -1849| | 162|COM51/78 5269| 391| | 244|SEG40/89 1491| 1849| | 326|SEG122/7 -3475| 1849| [ 408|COM2/127 | -5269]| -1593
81| Vci 1402 -1849| | 163|COM52/77 5269| 451| | 245|SEG41/88 1431| 1849 | 327|SEG123/6 -3535| 1849( [ 409|COM1/128 | -5269]| -1653
82|C6+ 1522 -1849| | 164|COM53/76 5269| 511| | 246|SEG42/87 1370| 1849| | 328|SEG124/5 -3595| 1849
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PAD NAME X Y PADNAME [ X Y PADNAME [ X Y PADNAME [ X Y PADNAME| X Y

1|Dummy1 -5269 -1895 83|C6+ 1582| -1849| | 165|COM38/91 5269| 571 (247|COM107/22 | 1310| 1849| | 329|SEG61/68 | -3655| 1849
2|Dummy2 -5089 -1895 84|C6- 1703] -1849| | 166 | COM39/90 5269| 631 (248|COM108/21 | 1250| 1849| | 330(SEG62/67 | -3715| 1849
3|Dummy3 -5029 -1895 85|C6- 1763| -1849| | 167 |COM40/89 5269| 691 (249|COM109/20 | 1190| 1849| | 331|SEG63/66 | -3775| 1849
4|Dummy4 -4969 -1895 86|C5+ 1883| -1849| | 168|COM41/88 5269| 752| (250|/COM110/19 | 1130| 1849| | 332|SEG64/65 | -3835| 1849
5|Dummy5 -4909 -1895 87|C5+ 1943| -1849| | 169 |COM42/87 5269| 812| [251|COM111/18 | 1070| 1849| | 333|SEG65/64 | -3931| 1849
6|Dummy6 -4848 -1895 88|C5- 2063| -1849( [ 170|COM43/86 5269| 872 252|COM112/17 | 1010| 1849| | 334[SEG66/63 | -3991| 1849
7|Dummy7 -4788 -1895 89|C5- 2124| -1849( [ 171|COM44/85 5269| 932 [ 253|COM113/16 950| 1849| | 335|SEG67/62 | -4051| 1849
8|Dummy8 -4728 -1895 90|C4+ 2244| -1849( [ 172|COM45/84 5269| 992| [ 254|COM114/15 889| 1849| | 336|SEG68/61 | -4111| 1849
9|Dummy9 -4668 -1895 91|C4+ 2304 -1849( [ 173|COM46/83 5269| 1052 [ 255|COM115/14 829| 1849| | 337|SEG69/60 | -4171| 1849
10{Dummy10 -4608 -1895 92|C4- 2424| -1849( [ 174|COM47/82 5269| 1112 [ 256|/COM116/13 769| 1849| | 338|SEG70/59 | -4232| 1849
11|GNDDUM1 -4454 -1895 93|C4- 2484| -1849| [ 175|COM48/81 5269| 1172 [ 257|COM117/12 709| 1849 | 339|SEG71/58 | -4292| 1849
12]IM1 -4394 -1895 94|C3+ 2605| -1849( [ 176|COM49/80 5269| 1232| [ 258|COM118/11 649| 1849| | 340|SEG72/57 | -4352| 1849
13]IM1 -4334 -1895 95|C3+ 2665| -1849( [ 177|COM50/79 5269| 1293 [ 259|COM119/10 589| 1849| | 341|Dummy36 | -4428| 1895
14{IM0 -4210 -1895 96|C3- 2785| -1849( [ 178|COM51/78 5269| 1353| [ 260|COM120/9 529| 1849| | 342|Dummy37 | -4488| 1895
15/IM0 -4150 -1895 97|C3- 2845| -1849( [ 179|COM52/77 5269| 1413 [ 261|COM121/8 469| 1849| | 343[Dummy38 | -4548| 1895
16| VccDUM1 -4086 -1895 98|C2+ 2965| -1849( [ 180|COM53/76 5269| 1473| [ 262|COM122/7 409| 1849| | 344[Dummy39 | -4608| 1895
17|OPOFF -4026 -1895 99|C2+ 3025| -1849( [ 181|COM54/75 5269| 1533| [ 263|COM123/6 348| 1849| | 345|Dummy40 | -4668| 1895
18|OPOFF -3966 -1895| | 100|C2- 3146| -1849( [ 182|COM55/74 5269| 1593( [ 264|COM124/5 288| 1849| | 346|Dummy41 -4728| 1895
19|TEST -3842 -1895| | 101|C2- 3206 -1849( [ 183|COM56/73 5269| 1653| [ 265|COM125/4 228| 1849| | 347|Dummy42 | -4788| 1895
20| TEST -3782 -1895( [ 102|C1+ 3326 -1849( | 184 |Dummy23 5269| 1895| [ 266|COM126/3 168| 1849| | 348|Dummy43 | -4848| 1895
21|GNDDUM2 -3722 -1895( [ 103|C1+ 3386 -1849( | 185|Dummy24 5089| 1895( [ 267|COM127/2 108| 1849| | 349|Dummy44 | -4909| 1895
22|DB15 -3658 -1895| | 104|C1- 3506 -1849( | 186|Dummy25 5029| 1895| [ 268|COM128/1 48| 1849 | 350|Dummy45 | -4969| 1895
23|DB15 -3598 -1895| | 105|C1- 3566 -1849( | 187 |Dummy26 4969| 1895| | 269 |SEG1/128 -48| 1849( [ 351|Dummy46 | -5029| 1895
24|DB14 -3474 -1895| | 106 |VLOUT 3687 -1849| | 188|Dummy27 4909| 1895| | 270|SEG2/127 -108| 1849| | 352|Dummy47 | -5089| 1895
25|DB14 -3414 -1895| | 107 |VLOUT 3747| -1849( | 189|Dummy28 4848| 1895| | 271|SEG3/126 -168| 1849| | 353|Dummy48 | -5269| 1895
26|DB13 -3290 -1895( | 108|VLCD 3867 -1849( [ 190|Dummy29 4788| 1895| | 272|SEG4/125 -228| 1849| | 354|SEG73/56 | -5269| 1653
27|DB13 -3230 -1895( | 109|VLCD 3927 -1849( [ 191|Dummy30 4728| 1895| | 273 |SEG5/124 -288| 1849| | 355|SEG74/55 | -5269| 1593
28|DB12 -3106 -1895| | 110{V1OUT 4047| -1849]| | 192| Dummy31 4668| 1895| | 274|SEG6/123 -348| 1849| | 356|SEG75/54 | -5269| 1533
29|DB12 -3046 -1895| | 111|V20UT 4108 -1849| | 193 | Dummy32 4608| 1895| | 275|SEG7/122 -409| 1849| | 357|SEG76/53 | -5269| 1473
30|DB11 -2922 -1895| | 112|V3OUT 4168 -1849| | 194|Dummy33 4548| 1895| | 276|SEG8/121 -469| 1849| | 358|SEG77/52 | -5269| 1413
31|DB11 -2862 -1895| | 113|V40UT 4228 -1849| | 195 |Dummy34 4488| 1895| | 277 |SEG9/120 -529| 1849| | 359|SEG78/51 | -5269| 1353
32|DB10 -2738 -1895| | 114|V50UT 4288 -1849| | 196 | Dummy35 4428| 1895| | 278|SEG10/119 -589| 1849| | 360|SEG79/50 | -5269| 1293
33|DB10 -2678 -1895| | 115|VTEST 4348| -1849( [ 197|COM57/72 4352| 1849| | 279|SEG11/118 -649| 1849| | 361|SEG80/49 | -5269| 1232
34|DB9 -2554 -1895( | 116|Dummy11 4488 -1895| | 198 | COM58/71 4292| 1849 | 280|SEG12/117 -709| 1849| | 362|SEG81/48 | -5269| 1172
35|DB9 -2494 -1895| | 117|Dummy12 4548 -1895]| | 199| COM59/70 4232| 1849 | 281|SEG13/116 -769| 1849| | 363|SEG82/47 | -5269| 1112
36|DB8 -2370 -1895| | 118|Dummy13 4608 -1895| | 200| COM60/69 4171| 1849 | 282|SEG14/115 -829| 1849| | 364|SEG83/46 | -5269| 1052
37|DB8 -2310 -1895( | 119|Dummy14 4668 -1895| | 201|COM®61/68 4111| 1849 | 283|SEG15/114 -889| 1849| | 365|SEG84/45 | -5269| 992
38|DB7 -2186 -1895| | 120|Dummy15 4728 -1895] | 202| COM62/67 4051| 1849 | 284|SEG16/113 -950| 1849| | 366|SEG85/44 | -5269| 932
39|DB7 -2126 -1895| | 121 |Dummy16 4788| -1895] | 203| COM63/66 3991| 1849( [ 285|SEG17/112 [ -1010| 1849| | 367 [SEG86/43 | -5269| 872
40|DB6 -2002 -1895( | 122|Dummy17 4848| -1895| | 204| COM64/65 3931| 1849( [ 286|SEG18/111 [-1070| 1849| | 368[SEG87/42 | -5269| 812
41|DB6 -1942 -1895| | 123|Dummy18 4909| -1895] | 205|COM®65/64 3835| 1849( [ 287|SEG19/110 [-1130| 1849| | 369 [SEG88/41 | -5269| 752
42|DB5 -1818 -1895| | 124|Dummy19 4969| -1895| | 206|COM66/63 3775| 1849| [ 288|SEG20/109 [-1190| 1849| | 370(SEG89/40 | -5269| 691
43|DB5 -1758 -1895| | 125|Dummy20 5029| -1895( [ 207|COM67/62 3715| 1849| [ 289|SEG21/108 [-1250| 1849| | 371|SEG90/39 | -5269| 631
44|DB4 -1634 -1895( | 126 | Dummy21 5089 -1895| | 208|COM®68/61 3655| 1849( [ 290|SEG22/107 [-1310| 1849| | 372|SEG91/38 | -5269| 571
45|DB4 -1574 -1895| | 127 |Dummy22 5269 -1895( | 209|COM69/60 3595| 1849( [ 291|SEG23/106 [ -1370| 1849| | 373|SEG92/37 | -5269| 511
46|DB3 -1450 -1895| | 128|COM1/128 5269 -1653| [ 210|COM70/59 3535| 1849| [ 292|SEG24/105 |[-1431| 1849| | 374|SEG93/36 | -5269| 451
47|DB3 -1390 -1895| | 129|COM2/127 5269 -1593( [ 211|COM71/58 3475| 1849| [ 293|SEG25/104 |[-1491| 1849| | 375[SEG94/35 | -5269| 391
48|DB2 -1266 -1895| | 130|COM3/126 5269 -1533| [ 212|COM72/57 3415| 1849| [ 294|SEG26/103 | -1551| 1849| | 376[SEG95/34 | -5269| 331
49|DB2 -1206 -1895| | 131|COM4/125 5269 -1473| [ 213|COM73/56 3354| 1849| [ 295|SEG27/102 [-1611| 1849| | 377|SEG96/33 | -5269| 271
50|DB1 -1083 -1895| | 132|COM5/124 5269 -1413| [ 214|COM74/55 3204| 1849( [ 296|SEG28/101 [ -1671| 1849| | 378[SEG97/32 | -5269| 210
51|DB1 -1022 -1895| | 133|COM6/123 5269 -1353| [ 215|COM75/54 3234| 1849( [ 297|SEG29/100 [-1731| 1849| | 379[SEG98/31 | -5269| 150
52|DBO -899 -1895| | 134|COM7/122 5269 -1293| [ 216|COM76/53 3174| 1849| | 298| SEG30/99 -1791| 1849( [ 380|SEG99/30 | -5269 90
53| DBO -838 -1895| | 135|COM8/121 5269 -1232| [ 217|COM77/52 3114| 1849( [ 299|SEG31/98 -1851| 1849( [ 381|SEG100/29 | -5269 30
54|GNDDUM3 -775 -1895| | 136|COM9/120 5269| -1172| [ 218|COM78/51 3054| 1849( | 300|SEG32/97 -1912| 1849( [ 382|SEG101/28 | -5269| -30
55|RESET* -715 -1895| | 137|COM10/119 | 5269| -1112]| | 219|COM79/50 2994| 1849| | 301|SEG33/96 -1972| 1849| [ 383|SEG102/27 | -5269| -90
56| RESET* -654 -1895| | 138|COM11/118 | 5269| -1052] | 220| COM80/49 2934| 1849| | 302|SEG34/95 -2032| 1849| [ 384|SEG103/26 | -5269| -150
57|CS* -531 -1895| | 139|COM12/117 | 5269| -992| | 221|COM81/48 2873| 1849| | 303|SEG35/94 -2092| 1849| [ 385|SEG104/25 | -5269| -210
58|CS* -471 -1895| | 140|COM13/116 | 5269| -932| | 222|COM82/47 2813| 1849| | 304|SEG36/93 -2152| 1849| [ 386|SEG105/24 | -5269| -271
59|RS -347 -1895| | 141|COM14/115 | 5269| -872| | 223|COM83/46 2753| 1849| | 305|SEG37/92 -2212| 1849| [ 387|SEG106/23 | -5269| -331
60|RS -287 -1895| | 142|COM15/114 | 5269| -812| | 224|COM84/45 2693| 1849( [ 306|SEG38/91 -2272| 1849| [ 388|SEG107/22 | -5269| -391
61|E/WR* -163 -1895| | 143|COM16/113 | 5269| -752| | 225|COM85/44 2633| 1849| [ 307|SEG39/90 -2332| 1849| [ 389|SEG108/21 | -5269| -451
62| E/WR* -103 -1895| | 144|COM17/112 | 5269| -691| | 226|COM86/43 2573| 1849| | 308|SEG40/89 -2392| 1849| [ 390|SEG109/20 | -5269| -511
63| RW/RD* 21 -1895| | 145|COM18/111 | 5269| -631] | 227|COM87/42 2513| 1849| [ 309|SEG41/88 -2453| 1849| [ 391|SEG110/19 | -5269| -571
64| RW/RD* 81 -1895( | 146|COM19/110 | 5269| -571| | 228 COM88/41 2453| 1849| | 310|SEG42/87 -2513| 1849| [ 392|SEG111/18 | -5269| -631
65|GND 151 -1895| | 147|COM20/109 | 5269| -511] | 229|COM89/40 2392| 1849( [ 311|SEG43/86 -2573| 1849| [ 393|SEG112/17 | -5269| -691
66|GND 211 -1895| | 148|COM21/108 | 5269| -451] | 230|COM90/39 2332| 1849| | 312|SEG44/85 -2633| 1849| [ 394|SEG113/16 | -5269| -752
67|GND 271 -1895| | 149|COM22/107 | 5269| -391] | 231|COM91/38 2272| 1849| | 313|SEG45/84 -2693| 1849| [ 395|SEG114/15 | -5269| -812
68|GND 332 -1895| | 150|COM23/106 | 5269| -331] | 232|COM92/37 2212| 1849| | 314|SEG46/83 -2753| 1849| [ 396|SEG115/14 | -5269| -872
69|GND 392 -1895| | 151|COM24/105 | 5269| -271| | 233|COM93/36 2152| 1849| | 315|SEG47/82 -2813| 1849| [ 397|SEG116/13 | -5269| -932
70|GND 452 -1895| | 152|COM25/104 | 5269| -210] | 234|COM94/35 2092| 1849( [ 316|SEG48/81 -2873| 1849| [ 398|SEG117/12 | -5269| -992
71|GND 512 -1895| | 153|COM26/103 | 5269| -150] | 235|COM95/34 2032| 1849| | 317|SEG49/80 -2934| 1849| [ 399|SEG118/11 | -5269]| -1052
72|GND 572 -1895| | 154|COM27/102 | 5269| -90| | 236|COM96/33 1972| 1849| | 318 SEG50/79 -2994| 1849| [ 400|SEG119/10 | -5269| -1112
73|GND 632 -1895| | 155|COM28/101 | 5269| -30| | 237|COM97/32 1912| 1849| | 319|SEG51/78 -3054| 1849| [ 401|SEG120/9 | -5269|-1172
74|0SC2 702 -1895| | 156|COM29/100 | 5269 30| | 238/ COM98/31 1851| 1849 | 320|SEG52/77 -3114| 1849( [ 402|SEG121/8 | -5269]| -1232
75|0SC2 762 -1895| | 157|COM30/99 5269 90| | 239(COM99/30 1791| 1849 | 321 |SEG53/76 -3174| 1849| [ 403|SEG122/7 | -5269]| -1293
76| 0SC1 886 -1895| | 158|COM31/98 5269| 150 [ 240|COM100/29 | 1731| 1849 | 322|SEG54/75 -3234| 1849| [ 404|SEG123/6 | -5269]| -1353
77|0SC1 946 -1895| | 159|COM32/97 5269| 210 [241|COM101/28 | 1671| 1849]| | 323 |SEG55/74 -3294| 1849| [ 405|SEG124/5 | -5269| -1413
78|Vce 1119 -1849| | 160|COM33/96 5269| 271|(242|COM102/27 | 1611| 1849| | 324 |SEG56/73 -3354| 1849| [ 406|SEG125/4 | -5269]| -1473
79|Vce 1179 -1849| | 161|COM34/95 5269| 331 (243|COM103/26 | 1551| 1849| | 325|SEG57/72 -3415| 1849| [ 407|SEG126/3 | -5269]| -1533
80| Vci 1342 -1849| | 162|COM35/94 5269| 391 [ 244|COM104/25 | 1491| 1849| | 326 |SEG58/71 -3475| 1849| [ 408|SEG127/2 | -5269]| -1593
81| Vci 1402 -1849| | 163|COM36/93 5269| 451 (245|COM105/24 | 1431| 1849 | 327 |SEG59/70 -3535| 1849| [ 409|SEG128/1 | -5269]| -1653
82|C6+ 1522 -1849| | 164|COM37/92 5269| 511 |246|COM106/23 | 1370| 1849 | 328 | SEG60/69 -3595| 1849
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TCP Dimensions (HD66750TB0)
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HD66750/1

Pin Functions

Table 2

Signals

Number of
Pins

VO

Pin Functional Description

Connected to

Functions

IM1, IMO

2

GND or V¢

Selects the MPU interface mode:

IM1 IMO MPU interface mode

GND GND 68-system 16-bit bus interface
GND Vce 68-system 8-bit bus interface
Vcce GND 80-system 16-bit bus interface
Vce Vce 80-system 8-bit bus interface

CSs*

MPU

Selects the HD66750/1:

Low: HD66750/1 is selected and can be accessed
High: HD66750/1 is not selected and cannot be
accessed

Must be fixed at GND level when not in use.

RS

MPU

Selects the register.

Low: Index/status High: Control

E/WR*

MPU

For a 68-system bus interface, serves as an enable
signal to activate data read/write operation.

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

RW/RD*

MPU

For a 68-system bus interface, serves as a signal to
select data read/write operation.

Low: Write High: Read

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

DB0O-DB15

16

1’0

MPU

Serves as a 16-bit bidirectional data bus.
For an 8-bit bus interface, data transfer uses DB15-
DBS8; fix unused DB7-DBO to the Vcc or GND level.

COM1/128-
com128/1

128

LCD

Output signals for common drive: All the unused pins
output unselected 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, COM1/128
is COM1, and COM128/1 is COM128. If CMS = 1,
COM1/128 is COM128, and COM128/1 is COM1.
Note that the start position of the common output is
shifted by CN1-CNO bits.

SEG1/128-
SEG128/1

128

LCD

Output signals for segment drive. In the display-off
period (D = 0), sleep mode (SLP = 1), or standby
mode (STB = 1), all pins output GND level.

The SGS bit can change the shift direction of the
segment signal. For example, if SGS = 0, SEG1/128
is SEG1. If SGS =1, SEG1/128 is SEG128.

HITACHI
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Table 2 Pin Functional Description (cont)

Signals Connected Functions

V10UT- ES)pen or Used for output from the internal operational

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

bleeder-resistor 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.

Vieo Power supply Power supply for LCD drive. V,, — GND = 17 V max.

Veer GND Power supply V.. +1.8V to +5.5V; GND (logic): 0 V

0SC1, Oscillation- For R-C oscillation using an external resistor, connect

0osc2 resistor or clock an external resistor. For external clock supply, input
clock pulses to OSC1.

Vi 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 V ., pin/booster Potential difference between Vci and GND is two- to

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

Cl+, Cl1- Booster External capacitance should be connected here for

capacitance boosting.

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

capacitance boosting.

C3+, C3- Booster External capacitance should be connected here for

capacitance boosting.

C4+, C4- Booster External capacitance should be connected here for

capacitance boosting.

C5+, C5- Booster External capacitance should be connected here for

capacitance boosting.

C6+, C6— Booster External capacitance should be connected here for

capacitance boosting.

RESET* MPU or external Reset pin. Initializes the LSI when low. Must be reset

R-C circuit after power-on.

OPOFF 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.

VceDUM Input pins Outputs the internal V. level; shorting this pin sets the
adjacent input pin to the V. level.

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

Dummy — Dummy pad. Must be left disconnected.

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

VTEST — Test pin. Must be left disconnected.

HITACHI
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Block Function Description

System Interface

The HD66750/1 has four high-speed system interfaces: an 80-system 16-bit/8-bit bus and a 68-system 16-
bit/8-bit bus. The interface mode is selected by the IM1-0 pins.

The HD66750/1 has three 16-bit registers: an index register (IR), a write data register (WDR), and a read
data register (RDR). The IR stores index information from the control registers and the CGRAM. The WDR
temporarily stores data to be written into control registers and the CGRAM, and the RDR temporarily stores
data read from the CGRAM. Data written into the CGRAM from the MPU is first written into the WDR and
then is automatically written into the CGRAM by internal operation. Data is read through the RDR when
reading from the CGRAM, and the first read data is invalid and the second and the following data are
normal. When a logic operation is performed inside of the HD66750/1 by using the display data set in the
CGRAM and the data written from the MPU, the dataread through the RDR isused. Accordingly, the MPU
does not need to read data twice nor to fetch the read data into the MPU. This enables high-speed
processing.

Execution time for instruction excluding oscillation start is O clock cycle and instructions can be written in
succession.

Table 3 Register Selection by RS and R/W Bits

R/W Bits RS Bits Operations

0 0 Writes indexes into IR

1 0 Disabled

0 1 Writes into control registers and CGRAM through WDR
1 1 Reads from CGRAM through RDR

Bit Operation

The HD66750/1 supports the following functions: a bit rotation function that writes the data written from
the MPU into the CGRAM by moving the display position in bit units, a write data mask function that
selects and writes data into the CGRAM in bit units, and a logic operation function that performs logic
operations on the display data set in the CGRAM and writes into the CGRAM. With the 16-bit bus
interface, these functions can greatly reduce the processing loads of the MPU graphics software and can
rewrite the display data in the CGRAM at high speed. For details, see the Graphics Operation Function
section.

Address Counter (AC)

The address counter (AC) assigns addresses to the CGRAM. When an address set instruction is written into
the IR, the address information 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.

HITACHI
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HD66750/1

Graphic RAM (CGRAM)

The graphic RAM (CGRAM) stores bit-pattern data of 128 x 120 dots. It has two bits/pixel and 4096-byte
capacity.

Grayscale Control Circuit

The grayscale control circuit performs four-grayscale control with the frame rate control (FRC) method for
four-monochrome grayscale display. For details, see the Four Grayscale Display Function section.

Timing Generator

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

Oscillation Circuit (OSC)

The HD66750/1 can provide R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC?2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulsescan also be
supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 128 common signal drivers (COM1 to COM128) and
128 segment signal drivers (SEG1 to SEG128). When the number of lines are selected by a program, the
required common signal drivers automatically output drive waveforms, while the other common signal
drivers continue to output unselected waveforms.

Display pattern data is latched when 128-bit data has arrived. The latched data then enables the segment
signal drivers to generate drive waveform outputs. The shift direction of 128-bit data can be changed by
the SGS bit. The shift direction for the common driver can also be changed by the CMS bit by selecting an
appropriate direction for the device mounting configuration.

When multiplexing drive is not 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 two-, five-, six-, or seven-times 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
twice to seven-times boost can be selected by software. For details, see the Power Supply for Liquid
Crystal Display Drive section.

HITACHI
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V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the LCDdrive power
supply circuit. No external resistors are required because of the internal bleeder-resistor, which generates
different levels of LCD drive voltage. This internal bleeder-resistor can be software-specified from 1/4 bias
to 1/11 bias, according to the liquid crystal display drive duty value. The voltage followers can be turned
off 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 steps by varying the LCD drive voltage by
software. This can be used to select an appropriate LCD brightness or to compensate for temperature.

HITACHI
18



HD66750/1

CGRAM Address Map
Table 4 Relationship between Display Position and CGRAM Address
1 | | | | | | ™ ~ o 1
o ~ 0 © n < (<o I N o ~— - o ® ha
NN N NN NN N q - - - = &
Segment T T T T T T .| T & K. ¥ N X
. - i Al | (42} i < i 0 © N~ | [e'e) ()] i - - [a\} - —
Driver G660 G e ! G606 G 10 5| (e (| eeeeeeeens G G
LU W ¢ W w o oW ow . ow ow w i} w L w ]
[9p] 1 wn 1 w5 ow 1 N 1 wn 1 n 1 [9p] n l [9p] n l [7p] [9p] ! wn
SGS="0" DO% b1 023033043 D5 ! D6 D73D83D93D103 D11, D12 D133D143D15 Do ! D1l 1 D15| DO ! D 1 ID15| seessenses Do ! D1i...3D15
Bit —_— — — ; ;
SGS="1"[b15D14! D13 D12! D11, D10 D9 D8 'D7 D6 D5 | D41 D3} D2 ! D1} DO|D15 D14 ***} DO | D15 D14 **"} Do | "******** D15 D14 ***} DO
COM1 AddreSS: nooonH ||001 IIH ll002llH .......... "OOF"H
COM2 Address: |I01 OHH II01 1 IIH II01 2||H .......... ||01 F"H
COMS3 Address: "020"H "021"H "022'"H | ceeeceeee "02F"H
COmM4 Address: "030"H "031"H "032"H | ceeeceeee "O3F"H
COM5 Address: "040"H "041"H "Q42"H | eeeesceses "04F"H
COM6 Address: "050"H "051"H "O52"H | eeeeseese "05F"H
com7 Address: "060"H "061"H "0B2"H | eeeeseesee "06F"H
Coms Address: "070"H "071"H NO72'H | eeeesenees "07F"H
COMg Address "080"H II081 IIH II082||H oooooooooo ||08FIIH
COM-‘ 0 AddreSS: "090"H ||091 ||H "092"H .......... "09F"H
COM11 Address: "0AQ0"H "0A1"H "OA2"H | eeccerecee "OAF"H
COM12 Address: "0B0O"H "0B1"H "OB2"H | eeccccecee "OBF"H
COM13 Address: "0C0"H "0C1"H "OC2'H | eeeeeeens "0CF"H
COM14 Address: IIODOIIH IIOD1 IIH ||0D2||H .......... "0DF||H
COM-‘ 5 AddreSS: nOEonH ||0E1 ||H ||0E2||H .......... IIOEFIIH
COM-‘ 6 AddreSS: nOFonH "0F1 ||H ||0F2|IH .......... IIOFFHH
COM17 AddreSS: "100"H "101"H ll102llH .......... "10F"H
COM18 AddreSS: "110"H "111"H ll112llH .......... "11F"H
COM19 Address: "120"H "121"H "122"H | eseeseesee "12F"H
COM20 Address: "1 30"H ||1 31 ||H ||1 32"H .......... ||1 3FIIH
COM1 25 AddreSS: "7C0"H "7C1 IIH II7CQIIH .......... ||7CF||H
COM126 Address: "7D0"H "7D1"H "7TD2"H | eececceeee "7DF"H
com127 Address: "7EQ"H "7E1"H "TE2"H | seescesces "7EF'H
COM1 28 Address: |I7F0"H II7F1 IIH ||7F2||H .......... "7FF"H
Table 5 Relationship between CGRAM Data and Display Contents
Upper Bit  Lower Bit LCD
0 0 Non-selection display (unlit)
0 1 1/3- or 1/2-level grayscale display (selected by the GS bit)
1 0 2/3-level grayscale display
1 1 Selection display (lit)
Note:  Upper bits: DB15, DB13, DB11, DB9, DB7, DB5, DB3, DB1

Lower bits: DB14, DB12, DB10, DB8, DB6, DB4, DB2, DBO
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Instructions

Outline

The HD66750/1 uses the 16-bit bus architecture. Before the internal operation of the HD66750/1 starts,
control information is temporarily stored in the registers described below to allow high-speed interfacing
with a high-performance microcomputer. The internal operation of the HD66750/1 is determined by
signals sent from the microcomputer. These signals, which include the register selection signal (RS), the
read/write signal (R/W), and the data bus signals (DB15 to DB7), make up the HD66750/1 instructions.
There are seven categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal CGRAM addresses

Transfer data to and from the internal CGRAM

Normally, instructions that write data are used the most. However, an auto-update of internal CGRAM
addresses after each data write can lighten the microcomputer program load.

Because instructions are executed in O cycles, they can be written in succession.

HITACHI
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Instruction Descriptions

Index

The index instruction specifies the RAM control indexes (ROO to R12). It sets the register number in the
range of 00000 to 10010 in biniary form.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 * * * * * * * * * * * |ID4 | ID3 | ID2 | ID1 | IDO

Figure 1 Index Instruction

Status Read
The status read instruction reads the internal status of the HD66750/1.
L6—-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

C5-0: Read the contrast setting values (CT5-0).

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 0 0 L6 | L5 L4 L3 | L2 L1 | LO 0 0 C5/,C4/C3|C2|Ci1|H Co

Figure 2 Status Read Instruction

Start Oscillation

The start oscillation instruction restarts the oscillator from the halt state in the standby mode. After issuing
this instruction, wait at least 10 ms for oscillation to stabilize before issuing the next instruction. (See the
Standby Mode section.)

If this register is read forcibly when R/W = 1, 0750H is read.

RW RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 * * * * * * * * * * * * * * * 1

Figure 3 Start Oscillation Instruction
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Driver Output Control

CMS: Selects the output shift direction of a common driver. When CMS =0, COM1/128 shiftsto COM1,
and COM128/1 to COM128. When CMS = 1, COM1/128 shifts to COM128, and COM128/1 to COMI1.
Output position of a common driver shifts depending on the CN bit setting.

SGS: Selects the output shift direction of a segment driver. When SGS =0, SEG1/128 shiftsto SEG1, and
SEG128/1 to SEG128. When SGS =1, SEG1/128 shifts to SEG128, and SEG128/1 to SEGI1.

CN: When CN = 1, the display position is shifted down by 32 raster-rows and display starts from COM33.
When the liquid crystal is driven at a low duty ratio in the system wait state, it can be partially displayed at
the center of the screen. For details, see the Partial-display-on Function section.

NL3-0: Specify the LCD drive duty ratio. The duty ratio can be adjusted for every eight raster-rows.
CGRAM address mapping does not depend on the setting value of the drive duty ratio.

RW RS DB15DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0| 1 * N * * | * |CMS|SGS| * |CN| * * | NL3|NL2 |NL1|NLO

Figure 4 Driver Output Control Instruction

Table 6 NL Bits and Drive Duty

NL3 NL2 NL1 NLO Display Size LCD Drive Duty Common Driver Used
0 0 0 128 x 8 dots 1/8 Duty COM1-COM8
0 0 1 128 x 16 dots 1/16 Duty COM1-COM16
0 0 1 0 128 x 24 dots 1/24 Duty COM1-COM24
0 0 1 1 128 x 32 dots 1/32 Duty COM1-COM32
0 1 0 0 128 x 40 dots 1/40 Duty COM1-COM40
0 1 0 1 128 x 48 dots 1/48 Duty COM1-COM48
0 1 1 0 128 x 56 dots 1/56 Duty COM1-COM56
0 1 1 1 128 x 64 dots 1/64 Duty COM1-COM64
1 0 0 0 128 x 72 dots 1/72 Duty COM1-COM72
1 0 0 1 128 x 80 dots 1/80 Duty COM1-COM80
1 0 1 0 128 x 88 dots 1/88 Duty COM1-COM88
1 0 1 1 128 x 96 dots 1/96 Duty COM1-COM96
1 1 0 0 128 x 104 dots 1/104 Duty COM1-COM104
1 1 0 1 128 x 112 dots 1/112 Duty COM1-COM112
1 1 1 0 128 x 120 dots 1/120 Duty COM1-COM120
1 1 1 1 128 x 128 dots 1/128 Duty COM1-COM128
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LCD-Driving-Waveform Control

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for LCD drive. When
B/C =1, a C-pattern waveform is generated and alternates in each raster-row specified by bits EOR and
NW4-NWO in the LCD-driving-waveform control register. For details, see the n-raster-row Reversed AC
Drive section.

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and
the n-raster-row reversed signals are EORed for alternating drive. EOR is used when the LCD is not
alternated by combining the set values of the LCD drive duty ratio and the n raster-row. Fordetails, see the
n-raster-row Reversed AC Drive section.

NW4-0: Specify the number of raster-rows n that will alternate at the C-pattern waveform setting (B/C =
1). NW4-NWO alternate for every set value + 1 raster-row, and the first to the 32nd raster-rows can be
selected.

R/W RS DB15 DB14 DB13DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * * * * * * * * * | B/C |[EOR|NW4|NW3 NW2 NW1/ NWO0

Figure 5 LCD-Driving-Waveform Control Instruction

HITACHI
23



HD66750/1

Table 7 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
COM1/128 COM1 CcOoM128 COM97 COM96
CcOomMs/121 CcOM8 CcOomM121 COoM104 CcOoM89
COM9/120 COM9 COM120 COM105 comss
COM16/113 COM16 COM113 COM112 CcOMm8H1
COM17/112 COM17 COM112 COM113 COM80
COM24/105 COM24 COM105 COM120 COM73
COM25/104 COM25 COM104 (COM121) COM72
COM32/97 COmM32 COom9a7 (COM128) COMe65
COMB33/96 COM33 COM96 COoM1 COMe64
COM40/89 COM40 coms9 COowms8 COM57
COM41/88 COM41 comss COM9 COM56
COMm48/81 com4s8 COmsH1 COM16 COM49
COM49/80 COM49 COM80 COM17 CcOom48
COM56/73 COM56 COM73 COM24 COM41
COM57/72 COM57 COmM72 COM25 COM40
COM64/65 COM64 COMe65 Ccoma32 COMB33
COMe65/64 COMe65 COMe64 COM33 COMB32
COM72/57 COM72 COM57 COM40 COM25
COM73/56 COM73 COM56 COM41 COM24
COM80/49 COmM80 COM49 COm48 COM17
COM81/48 COms1 CcOom48 COM49 COM16
com8s8/41 cowmss COM41 COM56 COM9
COM89/40 com89 COM40 COM57 COM8
COM96/33 COM96 COM33 COMe4 COoM1
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Table 7 Common Driver Pin Function (cont)

Common Driver Pin Function

CN = 0 (Normal Output) CN= 1 (Center Output)
Common
Driver Pin CMS=0 CMS=1 CMS=0 CMS=1
COM97/32 COM97 COM32 COM®65 (COM128)
COM104/25 COM104 COM25 COM72 (COM121)
COM105/24 COM105 COmM24 COM73 COM120
COM112/17 COM112 COM17 COMS80 COM113
COM113/16 COM113 COM16 COMS81 COM112
COM120/9 COM120 COM9 Ccomss COM105
COoM121/8 COoM121 COM8 COM89 COM104
COM128/1 com128 COM1 COM96 COom97

Power Control

BS2-0: The LCD drive bias value is set within the range of a 1/4 to 1/11 bias. The LCD drive bias value
can be selected according to its drive duty ratio and voltage. For details, see the Liquid Crystal Display
Drive Bias Selector section.

BT1-0: The output factor of VSOUT between two-times, three-times, four-times, five-times, six-times, and
seven-times boost is switched. The LCD drive voltage level can be selected according toits drive duty ratio
and bias. Lower amplification of the booster consumes less current.

DC1-0: The operating frequency in the booster is selected. When the boosting operating frequencyis high,
the driving ability of the booster and the display quality become high, but the current consumption is
increased. Adjust the frequency considering the display quality and the current consumption.

AP1-0: The amount of fixed current from the fixed current source in the operational amplifier for V pins
(V1 to V5) is adjusted. When the amount of fixed current is large, the driving ability of the booster and the
display quality become high, but the current consumption is increased. Adjust the fixed current considering
the display quality and the current consumption.

During no display, when AP1-0 = 00, the current consumption can be reduced by ending the operational
amplifier and booster operation.
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Table 8 BS Bits and LCD Drive Bias Value

BS2 BS1 BSO LCD Drive Bias Value

0 0 0 1/11 bias drive

0 0 1 1/10 bias drive

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

Table 9 BT Bits and Output Level

BT1 BTO V50UT Output Level
0 Two-times boost
1 Five-times boost

1 0 Six-times boost

1 1 Seven-times boost

Table 10  DC Bits and Operating Clock Frequency

DC1 DCO Operating Clock Frequency in the Booster
0 32-divided clock
1 16-divided clock

1 0 8-divided clock

1 1 4-divided clock

Table 11 AP Bits and Amount of Fixed Current

AP1 APO Amount of Fixed Current in the Operational Amplifier
0 Operational amplifier and booster do not operate.
1 Small

1 0 Middle

1 1 Large

SLP: When SLP = 1, the HD66750/1 enters the 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 following instructions can be executed during the sleep mode.

Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB bits)

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

STB: When STB = 1, the HD66750/1 enters the standby mode, where display operation completely stops,
halting all the internal operations including 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. Start oscillation
c. Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB bits)

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.

RW RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 * * * | BS2|BS1/BS0|BT1|BTO| * * | DC1/DCO| AP1| APO| SLP| STB

Figure 6 Power Control Instruction
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Contrast Control

CT5-0: These bits control the LCD drive voltage (potential difference between V1 and GND) to adjust
64-step contrast. For details, see the Contrast Adjuster section.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

DBO

0 1 *

*

*

* * * * * * * CT5

CT4

CT3

CT2

CT1

CTo

Figure 7 Contrast Control Instruction

HD66750/1
VLCD
O E—
VR
V1
V2
V3
Ro
R V4
V5
R
GNDL | GND

Figure 8 Contrast Adjuster
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Table 12  CT Bits and Variable Resistor Value of Contrast Adjuster

CT Set Value

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

Rotation

The write data sent from the microcomputer is modified in the HD66750/1 and written to the CGRAM. The
display data in the CGRAM can be quickly rewritten to reduce the load of the microcomputer software
processing. For details, see the Graphics Operation Function section.

I/D: When I/D = 1, the address counter (AC) is automatically incremented by 1 after the data is written to
the CGRAM. WhenI/D =0, the AC is automatically decremented by 1 after the data is written to the
CGRAM.

AM1-0: Set the automatic update method of the AC after the datais written tothe CGRAM. When AM1-0
=00, the data is continuously written in parallel. When AM1-0 =01, the data is continuously written
vertically. When AM1-0 = 10, the data is continuously written vertically with two-word width (32-bit
length).

LG1-0: Write again the data read from the CGRAM and the data written from the microcomputer to the
CGRAM by a logical operation. When LG1-0 = 00, replace (no logical operation) is done. ORed when
LGI1-0 =01, ANDed when LG1-0 = 10, and EORed when LG1-0 = 11.

RT2-0: Write the data sent from the microcomputer to the CGRAM by rotating in a bit unit. RT3-0specify
rotation. For example, when RT2-0 = 001, the data is rotated in the upper side by two bits. When RT2-0 =
111, the data is rotated in the upper side by 14 bits. The upper bit overflown in the most significant bit
(MSB) side is rotated in the least significant bit (LSB) side.
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R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * * * * * * * * * * * I/D |AM1|AMO|LG1| LGO

0| 1 x| x| x| x| = | x| x|+ | = | * |RT2|RT1| RTO

Figure 9 Entry Mode and Rotation Instructions

DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Write data sent

from the 0 oo 1 1 1 0 0 1 1 1 [ 0 1 1
microcomputer
(DB15-0)
Rotaton //////////////fl
(RT2-0 = 001)
0 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0
I I I I I I I I I I I I I I I I
) . Logical operation  LG1-0 = 00: Replace
Logical operation LG1-0 = 01: ORed
(LG1-0) :
LG1-0 = 10: ANDed

LG1-0 = 11: EORed

Y Y Y Y Y Y YYYYYVYYYVY

Writ t K*
fite data mas Write data mask (WM15-0)

(WM15-0)
Y VY Y Y Y YYYYYYYYYVY

CGRAM

Note: The write data mask (WM15-0) is set by the register in the RAM Write Data Mask section.

Figure 10 Logical Operation and Rotation for the CGRAM
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Display Control

PS1-0: When PS1-0 =01, only the upper eight raster-rows (COM 1-COMBS) are fixed-displayed in vertical
smooth scrolling, and the other display raster-rows are smooth-scrolled. When PS1-0 = 10, the upper 16
raster-rows (COM1-COM16) are fixed-displayed. When PS1-0 = 11, the upper 24 raster-rows (COM1—
COM24) are fixed-displayed. For details, see the Partial Smooth Scroll Display Function section.

DHE: When DHE = 1, the double height between raster-rows specified in the Double-height Display
Position section is displayed. For details, see the Double-height Display section.

GS: When GS =0, the grayscale level at a weak-colored display (DB =01) is 1/3. When GS =1, the
grayscale level at weak-colored display is 1/2, and at strong-colored display (when DB = 10) it is 2/3.

REV: Displays all character and graphics display sections with black-and-white reversal when REV = 1.
For details, see the Reversed Display Function section.

D: Display is on when D =1 and off when D = 0. When off, the display data remains in the CGRAM, and
can be displayed instantly by setting D = 1. When D is 0, the display is off with the SEG1 to SEG128
outputs and COM1 to COM128 outputs set to the GND level. Because of this, the HD66750/1 can control
the charging current for the LCD with AC driving.

RW RS DB15DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 * * * * * * * * * * | PS1|PSO0|DHE| GS |[REV| D

Figure 11 Display Control Instruction
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Cursor Control

C: When C = 1, the window cursor display is started. The display mode is selected by the CM1-0 bits, and
the display area is specified in a dot unit by the horizontal cursor position register (HS6-0 and HE6-0 bits)
and vertical cursor position register (VS6-0 and VE6-0 bits). For details, see the Window Cursor Display
section.

CM1-0: The display mode of the window cursor is selected. These bits can display a white-blink cursor,
black-blink cursor, black-and-white reversed cursor, and black-and-white-reversed blink cursor.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * * * * * * * * * * * * * C CM1 CMO

Figure 12 Cursor Control Instruction
Table 13  CM Bits and Window Cursor Display Mode

CM1 CMO Window Cursor Display Mode

0 0 White-blink cursor (alternately blinking between the normal display and an all-white
display (all unlit))

0 1 Black-blink cursor (alternately blinking between the normal display and an all-black
display (all lit))

1 0 Black-and-white reversed cursor (black-and-white-reversed normal display (no
blinking))

1 1 Black-and-white-reversed blink cursor (alternately blinking the black-and-white-

reversed normal display)

Double-height Display Position

DS6-0: Specify any common raster-row position where the double-height display starts. Note that no
scrolling is done by vertical scrolling. For details, see the Double-height Display section.

DEG6-0: Specify any common raster-row position where the double-height display ends. Set the end
position of the double-height display after the start position of the double-height display, satisfying the
relationship DS6-0 < DE6-0. When the area specifying the double height has an odd number of raster-
rows, the double-height display is done for the DE6-0 + 1 raster-rows.

When the double-height display is not used, set the DHE bit in the display-control instruction register to 0.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * | DE6 DE5| DE4| DE3|DE2| DE1| DEO| * |DS6|DS5|DS4| DS3| DS2|DS1| DS0

Figure 13 Double-height Display Position Instruction
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Vertical Scroll Control

SL6-0: Specify the display start raster-row for vertical smooth scrolling. Any raster-row from the first to
128th can be selected (table 14). After the 128th raster-row is displayed, the display restarts from the first
raster-row. For details, see the Vertical Smooth Scroll section.

In partial smooth scrolling, these bits specify the display start raster-row of the next fixed-display raster-
row. For details, see the Partial Smooth Scroll Display Function section.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * * * * * * * * * | SL6|SL5|SL4|SL3|SL2|SL1| SLO

Figure 14 Vertical Scroll Control Instruction

Table 14  SL Bits and Display-start Raster-row

SL6 SL5 SL4 SL3 SL2 SL1 SLO Display-start Raster-row
0 0 0 0 0 0 0 1st raster-row

0 0 0 0 0 0 1 2nd raster-row

0 0 0 0 0 1 0 3rd raster-row

0 0 0 0 0 1 1 4th raster-row

0 0 0 0 1 0 0 5th raster-row

1 1 1 1 1 1 0 127th raster-row

1 1 1 1 1 1 1 128th raster-row
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Horizontal Cursor Position

Vertical Cursor Position

HS6-0: Specify the start position for horizontally displaying the window cursor in a dotunit. The cursoris
displayed from the 'set value + 1' dot. Ensure that HS6-0 < HE6-0.

HEG6-0: Specify the end position for horizontally displaying the window cursor in a dot unit. The cursor is
displayed to the 'set value + 1' dot. Ensure that HS6-0 < HE6-0.

VS6-0: Specify the start position for vertically displaying the window cursor in a dot unit. The cursor is
displayed from the 'set value + 1' dot. Ensure that VS6-0 < VE6-0.

VEG6-0: Specify the end position for vertically displaying the window cursor in a dot unit. The cursor is
displayed to the 'set value + 1' dot. Ensure that VS6-0 < VE6-0. In vertical scrolling, rewrite VS6-0 and
VE6-0 since this window cursor does not move vertically.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * |HE6 |HE5| HE4 | HE3 |HE2| HE1 HEO| * |HS6| HS5 HS4| HS3| HS2 HS1| HSO
0 1 * |VE6 |VE5|VE4 |VE3 |VE2|VE1 |VEO| * |VS6|VS5/VS4 VS3|VS2| VS1| VS0
Figure 15 Horizontal Cursor Position and Vertical Cursor Position Instructions
HS1+1 HE1+1
VST41 oo : 1
Window
cursor
VE1+1 |[--------------
Figure 16 Window Cursor Position
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RAM Write Data Mask

WM15-0: In writing to the CGRAM, these bits mask writing in a bit unit. When WM15 =1, this bit masks
the write data of DB15 and does not write to the CGRAM. Similarly, the WM 14-0 bits mask the write data
of DB14-0 in a bit unit. However, when AM = 10, the write datais masked with the set values of VM 15-0
for the odd-times CGRAM write. It is also masked automatically with the reversed set values of VM15-0
for the even-times CGRAM write. For details, see the Graphics Operation Function section.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 VM| VM |VM| VM| VM| VM| VM| VM| VM| VM| VM| VM| VM| VM| VM| VM
15,14 (13| 12 | 11 | 10| 9 8 7 6 5 4 3 2 1 1]
Figure 17 RAM Write Data Mask Instruction
RAM Address Set

AD10-0: Initially set CGRAM addresses to the address counter (AC). Once the CGRAM data is written,
the AC is automatically updated according to the AM1-0 and I/D bit settings. This allows consecutive
accesses without resetting addresses. Once the CGRAM data is read, the AC is not automatically updated.
CGRAM address setting is not allowed in the sleep mode or standby mode.

RW RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 * * * * * /:OD AD9| AD8 AD7| AD6|AD5 | AD4| AD3| AD2 | AD1| ADO

Figure 18 RAM Address Set Instruction

Table 15  AD Bits and CGRAM Settings

AD10-ADO CGRAM Setting

"000"H-"00F"H Bitmap data for COM1

"010"H-"01F"H Bitmap data for COM2

"020"H-"02F"H Bitmap data for COM3

"030"H-"03F"H Bitmap data for COM4

"760"H-"76F"H Bitmap data for COM119

"770"H-"77F"H Bitmap data for COM120

"780"H-"78F"H 121st raster-row data (appeared at vertical scrolling)
"790"H-"79F"H 122nd raster-row data (appeared at vertical scrolling)
"7A0"H-"7AF"H 123rd raster-row data (appeared at vertical scrolling)
"7B0"H-"7BF"H 124th raster-row data (appeared at vertical scrolling)
"7CO"H-"7CF"H 125th raster-row data (appeared at vertical scrolling)
"7D0"H-"7DF"H 126th raster-row data (appeared at vertical scrolling)
"7EQ"H-"7EF"H 127th raster-row data (appeared at vertical scrolling)
"7FO"H-"7FF"H 128th raster-row data (appeared at vertical scrolling)
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Write Data to CGRAM

WD15-0 : Write 16-bit data to the CGRAM. After a write, the address is automatically updated according
to the AM1-0 and I/D bit settings. During the sleep and standby modes, the CGRAM cannot be accessed.

R/W RS DB15 DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 WD wD | WD WD WD WD| WD| WD| WD WD, WD| WD| WD| WD WD| WD
15|14 13|12 | 11 | 10| 9 8 | 7 6 5| 4 3 2 1 0

Figure 19 Write Data to CGRAM Instruction
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Read Data from CGRAM

RD15-0 : Read 16-bit data from the CGRAM. When the data is read to the microcomputer, the first-word
read immediately after the CGRAM address setting is latched from the CGRAM to the internal read-data
latch. The data on the data bus (DB15-0) becomes invalid and the second-word read is normal.

When bit processing, such as a logical operation, is performed within the HD66750/1, only one read canbe
processed since the latched data in the first word is used.

RW RS DB15DB14DB13 DB12DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 1 RD RD RD | RD | RD |RD | RD  RD RD  RD | RD RD| RD|RD RD| RD
1514 | 13 | 12| 11 | 10 9 8 7 6 5 4 3 2 1 0
Figure 20 Read Data from CGRAM Instruction
Sets the I/D and AM1-0 bits | | Sets the I/D and AM1-0 bits
Address: N set | | Address: N set
‘ Y
) Dummy read (invalid data) ) Dummy read (invalid data)
First word First word

Second word

First word

Second word

CGRAM -> Read-data latch

Y

Read (data of address n)
Read-data latch -> DB15-0

\

Address: M set

L

Dummy read (invalid data)
CGRAM -> Read-data latch

Y

Read (data of address)
Read-data latch -> DB15-0

v

i) Data read to the microcomputer

Second word

First word

Second word

CGRAM -> Read-data latch

Y

Read (data of address n)
DB15-0 -> CGRAM

Y

Automatic address update: M + a

v

Dummy read (invalid data)
CGRAM -> Read-data latch

Y

Write (data of address n)
DB15-0 -> CGRAM

v

i) Logical operation processing in the HD66750/1

Figure 21 CGRAM Read Sequence
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Table 16 Instruction List

Reg. Upper Code Lower Code Egﬁ‘c“'
No. Register Name R/W | RS |DB15|DB14|DB13|DB12|DB11|DB10| DB9 | DB8 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO Description Cycle
IR Index 0 0 * * * * * * * * * * * ID4 | ID3 | ID2 | ID1 | IDO | Sets the index register value. 0
SR | Status read 1 0 0 L6 | L5 L4 | L3 L2 L1 LO 0 0 C5 | C4 | C83 | C2 | C1 | CO | Reads the driving raster-row position (L6—0) and contrast setting (C5-0). 0
ROO | Start oscillation 0 1 * * * * * * * * * * * * * * * 1 Starts the oscillation mode. 10 ms
Device code read 1 1 0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 0 | Reads 0750H.
RO1 | Driver output 0 1 * * * * * * |CMS|SGS| * CN * * NL3 | NL2 | NL1 | NLO | Sets the common driver shift direction (CMS), segment driver shift direction
control (SGS), driving duty ratio (NL3-0), and centering (CN).
R02 | LCD-driving- 0 1 * * * * * * * * * B/C | EOR| NW4| NW3| NW2| NW1| NWO| Sets the LCD drive AC waveform (B/C), and EOR output (EOR) or the 0
waveform control number of n-raster-rows (NW4-0) at C-pattern AC drive.
RO3 | Power control 0 1 * * * BS2 | BS1| BSO | BT1 | BTO * * DC1 | DCO | AP1 | APO | SLP | STB | Sets the sleep mode (SLP), standby mode (STB), LCD power on (AP1-0), 0
boosting cycle (DC1-0), boosting ouput multiplying factor (BT1-0), and LCD
drive bias value (BS2-0).
R04 | Contrast control 1 * * * * * * * * * * | CT5| CT4| CT3| CT2| CT1 | CTO | Sets the contrast adjustment (CT5-0).
R0O5 | Entry mode 1 * * * * * * * * * * * I/D | AM1| AMO | LG1 | LGO | Specifies the logical operation (LG1-0), AC counter mode (AM1-0), and
increment/decrement mode (I/D).
R06 | Rotation 1 * * * * * * * * * * * * * RT2 | RT1 | RTO | Specifies the amount of write-data rotation (RT2-0).
R0O7 | Display control 0 1 * * * * * * * * * * PS1| PSO|DHE| GS | REV| D | Specifies display on (D), black-and-white reversed display (REV), grayscale
mode (GS), double-height display on (DHE), and partial scroll (PS1-0).
R08 | Cursor control 0 1 * * * * * * * * * * * * * C | CM1 | CMo | Specifies cursor display on (C) and cursor display mode (CM1-0).
R09 | Double-height display position | 0 1 * | DE6| DE5| DE4| DE3 | DE2 | DE1|DEO| * | DS6|DS5| DS4 | DS3 | DS2 | DS1 | DSO0 | Specifies double-height display start (DS6-0) and end (DE6-0). 0
ROA | Vertical scroll 0 1 * * * * * * * * * | SL6| SL5| SL4 | SL3 | SL2 | SL1 | SLO | Sets the display-start raster-row (SL6-0). 0
ROB | Horizontal cursor position 0 1 * | HE6 | HE5 | HE4 | HE3 | HE2 | HE1 | HEO| * | HS6 | HS5| HS4 | HS3 | HS2 | HS1 | HSO | Sets horizontal cursor start (HS6-0) and end (HE6-0). 0
ROC | Vertical cursor position 0 1 * | VE6| VE5| VE4 | VE3| VE2| VE1| VEO| * | VS6| VS5|VS4| VS3| VS2| VS1| VSO0 | Sets vertical cursor start (VS6-0) and end (VE6-0). 0
R10 | RAM write data 0 1 WM|WM|WM| WM| WM | WM |WM9| WM8|WM7| WM6| WM5| WM4| WM3| WM2| WM1| WMO| Specifies write data mask (WM15-0) at RAM write. 0
mask 15 14 13 12 11 10
R11 | RAM address set 0 1 * * * * * AD10-8 (upper) AD7-0 (lower) Initially sets the RAM address to the address counter (AC). 0
R12 | RAM data write 0 1 Write data (upper) Write data (lower) Writes data to the RAM.
RAM data read 1 1 Read data (upper) Read data (lower) Reads data from the RAM.

Note: ™' means 'doesn't matter'.
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Reset Function

The HD66750/1 is internally initialized by RESET input. Because the busy flag (BF)indicates a busy state
(BF = 1) during the reset period, no instruction or CGRAM data access from the MPU is accepted. The
reset input must be held for at least 1 ms. Do notaccess the CGRAM or initially set the instructions until the
R-C oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set Initialization:

1. Start oscillation executed

2. Driver output control (CN =0, NL3-0 =1111, SGS =0, CMS =0)

3. B-pattern waveform AC drive (B/C =0, ECR =0, NW4-0 = 00000)

4. Power control (DC1-0 =00, AP1-0 = 00: LCD power off, SLP = 0: Sleep mode off, STB =0: Standby
mode off)

5. 1/11 bias drive (BS2-0 = 000), Two-times boost (BT1-0 = 00), Weak contrast (CT5-0 = 000000)

6. Entry mode set (I/D = 1: Increment by 1, AM1-0 = 00: Horizontal move, LG1-0 = 00: Replace mode)

7. Rotation (RT2-0 = 000: No shift)

8. Display control (DHE = 0: Double-height display off, REV =0, GS =0, D = 0: Display off, PS1-0 =

00: Partial scroll off)
9. Cursor control (C = 0: Cursor display off, CM1-0 = 00: White blink cursor)
10. Double-height display position (DS6-0 = 0000000, DE6-0 = 0000000)
11. Vertical scroll control (SL6-0 = 0000000: First raster-row displayed at the top)
12. Window cursor display position (HS6-0 = HE6-0 = VS6-0 = VE6-0 = 0000000)
13. RAM write data mask (WM15-0 = 0000H: No mask)
14. RAM address set (AD10-0 = 000H)

CGRAM Data Initialization:

This is 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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Parallel Data Transfer

16-bit Bus Interface

Setting the IM2-0 (interface mode) to the GND/GND level allows 68-system E-clock-synchronized 16-bit
parallel datatransfer. Setting the IM1/0to the Vcc/GND level allows 80-system 16-bit parallel data
transfer. When the number of buses or the mounting areaislimited, use an 8-bit businterface.

CSn* | Cs*
Al = RS
H8/2245 Hwr* »| wrr HD66750/1
(RD*) B (RD*)
D15-DO0 <T> DB15-DB0

Figure 22 Interface to 16-bit Microcomputer

8-bit Bus Interface

Setting the IM 1/0 (interface mode) to the GND/Vcc level allows 68-system E-clock-synchronized 8-bit
parallel datatransfer using pins DB15-DB8. Setting the IM1/0to the Vcc/Vec level allows 80-system 8-
bit parallel datatransfer. The 16-bit index register, instructions and RAM data are divided into eight
upper/lower bits and the transfer starts from the upper eight bits. Fix unused pins DB7-DBO0to the VVcc or
GND level.

csn* | CS*
Al | RS
H8/2245 HwRr* »| wr+ HD66750/1
(RD¥) B (RD*¥)
D15-D8 4#» DB15-DB8
DB7-0
8

GND

Figure 23  Interface to 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit businterface
The HD66750/1 supportsthe transfer synchronization function which resets the upper/lower
counter to count upper/lower 8-bit datatransfer in the 8-bit businterface. Noise causing transfer
mismatch between the eight upper and lower bits can be corrected by areset triggered by
consecutively writing a 00H instruction four times. The next transfer starts from the upper eight
bits. Executing synchronization function periodically can recover any runaway in the display
system.
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(8-bit transfer synchronization)

Figure 24 8-bit Transfer Synchronization
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Graphics Operation Function

The HD66750/1 can greatly reduce the load of the microcomputer graphics software processing through the
16-bit bus architecture and graphics-bit operation function. This function supports the following:

A write data mask function that selectively rewrites some of the bits in the 16-bit write data.
A bit rotation function that shifts and writes the data sent from the microcomputer in a bit unit.

A logical operation function that writes the data sent from the microcomputer and the original RAM
data by a logical operation.

Since the display data in the graphics RAM (CGRAM) can be quickly rewritten, the load of the
microcomputer processing can be reduced in the large display screen when a font pattern, such as kanji
characters, is developed for any position (BiTBLT processing).

The graphics bit operation can be controlled by combining the entry mode register, the bit set value of the
RAM-write-data mask register, and the read/write from the microcomputer.

Table 17  Graphics Operation

Bit Setting
Operation Mode /D AM LG Operation and Usage
Write mode 1 0/1 00 00 Horizontal data replacement, horizontal-border
drawing
Write mode 2 0N 01 00 Vertical data replacement, font development, vertical-
border drawing
Write mode 3 on 10 00 Vertical data replacement with two-word width, kanji-

font development

Read/write mode 1 0/1 00 0110 11 Horizontal data replacement with logical operation,
horizontal-border drawing

Read/write mode 2  0/1 01 0110 11 Vertical data replacement with logical operation,
vertical-border drawing

Read/write mode 3  0/1 10 0110 11 Horizontal data replacement with two-word-width
logical operation
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Microcomputer

16 16

Y HD66750/1

Read- | Write-data latch |
—P data ¢1 5
latch
+1/-1|| +16
3 Rotation bit
* i 16 | Bit rotation |<—— (RT2-0)
Address 16 * ) oo | 0o:th ]
: throug
counter h
AC | Logical operation |4—— operation | 01: OR
(o) bit 10: AND
¢16 (LG1—0) | 11:EOR
Write bit mask - 16 Write-mask register
(WM15-0)

1 Graphics RAM

(CGRAM)

Figure 25 Data Processing Flow of the Graphics Bit Operation

1. Write mode 1: AM1-0 =00, LG1-0 =00
This mode is used when the data is horizontally written at high speed. It canalso be used toinitialize the
graphics RAM (CGRAM) or to draw borders. The rotation function (RT2-0) or write-data mask
function (WM15-0) are also enabled in these operations. After writing, the address counter (AC)
automatically increments by 1 (I/D =1) or decrements by 1 (I/D =0), and automatically jumps to the
counter edge one-raster-row below after it has reached the left edge of the graphics RAM.
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Operation Examples:

1) I/D =1, AM1-0 = 00, LG1-0 =00, RT2-0 = 000
2) WM15-0 = 0000H

3) AC = 000H

WMO WM15
write data mask:  [o[oJo[o]o]o[o[o[o[o]o]o[o]o[o]o]

DBO DB15
Write data (1) : |1|o|o|1|1|o|o|1|o|1|o|o|o|o|1|1|
write data (2) = [1]1]o[o[o[o]1]1]o[o[o]o[1]1]o]o]
write data (3) - [of1[1]1]o[]o[o[o[o[o] 1[1]4]4]4]

000H 001H 002H
oo [P ol [eR ] (el e E o) B el R o i) woveee
Write data (1) Write data (2) Write data (3)
CGRAM

Figure 26 Writing Operation of Write Mode 1

2. Write mode 2: AM1-0 =01, LG1-0 =00
This mode is used when the data is vertically written at high speed. It can also be used to initialize the
graphics RAM (CGRAM), develop the font pattern in the vertical direction, or draw borders. The
rotation function (RT2-0) or write-data mask function (WM15-0) are also enabled in these operations.
After writing, the address counter (AC) automatically increments by 16, and automatically jumps to the
upper-right edge (I/D = 1) or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower
edge of the graphics RAM.

Operation Examples:
1) /D=1, AM1-0 =01, LG1-0 =00, RT2-0 =010
2) WM15-0 = FOO7H

3) AC = 000H
WMo WM15
Write data mask: |1|1|1|o|o|o|o|o|o|o|o|o|1|1|1|1|
DBO DB15
Write data (1) : [1]o]o[1[1]o[o[]o[]o[o[o[o[]1]---4:2Mtretation o roloTa[4[1[o[o[1[1[o]o[1]o[1]o[o
Write data (2) : [1]1]o[o[o[o[1]1]o[o[o[o[1]1]o[o]---4:2tretation o IiT41o[o[1[1]o]oo[o[1]1]o[o]o[o
wiite data (@) - [oft [ [o[t[o[oJo[oo[+[ ][] ]+ s[4 t]o[t 1 +]o[1]o[o]ofo[o]1]
oo ([T HRIBRE LT waoama
010H |«|-[-[o]1 [1|o[o]o[o]4]1]*[*[ ]| write cata (2)
e (CTEFBSIBEELTL] won s caRAM

Notes: 1. The bit area data in the RAM indicated by ™' is not changed.
2. After writing to address 7FOH, the AC jumps to 001H.

Figure 27 Writing Operation of Write Mode 2
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3. Write mode 3: AM1-0 =10, LG1-0 =00

This mode is used when the data is written at high speed by vertically shifting bits. It canalso be used to
write the 16-bit data for two words into the graphics RAM (CGRAM), develop the font pattern, or
transfer the BiITBLT as a bit unit. The rotation function (RT2-0) or write-data mask function(WM15-0)
are also enabled in these operation. However, although the write-data mask function masks the bit
position set with the write-data mask register (WM15-0) at the odd-times (such as the first or third)
write, the function masks the bit position that reversed the setting value of the write-data mask register
(WM15-0) at the even-times (such as the second or fourth) write. After the odd-times writing, the
address counter (AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0). After the
even-times writing, the AC automatically increments or decrements by —1 +16 (I/D=1)or+1+16 (I/D
=0). The AC automatically jumps to the upper edge after it has reached the lower edge of the graphics
RAM.

Operation Examples:

1) I/D =1, AM1-0 =10, LG1-0 =00, RT2-0 =010
2) WM15-0 = 0007H

3) AC = 000H

Write data mask: |1 |1 |1 | 1 |o|0|0|0|0|0|0|0|0|0|0| 0|

w0 S0 TS ).+ - e (IS H A6l
write data 2) :  [1]1[1[1]1]1]o |o|o|o|o|1|1|o|o|0}---‘f'-tfi-t-r-qt?-‘ic-"-’-->|1|o|o|o|1| 1/1[1]1]1]o|oofo]o]1]
et Qoo [FoFLL 224 [ HL T PR
N o0 TC0D e 0000300000a02000
N 1 D 0o e 1CCC o ECCaaaaD
A DG NN e S UCORaUCa REANE
000H 001H

o0 [FTFTJET T OBl (R F TTTL L] woeowe .

010H |[*[|*-|ofo[o[o]o[+|1 1]o[ofo[o] [s[«[a] ][ [-[* [+ [ |"[*|[*] wrte data 3). 4

020H || |-[|*[opft |°|°|°|°| P[] ool [ e[| [ ] | weie data @, )

7FOH CGRAM

Notes: 1. The bit area data in the RAM indicated by "' is not changed.
2. After writing to address 7FOH, the AC jumps to 001H.

Figure 28 Writing Operation of Write Mode 3
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4. Read/Write mode 1: AM1-0 =00, LG1-0 =01/10/11

This mode is used when the data is horizontally written at high speed by performinga logical operation
with the original data. It reads the display data (original data), which has already been written in the
graphics RAM (CGRAM), performs a logical operation with the write data sent from the
microcomputer, and rewrites the data to the CGRAM. This mode canread the data during the same bus
cycle as for the write operation since the read operation of the original data does not latch the read data
into the microcomputer and temporarily holds it in the read-data latch. The rotation function (RT2-0) or
write-data mask function (WM15-0) are also enabled in these operations. After writing, the address
counter (AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically
jumps to the counter edge one-raster-row below after it has reached the left or rightedges of the graphics
RAM.

Operation Examples:

1) I/D =1, AM1-0 =00, LG1-0 =01 (OR), RT2-0 = 000
2) WM15-0 = 0000H

3) AC = 000H

WMO WM15
Write data mask:  |0]o|o[o|o[o]o[o|o[o|o[o|o[0]o|o|

DBO DB15
Read data (1): |1|o|0|1|1 olo 1|o|1|o|o|0|o|1|1|---~ Logical operation
write data (1) [1]o[1]1]1[1]o o|o|1|1|o|o|0|o|1|------(9?-) ------- =10[1]1]1]1]o]1]o]1]1]o[o[o[1[1]

Y ©oR)

o]
1]
Read data (2):  [o]o[o[o]1]1]s
]
1
i

|
|
|1]0]o[o]o[o[o[o]o}--2 Logica operation
|
|
|

Write data (2): |1|1|o|o|oo 1 1|1|o|o|o|1|1|o|o|- ---------------- >|1|1|o|0|1|1|1|1|1|o|o|o|1|1|o|0|

Read data (3): [o[o[o[o]1]1]1]0[1]0[o]o]o] 1]1]0}--= Logical operation

wite data 3):  [o[1[1[[o[1[o[o[o[o[o[1[s[[1[i] -2 wrve- o[ T[]0 [0 [o[ {11 [1]
000H 001H 002H

[tlo[t][r+]ol ol [+|olo[of| ) [+[[e[o [+ 1 [+[s[o[efo[]+[ofo] [ofr]1 1] 1] [e[*]e[o]+[]+[1
Read data (1) + Write data (1) Read data (2) + Write data (2) Read data (3) + Write data (3)

CGRAM

Figure 29 Writing Operation of Read/Write Mode 1

5. Read/Write mode 2: AM1-0 =01, LG1-0 =01/10/11

This mode is used when the data is vertically written at high speed by performing a logical operation
with the original data. It reads the display data (original data), which has already been written in the
graphics RAM (CGRAM), performs a logical operation with the write data sent from the
microcomputer, and rewrites the data to the CGRAM. This mode canread the data during the same bus
cycle as for the write operation since the read operation of the original data does not latch the read data
into the microcomputer and temporarily holds it in the read-data latch. The rotation function (RT2-0) or
write-data mask function (WM15-0) are also enabled in these operations. After writing, the address
counter (AC) automatically increments by 16, and automatically jumps to the upper-rightedge (I/D=1)
or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the graphics
RAM.
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Operation Examples:

1) I/D =1, AM1-0 =01, LG1-0 =01 (OR), RT2-0 =010
2) WM15-0 = FCO3H

3) AC = 000H

WMO WM15
[1[[olo[olo]olololo]s]s}1]]s]1]

Write data mask:

DBO DB15
N 0 C00c 00T S
Write data (1) [1)0[1]1]1]1]oo]o[1]t]o]ofo]o[t}-d--emrermrene >|o|o|o| [1[o]1]1]1]1]o[0]o] 1]1]o]
Logical operation (OR)V
-------------- 1|0(0{1|1|0(1|1|1|1{0jO|O|1[1]1
vesaoa @ ORI RRRERR} ,, e
i it rotation
wiite data 2 [1[1[o[o[o[o 1 1] [oo[o[t][oof--s----~+-----m=aT1[o]o [t o[o]o[o] ][]0 o]
; Logical operation (OR) V
o -
weasous o o HE .
] . 1 4-bit rotation
wiedaa 0 oo [i[r}-+-- o e[ o[l
; Logical operation (OR) V
beeeenmmceend (111t 1]t [1[1]1] 1[1[o]o[1]1]1]
000H 001H
000H |||0|1|1|0|1|1|1|1||||||| Read data (1) + Write data (1)
010H |*|*|0|0|1|1|1|1|O|0|*|*|*|*|*|*| Read data (2) + Write data (2)
020H |*|*|1|1|1|1|1|1|1|1|*|*|*|*|*|*|Readdata ) + Write data (3)
: CGRAM
7FOH

Notes: 1. The bit area data in the RAM indicated by "' is not changed.
2. After writing to address 7FOH, the AC jumps to 001H.

Figure 30

Writing Operation of Read/Write Mode 2

6. Read/Write mode 3: AM1-0 =10, LG1-0 =01/10/11

This mode is used when the data is written with high speed by vertically shifting bits and by performing
logical operation with the original data. It can be also used to write the 16-bit data for two words into the
graphics RAM (CGRAM), develop the font pattern, or transfer the BITBLT as a bitunit. Thismode can
read the data during the same bus cycle as for the write operation since the read operation of the original
data does not latch the read data into the microcomputer and temporarily holds it in the read-data latch.
The rotation function (RT2-0) or write-data mask function (WM15-0) are also enabled in these
operations. However, although the write-data mask function masks the bit position set with the write-
data mask register (WM 15-0) at the odd-times (such as the first or third) write, the function masks thebit
position which reversed the setting value of the write-data mask register (WM15-0) at the even-times
(such as the second or fourth) write. After the odd-times writing, the address counter (AC)
automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0). After the even-times writing, the
AC automatically increments or decrements by —1 + 16 I/D = 1) or +1 + 16 (I/D =0). The AC
automatically jumps to the upper edge after it has reached the lower edge of the graphics RAM.
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Operation Examples:

1) /D=1, AM1-0 =10, LG1-0 =01, RT2-0 =010

2) WM15-0 = 000FH

3) AC = 000H

Write data mask:

Read data (1):

Write data (1):

Read data (2):

Write data (2):

Read data (3):

Write data (3):

Read data (4):

Write data (4):

WMO WM15
[1[1[1]]olo]olo[ofo]o]o]o]o]o]o

DBO DB15
PR TRRR
(1]t [1[1[}t[e[o[o]ofo]1 [1]ofo]of------=--=------1 »—{1[o[ofot[11]1]t]1[o]o]ofofo]1]
: Logical operation (OR) v
oKL |1|1|0|0|0|0|0|1|1|1+__f """"""" > [1]ofof1[1]1]1[1[t|1[o]o]t]t]o]t]
[T o o[ololo[e[rrlelofo}-++**="- amiJeloJo s [{ {1 {1 [ oo o]
: Logical operation (OR) ¥
B e LEOOCOUOCCEED
EORER000000C000n S ST O0E0E E e 00 a0E
: Logical operation (OR) I
S = (1]1/1]1ofo[1]1]o]1]1]1]o]1]1]o]

[ e[

4-bit rotation

[ Bleb - o o el

Logical operation (OR) v
------------- 1] 1[1] *]o[o]o[o]e[4]t[1[o1]o]1]

000H |[+[[-]]1

* | write data (1), (2)

010H |[[+[[+[*[o

*| Write data (3), (4)

7FOH

CGRAM

Notes: 1. The bit area data in the RAM indicated by "™ is not changed.
2. After writing to address 7FOH, the AC jumps to 001H.

Figure 31 Writing Operation of Read/Write Mode 3
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Oscillation Circuit

The HD66750/1 can either be supplied with operating pulses externally (external 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.

1) External clock mode 2) External resistor oscillation mode

The oscillator frequency can be

— [0OsC1 adjusted by oscillator resistor
Clock —/A\— 0SC1 Rf é | 0sC2 (Rf). If Rfis increased or power
(70 kHz) supply voltage is decreased, the
HD66750/1 HD66750/1 oscillation frequency decreases.
Dumping resistance For the relationship between Rf

(1.5kQ) resistor value and oscillation

frequency, see the Electric
Characteristics Notes section.

Figure 32 Oscillation Circuits

Table 18  Relationship between Liquid Crystal Drive Duty Ratio and Frame Frequency

Recommended Frame
LCD Duty NL3-0 Set Value Drive Bias Value Frequency One-frame Clock
116 0001 1/6 70 Hz 1024
1/24 0010 1/6 70 Hz 1032
1/32 0011 1/6 70 Hz 1024
1/40 0100 1/7 69 Hz 1040
1/48 0101 1/8 71 Hz 1008
1/56 0110 1/8 71 Hz 1008
1/64 0111 1/9 70 Hz 1024
1/72 1000 1/9.5 71 Hz 1008
1/80 1001 110 69 Hz 1040
1/88 1010 110 68 Hz 1056
1/96 1011 110 68 Hz 1056
1/104 1100 111 69 Hz 1040
1112 1101 111 71 Hz 1008
1/120 1110 111 67 Hz 1080
1/128 1111 111 70 Hz 1024

Note: The frame frequency above is for 72-kHz operation and proportions the oscillation frequency (fosc).
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1.2 3 4  wemmmnmin 127,128, 1, 2 3 wemmmmmnnn, 127, 128,

[ S e — 1 ——
V2 — ‘ ‘ ‘ ‘ ‘ . :
COoMm1 , | | | | | : | | | | ,
V5==y ‘ ‘ ‘ ‘ ‘ ' ! ! ! !
GND | H : : | | !’=
Vi1 , l l l l l l , l l l ,
V2 : : : : | | |
COM2 ! ! ! ! ! ! |
- V5 o e ‘ —
GND— ‘ ‘ ‘ ‘ ' ‘ ‘ ‘ ‘ ‘ '
v v i — —
comi27 L L | o
V5 | | | | : : :
GND— \
Vi1 ‘ ‘ ‘ ‘ ‘ '
V2 A—— ‘ S ‘ —
COM128 H | | | | | . | | | | :
V5 : : L L L L I :
GND— ‘ ‘ ‘ ‘ ‘ ' ‘ ‘ ‘ ‘ ‘ '
<A frame—————————— 1 frame—— >}

Figure 33 LCD Drive Output Waveform (B-pattern AC Drive with 1/128 Multiplexing Duty Ratio)
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n-raster-row Reversed AC Drive

The HD66750/1 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 one to 32 raster-
rows (C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk at high-
duty driving of more than 1/64 duty, the n-raster-row reversed AC drive (C-pattern waveform) canimprove
the quality. Determine the number of raster-rows n (NW bit set value + 1) for alternating after confirmation
of the display quality with the actual LCD panel. However, if the number of ACraster-rowsisreduced, the
LCD alternating frequency becomes high. Because of this, the charge or discharge current is increased in
the LCD cells.

fg——————1 frame—————— p-g——————1 frame——pp|

123 456|7 8910/111213"**"* 79801/ 2/3|/4 5/6 7 8 9 101112/13"*** 79801 2 3

B-pattern
waveform drive
+ 1/80 duty

C-pattern

\
waveform drive
+ 1/80 duty
|

» 11-raster-row
reversal
» Without EORs

C-pattern

waveform drive |

+ 1/80 duty

» 11-raster-row
reversal \

» With EORs

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

Figure 34 Example of 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 Amplifiers are 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 35. Here, contrast can be adjusted by software through the
CT bits of the contrast adjustment register.

The HD66750/1 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 thatbetween 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 0.47 UF (B characteristics) between each internal operational
amplifier (V1IOUT to V50UT outputs) and GND and stabilize the output level of the operational amplifier.
Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted and the
screen quality has been confirmed.
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OPOFF = GND
|

Vico HD66750/1

Vicp

V10UT| (V1

R
V20UT| ! JLrW 2 SEG1to SEG128

LCD
Roé driver
V30UT V3

V4
0.47 uF* V4ouT] 3 COM1to COM12
(B charactristics)
V50UT| o

GND- 11333 o i GND

Vi
Ci+
C1-
C2+
C2- Booster
C3+
C3-
C4+
C4-
C5+
C5-
C6+
Cé6-
VLOUT

Note: Adjust the capacitance value of the capacitor after the LCD panel has been mounted.
The capacitors connected to V1OUT to V50UT/GNDshould be more the Vlcd voltage.
The voltage of these capacitors should be determined with fluctuation of voltage.

Figure 35 External Power Supply Circuit for LCD Drive Voltage Generation

When an Internal Booster and Internal Operational Amplifiers are Used

To supply LCD drive voltage using the internal booster, circuits should be connected as shown in figure 36.
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 a thermistor.

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 element so that sufficient current can be
supplied. In this case, Vci must be equal to or smaller than the V. level.
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The HD66750/1 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce
current flowing through the internal bleeder-resistors, which generate different liquid-crystal drive voltages.
Thus, potential difference between V, -, and V1 must be 0.1 V 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 0.47 PUF (B characteristics) between each internal operational amplifier (V1OUT
to VS5OUT outputs) and GND and stabilize the output level of the operational amplifier. Adjust the
capacitance value of the stabilized capacitor after the LCD panel has been mounted and the screen quality
has been confirmed.
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OPOFF = GND
Vie HD66750/1
Vi
V1OUT anh
R
V20UT am= 2 SEG1to SEG128
[~ LCD
Ro§ driver
V30UT } >v|V3
R
VAOUT %ﬁr V4 > COM1to COM128
0.47 pF* '
. R
(B characteristics)
V50UT |' 'E[>T v5
L1111 R
GN Do ¢ oo e sl CND s GND
Vai Vei
B Charac-
t(eristisgc C1-
C2+
1pF [
(B Charac-
teristics) C2-
C3+ Booster
1pF )
B Charac- =
t(eristisgc;c C3-
Ca+
1uF ([
B Chamc-
:eristigs)c Tﬁ—
C5+
1R ()
B Chamc-
feristigsla)C T Cs-
R ——
L (B Chamc-
1uF (+) teristics) T C6-
B Charac- =
ieristiisc _l:_ VLOUT
GND

Notes:1.

2.

OND O AW

©

The reference voltage input (Vci) must be adjusted so that the outp ut voltage after boosting will not exc
the ab solute maximum raing for the liquid-crystal power sup ply voltage (16.5 V).

Vci is both a reference voltage and p ower supp ly for the boost er; connect it to Vcc diredly or comb ine it
with a transistor so that suffident aurrent can b e obt ained.

Polarized capacitors must be connected corectly.

Circuits for temp erature comp ensation should b e based on the sampl e ciraiits in figure 37.

Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted.

The cap acitors connected to C3+/C3— and C 6+/C6- should three times or more the Vci voltage.

The cap acitors connected to C1+/C1—, C2+/C2—, C4+/C4— and C5+/C5- should b e more the V d volta
The cap acitors connected to VLOUT/GND and V 10U T to V50UT/GND should be more the N times Vci
voltage. (N: boosting factor)

The voltage of these capacitors should be determined with fluctuation of voltage.

Figure 36 Internal Booster for LCD Drive Voltage Generation
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1 puF
HD66750A (B characteristics) HD66750A
Vce Vce 1™ Vce
=
. GND .
Thermistor Tr Ve Thermistor Vai
3 3
GND  —— GND —
(Example 1) (Example 2)

Figure 37 Temperature Compensation Circuits

Switching the Boosting Factor

Instruction bits (BT1/0 bits) can optionally select the boosting 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 factor for the minimum requirements. For details, see the Partial-
display-on Function section.

Because of the maximum boosting factor, external capacitors need to be connected. Forexample, when the
maximum boosting is six times or five times, capacitors between C6+ and C6— or between C5+ and C5— are
needed as well, as in the case of the seven-times boosting. When the boosting is two-times boosting,
capacitors between C1+ and C1- or between C4+ and C4— are not needed.

Place a capacitor with a voltage of three times or more the Vci-GND voltage between C6+ and C6— and
between C3+ and C3—, and a capacitor with a voltage larger than the Vci-GND voltage between C1+ and
Cl1-, C2+ and C2—, C4+ and C4—, and C5+ and C5-.

Place a capacitor with a voltage of N times theVci-GND voltage between VLOUT and GND. (N:boosting
factor)

Note that each capacitors with a voltage should be determined with a voltage fluctuation.

Table 19  VLOUT OQOutput Status

BT1 BTO VLOUT Output Status

0 0 Two-times boosting output

0 1 Five-times boosting output

1 0 Six-times boosting output

1 1 Seven-times boosting output
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i) Maximum seven-times boosting if) Maximum six-times boosting
Vci o—— Vei Vi o—— Vci
e T l—
(B%harac- Gk (B Léharac— ol
teristics) —— c1- teristics) Ci-
1uF (+) C2+ 1uF C2+
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teristics) T C2- teristics) T C2-
1uF (4 C3+ 1pF ) C3+
(B Charac- (B Charac-
teristics) T C3- teristics) T C3-
1pF () Cd+ 1TuF () — ca+
BCh (B Charac-
geristi?;)ao-L Cc4- teristics) T csa-
1uF () — c54+ N A — T
(B Charac- (B Charac-
teristics) T cs5- teristics) T cs5-
1pF ) C6+ 1uF (+) C6+
BCh - arac-
feristissr)ac T cé- teristics) T ce-
F = 9 VLOUT “TuF 9 VLOUT
(B Charac- (B Charac-J—_
teristics) —— teristics)

GND GND

iii) Maximum five-times boosting iv) Maximum two-times boosting

Vci o————— Vei Vci o———— Vei
1 uF (+)L7 —
(B%harac— C1+ C1+
teristics) —— C1- — C1-
1 pF (+) C2+ 1uF (+)J_ C2+
(B Charac- (B Charac-
teristics) T C2- teristics) T C2-
1uF ) C3+ 1uF & C3+
(B Charac- (B Charac-
teristics) T C3- teristics) T C3-
(1 LéE (+) Ca+ — C4+
B Charac-
teristics) T c4- — 1 C4-
1TuF )1 cs4 1uF () cs4
(B Charac- (B Charac-
teristics) T _{cs5- teristics) T _{cs5-
1F () 1TuF ()
(Bléharac- (el (B%harao— el
teristics) T c6- teristics) T c6-
TuF 9 VLOUT o3 UF 9 VLOUT
(B Charac- (B Charac-
teristics) J:_ teristics) _|:_

GND GND

Figure 38 Booster Output Factor Switching
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Example of Power-supply Voltage Generator for More Than Seven-times Boosting Output

The HD66750/1 incorporates a booster for up to seven-times boosting. However, the LCD drive voltage
(VLCD) will not be enough for seven-times boosting from Vcc when the power-supply voltage of Vcc is
low or when the LCD drive voltage is high for the high-contrast LCD display. In this case, the reference
voltage (Vci) for boosting can be set higher than the power-supply voltage of Vcc.

When the boosting factor is high, the current driving ability is lowered and insufficient display quality may
result. In this case, the boosting ability can be improved by decreasing the boosting factor as shown inthe
booster in figure 39.

Set the Vci input voltage for the booster to 3.6 V or less within the range of Vcc + 1.0 V. Control the Vci
voltage so that the boosting output voltage (VLOUT) should be less than the absolute maximum ratings
(16.5V).

HD66750/ 1

Regu- S
lator 1.8V vece Logic cirauit

Q)

Battery | _L ‘ Ci+ —_L(+)1 uF

3.6V - T @ Charac-
Regu 2.2V . Cl1- gﬁstig&;c
lator Vci

@ C2+ vi+)1 uF

‘ | | T (BChamc-
B ooster c2- teristics)

; C3+ 719)1 uF

Gl_\lD (B Chamac-
C3 - teristics)

Ca4+ ﬂj)‘l HF
(

1 VLCD (= 15.4 V) B/ Carac.
C4——T teristig;a)lc

+)
***** 22V x7=154V cs+ [ yF
v X7T= 2V fviout T (8 Charac-

C5- teristics)

77777 o C6+ E+)1 uF

(B Charac-
,,,,, . C6 - teristics)

GND —> SEG1 to SEG128

,,,,, W VLCD LCD driver
1uF —>» COM1 to COM12¢
(5] Charac-L

,,,,, . tefistics) —

Vei (=2.2 V) L
T - Vee (= 1.8V) GND

GND(=0V)

Nbte: In practice, the LCD drive curent lowels
the voltage in the boosting output voltage.

Figure 39 Usage Example of Booster at Vci > Vee
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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|, and V1) through the CT bits of the contrast adjustment register (electron volume
function). The value of a variable resistor between V| o, and V1 (VR) can be precisely adjusted in a0.05x
R unit within a range from 0.05 x R through 3.20 x R, where R is a reference resistance obtained by dividing
the total resistance.

The HD66750/1 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce

current 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 V1 is 0.1 V or higher and
that between V4 and GND is 1.4 V or higher when liquid-crystal drives, particularly when the VR is small.

HD66750/1
VLCD
o~ 1
v
VA
V2
V3
RO
V4
R
V5
R
GND L GND

Figure 40 Contrast Adjuster
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Table 20

Contrast Adjustment Bits (CT) and Variable Resistor Values
Variable Resistor| Potential Difference .
cT5 CT4C'£TS:::1\-/:|(L:E cto | Value (VR) between V1 and GND Display Color
0 0 0 0 0 0 3.20x R (Small) (nght)
0 0 0 O 1 3.15x R
0 00 0 10 3.10x R A A
0 0 0 0 1 1 3.05xR : :
000100 3.00 x R
0 00 1 0 1 2.95x R : :
0 00110 2.90 xR
00 0 1 1 1 2.85x R : :
001000 2.80 xR
0o o1 0 o 1 2.75x R :
0 01010 270xR 5
00 1 0 1 1 2.65x R
o o1 1 0 0 2.60 x R :
01 1 1 1 1 165X R
10 0 0 0 0 1.60 x R : :
100 0 0 1 155 x R
1.0 00 10 1.50 x R E
1 00 0 1 1 1.45x R 5
100 100 1.40x R :
100 1 0 1 135x R 5
100 1 10 1.30xR
1.0 0 1 1 1 1.25x R : :
1 01000 1.20xR
111 0 0 1 1.15x R :
111100 0.20 x R
111 1 0 1 0.15xR v v
111 1 10 0.10xR
11 1 1 1 1 0.05x R (Large) (Deep)
HITACHI
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Liquid-crystal-display Drive-bias Selector

An optimum liquid-crystal-display bias value can be selected using the BS2-0 bits, according to the liquid
crystal drive duty ratio setting (NL3-0 bits). The liquid-crystal-display drive duty ratio and bias value can
be displayed while switching software applications to match the LCD panel display status. The optimum
bias value calculated using the following expression is a logical optimum value. Driving by using a lower
value than the optimum bias value provides lower logical contrast and lower liquid-crystal-display voltage
(the potential difference between V1 and GND), which results in better image quality. When the liquid-
crystal-display voltage is insufficient even if a seven-times booster is used, when the boosting driving
ability is lowered by setting a high factor for the booster, or when the output voltage is lowered because the
battery life has been reached, the display can be made easier to see by lowering the liquid-crystal-display
bias.

The liquid crystal display can be adjusted by using the contrast adjustment register (CT5-0 bits) and

selecting the booster output level (BT1/0 bits).

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

Table 21  Optimum Drive Bias Values

LCDdrive 1/128 1/120 1/112 1/104 1/96 1/88 1/80 1/72 1/64 1/32 1/24 1/16
duty ratio

(NL3-0 set 1111 1110 1101 1100 1011 1010 1001 1000 0111 0100 0011 0010
value)

Optimum 1/11 1/11 111 1/11 110 110 1410 1/9 1/9 1/6 1/6 1/5
drive bias
value

(BS2-0set 000 000 000 000 001 001 001 010 010 101 101 100
value)
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GND
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v) 1/5 bias
(BS2-0 = 110)

VLCD

GND
iii) 1/ 9 bias
(BS2-0 = 010)

VLCD

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

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

VR
\"Al
R
A
R
V3
5R
\Z:
R
V5
R
GND

VLCD
VR
V1
R
V2
R
V3
4R
V4
R
V5
R
GND
GND
iv) 1/ 8 bias
(BS2—-0 = 011)

VLCD
VR
V1
R
V2
R
V3
3R
V4
R
V5
R
GND
GND
v) 1/7 bias
(BS2-0 = 100)

Note: R = Reference resistor

Figure 41 Liquid Crystal Display Drive Bias Circuit
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Table 22  Contrast Adjustment per Bias Drive Voltage
Bias LCD drive voltage: VDR Contrast adjustment range
- LCD drive voltage .
o adjustment range 10.775 x (VLcp-GND) < VDR< 0.995 x (VLcD-GND)
/ 11 xR ) - Limit of potential . 2XR__ \ (VicD-GND) > 1.4V
grliz 1 xR+VR (Vieo - GND) difference between V4 and GND ~ 11 xR+ VR ( )2 141
i
- Limit if potential .— VR (Vicp-GND > 01[V
difference between VLCD and V1~ 11 xR+ VR ( ) V]
- LCD drive voltage . _
o adjustment range :0.757 x (VLcD-GND) < VDR< 0.995 x (VLcD-GND)
. 10xR ; - Limit of potential . 2xR VLcD-GND) > 1.4 [V
:rliillse 10xR+VR" (Vico - GND) difference between V4 and GND = 10 X R + VR ( V)
- Limit if potential .— VYR __ y (VLcD-GND) = 0.1 [V
difference between VLCD and V1~ 10X R+ VR V]
- LCD drive voltage . _
" adjustment range :0.737 x (VLcp-GND) < VDR< 0.994 x (VLcD-GND)
; 9xR - Limit of potential . —2XR__ y (VicD-GND) > 1.4 [V
dbrliillse 9x R+ VR x (Vico - GND) difference between V4 and GND ~ 9 xR+ VR M
- Limit if potential : — VR ___ (VLep-GND) = 0.1 [V]
difference between VLCD and V1~ 9 X R + VR
- LCD drive voltage . _
" adjustment range :0.714 x (VLcD-GND) < VDR< 0.993 x (VLcD-GND)
. 8xR ; - Limit of potential . 2xR (VLep-GND) = 1.4 [V
dbrli?/Se 8xR+ VR x (Vico - GND) difference between V4 and GND = 8 xR+ VR M
- Limit if potential . —YR __ 4 (VicD-GND) = 0.1 [V
difference between VLCD and V1~ 8 X R+ VR V]
- LCD drive voltage .
o’ adjustment range 1 0.686 x (VLcD-GND) < VDR < 0.993 x (VLCD-GND)|
; 7xR ) - Limit of potential . 2xR__ \Vicp-GND) = 1.4 [V
g'_as 7XR+VR * (VLeD -GND)| " Giterence between V4 and GND © 7 x R + VR ( )2 141
rive
- Limit if potential .—— VYR 4 (VLcD-GND) = 0.1 [V
difference between VLCD and V1~ 7 X R + VR V]
- LCD drive voltage . "
e adjustment range 10.652 x (VLcD-GND) < VDR< 0.992 x (VLcD-GND
) 6 xR R - Limit of potential . 2XB__y (vico-GND) > 1.4[V
é):iE\ilse 6 xR+ VR x (Vico - GND) difference between V4 and GND = 6 xR + VR ( ) ]
- Limit if potential . —VYRB _y (VLco-GND) > 0.1[V]
difference between VLCD and V1~ 6x R+ VR
- LCD drive voltage X
s adjustment range 10.610 x (VLcp-GND ) < VDR< 0.990 x (VLcp-GND
: 5xR - Limit of potential . 2XR __y yicp-GND )z 1.4 [V
gI?S 5xR+ VR x (Vieo - GND) difference between V4and GND = 5x R+ VR ( )2 141V]
rive
- Limit if potential : — VR __ (VLep-GND ) = 0.1 [V]
difference between VLCD and V1~ 5X R+ VR
- LCD drive voltage .
a adjustment range 10.556 x (VLcb-GND) < VDR < 0.988 x (VLcD-GND)
bias |—*P  (Vico- GND)| - Limitof potential —2XB_ (\ico-GND) = 1.4 [V]
drive 4xR+VR difference between V4 and GND ~ 4 xR+ VR
A ) VR
- Limit if potential B -
dilfrfrgr;nzg Egtlv?/een viCDandVv1  4XR+VR x (VLep-GND) = 0.1V]
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Four-grayscale Display Function

The HD66750/1 supports the four-grayscale monochrome display function. The four-grayscale
monochrome display is used for the display data of the two-bitpixel set sent tothe CGRAM. There are four
grayscale levels: always unlit, weak middle level, strong middle level, and always lit. In the weak
middle-level grayscale display, the GS bit can select the 1/3 or 1/2 level.

The frame rate control (FRC) method is used for grayscale control.

Table 23  Relationships between the CGRAM Data and the Display Contents

Upper Bit Lower Bit Liquid Crystal Display
0 0 Non-selected (unlit)
0 1 GS = 0: 1/3-level grayscale (one framelit during a three-frame period)

GS = 1: 1/2-level grayscale (one frame lit during a two-frame period)

1 0 2/3-level grayscale (two frames lit during a three-frame period)

1 1 Selected (lit)

Note: Upper bits: DB15, DB13, DB11, DB9, DB7, DB5, DB3, and DB1
Lower bits: DB14, DB12, DB10, DB8, DB6, DB4, DB2, and DBO

LSB MSB LSB MSB

LSB et USB LSB - eeeeeeeseesee s uss

ofof1]ofof1]1]1]1]1]o[1]1]ofofo][lo]o]ofo[1]o[1]0]o[1]0[1 [t 1]1]1]] rarerrrrarer
CGRAM
Grayscale

control circuit

R | N T

LCD panel display

Figure 42 Four-grayscale Monochrome Display
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Window Cursor Display Function

The HD66750/1 displays the window cursor by specifying a window area. The horizontal display position of the
window cursor is specified with the horizontal cursor position register (HS6-0 to HE6-0), and the vertical display
position is specified with the vertical cursor position register (VS6-0 or VE6-0). In these display position setting
registers, ensure that HS6-0 < HE6-0 and VS6-0 < VE6-0. If these relationships are not satisfied, normal display
cannot be attained. In addition, if the setting is VS6—0 = VE6-0 = 00H, a cursor is displayed on a raster-row at the
most-upper edge of the screen.

This window cursor can automatically display the hardware-supported block cursor, highlight window, or menu
bar. The CM1-0 bits select the following four displays in each window cursor:

1. White-blink cursor (CM1-0 = 00): Alternately blinks between the normal display and an all-white (unlit)
display

2. Black-blink cursor (CM1-0 = 01): Alternately blinks between the normal display and an all-black (all lit)
display

3. Black-and-white reversed cursor (CM1-0 = 10): Black-and-white-reversed normal display (no blinking)

4. Black-and-white-reversed blink cursor (CM1-0 = 11): Alternately blinks between the normal display and a
black-and-white-reversed display

The above blinking display is switched in a 32-frame unit.

In vertical scrolling, note that this window cursor does not automatically move vertically.

HS+1 HE+1 HS+1 HE+1
v v ¥ v
VS+1 => VS+1 =>
VE+1 => VE+1 =>

Blink
display

Figure 43 White Blink Cursor Display
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VS+1 =>

VE+1 =>

HS+1 HE+1
v v

VS+1 =>

VE+1 =>

Blink
display

Black Blink Cursor Display

HE+1

VS+1 =>

VE+1 =>

Figure 45 Black-and-white Reversed Cursor Display
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i " HS+1 HE+1
v

VS+1 =>

VE+1 =>

Blink \ | sfesseesf  msme
~f i | \display/| .k

Figure 46 Black-and-white Reversed Blink Cursor Display
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Vertical Smooth Scroll Display

The HD66750/1 can scroll the graphics display vertically in units of raster-rows. The data storage capacity
of the CGRAM is 128 raster-rows. Continuous smooth vertical scrollingis achieved by writing display data
into a raster-row area that is not being used for display. After the 128th raster-row is displayed, the first
raster-row is displayed again. Using the status read, the user can check the display raster-rows (L6-0) that
are currently driving the LCD, and flicker can be eliminated by writing the display data in the CGRAM
while the LCD is not driven.

Additionally, when display areas of a graphics icon such as a pictogram or a menu bar are partially 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
raster-row bits (SL6-0) by 1. For example, to smoothly scroll up, increment display-start raster-row bits
(SL6-0) by 1 from 0000000 to 1111111 to scroll 128 raster-rows.

Note that the vertical double-height display or window cursor display is not automatically changed in
synchronization with the vertical scrolling.

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

+ SL6 to 0 = 0000000

2) Two raster+ows scroled up

+ SL6 to 0 = 0000010

3) Fourraster+ows scroled up

+ SL6 to 0 = 0000100

4) Eight rastertows scroled up

+ SL6 to 0 = 0001000

<llllll

Figure 47 Vertical Smooth Scroll
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Partial Smooth Scroll Display Function

The HD66750/1 can partially fixed-display the areas of a graphics icon such as a pictogram or a menu bar,
and perform vertical smooth scrolling of the remaining bit-map areas. Since the PS1 to PSO bits are notused
for smooth scrolling of the upper first to 24th display raster-rows but are used for fixed-display, pictograms
can be placed on the screen. This function can largely control the rewrite frequencies of the bit-map data
during smooth scrolling and reduce the software load of the MPU.
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Table 24 Bit Setting and Display Lines

Bit com | SLE1t00|SLEt00| SL6to 0 SL6to0 SL6t0 0| SL6to0 |  ISL6t00 | SL6to0
Setting | 5 cition | =00H | =01H | =02H | =04H | =07H | =08H =7EH | =7FH

COM1 ‘ 1str ager- row ‘ ‘2ndraserrvow ‘ ‘ 3rd raster-row

‘ 5th raster-row ‘ ‘ 8th raster-row ‘ ‘ 9thr ager-row ‘ [ IRRT]
'
. 2nd raster-row 3rd rasler-rov ath raster-r ov 6th raster-row Ot raster-row. 10thr aser- row 'SII1] 1281h raster-row st raster-row
.
PS1to00 . 3rd rasta -row 4th raster-ow 5th raster-T av 7th raster-row. 10th raster-row Tith raster-rov "TI11 Tst raster-row 2rd raster-row
'
. = = = = = = = =
' - - - - - - - -
=00 = = = = = = - -
v ‘ 119th raster-r ow ‘ ‘ 20th raster-row ‘ ‘ 21th raster-row ‘ ‘ 1231 raster-row ‘ ‘ 1261 raster-row ‘ ‘ 127h r ader-row ‘ ''YIIT
COM120 ‘ 120th rager -row ‘ ‘ 21th raster-row ‘ ‘ 2th raster-row ‘ ‘ 124th raster-row ‘ ‘ 127t raster-row ‘ ‘ 128h r ager- row ‘ (AN T 118th rager -row 119th rager -row
CoM1
1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th

rasterrows raster-rows raster-rows || [raster-rows | | |raster-rows raster-rows snmnn | |rasterrows || [raster-rows

.
.
:
. 14 r ager- row 2 nd raste -row 3rd raster-row 5th raster-row 8thr ager- row Oth raster-row ARERR 127th raster-row 128th ragter -row
.
. 2d raster-row 3rd raster-row 4th raster-row 6th raster-row Sthr ager- row 10th raster-row (TR R L] 128th raster-row th rager -row
.
.
. 3rd rager -row 4th raster-row 5th raster-row 7th raster-row 10h r ager- row 11th rager -row EnEEn 9th raster-row 1 Oth rager -row
.
PS1to0 . 4th rager- row 5th raster-row 6th raster-row 8th raster-row 11th raster-row 12th raster-row [TRR R 10th raster-row 11th raster-r ow
:
. =
=01 ' - - - - - - - -
. - - - - - - - -
. - - - - - - - -
. - - - - - - - -
. -
. - - - - - - - -
.
. 110 th raster-row. 111th rager -row 112th rager -row 114th raster-row 117th raster-row 118thr ager- row amEEEn 116thr ager- row 17th raster-r ow
v TM1th raster-row T12th raster-row 113th raser -row 115th raster-row [118th raster-row 119thr aser- row ''YIIT T17thr aser- row 118t raster-r ow
CO M 1 2 0 112 th raster-row 113th raster-row 114 th raster-row 116th raster-row 119th raster-row 120th raster-row ARERER 118thr ager- row 119th raster-r ow

COM1

1st to 16&h 1st to 16th 1st to 16th 1st to 16th 1t to 16th 1st to 16th
raster-rows raster-rows raster-rows raster-rows raster-rows raster-rows

1st to 16th 1st to 16&th
rasterrows raster-rows

.
.
.
.
.
: 1st raster-row 2 nd rader -row 3rd raster-row 5th raster-row 8th raster-row 9th raster-row ARERR 127th raster-row 128th raster-row
: ad r ster- row 3rd raster-rov 4th raster-row 6th raster-row 9th raster-row 10th raster-row aEEEnEnR 128th raster-row 17th raster-row
.
PS1 to 0 . 3rd raster-row 4th raster-row 5th raster-row 7th raster-row 10th raster-row 11th rager -row ARERR 17th raster-row 18th raster-row
.
- 1 0 . - - - - - - - -
= . - - - - - - - -
. - - - - - - - -
. - - - - - - - -
. -
. - - - - - - - -
: - - - - - - - -
. ‘ 102th raster-row ‘ ‘ 03th raster-row ‘ ‘ D4th raster-row ‘ ‘ 106th raster-row ‘ ‘ 109th raster-row ‘ ‘ 110thr aer-row " TI
' 103th raster-row D4th raster-row 05th raster-row 107th raster-row 1101 raser -row 111 raster-r ow (LR RT] 17t raser ow 1181 raster-row
CO M '1 2 0 104th raster-row 05th raster-row 6th raster-row 108th raster-row 11ith raster-r ow 112thr ader- row ARERR 118th rager -row 119th raster-row

COM1

1st to 24th 1st to 24th 1st to 24th 1st to 24th 1t to 24th 1st to 24th
raster-rows raster-rows raster-rows || [raster-rows | | |raster-rows raster-rows

1st to 24th 1st to 24th
TI11 rastertows raster-rows

.
.
.
'
.
.
'
.
. 14 r ager-row 2nd raster-r ow 3rd r ader- row 5th raster-row 8th raster-row 9th raster-r ow anEnn 127th raster -row 128th rager -row
'
PS 1 to 0 : ad raster-row 3rd raster-row 4th raster-r ow 6th raster-row 9th raster-row 10thr ader- row LR LR 128th raster -row 12 5th rager -row
'
=11 . 3rd raser -row 4th raster-row 5th raster-r ow 7th raster-row 10th raster-row fith raster-r v [TRR R 2 5th raste row 2 6th rager -row
.
. =
. -
. =
. =
.
. 94th rager -row 95th raster-row 96th raster-r ow 98th raster-row 101th raster-row 102h r ader- row (TR T] 11ah r ager-row 117th raster-r ow
' 95th rager -row 96th raster-row 97th raster-r ow 99th raster-row 102th raster-row 103h r ager- row aEEEnEnR 117h r ader- row 118th raster-r ow

96th raser -row ‘ ‘ 971h raster-row ‘ ‘ 98th raster-r ow ‘ ‘wmh raster-row ‘ ‘wam raster-row ‘ ‘ 104h r aer-row ‘ (LR RT]

COM120

Notes: 1. The shadow raster-rows above are fixed-displayed. They do not depend on the setting values of the SL6
to 0 bits.
2. The SL6 to 0 bits specify the next first scroll display raster-row of the fixed-displayed raster-rows.
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Partial Smooth Scroll Display Examples

Table 25 Data Setting to the CGRAM

CGRAM Address CGRAM Data

WO
OO0
I 0

000 to O7F

Oooooooo)|

000000
Ooooom:

0]
0
0
[
0
0
[m]

080 to OFF

I
Tl
[ [

i
) I
[ 0

COCOOOO
[
W]

i

8 T T T T T T T
ISmsssssEsAsE RanEamans

100 to 17F

T T T T T
I O O O
O o000

180 to 1FF

T I

TOooOET
OO0,
[ 1 1

(]

T
OO
]

OO, T
OO0 ]
] |

200 to 27F

T T T T T T
1
IO T

280 to 2FF

I
OO0

I
T
T

|
1

i s s i
300 to 37F BrrE e
il [l inEEEEEEENE] ] OO
S inEEEEEEENE] Cm) OO
000000000 mE N000CCO0000000.
[l ] T ]
ui mE| | |
ui ] | |
ui ] | |
(0] u T ] |
o T T ]
ui mE| imr [a| |
m 00 mla| ]
] ] om0
OO0 i omo
man| i imr [a|
oo ] i a|
to - s 1]
O | | i -
OO OO ! mEEE i
NC00CCO000000000000000000000! O000CCO00 NOCCO0000000000;

480 to 4FF

500 to 57F

580 to 5FF
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i) Initial Screen Display
» PS1 to 0 = 01: Fixed-displays the first to eighth raster-rows

» SL6 to 0 = 0001000: Starts display from the ninth raster-row

Fixed display
area (1st to 8th

raster-rows)

Scroll area

IS
ful

I
I

mE msm

WO
i

]
T

||
EamE==s

OO
-

—

‘ 1 setting position

Display-start

(9th raster-row)

Figure 48 Example of Initial Screen in the Partial Smooth Scroll Mode

*PS1t00
+SL6to 0

Fixed display
area (1st to 8th
raster-rows)

i) Four-dot Partial Scroll Up
01: Fixed-displays the first to eighth raster-rows

0001100: Starts display from the 13th raster-row

mEmm e
]

DO0000000000

u
||

Inae e
on EN o EE

I
]
D000
ma

0O000C000C
OO0

Display-start
11 setting position
(13th raster-row)

Figure 49 Example of Display Screen in the Partial Smooth Scroll Mode (1)
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ii) Eight-dot Partial Scroll Up
» PS1to 0 = 01: Fixed-displays the first to eighth raster-rows
» SL6 to 0 = 0010000: Starts display from the 17th raster-row

. . 000000000 ] 0000000 O O (O
leed dISplay ] ii ii ii ii 0 “E 0] - | EU [ESEmsEmns m 8|S e .
area (1st to 8th e EEE FREEH u Display-start
raster-rows) e .l setting position
: aae -8 (17th raster-row)

I
W
]

(ul
]
|

o

]

]

TOCCCO

nE ]
0

Figure 50 Example of Display Screen in the Partial Smooth Scroll Mode (2)
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Double-height Display Function

The HD66750/1 can double the height of any desired area in units of raster-rows (dots). The double-height
display is done by setting the DHE bit in the display control register to 1.

The start position of the double-height display is set by the DS6 to DSO0 bits of the double-height display
position register, and the double-height display starts at the (the setting value plus one)-th raster-row. The
end position is set by the DE6 to DEO bits of the double-height display position register, and the display ends
at the (the setting value plus one)-th raster-row. Here, the end position of the double-height display must be
after the start position, so set the register setting values so that

DS6-0 < DE6-0. When the area specified to be doubled in height is an odd number of raster-rows, the
double-height display is done up to the (DE6-0 plus one)-th raster-row.

In vertical smooth scrolling, the double-height display position does not automatically move up or down.
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00000000 Inln e W
00000000, il I 100 I
0000000 = SO0 I

00T
[

—agli} «:Start double-
height display
(9th raster-row)

T
OO OO

[

Double-height
display area

mEEEE e

u
e = End double-
H e inas e R . S .

height display
fhet : (40th raster-row)
Juuu\_u

[/ [ T
8 o [ ] (] I ]
Taim! T 0
]
|

B IsiEaEnsEEsEesEe oo

I I

1 CCO00T T
1 OO T
O i 000000000000000000. OO T
l ) 1 (S Imu]
EEEEEssssEEssEsssEEEEESEEEE 0000CC0000000000000 000000000000

* Double-height display on: DHE = 1
+ Double-height display start: DS6 to 0 = 0001000
* Double-height display end: DE6 to 0 = 0010111

Figure 51 Double-height Display (9th to 40th raster-rows)
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Reversed Display Function

The HD66750/1 can display graphics display sections by black-and-white reversal. Black-and-white
reversal can be easily displayed when the REV bit in the display control register is set to 1.
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REV = 1 (Reversed display)

Figure 52 Reversed Display
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Partial-display-on Function

The HD66750/1 can program the liquid crystal display drive duty ratio setting (NL3-0 bits), the liquid
crystal display drive bias value selection (BS2-0 bits), the boost output level selection (BT1-0 bits), and the
contrast adjustment (CT5-0 bits). For example, when the 128 x 120-dot screen is normally displayed with
a 1/120 duty ratio, the HD66750/1 can selectively drive only the center of the screen or the top of the screen
by combining these register functions and the centering display function (CN bit). This is called partial-
display-on. Lowering the liquid crystal display drive duty ratio reduces the liquid crystal display drive
voltage, thus reducing internal current consumption. This is suitable for a 16 raster-row display (1/16
duty ratio) of a calendar or time in the system-standby state, or the display of only graphics icons
(pictograms) at the top of the screen, which enables continuous display with minimal current consumption.
The non-displayed lines are constantly driven by the unselected level voltage, thus turning off the LCD for
these 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.

Table 26  Partial-display-on Function (1/120-duty Normal Drive)

ltem Normal Display Partial-on Display (Limited to Four-line Display)
LCD screen 128 x 120 dots 128 x 16 dots only on 128 x 16 dots only at the
the center of the screen  top of the screen
LCD drive position Not necessary Necessary Not necessary
shift (CN=0) (CN=1) (CN=0)
LCD drive duty ratio 1/120 (NL3to 0 = 1110) 1/16 (NL3to 0 = 0001)  1/16 (NL3 to 0 = 0001)
LCD drive bias 1/11 (BS2 to 0 = 000) 1/5 (BS2 to 0 = 110) 1/5 (BS2 to 0 = 110)
value (optimum)
LCD drive voltage* 135V t015.5V 4Vio5V 4Vto5V
(precisely adjustable (precisely adjustable (precisely adjustable
using CT5to 0) using CT5to 0) using CT5to 0)
Boosting output Six times (BT1t0 0 =10) Twotimes (BT1to0=  Twotimes (BT1t00 =
multiplying factor 00) 00)
Frame frequency 68 Hz 68 Hz 68 Hz

(fosc = 70 kHz)

Note: The LCD drive voltage depends on the LCD materials used. Since the LCD drive voltage is high
when the LCD drive duty ratio is high, a low duty ratio enables low-power consumption.
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i) 1/16-duty Drive at the Top of the Screen

/ol OO
OO0 CCO0O0.
0 0000

]

H 1/16-duty drive

S

Always applying
non-selection
level

Figure53 Partial-on Display (Date and Time Indicated) (1)

ii) 1/16-duty Drive at the Center of the Screen (Centering Display)

Always
applying non-
selection level

ani. 1/16-duty drive

Always
applying non-
selection level

Figure54 Partial-on Display (Date and Time Indicated) (2)
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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66750/1 in the sleep mode, where the device stops all
internal display operations, thus reducing current consumption. Specifically, LCD operation is completely
halted. Here, all the SEG (SEG1 to SEG128) and COM (COM1 to COM128) pins output the GND level,
resulting in no display. If the AP1-0 bits in the power control register are set to 00 in the sleep mode, the
LCD drive power supply can be turned off, reducing the total current consumption of the LCD module.

Table 27 Comparison of Sleep Mode and Standby Mode

Function Sleep Mode (SLP = 1) Standby Mode (STB = 1)
LCD control Turned off Turned off

R-C oscillation circuit Operates normally Operation stopped
Standby Mode

Setting the standby mode bit (STB) to 1 puts the HD66750/1 in the standby mode, where the device stops
completely, halting all internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Specifically, all the SEG (SEG1 to SEG128) and
COM (COM1 to COM128) pins for the multiplexing drive output the GND level, resultingin no display. If
the AP1-0 bits are set to 00 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 instruction. To
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation before setting the
STB bit to 0.

Turn off the LCD power supply: AP1 to 0 = 00

Set standby mode: STB =1

C Standby mode )

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB =0

Turn on the LCD power supply: AP1to 0= 01/10/ 11

Figure 55 Procedure for Setting and Canceling Standby Mode
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) V. \ -0.3t0 +4.6 1,2
Power supply voltage (2) V,, — GND \ -0.3t0 +16.5 1,3
Input voltage Vi \ —-0.3to V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C —55t0 +110 1,5

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

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.

o~ DD
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DC Characteristics (V. = 1.8 to 3.6 V, Ta = —40 to +85°C*")

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vi 0.7V, — Ve \ 2,3
Input low voltage \'A -0.3 - 015V, V. V,=181t024V 2,3
-0.3 - 015V, V. V,=241036V 2,3
Output high voltage (1) Vg, 0.75Vy — — V gy =-0.1mA 2
(DBO-15 pins)
Output low voltage (1) Vg, - - 02V, V V. =18t024V, 2
(DBO-15 pins) lop =0.1mA
— - 015V, V. V. =241t036V, 2
lo. =0.1 mA
Driver ON resistance Reom - 3 10 kQ #Id = 0.05 mA, 4
(COM pins) V=10V
Driver ON resistance Rsee - 3 10 kQ +ld =0.05 mA, 4
(SEG pins) Viw=10V
I/0 leakage current I -1 - 1 MA  Vin=0to V 5
Current consumption lop — 50 90 MA  R-C oscillation, 6,7
during normal operation (T.B.D.) (T.B.D.) Ve =3V, Ta=25°C, g
(Vec — GND) =70 kHz (1/120 duty)
Current consumption I - 10 — pMA  R-C oscillation, 6,7
during sleep mode Ve =3V, Ta=25°C, g
(Ve — GND) =70 kHz (1/120 duty)
Current consumption lsr - 0.1 5 MA V=3V, Ta=25°C 6,7
during standby mode
(Voc — GND)
LCD drive power supply | ¢, — 25 40 MA V., =15V, 1/11 bias, 7
current (V ., — GND) (T.B.D.) (T.B.D.) Ta=25 °C,fos = 70 kHz
LCD drive voltage Vi 5.0 - 15.5 \ 8
(VLCD - GND)
Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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Booster Characteristics (T. B. D.)

Item Symbol Min Typ Max Unit Test Condition Notes
Two-times-boost V., 3.9 4.3 4.4 \Y Vee=Veci=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Five-times-boost V5 10.5 10.8 11.0 \ Vee=Vei=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Six-times-boost V ups 12.7 12.9 13.2 \ Vee=Veci=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Seven-times- V e 13.9 15.1 15.4 v Vee=Vei=22V, 11
boost output lo =30 pA, C =1 pF,
voltage (VLOUT fosc = 70 kHz, Ta = 25°C
pin)
Use range of V ez Vce — 15.5 Vv For two- to seven-times 11
boost output V ps boost
voltages V urs

VUP7

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. = 1.8 to 3.6 V, Ta = —40 to +85°C*")

Clock Characteristics (V. =1.8 to 3.6 V)

ltem Symbol Min Typ Max Unit Test Condition  Notes

External clock fcp 50 75 150 kHz 9

frequency

External clock duty Duty 45 50 55 % 9

ratio

External clock rise trcp — — 0.2 Hs 9

time

External clock fall tfcp — — 0.2 us 9

time

R-C oscillation clock  fogc 59 74 89 kHz Rf =390 kQ, 10
Vee=3V

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

68-system Bus Interface Timing Characteristics

(Vee=18t024YV)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write toyce 600 — — ns Figure 62
Read toyce 800 - -

Enable high-level pulse width Write PW¢, 120 - - ns Figure 62
Read PW, 350 — —

Enable low-level pulse width Write PWg 300 - - ns Figure 62
Read PW 300 - -

Enable rise/fall time ten ter — — 25 ns Figure 62

Setup time (RS, R/W to E, CS*) tase 50 - - ns Figure 62

Address hold time tave 20 - - ns Figure 62

Write data setup time toswe 60 — — ns Figure 62

Write data hold time the 20 - - ns Figure 62

Read data delay time topRe - - 300 ns Figure 62

Read data hold time toure 5 — — ns Figure 62
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(Vee=2.41t03.6V)

Item Symbol Min  Typ Max Unit  Test Condition

Enable cycle time Write toyce 380 - - ns Figure 62
Read t.yce 500 — -

Enable high-level pulse width Write PWg, 70 - — ns Figure 62
Read PW, 250 — -

Enable low-level pulse width Write PWg 150 - — ns Figure 62
Read PW; 150 — —

Enable rise/fall time te, te - — 25 ns Figure 62

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 62

Address hold time tane 20 — — ns Figure 62

Write data setup time toswe 60 - - ns Figure 62

Write data hold time toe 20 — - ns Figure 62

Read data delay time toore — — 200 ns Figure 62

Read data hold time tonre 5 — - ns Figure 62
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80-system Bus Interface Timing Characteristics

(Vee=18t024YV)

Item Symbol Min Typ Max Unit Test Condition
Bus cycle time Write toyow 600 — — ns Figure 63
Read tqycr 800 - - ns Figure 63
Write low-level pulse width PW,, 120 — — ns Figure 63
Read low-level pulse width PW, 350 — — ns Figure 63
Write high-level pulse width PW,, 300 - - ns Figure 63
Read high-level pulse width PW,, 300 — — ns Figure 63
Write/Read rise/fall time twar > war — — 25 ns Figure 63
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 63
Address hold time tan 20 — — ns Figure 63
Write data setup time tosw 60 — — ns Figure 63
Write data hold time ty 20 - - ns Figure 63
Read data delay time toor — — 300 ns Figure 63
Read data hold time tour 5 — — ns Figure 63

(Vee=241t03.6V)

ltem Symbol Min Typ Max Unit Test Condition
Bus cycle time Write toyew 380 - - ns Figure 63
Read tqycqn 500 - - ns Figure 63
Write low-level pulse width PW, 70 — — ns Figure 63
Read low-level pulse width PW, 250 - - ns Figure 63
Write high-level pulse width PW,, 150 — — ns Figure 63
Read high-level pulse width PW, 150 — — ns Figure 63
Write/Read rise/fall time twar wat  — - 25 ns Figure 63
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 63
Address hold time tan 20 — — ns Figure 63
Write data setup time tosw 60 - - ns Figure 63
Write data hold time ty 20 — — ns Figure 63
Read data delay time toor — — 200 ns Figure 63
Read data hold time tonr 5 - - ns Figure 63

Reset Timing Characteristics (Vc =1.8 to 3.6 V)

ltem Symbol Min Typ Max Unit Test Condition

Reset low-level width thes 1 - - ms Figure 64
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Electrical Characteristics Notes

1. For bare die products, specified up to 85°C.

2. The following three circuits are I/O pin configurations (figure 56).

Pins: RESET*, CS*, E/lWR, RW/RD, RS, OSC1, [
OPOFF, IM1/0, TEST

’—l PMOS
. Iy

L@Nm

Pins: DB15 to DBO

<
le}

C

PMOS

?
_r
ENMOS

PMOS

PMOS

Pin: OSC2

Vcc

PMOS

JEH

NMOS

(Input circuit)

Vce

:

(Tri-state output circuit)

< Output enable

——oO

—@%

4 Output data

Figure 56 1/0 Pin Configuration
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3. The TEST pin must be grounded and the IM1/0 and OPOFF pins must be grounded or connected to
Vecc.

4. Applies to the resistor value (RCOM) between powersupply pins VIOUT, V20UT, V50UT, GND and
common signal pins, and resistor value (RSEG) between powersupply pins VIOUT, V3OUT, V40UT,
GND and segment signal pins.

5. This excludes the current flowing through output drive MOSs.

6. This excludes the current flowing through the input/output units. The input level must be fixed highor
low because through current increases if the CMOS input is left floating.

7. The following shows the relationship between the operation frequency (fosc) and current consumption
(Icc) (figure 57).

Vec=3v <I.B.D> Vec =3V, fosc=70kHz <I-B.D>
pd
60 P / 30
el Display on (typ.) ~  pee==o===== == typ.
p
p :
lop (LA) Sleep (typ.) ILCD (u/:\)o
20 ——
-1 Standby (typ.)
0 : i 0
0O 20 40 60 80 100 11.0 13.0 15.0 17.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure 57 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltage is within 20.15 V of the LCD voltage (Vce, V1, V2, V3, V4, V5)
when there is no load.

9. Applies to the external clock input (figure 58).

‘ Th » Tl
2 kQ
0.7V
Oscillator -—AAA—] OSC1 «
0.5Vce Duty = —— x 100%
0.3Vce f *
Open —{0SC2 |
—>— —
trep ticp

Figure 58 External Clock Supply
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10. Applies to the internal oscillator operations using external oscillation resistor Rf (figure 59 and table
28).

0OSC1

Rf %
0SsC2

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

Figure 59  Internal Oscillation
Table 28  External Resistance Value and R-C Oscillation Frequency (Referential Data)
External R-C Oscillation Frequency: fosc
Resistance (Rf) Vcc=1.8V Vec =22V Vec =30V Vec =40V
200 kQ 86 kHz 111 kHz 130 kHz 140 kHz
270 kQ 70 kHz 86 kHz 100 kHz 108 kHz
300 kQ 64 kHz 79 kHz 92 kHz 98 kHz
330 kQ 60 kHz 74 kHz 86 kHz 91 kHz
360 kQ 57 kHz 69 kHz 79 kHz 84 kHz
390 kQ 54 kHz 64 kHz 74 kHz 78 kHz
430 kQ 49 kHz 59 kHz 67 kHz 71 kHz
470 kQ 46 kHz 54 kHz 61 kHz 65 kHz
11. Booster characteristics test circuits are shown in figure 60.
(Five to seven times boosting
Vee Vi +
Cl+[ = 1 uF
cl-F——
co+f——t 1 uF
Co- I
+
C3+ == 1 uF
c3- |
ca+——t 1 uF
C4-—
+
Co5+ == 1 uF
c5- |
C6+——t | uF
C6- I H
VLOUT jT»
GND VLcD *+, uF
T L
Figure 60  Booster
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Referential data
VUP6 = VLCD - GND, VUP7 = VLCD - GND

(i) Relation between the obtained voltage and input voltage

Six-times boosting ~ <T.B.D>
T
18.0 typ._
//
15.0
VUPS (V) =4
12.0
9.0 ad
15 2.0 25 3.0
Vci (V)

Vci = Ve, fosc = 70 kHz, Ta = 25°C, DC1 to 0= 00

Seven-times boosting <T.B.D>

I
typ.
18.0 /—4'
VUP7 (V) ~
13.0 7
8.0
1.5 2.0 25 3.0
Vi (V)

Vci = Vcg, fosc = 70 kHz, Ta = 25°C, DC1 to 0 = 00

(i) Relation between the obtained voltage and temperature

Six-times boosting <T.B.D>

17.0 |
typ.
15.0
VUPG (V) '
13.0
11.0
-60 20 0 20 60 100
Ta (°C)
Vci=Vecec =24V, fosc = 70 kHz, lo = 30 pA,
DC1 to 0= 00

(iii) Relation between the obtained voltage and capacity

Six-times boosting <T.B.D>

16.0
typ.
15.0
VUPS6 (V)
140
13.0
11.0
0.5 1.0 1.5
C (KF)

Vci=Vee =2.4V, fosc = 70 kHz, lo = 30 pA,
DC1t0 0=00

Seven-times boosting <T.B.D>

18.0
VUP7 (V) typ.
16.0 :
14.0 :
-60 20 0 20 60 100
Ta (°C)
Vci=Vcc =24V, fosc = 70 kHz, lo = 30 pA,
DC1to 0 =00
Seven-times boosting <T.B.D>
18.0
typ.
17.0
VUP7 (V)
16.0
15.0
14.0 0.5 1.0 15
C (WF)

Vci=Veec =2.4V, fosc = 70 kHz, lo = 30 pA,
DC1to0=00

Figure 60 Booster (cont)
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(iv) Relation between the obtained voltage and current

Six-times boosting  <T.B.D> Seven-times boosting <T.B.D>
15.0 17.5
14.5 17.0
VUPS6 (V)
14.0 16.5
135 VUP7 (V)
13.0 15.5
0 50 100 150 200 0 50 100 150 200
lo (HA) lo (HA)

Vci=Vcec =24V, fosc = 70 kHz, Ta = 25°C,

DC1 to 0 =00 DC1to 0=00

Vci=Vcec =24V, fosc = 70 kHz, Ta = 25°C,

Figure 60 Booster (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test Point o

50 pF

[

Figure 61 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS XL VIH VIH
R'W \ VIL VIL

< fAsE > <— tAHE —>
cs* VL\- —AL

*

<«—— PWEH—> <«— PWEL

E W/ RN\ e

ol | tEr ter | |

. tcyce >

Dswe > «— tHE—>

,
DBO0 N L VIH VIH T
N NN NN NN PN . 1 RN il

N R NI Write data S
to DB15 /0 ViL VIL S
;

<D DRE>| tDHRE —>

DBO S NN O VOHANS /L
DB15 SO Read data SO

| ,

to , , VOL1 VoL 1

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

Figure 62 68-system Bus Timing
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80-system Bus Operation

VIH
VIL

RS

VIH 3§<
VIL

<— tAs—>

AN

Ccs*

«— tAH —>

e

WR*
RD*

\\‘\\V\I—F\DIL

1
<~— PWLW, PWLR%‘

0e7//4

<——PWHW PWHR——>
p

VIH

twRr |

twrs

tcycw, tcycr

<— tpsw—>

<— tHWR —>

FUT L L LI LI L L L L L 1]
RNy
R
R R NNy
S

DBO
to DB15

£\V/IH

Vi Write

q
AR RN NI

ala g
VIL FAL Tty
.

l<t DDR->

l<—{DHR ——>

SUL LT I T I L LI L LI I LI 1]
Iy
R

DBO
to DB15

S ) A
/ SO VOH1
I i i)
N Y Y TN \V/

AN NN NNy

VOH1

S
Re ddat S
a a SO

VOL1

NN

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

Figure 63 80-system Bus Timing

Reset Operation

RESET* viL

tReS

VIL

Figure 64

Reset Timing
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When using this document, keep the following in mind:

1. Thisdocument may, wholly or partialy, be subject to change without notice.

2. All right reserved: No one is permitted to reproduce or duplicated, in any form, the whole or part of this
document without Hitachi's permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents or any other
reasons during operation of the user's unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi's semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described
herein.

5. Nolicenseis granted by implication or otherwise under any patents or other rights of any third party of
Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi's sales company. Such
use includes, but isnot limited to usein life support systems. Buyers of Hitachi's products are requested to
notify the relevant Hitachi sales offices when planning to use the products in MEDICAL
APPLICATIONS.




