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Description

The HD66751S, dot-matrix graphics LCD controller and driver LSI, displays 128-by-128-dot graphics
four monochrome grayscales. Since the HD66751S incorporates bit-operation functions and a 16-bit
speed bus interface, it enables efficient data transfer and high-speed rewriting of data in the graphics
The following functions allow the user to easily see a variety of information: a smooth scroll disp
function that fixed-displays a part of the graphics icons and perform vertical smooth scrolling of
remaining bit-map areas, a double-height display function, and a hardware-supported window ci
display function.

The HD66751S has various functions to reduce the power consumption of an LCD system such as
voltage operation of 1.7 V min., a booster to generate maximum seven-times LCD drive voltage fron
supplied voltage, and voltage-followers to decrease the direct current flow in the LCD drive blee
resistors. Combining these hardware functions with software functions, such as a partial display with
duty drive and standby and sleep modes, allows precise power control. The HD66751S is suitable fc
mid-sized or small portable battery-driven product requiring long-term driving capabilities, such as dic
cellular phones supporting a WWW browser, bidirectional pagers, and small PDAs.

Features

e 128x 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
« Bit-operation functions for graphics processing incorporated:
O Write-data mask function in bit units
O Bit rotation function
O Bit logic-operation function
« Low-power operation support:
0 Vcc=1.7t0 3.6 V (low voltage)
O V,.cp =510 16.5V (liquid crystal drive voltage)
O Two-, five-, six-, or seven-times booster for liquid crystal drive voltage (Software selection, on-ct
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HD66751S

O 64-step contrast adjuster and voltage followers to decrease direct current flow in the LCD drive
bleeder-resistors

O Power-save functions such as the standby mode and sleep mode supported
0 Programmable drive duty ratios and bias values displayed on LCD

e 128-segmenk 128-common liquid crystal display driver

¢ n-raster-row AC liquid-crystal drive (C-pattern waveform drive)

« Duty ratio and drive bias (selectable by program)

« Window cursor display supported by hardware

« Vertical smooth scroll

« Partial smooth scroll control (fixed display of graphics icons)

« 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

« Shift change of segment and common driver
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Table 1 Programmable 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
1/16 1/5 128 x 16 dots 1 line x 10 1llinex10 1linex9 1linex8 1line x 16
characters characters characters characters characters
1/24 1/6 128 x 24 dots 2 lines x 10 1linex10 1linex9 1linex8 2 lines x 16
characters characters characters characters characters
1/32 1/6 128 x 32 dots 2linesx10 2linesx10 2linesx9 2 lines x 8 3lines x 16
characters characters characters characters characters
1/72  1/9 128 x 72 dots 61linesx 10 5linesx 10 4linesx9 4 lines x 8 7 lines x 16
characters characters characters characters characters
1/80 1/10 128 x 80 dots 61linesx 10 6linesx10 51linesx9 5lines x 8 8 lines x 16
characters characters characters characters characters
1/88 1/10 128 x 88 dots 7 linesx 10 6linesx 10 51linesx9 5lines x 8 8 lines x 16
characters characters characters characters characters
1/96 1/10 128 x 96 dots 8linesx 10 7linesx 10 6linesx9 6 lines x 8 9lines x 16
characters characters characters characters characters
1/104 1/11 128 x 104 8linesx10 8linesx10 6linesx9 6 lines x 8 10 lines x 16
dots characters characters characters characters characters
1/112 1/11 128 x 112 9linesx10 8linesx10 7linesx9 7 lines x 8 11 lines x 16
dots characters characters characters characters characters
1/120 1/11 128 x 120 10linesx 10 9linesx 10 8linesx9 7 lines x 8 12 lines x 16
dots characters characters characters characters characters
1/128 1/11 128 x 128 10linesx 10 9linesx 10 8linesx9 8 lines x 8 12 lines x 16
dots characters characters characters characters characters
HITACHI
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<Target values>

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

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

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

booster)
Type Name
Types External Dimensions COM Driver Arrangement Display
HCD66751SBP Au-bump chip One side of COM Four monochrome
HWD66751SBP Au-bump wafer (Output from right side of the chip) grayscales
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LCD Family Comparison

Items 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 8x4 8x4 8x4

LED control ports — — —

General output ports 3 3 3

Operating power voltages 18Vto55V 1.8Vto55V 1.8Vto55V
Liquid crystal drive voltages 3Vto6.5V 3Vto6.5V 45Vtol1l1V

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

Liquid crystal drive duty ratios 1/2, 10, 18, 26 1/2, 10, 18, 26 1/2, 10, 18, 26, 34, 42
Liquid crystal drive biases 1/4 to 1/6.5 1/4t0 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 80x8 80x8 80x8
CGROM 20,736 20,736 20,736
CGRAM 384 x8 384 x8 480 x 8
SEGRAM 72x8 96 x 8 96 x8

No. of CGROM fonts 240 + 192 240 + 192 240 + 192
No. of CGRAM fonts 64 64 64

Font sizes 6x8 6x8 6x8

Bit map area 72 x 26 96 x 26 96 x 42

R-C oscillation resistor/ External resistor, External resistor, External resistor
oscillation frequency incorporated (32 kHz) incorporated (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 10.34 x 2.51 10.97 x 2.51 13.13x2.51
Pad intervals 80 um 80 pm 100 pm
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LCD Family Comparison (cont)

Items HD66728 HD66729 HD66740
Character display sizes 16 characters x 10 lines — —

Graphic display sizes 112 x 80 dots 105 x 68 dots 112 x 80 dots
Grayscale display — — —
Multiplexing icons — — —
Annunciator — — —

Key scan control 8x4 — —

LED control ports — — —

General output ports 3 — —

Operating power voltages 18Vto55V 18Vto55V 20Vto55V
Liquid crystal drive voltages 45Vto 15V 40Vto 13V 45Vto15V

Serial bus

Clock-synchronized serial

Clock-synchronized serial

Clock-synchronized serial

Parallel bus

4 bits, 8 bits

4 bits, 8 bits

4 bits, 8 bits

Liquid crystal drive duty ratios

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

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

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

Liquid crystal drive biases

1/4 to 1/10

1/4 to 1/9

1/4 to 1/10

Liquid crystal drive waveforms

B,C

B, C

B,C

Liquid crystal voltage booster

Three-, four-, or five-times

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

Three-, four-, or five-times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Incorporated (external)

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

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

DDRAM 160 x 8 — —

CGROM 20,736 — —

CGRAM 1,120 x 8 1,050 x 8 1,280x8
SEGRAM — — —

No. of CGROM fonts 240 + 192 — —

No. of CGRAM fonts 64 — —

Font sizes 6x8 — —

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

Low power control

Partial display off,
Oscillation off,

Liquid crystal power off,
Key wake-up interrupt

Partial display off,
Oscillation off,
Liquid crystal power off

Partial display off,
Oscillation off,
Liquid crystal power off

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

QFP package — — —

TQFP package — — —

TCP package TCP-243 TCP-213 TCP-236

Bare chip — — —

Bumped chip Yes Yes Yes

No. of pins 243 213 236

Chip sizes 13.67 x 2.78 12.23 x 2.52 9.40x 2.18

Pad intervals 70 pm 70 pm 50 um
HITACHI



HD66751S

LCD Family Comparison (cont)

Items

HD66741

HD66750R

HD66751

Character display sizes

Graphic display sizes 128 x 80 dots 128 x 128 dots 128 x 128 dots

Grayscale display — Four monochrome Four monochrome
grayscales grayscales

Multiplexing icons — — —

Annunciator — — —

Key scan control — — —

LED control ports — — —

General output ports 3 — —

Operating power voltages 1.8Vto55V 20Vto36V 20Vto36V

Liquid crystal drive voltages 45Vtol5V 50Vto155V 50Vto155V

Serial bus Clock-synchronized serial — —

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

Liquid crystal drive duty ratios

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

1/16, 24,72, 80, 88, 96, 104,
112,120, 128

1/16, 24, 72, 80, 88, 96, 104,
112,120, 128

Liquid crystal drive biases

1/4 to 1/10

1/4 to 1/11

1/4to 1/11

Liquid crystal drive waveforms

B,C

B, C

B,C

Liquid crystal voltage booster

Three-, four-, or five-times

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

Two-, five-, six-, or seven-
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 — — —

CGROM — — —

CGRAM 1,280 x 8 4,096 x 8 4,096 x 8
SEGRAM — — —

No. of CGROM fonts — — —

No. of CGRAM fonts — — —

Font sizes — — —

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

SEG/COM direction switching

SEG, COM

SEG, COM

SEG, COM

QFP package

TQFP package

TCP package TCP-254 TCP-308 TCP-308
Bare chip — — —

Bumped chip Yes Yes Yes

No. of pins 243 308 308

Chip sizes 14.30x 2.78 10.97 x 4.13 10.97 x 4.13
Pad intervals 70 um 60 um 60 pm
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LCD Family Comparison (cont)

Items

HD66751S

Character display sizes

Graphic display sizes 128 x 128 dots

Grayscale display Four monochrome
grayscales

Multiplexing icons —

Annunciator -

Key scan control —

LED control ports —

General output ports —

Operating power voltages 1.7Vto 3.6V

Liquid crystal drive voltages 50Vto16.5V

Serial bus —

Parallel bus 8 bits, 16 bits

Liquid crystal drive duty ratios 1/16, 24, 72, 80, 88, 96, 104,
112, 120, 128

Liquid crystal drive biases 1/4 to 1/11

Liquid crystal drive waveforms B, C

Liquid crystal voltage booster

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

Bleeder-resistor for liquid crystal drive

Incorporated (external)

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

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

CGROM —

CGRAM 4,096 x 8
SEGRAM —

No. of CGROM fonts —

No. of CGRAM fonts —

Font sizes —

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

Low power control

Partial display off,
Oscillation off,
Liquid crystal power off

SEG/COM direction switching

SEG, COM

QFP package

TQFP package

TCP package TCP-308
Bare chip —
Bumped chip Yes

No. of pins 308

Chip sizes 8.42x 3.18
Pad intervals 50 um
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HD66751S Block Diagram

OSC1l 0Osc2
RESET* —m CPG
TEST —
™ Timing generator
Instruction register Instruction
(IR) decoder
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Y
16 128-bit COM1/128-
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Pad Arrangement

« Chip size: 8.42 mm x 3.18 mm

« Chip thickness: 550 pm (typ.)

« Pad coordinates: Pad center

« Coordinate origin: Chip center

* Au bump size:

1 SEG59/70 to COM70/59 = 35 pm x 80 pm

1 SEG60/69 to SEG75/54 = 45 pm x 80um

: COM54/75 to COM69/60 = 45 pm x 80 um

1 SEG76/53 to SEG128/1 = 80 ym x 35 ym

: COM1/128 to COM53/76 = 80 um x 35 um

: GNDDUM1 to VTEST = 80 um x 80 pm

: TESTRM1 to TESTRMS8 = 80 pum x 45 pm
Dummy1, Dummy2, Dummy3, Dummy4 = 80 pm x 80 um

* Au bump pitch:
: SEG59/70 to COM70/59 = 50 pm (min.)
: SEG60/69 to SEG75/54 = 60 pm (min.)
: COM54/75 to COM69/60 = 60 pm (min.)
1 SEG76/53 to SEG128/1 = 50 pm (min.)
: COM1/128 to COM53/76 = 50 pm (min.)
: GNDDUML1 to VTEST = 100 pm (min.)
: TESTRM1 to TESTRMS8 = 80 pm

* Au bump height: 15 pum (typ.)

Dummy1
TESTRM1
TESTRM2
TESTRM3
TESTRM4
TESTRMS
TESTRMG
TESTRM7
TESTRME

GNDDUML

ML

Mo
VecDUML

OPOFF
TEST
GNDDUM2
DB15
DB14
DB13
DB12
DB11

DB10

DBO
GNDDUM3
RESET*

cs*
RS
EWR®

RW/RD*

osc2
osct

Vee
Vee
vei
Vi
cor

[

c1-

viout
viout

VLD
viLeD

viout
v20UT
vaouT
v4oUT
Vs0UT
VTEST

Dummy2

6556 SRHRBNS
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HD66751S

(Top view)
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SEG75/54
SEG74/55
SEG73/56
SEG72/57
SEG71/58
SEG70/59
SEG69/60
SEG68/61
SEG67/62
SEG66/63
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57/7:
56/73
155/74
54/75

Dummy3
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HD66751S Pad Coordinate

No| Pad Name X Y No | Pad Name X Y No T Pad Name X Y No T Pad Namie X Y
T[DUMMYT -4048]-1430 83[COMI3/TT6 4048{ -700| [ 165|COM34735 17241 1428) | 247|SEGA48/81 -2374 1428
2[TESTRMT -3855| -1430 84|COM14/115 4048{ -650| [ 166|COM35/34 1674] 1428} [ 24B[SEG49/80 -2424| 7428
3[TESTRMZ -3775| -1430 85|COMIST4 4048] -600| | 167[COMB6/33 1624] 1428] [249[SEGR0/79 -2474 1428
4[TESTRM3 -3695] 1430 86|COMI6/TT3 4048]-550| [ 168|COMA7/32 15741 1428] [ 250[SEG51/78 -25241 1428
S5[TESTRM4 -3615] -1430 87|COMT7/112 4048 _-500| [ 169|COMB8/3T 1524 1428} [ 257[SEG52777 -2574 1428
G[TESTRMS -3535| -1430 88| COMT8TT 40487 -450] | 770]|COM3S/30 1474 252|SEGS3/76 26241 147
7| TESTRMG -3455] -1430 89[COMIYTI0 | 4048] -400| [ 17T|COMI002S 1424] 14 253|SEG54775 -2674] 1428
8[| TESTRM7 -3375] -1430 90[COMZ0/108 4048] -350| [ 172|COMI01/28 1374 147 254|SEG55/74 -2724 1428
9[TESTRM8 -3295] 1430 O7|COMZ17108 4048} -300] [(T73|COMI02727 1324 14 255|SEGS6/73 2774 1428
T0[GNDDUMT -3174 -1430 92|COMZ2107 4048]-250| [ 174|COMTCI26 1274 256 |SEGS7772 -2824] 7428
RENLLYE -30741 1430 33|COMZ37106 4048] -200| | 175[COM104/25 12251 1428) ["257SEGS8/71 2874 1428
12[TMO -2970| -1430 94[COM2471058 4048] -150| [ 176|COMI05724 1775 258[SEGS9/70 -2024| 1428
13[VCCDUMT -2870] -1430 95|COM257/104 4048] -100] | 177[COMT06/23 T125] 1428} [ 259|SEG60/69 -2979] 1428
14[OPOFF -2770| -1430 96| COM267103 40481 - 178[COM107722 1075 1 260|SEGE1/68 -3039| 1428
15[TEST -26/70| -1430 97 |[COMZ77102 4048 0] [ 175[COMT08727 T025] 1428 [ 267|SEG62/67 -3093[ 1428
16| GNDDUMZ -2569] -1430 98 [COM2Z8/10T 4048 [ 180[COMI09/20 975] 14 262|SEGB3/66 -3759] 1428
17|DB15 -2465| -1430 95| COMZ3/7100 4048] 100} | 181[COMTI0/ 925 1428| [ 263|SEGE4/65 3219 14
18[DB14 -2320] -7430] [ TO0[COM30/39 4048|150} [ 782[COMTTINE 875 142 264 |SEGE5/64 -3279| 1428

19|DB13 -2175] -1430| { T01[COM31/98 4048|2001 | 183[COMTIZA7 8251 1428| [ 265|SEGE6/63 -3339 1428

20[DB12 -2031[-1430] [ T02[COM32/37 4048} 2501 | 184[COMTI3/T6 775 1428| [ 266[SEGE7/62 -3399 1428

21|DBIT -1886| -1430| [ T03[COM33/36 4048]  300] [ 185|COMITAM5 725] 1428| [ Z67|SEGEEET -3453] 7428

22|DB10 -{747[ -1430] | 104|COM34/35 4048]  350] [ 186|COMTI5/T4 675] 1428]| | 258} SEG69/60 -3519| 1428

23]DB9 -1586] -1430] [ T05[COM35/94 4043 187{COMTI6/13 625] 14 SEG70/59 -3579| 1428

24|DB8 -1457[ -1430} [ 106[COM36/33 4048[ 4501 [ T88[COMTI7Z 575 270} SEG71/58 -36391 1428

25|DB7 -1307] -1430} {107[COM37/92 4048 500| [ 180{COMI T8/ 5251 1428| | 277\SEG72/57 -3699[ 1428

26| DB6 -1162] -1430] [ T08[COMB38/aT 4048] 550] | T90J]COMTIS/10 475 272|SEG73/56 -3758] 142

27|DB5 -T017] -1430| [ T05]COM39/30 4048] "6 197{COMT20/9 425] 1428] ["273|SEG74/55 -3818] 1428

28|DB4 -872] -1430] | T10|COM40/89 4048 192]|COMT21/8 375 1428| ( 274|SEG75/54 -3878] 1428

23|DB3 =727 -1430| [[11T[COM41/88 4048]  700| [ T183[COMIZ2/7 325 1428] [(275]DUNMMY4A -4048] ~ 1428

30{DB2 -583| -1430] | 112[COM42/87 4048] 750] { 194|COMIZ3/6 275] 1428| [ 2761SEGT76/53 -4048[ 1299

31]DB1 438 -1430| | T13|COMA3/86 4048| 800| { 195|COMTZ2475 2251 1428| [ 277|SEG77/52 -4048] 1250

32[DB0 -307[-1430] | 114|COMAZ785 4048] "850] ( T86|COMI25/4 1751 1428| | 278|SEG78/51 -4048[ 1200

33[GNDDUM3 -206| -1430] { 115|COMA584 4048] 5 137[COMI126/3 125 279|SEG79/50 -4048] 77150

34{RESET -106| -1430| { 116]COM46/83 40489 T08[COMI2772 75| 1428} | 2B0[SECB0/49 -4048] 1700

35{C5% -3| -1430] [ 117[COM47782 4048] 1000] [ 799|COMIZ877 25| 1428| | 281|SEGB1/48 -3048] 1050

36[RS 147 -1430] | T18|COM4B/BT 4048] 1050| [ 200[SEGTA -25| 1428 | 2BZ2|SEG8Z/A7 -4048] 1000

37|E/WR” 286] -1430] [ 1T9|COM4Y/80 4048] 7700| | 207|SEG2/127 -75] 1428| " 283|SEG83/46 -4048 950

38RW/RD” 431] -1430] | 120|COM50/78 4048] 1150] | 202[SEG3/126 -125] 1428} [ 284|SEG84/45 -4048 900

39{GND 532| -1430] [ 121|COM5TI78 4048] 1200] | 203[SEGA/125 -175{ 142 285|SEGB5/4E -4048 850

40[GND 676 -1430| | 122|COM52777 4048] 1250| [ 204|SEGS/124 -2251 1428 | 2B6]SEGB6/43 -4048 800

4T1GND 820[ -1430| [ 123]COMB3/76 4048| 1299| | 205|SEGH/123 -275 287{SEG87/42 -4048 750

42|08C2 9201 -1430]| [ 124|DUMMY3 4048 1428 [ 206|SEG7/122 -325] 1428| [ 28B[SEGB8/4T -4048 700

43{05CT 1065 -1430] [ 125|COMB4/75 3878 1428| [ 207 [SEGETZT -375] 1428| [2B3|SEGB9/40 -4048 650

A4IVCT 1238[ -1430] [ 126|COMB5/74 3878 1428| 208 SEGY/120 -425] 1428| | 280|SEGB0/33 -4048 600

45|VCC 1337] -1430] [ 127[CCOM5B6/73 3758] 1428| [ 208|SEGI0O/TTY -475] 1428| [ 2371SEGST/38 -4048 550

A6]VCI 1537| -1430| [ 12B8[COM57T72 3699] T428| [ 270[SEGI/118 -525] 14 292 {SEGS2/37 -4048 500

47|VCI 1637| -1430] { 129|COMBE/71 3639] 1428 [ 21T[SEGT2T7 -575{ 1428| [ 293|SEGO3/36 -4048 450

48|Co+ 1737] -1430] [(T30|COMESI70 3579 1428 | 212|SEGT3/T16 -625| 1428 | 294|SEGI4/35 -4048 400

49]C6- 1837 -1430]| [ 137[COMa0/69 3519 1428 [ ZI3[SEGTHTI5 -675| 1428| | 295|SEGO5/34 -4048 35

50[C5+ 1837 -1430] [ 132[COMo1/68 3459 1428 | 214[SEGTS/1T4 -725| 1428| 298| SEGI6/33 -4048 300

57]|C5- 2037| -1430| [ 133|COMB2/67 3399] 1428] { 2T5[SEGT6/113 7751 7 297|SEG97/32 -4048 250

52[C4+ 2137| -1430| [ 134|COMB37/66 3339| 1428 { 2T6|SEGT7/Ti2 -825] 1428| [ 298| SEGo8/31 4048 200

53[C4- 2237 -143 1351 COMG64/65 3279 1428| [T217|SEGT8ATT -875] 1428| [ 299[SEGO9/30 -4048 150

54[C3¥ 2337] -1430] | 136]COMe5/64 3219 1428| [ 21B[SEGTY/TT0 -925] 1428] | 300[SEGT00723 4048 100

55|C3- 2437] -1430| [ 137]COMEE/E3 3159|1428 | Z79[SEG20/109 87514 J0T[SEGT0T728 -4048 50

56[C2+ 2537| -1430| [[138|COME7/62 3099|1428 (T220[SEG21/108 -1025] 1428} | 302[SEG102/27 4048 0

57|C2- 2637| -1430] [ 139]COME8ET 3039] 1428] [ 22T[SEG227107 -1075] 1428] | 303SECT03/26 -4048 -50

58|Ci+ 27371 140 COMG9/60 2079 1428 | 222|SEG23/106 -1125] 1428] | 304{SEGT04/25 -4048] 700

59|CH- 2837 -1430] [ T47[COM70/59 2924 1428| [ 223[SEG247105 -1175] 1428| | 305|SEGI05/24 -4048] 150

60[VLOUT 2937 -1430] | 142|COM71758 2874 224 SEGZ577104 -1225]1428| | 306|SEG106/23 -4048] 200

6T[VLOUT 3037 -1430| | 143|COM72/57 2824 1428] | 225|SEG26/103 -1274] 1428 | 307|SEG107/22 -4048| -250

62| VLCD 3137] -1430| [ 144|COM73/56 2774 T 225 |SEG27/102 -1324] 1428| [ 308[SEGT08727 -4048] 300

63| VLCD 3237 -1430] | 145|COM74/55 2724 1428| [ 227|SEG28/107 13741 14 308|SEGT09/20 -4048] 350

64[ViOUT 3337 -1430] | 146|COM75/54 2674 1428| [ 228[SEG297100 -14241 1428] | 3TOISEGII0/19 -4048] 400

65[V20UT 3437 -1430] | 147|COM76753 2624] T 229[SEG30/59 -1474} 1428| [ JTT[SEGTTIA8 -4048] -450]

66| V30UT 3537] -1430| [ 148|COM77/52 2574 1428| {230[SEG3T/38 -1524] 1428| | 312|SEGI112/A7 -4048[_-500

67| V40UT 3637| -1430] [ T149|COM78B/51 2524142 231{SEG32/37 -1574] 1 S13|SEGTT3/16 -4048] 550

68| V50UT 3737] -143G| [ 150[COM73/50 24741 T 232 | SEGJ33/96 -1624 S14{SEGTT45 -4048[  -600

63[VTEST 3836]  -1430| { 157[COM80/49 2423|1428 | 233|SEG34/85 -1674| 1428| | 3T5|SEGT15/14 -4048] 650

70| DUMMY?2 4048] -1430| {152[COMBT48 2374| 1428| | 234|SEG35/A -1724] 14 316[SEGTT6/13 -4048] 700

71| COMI/128 4048| -1293| {T153|COMB2/AT 2324|1438 [ 235[SEG36/33 1774 ST7[SEGIT712 4048 750

72| COM2I127 4048 -1250) { 154|COM83/46 2274|1428 | Z236|SEG37/32 -1824] 147 3{B[SEGTIEAT -4048[ 800

73[COM3/126 4048 -1200| { 155|COMa4/45 2224| 14281 | 237[SEG38/91 -1874] 142 319[SEGTTYI0 -4048] -850

74]COMATIZS 4048| " -1150| [ 156 [COMB5/44 2174| 1428 | 23B]SEG39/90 -1924] 14 320[SEGT20/9 -3048]  -500

75|COM5/124 4048]-770C| [ 157{COME6/43 2124 14 239 SEGA0/83 -1974]| 1428) | 32T|SEGI2I/8 -4048[ -850

76| COMB/T123 4048] -1050} [(158[|COMB7/42 2074 74 240[SEGAT/88 2023 T 322 |SEGT2277 -4048] -1000

77|COM7I22 40481 -1000] | 159|COMBB/AT 20241 1428 | 24T|SEGA2/37 -2074 142 323|SEGI23/B -4048[ -1050

78| COMBAZ] 40481 -050| [ 160[COVEY/A0 19741421 242|SEGAT786 -2124| 77428} | 324|SEGT2475 -4048] -T100

73| COMS/T20 4048]-800| [ 16T[COMI0739 1924 1428 [ 243|SEGA4/85 2174 1428) [ 325|SEGI254 -4048[_-1750

| BO|COMIO/TTg 4048[ -850| [ 162|CONGIT3B 1874 1428] [ 244 |SEGA5/84 -2224 326[SEGT26/3 -4048] -1200
81[COMTI/Ti8 40481 -800| | 163[COM32/a7 1824 1428 | 245|SEGA6/83 2274 142 327|SEGI2772 -4048[ 1250
82|COMI27177 4048 -75C| [ 164[COMBI36 1774 246|SEGA7782 -2324 32B|SEGT28/] -4048] -1299

HITACHI
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HD66751S

Pin Functions

Table 2 Pin Functional Description

Number of
Signals Pins I/0 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
Vce GND 80-system 16-bit bus interface
Vce Vce 80-system 8-bit bus interface

CSs* 1 | MPU Selects the HD66751S:
Low: HD66751S is selected and can be accessed
High: HD66751S is not selected and cannot be
accessed
Must be fixed at GND level when not in use.

RS 1 | MPU Selects the register.
Low: Index/status High: Control

E/WR* 1 | 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* 1 | 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.

DB0-DB15 16 110 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- 128 @) LCD Output signals for common drive: All the unused pins

COoM128/1 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- 128 @) LCD Output signals for segment drive. In the display-off
SEG128/1 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
SEGL. If SGS = 1, SEG1/128 is SEG128.

HITACHI
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HD66751S

Table 2 Pin Functional Description (cont)

Number of

Signals Pins 1/0 Connected to  Functions

V10UT- 5 lorO Open or Used for output from the internal operational amplifiers

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

bleeder-resistor capacitor to stabilize the output. When the amplifiers
are not used (OPOFF =V_.), V1 to V5 voltages can be
supplied to these pins externally.

Vi 1 — Power supply Power supply for LCD drive. V ., — GND = 16.5 V max.

Ve GND 2 — Power supply Ve +1.7 V to +3.6 V; GND (logic): 0 V

0OSC1, 2 I or O 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 1 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 1 (0] 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- 2 — Booster External capacitance should be connected here when

capacitance using the five-times or more booster.

c2+,C2- 2 — Booster External capacitance should be connected here for

capacitance boosting.

C3+,C3- 2 — Booster External capacitance should be connected here for

capacitance boosting.

C4+,C4- 2 — Booster External capacitance should be connected here when

capacitance using the five-times or more booster.

C5+,C5- 2 — Booster External capacitance should be connected here for

capacitance boosting.

C6+,C6—- 2 — Booster External capacitance should be connected here for

capacitance boosting.

RESET* 1 MPU or external Reset pin. Initializes the LSl when low. Must be reset

R-C circuit after power-on.
OPOFF 1 Vc or GND Turns the internal operational amplifier off when

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

VcecDUM 2 (0] Input pins Outputs the internal V. level; shorting this pin sets the
adjacent input pin to the V. level.

GNDDUM 4 (0] Input pins Outputs the internal GND level; shorting this pin sets
the adjacent input pin to the GND level.

HITACHI
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HD66751S

Table 2 Pin Functional Description (cont)

Number of
Signals Pins I/0 Connectedto  Functions
Dummy 4 — — Dummy pad. Must be left disconnected.
TEST 1 | GND Test pin. Must be fixed at GND level.
VTEST 1 — —

Test pin. Must be left disconnected. When the internal
operational amplifier is used, apply 1.2 V to 1.3 V for
low-voltage supply (Vcc < 2.5 V).

14
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HD66751S

Block Function Description

System Interface

The HD66751S has four high-speed system interfaces: an 80-system 16-bit/8-bit bus and a 68-syste
bit/8-bit bus. The interface mode is selected by the IM1-0 pins.

The HD66751S has three 16-bit registers: an index register (IR), a write data register (WDR), and a
data register (RDR). The IR stores index information from the control registers and the CGRAM.
WDR temporarily stores data to be written into control registers and the CGRAM, and the R
temporarily stores data read from the CGRAM. Data written into the CGRAM from the MPU is fi
written into the WDR and then is automatically written into the CGRAM by internal operation. Data is rt
through the RDR when reading from the CGRAM, and the first read data is invalid and the second an
following data are normal. When a logic operation is performed inside of the HD66751S by using
display data set in the CGRAM and the data written from the MPU, the data read through the RDR is
Accordingly, the MPU does not need to read data twice nor to fetch the read data into the MPU.
enables high-speed processing.

Execution time for instruction excluding oscillation start is 0 clock cycle and instructions can be writte
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 HD66751S supports the following functions: a bit rotation function that writes the data written fi
the MPU into the CGRAM by moving the display position in bit units, a write data mask function tt
selects and writes data into the CGRAM in bit units, and a logic operation function that performs I
operations on the display data set in the CGRAM and writes into the CGRAM. With the 16-bit
interface, these functions can greatly reduce the processing loads of the MPU graphics software ar
rewrite the display data in the CGRAM at high speed. For details, see the Graphics Operation Fur
section.

HITACHI
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HD66751S

Address Counter (AC)

The address counter (AC) assigns addresses to the CGRAM. When an address set instruction is writt
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). Aff
reading from the data, the RDM bit automatically updates or does not update the AC.

Graphic RAM (CGRAM)

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

Grayscale Control Circuit

The grayscale control circuit performs four-grayscale control with the frame rate control (FRC) methoc
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 CGF
The RAM read timing for display and internal operation timing by MPU access are generated separat
avoid interference with one another.

Oscillation Circuit (OSC)

The HD66751S can provide R-C oscillation simply through the addition of an external oscillation-resi
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, di
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can :
supplied externally. Since R-C oscillation stops during the standby mode, current consumption ce
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) ¢
128 segment signal drivers (SEG1 to SEG128). When the number of lines are selected by a progra
required common signal drivers automatically output drive waveforms, while the other common si
drivers continue to output unselected waveforms.

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

When multiplexing drive is not used, or during the standby or sleep mode, all the above common
segment signal drivers output the GND level, halting the display.

HITACHI
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HD66751S

Booster (DC-DC Converter)

The booster generates two-, five-, six-, or seven-times voltage input to the Vci pin. With this, both
internal logic units and LCD drivers can be controlled with a single power supply. Boost output level fi
two-times to seven-times boost can be selected by software. For details, see the Power Supply for |
Crystal Display Drive section.

V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the LCD drive po
supply circuit. No external resistors are required because of the internal bleeder-resistor, which gen
different levels of LCD drive voltage. This internal bleeder-resistor can be software-specified from 1/4
to 1/11 bias, according to the liquid crystal display drive duty value. The voltage followers can be tul
off while multiplexing drive is not being used. For details, see the Power Supply for Liquid Crystal Disf
Drive section.

Contrast Adjuster

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

HITACHI
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CGRAM Address Map

Table 4 Relationship between Display Position and CGRAM Address

g iyigigigigigig (g 23 g e =
Segment | S 'S !S5 'Y B e = ' |5 85 3F S
ower |8 (3 (8 88 8D 8B g e D

n 3 [%)] 3 (%)) 3 n 3 ()] 3 ()] 3 n 3 n 0 3 0wl n 3 [%)] (%)) 3 (%))

SGS="0" DOiDliDZi D3§D43D5§D63D7§D83 DgiDloiDuiDlziDl?,iDlAiDls DoiDli_.,iDls DOiDli...iDlS Ceamnaat 003011",3015
Bit SGS="1" D153|314§ D13] DlZiDlliDlOi 9! D8§ D7! D6 \ D5 | D4§ D3 ! Dzi D1! DO D153D14§ ani! DO D153D14§...3 DO | swmnanuns 01530141...3 DO
COM1 Address: "000"H "001"H "002"H ooy "00F"H
COM2 Address: "010"H "011"H "012"H snnnnnnns "01F"H
COM3 Address: "020"H "021"H "022"H LLLLLLLLL "02F"'H
COM4 Address: "030"H "031"H "032"H LTI "O3F"'H
COM5 Address: "040"H "041"H "042"H snnnnnnns "04F"'H
COM6 Address: "050"H "051"H "052"H TTLLLLLL "O5F"H
Cowm7 Address: "060"H "061"H "062"H snnnnnnns "06F"'H
COM8 Address: "070"H "071"H "072"H snnnnnnns "07F"H
COM9 Address: "080"H "081"H "082"H CLLLLTLLL "O8F"H
COM10 Address: "090"H "091"H "092"H LTI "09F"H
COM11 Address: "0A0"H "0A1"H "0A2"H LTI "OAF"H
COM12 Address: "0B0"H "0B1"H "0B2"H snnnnnnns "OBF"H
COM13 Address: "0C0"H "0C1"H "0C2"H LTTLTTRT "OCF"H
COM14 Address: "0D0"H "0OD1"H "OD2"H LLLLLLLLL "ODF"H
COM15 Address: "0EQ"H "0E1"H "OE2"H LTI "OEF"H
COM16 Address: "0F0"H "OF1"H "OF2"H LT "OFF"'H
COoM17 Address: "100"H "101"H "102"H TTLLLLLL "10F"'H
COM18 Address: "110"H "111"H "112"H sennnnnns "11F"H
COM19 Address: "120"H "121"H "122"H snnnnnnns "12F"H
COM20 Address: "130"H "131"H "132"H CLLLLTLLL "13F"H
COM125 Address: "7C0"H "7C1"H "7TC2"H snnnnnnns "7CF"H
COM126 Address: "7D0"H "7D1"H "7TD2"H snnnnnnns "7DF"H
Ccom127 Address: "7EQ"H "TE1"H "TE2"H sennnnans "7TEF'H
COM128 Address: "7F0"H "7F1"H "7TF2"H [LLLLLLLL "7FF"H

18

HITACHI




HD66751S

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 and DB1
Lower bits: DB14, DB12, DB10, DB8, DB6, DB4, DB2 and DBO

HITACHI
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HD66751S

Instructions

Outline

The HD66751S uses the 16-bit bus architecture. Before the internal operation of the HD66751S starts
control information is temporarily stored in the registers described below to allow high-speed interfacin
with a high-performance microcomputer. The internal operation of the HD66751S is determined by sig
sent from the microcomputer. These signals, which include the register selection signal (RS), the read,
signal (R/W), and the data bus signals (DB15 to DB0), make up the HD66751S instructions. There are
seven categories of instructions that:

e Specify the index

« Read the status

e Control the display

« Control power management

* Process the graphics data

e Setinternal 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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HD66751S

Instruction Descriptions

Index (IR)

The index instruction specifies the RAM control indexes (R00 to R12). It sets the register number in th

range of 00000 to 10010 in binary form.

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

0 0 * * * * * * * * * * * | I1D4 | ID3 | ID2 | ID1 | IDO

Figure 1 Index Instruction

Status Read (SR)
The status read instruction reads the internal status of the HD66751S.
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 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

1 0 O | L6 |L5|L4 | L3 |L2|L1L|LO| O 0 |C5 1 C4|C3 | C2|C1]|CO

Figure 2 Status Read Instruction

Start Oscillation (R00)

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

Standby Mode section.)

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

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

O l * * * * * * * * * * * * 3 * * 1

Figure 3 Start Oscillation Instruction

HITACHI
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HD66751S

Driver Output Control (R01)

CMS: Selects the output shift direction of a common driver. When CMS = 0, COM1/128 shifts to COI
and COM128/1 to COM128. When CMS = 1, COM1/128 shifts to COM128, and COM128/1 to CONM
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 shifts to SEG1
SEG128/1 to SEG128. When SGS = 1, SEG1/128 shifts to SEG128, and SEG128/1 to SEG1.

CN: When CN = 1, the display position is shifted down by 32 raster-rows and display starts from CON
When the liquid crystal is driven at a low duty ratio in the system wait state, it can be partially displaye
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-ro
CGRAM address mapping does not depend on the setting value of the drive duty ratio.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 * * * * * * |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 0 128 x 8 dots 1/8 Duty COM1-COMS8
0 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
HITACHI
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LCD-Driving-Waveform Control (R02)

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

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signal
the n-raster-row reversed signals are EORed for alternating drive. EOR is used when the LCD i
alternated by combining the set values of the LCD drive duty ratio and the n raster-row. For details, se
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/
1). NW4-NWO alternate for every set value + 1 raster-row, and the first to the 32nd raster-rows ce
selected.

R/W RS DB15 DB14 DB13 DB12 DB1l1 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 * * * * * * * * * B/C |[EOR|NW4|NW3|NW2|NW1|NWO

Figure 5 LCD-Driving-Waveform Control Instruction
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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 CoM128 COM97 COM96
comgii2l  coms G com12r comios ~ comsy
COM9/120 COM9 COM120 COM105 COM88
COM16/113  COM16 G com11z comilz ~ comel
COM17/112 COM17 COM112 COM113 COM80
COM24/105 COM24 G comios comMi20 ~ com73
COM25/104 COM25 COM104 (COM121) COM72
COM32/97  cOM32 G come7 (ComM128)  COMe5
COM33/96 COM33 COM96 COM1 COM64
COM40/89  COM40 G comss comMg  coms7
COM41/88 COoMm41 COM88 COM9 COM56
comagigl  comas G comer comMi6  com49
COM49/80 COM49 COM80 COM17 COM48
COM56/73  COMS6 G com7s com24  comar
COM57/72 COM57 COM72 COM25 COM40
COM64/65 ~ COM64 G comes comM32  com33
COM65/64 COM65 COM64 COM33 COM32
coM7257  comM72 G coms7 com40  com2s
COM73/56 COM73 COM56 COom41 COM24
coM80/49  cOM80 G comag comsag  comi7
COM81/48 comsl COM48 COM49 COM16
comsgial  comss G comar coMs6  com9
COM89/40 COM89 COM40 COM57 COM8
COM96/33  COM96 G comss comesa  comi
HITACHI
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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 COM65 (COM128)
COM10425 ~ COM104 G com2s com72” T (COM121)

COM105/24 COM105 COM24 COM73 COM120
COM112/17  COM112 « comiz comeo  comiiz

COM113/16 COM113 COM16 comsl COM112
COM120/9  COM120 G come comss  COM105

COM121/8 COoM121 COM8 COM89 COM104
com128i1  cOM128 G comi com9s  como7

Power Control (R0O3)

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

BT1-0: The output factor of VLOUT between two-times, five-times, six-times, and seven-times boos
switched. The LCD drive voltage level can be selected according to its drive duty ratio and bias. L
amplification of the booster consumes less current.

DC1-0: The operating frequency in the booster is selected. When the boosting operating frequency is
the driving ability of the booster and the display quality become high, but the current consumptio
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 p
(V1 to V5) is adjusted. When the amount of fixed current is large, the driving ability of the booster anc
display quality become high, but the current consumption is increased. Adjust the fixed current consid
the display quality and the current consumption.

During no display, when AP1-0 = 00, the current consumption can be reduced by ending the opera
amplifier and booster operation.

HITACHI
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Table 8 BS Bits and LCD Drive Bias Value

BS2 BS1 BSO LCD Drive Bias Value

1/11 bias drive

1/10 bias drive

1/9 bias drive

1/8 bias drive

1/7 bias drive

1/6 bias drive

1/5 bias drive

PPk P OO O|O
P P O O|F, |, |O|O
R O, | O, | O|FL,|O

1/4 bias drive

Table 9 BT Bits and Output Level

BT1 BTO VLOUT Output Level
0 0 Two-times boost

0 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 0 32-divided clock

0 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 0 Operational amplifier and booster do not operate.

0 1 Small

1 0 Middle

1 1 Large
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SLP: When SLP =1, the HD66751S enters the sleep mode, where the internal display operations are
except for the R-C oscillator, thus reducing current consumption. For details, see the Sleep Mode se
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 the
retained.

STB: When STB = 1, the HD66751S enters the standby mode, where display operation completely <
halting all the internal operations including the internal R-C oscillator. Further, no external clock pu
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 |
again after the standby mode is canceled.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

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

Figure 6 Power Control Instruction
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Contrast Control (R04)

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

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

0 1 * * * * * * * * * * CT5|CT4|CT3|CT2|CT1|CTO

Figure 7 Contrast Control Instruction

HD66751S

VLcD

V1
V2
V3

V4
V5

GND

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 1.65xR
1 0 0 0 0 0 1.60x R
1 0 0 0 0 1 155xR
1 0 0 0 1 0 1.50xR
1 1 1 1 0 1 0.15x R
1 1 1 1 1 0 0.10xR
1 1 1 1 1 1 0.05xR

Entry Mode (R0O5)
Rotation (R06)

The write data sent from the microcomputer is modified in the HD66751S and written to the CGRAM.
display data in the CGRAM can be quickly rewritten to reduce the load of the microcomputer softw
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 writte
the CGRAM. When I/D = 0, the AC is automatically decremented by 1 after the data is written to
CGRAM.

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

LG1-0: Write again the data read from the CGRAM and the data written from the microcomputer to
CGRAM by a logical operation. When LG1-0 = 00, replace (no logical operation) is done. ORed w
LG1-0 =01, ANDed when LG1-0 =10, and EORed when LG1-0 = 11.
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RT2-0: Write the data sent from the microcomputer to the CGRAM by rotating in a bit unit. RT3
specify rotation. For example, when RT2-0 = 001, the data is rotated in the upper side by two bits.
RT2-0 = 111, the data is rotated in the upper side by 14 bits. The upper bit overflown in the 1
significant bit (MSB) side is rotated in the least significant bit (LSB) side.

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

0 1 * * * * * * * * * * * /D |[AM1|AMO|LG1|LGO

0 l * * * * * * * * * * * * ¥ RT2 RTl RTO

Figure 9 Entry Mode and Rotation Instructions

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

Write data sent
from the 0 0 0 1 1 1 0 0 1 1 1 0 0 0 1 1
microcomputer
(DB15-0)

e o | KN
BEERERENR

1
\

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 YV Y VYV VY VY

Write data mask (WM15-0)

\BEEEEEEEEEEEEEE

CGRAM

re oo TaTaeR
; EEREER

Write data mask*
(WM15-0)

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 (RO7)

PS1-0:When PS1-0 = 01, only the upper eight raster-rows (COM1-COM8) are fixed-displayed in vert
smooth scrolling, and the other display raster-rows are smooth-scrolled. When PS1-0 = 10, the upy
raster-rows (COM1-COM16) are fixed-displayed. When PS1-0 = 11, the upper 24 raster-rows (CO
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 Disy
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
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
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,
can be displayed instantly by setting D = 1. When D is 0, the display is off with the SEG1 to SEG
outputs and COM1 to COM128 outputs set to the GND level. Because of this, the HD66751S can cc
the charging current for the LCD with AC driving.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 * * * * * * * * * * PS1|PSO|DHE| GS |REV| D

Figure 11 Display Control Instruction
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Cursor Control (R08)

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

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

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

O l * * * * * * * * * * * * ¥ C CMl 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 (R09)

DS6-0: Specify any common raster-row position where the double-height display starts. Note tha
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
position of the double-height display after the start position of the double-height display, satisfying
relationship DS6—& DE6-0. When the area specifying the double height has an odd number of ras
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 tc

R/W RS DB15 DB14 DB13 DB12 DB11 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 (ROA)

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

R/W RS DB15 DB14 DB13 DB12 DB11 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 (ROB)

Vertical Cursor Position (ROC)

HS6-0: Specify the start position for horizontally displaying the window cursor in a dot unit. The curso

displayed from the 'set value + 1' dot. Ensure that HS6486-0.

HEG6-0: Specify the end position for horizontally displaying the window cursor in a dot unit. The curso

displayed to the 'set value + 1' dot. Ensure that HR6+86-0.

VS6-0: Specify the start position for vertically displaying the window cursor in a dot unit. The curso!

displayed from the 'set value + 1' dot. Ensure that VS6+B86-0.

VEB6-0: Specify the end position for vertically displaying the window cursor in a dot unit. The cursor
displayed to the 'set value + 1' dot. Ensure that VS6¥B6-0. In vertical scrolling, rewrite VS6-0 and

VEG6-0 since this window cursor does not move vertically.

RW RS DB15 DB14 DB13 DB12 DB11 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|VEL1|VEO| * |VS6|VS5|VS4|VS3|VS2 VSl VSO

Figure 15 Horizontal Cursor Position and Vertical Cursor Position Instructions

VS1+1

VE1+1

Window
cusor

34

Figure 16 Window Cursor Position
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RAM Write Data Mask (R10)

WM15-0: In writing to the CGRAM, these bits mask writing in a bit unit. When WM15 = 1, this bit masl|
the write data of DB15 and does not write to the CGRAM. Similarly, the WM14-0 bits mask the w
data of DB14-0 in a bit unit. However, when AM = 10, the write data is masked with the set value
VM15-0 for the odd-times CGRAM write. It is also masked automatically with the reversed set value
VM15-0 for the even-times CGRAM write. For details, see the Graphics Operation Function section.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 ||[VM15VM14VM13VM12VM11VM10| VM9 | VM8 | VM7 | VM6 | VM5 | VM4 | VM3 | VM2 | VM1 | VMO

Figure 17 RAM Write Data Mask Instruction

RAM Address Set (R11)

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

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

0 1 * * * * * |AD10| AD9 | AD8 | AD7 | AD6 | ADS | AD4 | AD3 | AD2 | AD1 | ADO

Figure 18 RAM Address Set Instruction
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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
"7TEQ"H-"7EF"H 127th raster-row data
"7TFO"H-"7FF"H 128th raster-row data

Write Data to CGRAM (R12)

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

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 ||wD15/WD14|wD13|WD12/WD11|WD10| WD9 | WD8 | WD7 | WD6 | WD5 | WD4 | WD3 | WD2 | WD1 | WDO

Figure 19 Write Data to CGRAM Instruction
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Read Data from CGRAM (R13)

RD15-0 : Read 16-bit data from the CGRAM. When the data is read to the microcomputer, the first-w
read immediately after the CGRAM address setting is latched from the CGRAM to the internal read-
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 HD66751S, only one read c
processed since the latched data in the first word is used.

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

1 1 ||RD15|RD14|RD13|RD12|RD11/RD10| RD9 | RD8 | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO

Figure 20 Read Data from CGRAM Instruction

| Sets the I/D and AM1-0 bits | | Sets the I/D and AM1-0 bits |
‘ Y
Y

| Address: N set | | Address: N set |

First word

Second word

First word

Second word

Y v

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

v

Read (data of address N)
Read-data latch -~ DB15-0

L

Address: M set

Y

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

'

Read (data of address M)
Read-data latch -~ DB15-0

v

i) Data read to the microcomputer

First word

Second word

First word

Second word

i) Logical operation processing in the HD66751S

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

v

Read (data of address N)
DB15-0 - CGRAM

Y

Automatic address update: M + a

Y

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

'

Write (data of address N)
DB15-0 - CGRAM

v

Figure 21 CGRAM Read Sequence
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Table 16 Instruction List

Upper Code Lower Code
Execu-

Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB tion

No.  Name RW RS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Description Cycle

IR Index 0 0 * * * * * * * * * * * ID4 D3 ID2 ID1 IDO Sets the index register value. 0

SR Status 1 0 0 L6 L5 L4 L3 L2 L1 Lo 0 0 C5 C4 Cc3 C2 C1 CO Reads the driving raster-row 0
read position (L6-0) and contrast setting

(C5-0).

ROO  Start 0 1 * * * * * * * * * * * * * * 1  Starts the oscillation mode. 10 ms
oscillation Standby mode
Device 1 1 0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 0  Reads 0750H. 0
code read

RO1  Driver 0 1 * * * * * * CMS sSGS * CN * * NL3 NL2 NL1 NLO Setsthe common driver shift 0
output direction (CMS), segment driver
control shift direction (SGS), driving duty

ratio (NL3-0), and contering (CN).

RO2 LCD- 0 1 * * * * * * * * * B/C EOR NW4 NW3 NW2 NW1 NWO Sets the LCD drive AC waveform 0
driving- (B/C), and EOR output (EOR) or the
waveform number of n-raster-rows (NW4-0) at
control C-pattern AC drive.

R0O3  Power 0 1 * * * BS2 BS1 BSO BT1 BTO * * DC1 DCO AP1 AP0 SLP STB Sets the sleep mode (SLP), standby 0
control mode (STB), LCD power on (AP1—

0), cycle (DC1-0), boosting output
multiplying factor (BT1-0), and LCD
drive bias value (BS2-0).

R04  Contrast 0 1 * * * * * * * * * * CT5 CT4 CT3 CT2 CT1 CTO Sets the contrast adjustment 0
control (CT5-0).

RO5  Entry 0 1 * * * * * * * * * * * I/D  AM1 AMO LG1 LGO Specifies the logical operation 0
mode (LG1-0), AC counter mode (AM1-0),

and increment/decrement mode
(/D).

R06 Rotation 0 1 * * * * * * * * * * * * * RT2 RT1 RTO Specifies the amount of write-data 0

rotation (RT2-0).

RO7 Display 0 1 * * * * * * * * * * PS1 PSO DHE GS REV D  Specifies display on (D), black-and- 0
control white reversed display (REV),

grayscale mode (GS), double-height
display on (DHE), and partial scroll
(PS1-0).

R08  Cursor 0 1 * * * * * * * * * * * * * C CM1 CMO Specifies cursor display on (C)and 0
control cursor display mode (CM1-0).

R0O9  Double- 0 1 * DE6 DE5 DE4 DE3 DE2 DE1 DEO * DS6 DS5 DS4 DS3 DS2 DS1 DSO Specifies double-height display start 0
height (DS6-0) and end (DE6-0).
display
position

ROA  Vertical 0 1 * * * * * * * * * SL6 SL5 SL4 SL3 SL2 SL1 SLO Sets the display-start raster-row 0
scroll (SL6-0).

ROB  Horizontal 0 1 * HE6 HE5 HE4 HE3 HE2 HE1 HEO * HS6 HS5 HS4 HS3 HS2 HS1 HSO Sets horizontal cursor start (HS6-0) 0
cursor and end (HE6-0).
position

ROC Vettical 0 1 * VE6 VE5 VE4 VE3 VE2 VE1 VEO * VS6 VS5 VS4 VS3 VS2 VSl VSO Sets vertical cursor start (VS6-0) 0
cursor and end (VE6-0).
position

R10 RAM write 0 1 WM WM WM WM WM WM WM9 WM8 WM7 WM6 WM5 WM4 WM3 WM2 WM1 WMO Specifies write data mask (WM15-0) 0O
data mask 15 14 13 12 11 10 at RAM write.

R11 RAM 0 1 * * * * * AD10-8 (upper) AD7-0 (lower) Initially sets the RAM address to the 0
address address counter (AC).
set

R12 RAMdata 0 1 Write data (upper) Write data (lower) Writes data to the RAM. 0
write
RAM data 0 1 Read data (upper) Read data (lower) Reads data from the RAM. 0
read

Note: * means ‘doesn’t matter’.

38
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Reset Function

The HD66751S is internally initialized by RESET input. Because the busy flag (BF) indicates a busy
(BF = 1) during the reset period, no instruction or CGRAM data access from the MPU is accepted.
reset input must be held for at least 1 ms. Do not access the CGRAM or initially set the instructions
the R-C oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set Initialization:

Start oscillation executed
Driver output control (CN =0, NL3-0 = 1111, SGS =0, CMS =0)
B-pattern waveform AC drive (B/C = 0, ECR = 0, NW4-0 = 00000)

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

1/11 bias drive (BS2-0 = 000), Two-times boost (BT1-0 = 00), Weak contrast (CT5-0 = 000000)
Entry mode set (I/D = 1: Increment by 1, AM1-0 = 00: Horizontal move, LG1-0 = 00: Replace mod
Rotation (RT2—-0 = 000: No shift)
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)

o DdPR

© N oo

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 1€
parallel data transfer. Setting the IM1/0 to the Vcc/GND level allows 80-system 16-bit parallel c
transfer. When the number of buses or the mounting area is limited, use an 8-bit bus interface.

CSn* > CS*
Al > RS
H8/2245 HwRr* » WR* HD66751S
(RD*) » (RD*)
D15 - DO «¢————»| DB15 - DBO
16

Figure 22 Interface to 16-bit Microcomputer (example)

8-bit Bus Interface

Setting the IM1/0 (interface mode) to the GND/Vcc level allows 68-system E-clock-synchronized 8
parallel data transfer using pins DB15-DB8. Setting the IM1/0 to the Vcc/Vec level allows 80-system ¢
parallel data transfer. The 16-bit instructions and RAM data are divided into eight upper/lower bits an
transfer starts from the upper eight bits. Fix unused pins DB7—-DBO to the Vcc or GND level. Note tha
upper bytes must be written when those bits are written in the index register.

CSn* - CS*
Al > RS
H8/2245 pwr* » wr+ HD66751S
(RD*) » (RD*)
D15 - D8 [« DB15 - DB8
8 DB7 - 0

. 8
GND

Figure 23 Interface to 8-bit Microcomputer (example)

Note: Transfer synchronization function for an 8-bit bus interface
The HD66751S supports the transfer synchronization function which resets the upper/lower col
to count upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing transfer misn
between the eight upper and lower bits can be corrected by a reset triggered by consecu
writing a 00H instruction four times. The next transfer starts from the upper eight bits. Execu
synchronization function periodically can recover any runaway in the display system.
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RS \

RIW \

= _ S

S e " " " " A ome e
(1) &) 3) @) AL

(8-bit transfer synchronization)

Figure 24 8-bit Transfer Synchronization

HITACHI
41




HD66751S

Graphics Operation Function

The HD66751S can greatly reduce the load of the microcomputer graphics software processing throus
16-bit bus architecture and graphics-bit operation function. This function supports the following:

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

3. Alogical operation function that writes the data sent from the microcomputer and the original R/
data by a logical operation.

Since the display data in the graphics RAM (CGRAM) can be quickly rewritten, the load of |
microcomputer processing can be reduced in the large display screen when a font pattern, such a
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
RAM-write-data mask register, and the read/write from the microcomputer.

Table 17 Graphics Operation

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

development

Read/write mode 1  0/1 00 011011 Horizontal data replacement with logical operation,
horizontal-border drawing

Read/write mode 2 0/1 01 011011 Vertical data replacement with logical operation,
vertical-border drawing

Read/write mode 3  0/1 10 011011 Horizontal data replacement with two-word-width logical
operation
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Microcomputer
416 16
Read- Write-data latch
—P»| data T
latch ;
+1/-1 || +16
- - 3 Rotation bit
16 Bit rotation - (RT2-0)
Address 16 v 00: through
counter 2 Logical | 01: OR
(AC) Logical operation 4—/;ope%r_?tlon 10: AND
i :
/VFIG (LG1-0) 11: EOR
- 16 Write-mask register
Write bit mask }4—/; (WM15-0)
11 .
/ - Graphic 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 can also be used to initi
the graphics RAM (CGRAM) or to draw borders. The rotation function (RT2-0) or write-data me
function (WM15-0) are also enabled in these operations. After writing, the address counter (
automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to
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: |0|0|0|0 |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]ofo]a]1]

Write data (2) : |1|1|0|0|o|0|1|1|0|0|0|0|1| 1|0|0|

Write data (3) : |0|1|1| 1|o| 1|0|0|0|0|0|1|1| 1|1| 1|

000H 001H 002H
AR Rlo o [ Rlo R fe o B[] o e[sR BBl v
Write data (1) Write data (2) Write data (3)
CGRAM

44

Figure 26 Writing Operation of Write Mode 1

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 initializ
graphics RAM (CGRAM), develop the font pattern in the vertical direction, or draw borders. T
rotation function (RT2-0) or write-data mask function (WM15-0) are also enabled in these operat
After writing, the address counter (AC) automatically increments by 16, and automatically jumps to
upper-right edge (I/D = 1) or upper-left edge (I/D = 0) following the I/D bit after it has reached t
lower edge of the graphics RAM.
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Operation Examples:

1) I/ID =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|0 |o|o|o|0|o|o|1| 1|1|1|

DBO DB1S
Write data (1) : [1]o[o[1[1[o]o[1]o[2]o[o[o[o]x[a}---4-tretaton _ o roloTal1[1[olo[2[1[o]o[]o[ o]0
write data (2) - |1]1]o[o[o]o]2[1]o[o[o]o[1] 1]o[o}---4-2tretaton _ o FiT4Tolo[1]1]o[ooo]1[1]ofo[o]o
Write data (3) : |o|1|1|1|0|1|o|o|o|o|o|1|1|1|1|1}---f‘ik-’i-t-r-c-’t-"’}t-i(-’-"-->|1|1|1|1|0|1|1|1|o|1|0|0|o|0|o|1|
000H {|*|*|*[1]z|ofo|z|z|olo]1|*|*|*|*| Write data (1)
0101 [«]«||o]1]1|o|olo]o[a[a]| |+ | write data 2
020H |*|*|*|1|o|1|1|1!o|1|o of¢[*[*|*| write data (3) 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 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 can also be
to write the 16-bit data for two words into the graphics RAM (CGRAM), develop the font pattern,
transfer the BiTBLT as a bit unit. The rotation function (RT2-0) or write-data mask function (WM1
0) are also enabled in these operation. However, although the write-data mask function masks t
position set with the write-data mask register (WM15-0) at the odd-times (such as the first or tt
write, the function masks the bit position that reversed the setting value of the write-data mask reg
(WM15-0) at the even-times (such as the second or fourth) write. After the odd-times writing,
address counter (AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0). After
even-times writing, the AC automatically increments or decrements by —1 + 16 (I/D = 1) or +1 +
(I/D = 0). The AC automatically jumps to the upper edge after it has reached the lower edge o
graphics RAM.

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

3) AC = 000H
oo BB
O A E oD S e =W A nna Ronon
e L Lo ]+ o (oA o]
Write data (3) : |o| |o|o|o| |1| |o|o| |o| | |1| }---‘}'-kfi-t-r-qtf"‘-ti-qu->|1|1|1|1|o|0|o|0|o|1|1| |o|o|o|o|
et Qoo 2% s oo oo
Write data (5) : |o|o|1|o|0|0|o|1|1|1|1|1|1|0|o|o}---{l:l-)it-r-qt-aft-i?-n--ﬂ1|o|o|o|o|0|1|0|o|o|o|1|1|1|1|1|
Write data (6) : |o|0|1|0|0|0|o|1|1|1|1|1|1|0|o|o}---43[3it-r-9t§t-i95]-->|1|o|o|o|o|0|1|0|o|o|o|1|1|1|1|1|

000H 001H

ooot ([T TEEEEEHR] FREL LTI e v

020H ||+ ||+ |ofo[o[olo]s]ss]o]o]o]o| [s]a]a]a][]<| ||« |||+ || wrie data 3). 4

020H ||+ ||+ |ofo[t[ololofo]s]z [t]11] [t]o[ofof[-]<||+]< |||+ || wiie data 5). )

o 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.
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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 performing a logical oper.
with the original data. It reads the display data (original data), which has already been written ir
graphics RAM (CGRAM), performs a logical operation with the write data sent from tt
microcomputer, and rewrites the data to the CGRAM. This mode can read the data during the san
cycle as for the write operation since the read operation of the original data does not latch the rea
into the microcomputer and temporarily holds it in the read-data latch. The rotation function (RT2
or write-data mask function (WM15-0) are also enabled in these operations. After writing, the adc
counter (AC) automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0), and automatic
jumps to the counter edge one-raster-row below after it has reached the left or right edges c
graphics RAM.

Operation Examples:
1) D = 1, AM1-0 = 00, LG1-0 = 01 (OR), RT2-0 = 000
2) WM15-0 = 0000H
3) AC = 000H
WMO WM15
Write data mask: |o|o|0|0|o|o|o|o|o|o|o|o|o|o|o|o|

DBO DB15

Read data (1): |1|0|0| 1|1|0|O| l|0| 1|0|0|0|0|1| ll'-"- Logical operation
wite data @) (o[t ololo] o oo o] b V- e i o T O el e 1

Read data (2):  [o|o[o[o]1]21]1]o[o]olo]o]o]o]o} -2 Logical operation

| YR

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

Read data (3): |o|o|o|0|1| 1|1|0|1|0|0|0|0| 1|1|0|---1 Logical operation
Write data (3): |o|1|1|1|o|1|o|o|o|o|o|1|1|1|1|1|---Y--(9-|-?-) ------- >|0|1|1|1|1|1|1|o|1|0|o|1|1|1|1|1|

000H 001H 002H

P PPEF) R ) SRR ] o

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
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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 oper:
with the original data. It reads the display data (original data), which has already been written ir
graphics RAM (CGRAM), performs a logical operation with the write data sent from tt
microcomputer, and rewrites the data to the CGRAM. This mode can read the data during the san
cycle as for the write operation since the read operation of the original data does not latch the rea
into the microcomputer and temporarily holds it in the read-data latch. The rotation function (RT2
or write-data mask function (WM15-0) are also enabled in these operations. After writing, the adc
counter (AC) automatically increments by 16, and automatically jumps to the upper-right edge (I/D
or upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the grapt
RAM.
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Operation Examples:

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

3) AC = 000H

WMO WM15

Write data mask: |1|1 |O|O|0|0 |O|O|O|0 |1| 1|1| 1|l| 1|

DBO DB15

Readdata(1):  [1]ofo[1[[ofo[1lo[<[ofo]olo]a|t}--»
¢ 4-bit rotation
write data (1) [1]0]1]1]1]1[o]o]o]1]1|o]ofo o[ t}--drsemrrunnn = 0|o[o1]1|o[1|1|1|1|o|ofo[1]1]o]
Logical operation (OR)
eeeeeneean m={1]o]o[1]a]o[2[2[1[1]o[o]o[2]a[4]
Readdata2):  |ofofofoa|2[1|1[o[olo[o[o[o]o]o}--»
+  4-bit rotation
write data @) [1]t]o[o[o[o[1]1]1]o]ofo]t|1|o[o}--drrsemrrennn »11]oJo[1|1]ofo]o[o]1]1|]o[o]o]
: Logical operation (OR)
eeeeeeneend m—T11]o]oft[1]2]1]ofo]a[x]s]o]o]o]
Readdata 3 |ofofo|ofa|s|t|o[s]1]2[o[o[1]s]o}--.
+  4-bit rotation
write data () lo[1|1]1]o|1]o]o[o]o]o||t|a[t|}--drrsemrriennn 1 1]1|1]o[1]1|1/o[1|o[o[o[o]o]]
Logical operation (OR)
eeeeeeeennd {11 [afa|a[1]a]a[2]1]1]o[o[a]2]2]
000H 001H
000H {|*[[ola|[o]a|e|]a|]:]*[-]+]-] Read data (1) + write data (1)
010H |[|*[*[o 0|1|1|1|1|O Of* [*|*|*|* * | Read data (2) + Write data (2)
020H |[«[|afa]e]a|a]a|a|a|s <]+ ||+ || Read data (3) + 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
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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 perforn
logical operation with the original data. It can be also used to write the 16-bit data for two words
the graphics RAM (CGRAM), develop the font pattern, or transfer the BiTBLT as a bit unit. This mc
can read the data during the same bus cycle as for the write operation since the read operation
original data does not latch the read data into the microcomputer and temporarily holds it in the r
data latch. The rotation function (RT2-0) or write-data mask function (WM15-0) are also enable
these operations. However, although the write-data mask function masks the bit position set witl
write-data mask register (WM15-0) at the odd-times (such as the first or third) write, the func
masks the bit position which reversed the setting value of the write-data mask register (WM15-0) ¢
even-times (such as the second or fourth) write. After the odd-times writing, the address counter
automatically increments by 1 (I/D = 1) or decrements by 1 (I/D = 0). After the even-times writing,
AC automatically increments or decrements by —1 + 16 (I/D = 1) or +1 + 16 (I/D = 0). The /
automatically jumps to the upper edge after it has reached the lower edge of the graphics RAM.
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Operation Examples:

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

2) WM15-0 = 000FH
3) AC = 000H

000H |[*[+[+[]1

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

WMO WM15
virte atamask: s |s|1jolololololojololo]ojo]
DBO DB15
veac v @) folo o[ oo oelole[o}-
wrte a0 o sy oo o[+ *******" s B[O o[
; Logical operation (OR) v
read daa 2 o IOy = 1lofo]a]a]e[t]+[z]s[o]of]1]o]s|
wiie data @ 1]t [a[a[u[x[ofo[o[oo[e t[ofofo} -+ " w-{a[ofofo [t o2 [t [oJo[o[o]o]2]
; Logical operation (OR) v
Read data @ [ofo L ololofo o[ ol = (ol i oiloloo 2|
wite data (3):  [o[o[o[ofo[ e[t ofoo[oft aft]a}-- - " mmLx]uJu x]o[o[o]ofo] ][t [o[o]o[o]
: Logical operation (OR)
read data @) [AJa[aJo[olo[ofofolo[ofo[ao[th-s = (2zfrplolfolais ot 2o
Write data (4): |o|o|o|o|o|1|1|1|o|o|o|o|1|1|1|1}--15-‘-13?i-t-r-9t3t-i9-”-->|1|1|1|1|o|o|o|0|o|1|1|1|o|o|o|0|
: Logical operation (OR) v
SR = [1]1]2]1]o[o[o[o[o] a[[x[o[2]o[4]
000H 001H
1|1{1{1|1|o]o|2|1[0|1| |1]|Of1[1 o[> * | Write data (1), (2)
(o T b (o e o e e *[* * * | 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 HD66751S can either be supplied with operating pulses externally (external clock mode) or osc
using an internal R-C oscillator with an external oscillator-resistor (external resistor oscillation mo«
Note that in R-C oscillation, the oscillation frequency is changed according to the internal capacit
value, the external resistance value, or operating power-supply voltage.

1) External clock mode 2) External resistor oscillation mode
The oscillator frequency can be
0sc1 adjusted by oscillator resistor (Rf).
Clock % If Rf is increased or power suppl
M\ OSC1 Rf p pply
(70 kHz) 0sc2 voltage is decreased, the
. oscillation frequency decreases.
Dumping HD66751S HD66751S . .
resistance For the relationship between Rf

(1.5 kQ) 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
1/16 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 17 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 71 Hz 1008
1/80 1001 1/10 69 Hz 1040
1/88 1010 1/10 68 Hz 1056
1/96 1011 1/10 68 Hz 1056
1/104 1100 1/11 69 Hz 1040
1/112 1101 1/11 71 Hz 1008
1/120 1110 1/11 67 Hz 1080
1/128 1111 1/11 70 Hz 1024

Note: The frame frequency above is for 72-kHz operation and proportions the oscillation frequency (fosc).
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.4

TITITTTTITY 1271 128: 1

.3

TTTTTITITTY 1271 128,

COM1

.(—1 fram‘e%)E(%‘l frame%)g

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 HD66751S supports not only the LCD reversed AC drive in a one-frame unit (B-pattern wavefc
but also the n-raster-row reversed AC drive which alternates in an n-raster-row unit from one to 32 r:
rows (C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk at |
duty driving of more than 1/64 duty, the n-raster-row reversed AC drive (C-pattern waveform) can imp
the quality. Determine the number of raster-rows n (NW bit set value + 1) for alternating a
confirmation of the display quality with the actual LCD panel. However, if the number of AC raster-ro
is reduced, the LCD alternating frequency becomes high. Because of this, the charge or discharge ¢
is increased in the LCD cells.

|t 1 frame |t 1 frame .

1/2(3|4|5|6|7|8|9/10111/12|13| assm|79[80/ 1|23 |4 |5|6|7|8|9|10/11|12/13| susu:|7980 1|2|3

B-pattern
waveform drive
« 1/80 duty

—~

C-pattern

waveform drive

 1/80 duty

e 11-raster-row
reversal

» Without EORs

C-pattern

waveform drive |

* 1/80 duty

e 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 boos
circuits should be connected as shown in figure 35. Here, contrast can be adjusted by software throu
CT hits of the contrast adjustment register.

The HD66751S incorporates a voltage-follower operational amplifier for each V1 to V5 to reduce cur
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal dr
voltages. Thus, potential difference betwegpyvand V1 must be 0.1 V or higher, and that between V<
and GND must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the opera
amplifiers. Place a capacitor of about 0.47 pF (B characteristics) between each internal operat
amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the operational amplifi
Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted ar
screen quality has been confirmed.
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VLCD

OPOFF = GND

HD66751S

Vicpe

0.47 pF*

(B characteristics)

V10UT

i

V1

V20UT

py)

.

V2

V3OuUT

LCD
driver

V3

V40UT

Ro

iy

V4

V50UT

py)

v

V5

GND

py)

GNDe

VLOUT

o\

GND

3» SEG1 to SEG128

Vi
Cl+

Cl-
C2+

C2-
C3+

C3-

Ca+
C4-

C5+
C5-

Co6+

C6-

Step-up
circuit

= COM1 to COM128

Notes: 1. Adjust the capacitance value of the capacitor after the LCD panel has been mounted.

2. Use the capacitors with breakdown voltages equal to or higher than the VLCD voltage
for connecting to V1OUT through V50UT. Determine the capacitor breakdown voltages
by checking VLCD voltage fluctuation.
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Figure 35 External Power Supply Circuit for LCD Drive Voltage Generation
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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 figur
Here, contrast can be adjusted through the CT bits of the contrast control instruction. Temperature c
compensated either through the CT bits or by controlling the reference voltage for the booster (Vci
using a thermistor.

Note that Vci is both a reference voltage and power supply for the booster. The reference voltage
therefore be adjusted using an emitter-follower or a similar element so that sufficient current ca
supplied.

The HD66751S incorporates a voltage-follower operational amplifier for each of V1 to V5 to red
current flowing through the internal bleeder-resistors, which generate different liquid-crystal drive volta
Thus, potential difference betweendy and V1 must be 0.1 V or higher, and that between V4 and GN
must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using the operational ampl
Place a capacitor of about 0.47 uF (B characteristics) between each internal operational amplifier (V1
to V50UT outputs) and GND and stabilize the output level of the operational amplifier. Adjust 1
capacitance value of the stabilized capacitor after the LCD panel has been mounted and the screen

has been confirmed. The wiring length to capacitors should be minimized.
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Notes:

OPOFF = GND
|
Vico HD66751S
VR
V10UT Flamhs
R
V20UT v2 =3 SEG1 to SEG128
LCD
R driver
V30UT REaghs
Ro
V40UT Va4 -* COM1 to COM128
0.47 pF* ¢
(B characteristics) R V5
V50UT é
LLLL] R%
GNDe 4411 GND : GND
Vci e ve
Cl+
1to 2 pFeI
(B Charac-
teristics) T Cl-
c2+
1to2 pr™)
(B Charac-
teristics) T C2-
. C3+ Step-up
étghgr;‘c'_:( ) circuit
teristics) T C3-
C4+
1to 2 pFeI[
(B Charac-
teristics) T Ca-
C5+
1to2 uF()[
(B Charac-
teristics) T C5-
C6+
1to 2 pFeI[
(B Charac-
1t02 pF |(+) ! teristics) T Cé-
(B Charac- =
teristics) L VLOUT
GND
1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not
exceed the absolute maximum rating for the liquid-crystal power supply voltage (17.5 V).
2. Vciis both a reference voltage and power supply for the step-up circuit; connect it to Vcc directly or
combine it with a transistor so that sufficient current can be obtained.
3. Polarized capacitors must be connected correctly.
4. Circuits for temperature compensation should be based on the sample circuits in figure 37.
5. Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted.
6. The breakdown voltages of the capacitors connected to C3+/C3— and C6+/C6— should be three times or
higher than the Vci voltage.
7. The breakdown voltages of the capacitors connected to C1+/C1—, C2+/C2—, C4+/C4—, and C5+/C5—
should be equal to or higher than the Vci voltage.
8. The breakdown voltages of the capacitors connected to VLOUT and V1OUT through V50UT should be
n times or higher than the Vci voltage (n: step-up magnification).
9. Determine the breakdown voltages of the capacitors used in 6 to 8 above by checking Vci voltage

fluctuation.
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Figure 36 Internal Booster for LCD Drive Voltage Generation
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HD66751S HD66751S
— lto2 pF —
(B characteristics)
Vce Vce Vce
=

. GND .

Thermistor Tr vei Thermistor vei
GND L L

(Example 1) (Example 2)

Figure 37 Temperature Compensation Circuits

Notes on Using Internal Operational Amplifier

The HD66751S has a low-current-consumption-type operational amplifier. When a low-voltage supp
used, particularly at low temperatures near®€Qhe current in the operational amplifier is reduced
Therefore, depending on the specifications or display pattern of the LCD panel used, screen quality i
poor or the LCD panel may not operate at all.

For the operational specifications of the LCD panel, one must consider the drive condition (setting o
VTEST pin) or the peripheral circuits of the LCD panel in conjunction with the power-supply voltage.

Pin condition for HD66751S (setting VTEST pin):

1. When the power-supply voltage is e@.5 V (i.e., the current in the operational amplifier is
sufficient), leave the VTEST pin open (disconnected).

2. When the power-supply voltage is Vcc < 2.5 V (i.e., the current is reduced in the operational
amplifier at low temperature), 1.2 to 1.3 V should be input to the VTEST pin.

The following table and figure correspond to inputs of 1.2 to 1.3 V to the VTEST pin. When higher L
drive current is required due to the characteristics of the LCD panel, check the screen quality and ci
consumption, adjust the resistance values (R1 and R2), and increase the VTEST pin voltage. (This |
valid when Ve 2.5 V.)

Vcc

—» VTEST pin
Vtest=1.2t01.3V
GND Lo

Figure 38 Circuit to for Generating VTEST Pin Voltage
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Table 19 Settings to Generate VTEST Pin Voltage

Vce R1 R2 Vtest (VTEST Pin Voltage)
24V 270 kQ 330 kQ 1.23V
20V 220 kQ 360 kQ 1.22V
18V 180 kQ 390 kQ 1.22V

Countermeasures for Screen Quality when Using On-chip Operational Amplifier

The HD66751S is an on-chip LCD driver that has an LCD power supply for high duty. Screen quali
affected by the load current of the high-duty LCD panel used. When the bias (1/11 bias, 1/10 bias, 1/9
etc.) is high and the displayed pattern is completely or almost completely white, the white sections
appear dark.

If this happens, execute the following countermeasures to improve screen quality.

(1) After the change in the VAOUT/V3OUT level is verified, insert aboutLiddtween VAOUT and GND
or VLCD and V30OUT and then adjust the screen quality (see the following figures). By inserting
resistance, the current consumption increases as much as the boosting factor of the resistance curi
Adjust the resistance after checking the screen quality and the increase in current consumption.

(2) Decrease the drive bias and use the new bias level after verifying that the potential differences bet
V40UT and GND or VLCD and V30OUT are sufficient.

VLCD &~

4@ @Driver
V40UT

VLCD —&-

Fixed * Rv3
pr q current
source
4‘ @ c V30UT
Driver
— 1
GND -

Figure 40 Countermeasure for V3OUT Output
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Note: The actual LCD drive voltage-VLCD used must not exceed 16.5 V, and the absolute rating 1
not exceed 17.5 V.

Switching the Boosting Factor

Instruction bits (BT1/0 bits) can optionally select the boosting factor of the internal booster. Accordin
the display status, current consumption can be reduced by changing the LCD drive duty and the LCD
bias, and by controlling the boosting factor for the minimum requirements. For details, see the Pa
display-on Function section.

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

Place a capacitor with a voltage of three or more times the Vci-GND voltage between C6+ and C6-
between C3+ and C3—, and a capacitor with a voltage larger than the Vci-GND voltage between C1-
Cl-, C2+ and C2—, C4+ and C4—, and C5+ and C5-, and connect a capacitor with a voltage of n or
times the Vci-GND voltage to the VLOUT (n: boosting factor).

Note: The voltage of each capacitor must be considered with regard to the change in Vci voltage.

Table 20 VLOUT Output 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
Vcio—— Vi Vcio—— Vi
1ufF &) 1 uF (+)’_7
B L(l:harac—£ Cl+ (B Charac- Cl+
teristics) Cl- teristics) T c1-
1pfF ) C2+ 1uF (+l7 C2+
(B Charac- (B Charac-
teristics) I C2—- teristics) T C2-
1puF ) C3+ 1uF (+)J_7 C3+
(B Charac- (B Charac-
teristics) I C3- teristics) T C3-
1uF (+)ﬁ C4+ 1 uF (+)ﬁ C4+
B %harac- T (B Charac- T
teristics) Ca- teristics) C4-
(B Charac- (B Charac-
teristics) T | c5- teristics) T | c5-
1pur ) Cé+ 1uF ) Cé+

) —

B Ch - (B Charac-

Eeris.ticasr)aC T c6- teristics) T c6-
1uF @ VLOUT g_ U'; ® VLOUT
B Ch - B Charac-
Eeristicasr)EmJ:— teristics) J:_

GND GND
iii) Maximum five-times boosting iv) Maximum two-times boosting
Vcio—— Vi Vcio—— Vi
1uF (+)ﬁ ]
(B Charac- Cl+ Cl+
teristics) —— Cl— — Cl1-
1pF — co+ 1pF (O — co+
(B Charac- (B Charac-
teristics) T C2- teristics) C2-

1pF C3+ 1uF ™) C3+

(B Charac- (B Charac-
teristics) T C3- teristics) I C3-
1pF (+)h C4+ — | ca+
(B Charac-
teristics) L Cc4- — lc4-
1pF (‘“)J_— C5+ 1pF &) o5y
(B Charac- (B Charac-
teristics) C5- teristics) C5—-
1uF () C6+ 1uF () C6+
(B Charac- (B Charac-
teristics) T {ce6- teristics) T ce-
TuF @ VLOUT TuF @ VLOUT
(B Charac- (B Charac-
teristics) — teristics)

GND GND

Figure 41 Booster Output Factor Switching

HITACHI
62




HD66751S

Example of Power-supply Voltage Generator for More Than Seven-times Boosting Output

The HD66751S incorporates a booster for up to seven-times boosting. However, the LCD drive vo
(VLCD) will not be enough for seven-times boosting from Vcc when the power-supply voltage of Vc
low or when the LCD drive voltage is high for the high-contrast LCD display. In this case, the refere
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 n
result. In this case, the boosting ability can be improved by decreasing the boosting factor as shown
booster in figure 42.

Set the Vci input voltage for the booster to 3.6 V. Control the Vci voltage so that the boosting ou
voltage (VLOUT) should be less than the absolute maximum ratings (17.5 V).

HD66751S
Regulator | 20V vee  Logic circuit
(€]
Battery C1+ ﬁ_(ﬂl uF
3.6V T (B Charac-
Regulator 22V - Ci- teristics)
2 +
2 Cc2+ ( )1 uF
(B Charac-
‘ c2 - teristics)
_T_ Booster )
= Co Ir
GND (B Charac-
C3- teristics)
car |
— uF
— Viep (=15.4V) T (B Charac-
C4 - teristics)
+
ffffff 22Vx7=154V C5+ ( )luF
VLOUT (B Charac-
C5— T teristics)
””” +
C6+ ﬁ( )(18“5h
arac-
,,,,,, C6 — T teristics)
GND —p» SEG1 to SEG128
””” T o VLCD LCD driver
TR B COM1 to COM128
(B Charac-|
ffffff .- teristics) =
GND
— VCi(=2.2V) J:
— GND (=0 V)
Note: In practice, the LCD drive current lowers
the voltage in the step-up output voltage.

Figure 42 Usage Example of Booster at Vci > Vcc
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Precautions when Switching Boosting Circuit

The boosting factor of the HD66751S can be switched between 2, 5, 6, and 7 times by instruction.
the factor is switched, there is a transition period before the voltage from VLOUT stabilizes. W
VLOUT is used as the VLCD, the boosting factor is changed by switching the BT bit, and the suj
voltage for the LCD is changed, a direct current may be applied to the LCD display if the display is
during the transition period.

When the output voltage of the VLOUT pin is changed, the display must be switched off and on afte
output voltage stabilizes.

Table 21 Instructions Accompanying Change in Boosting Factor (example)

Display Contents Instructions

All display drive in 1/128 duty to 1/48 duty drive (1) Display control (R7) 0x0000
(2) Power control (R1) 0x1914
(3) 10-ms wait
(4) Contrast control (R4) 0x0006
(5) Driver output control (R1) 0x0245
(6) Display control (R7) 0x0005
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Contrast Adjuster

Software can adjust 64-step contrast for an LCD by varying the liquid-crystal drive voltage (poter
difference between ¥, and V1) through the CT bits of the contrast adjustment register (electron volul
function). The value of a variable resistor betwegg,\and V1 (VR) can be precisely adjusted in a 0.05 x
R unit within a range from 0.05 x R through 3.20 x R, where R is a reference resistance obtaine
dividing the total resistance.

The HD66751S incorporates a voltage-follower operational amplifier for each of V1 to V5 to red
current flowing through the internal bleeder resistors, which generate different liquid-crystal drive volta
Thus, CT5-0 bits must be adjusted so that potential difference betwgg@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 sm:

HD66751S

VLCD

V1
V2
V3

V4
V5
GND

GND

Figure 43 Contrast Adjuster
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Table 22 Contrast Adjustment Bits (CT) and Variable Resistor Values

66

CT Set Value Variable Resistor | Potential Difference Display Color
CT5 CT4 CT3 CT2 CT1 cTo | Value (VR) between V1 and GND

0 0 0 0 0 O 3.20xR (Small) (Light)
0 0 0 0 0 1 315xR

0 000 1 0 3.10xR A A
0 0 00 1 1 3.05xR E :
0 0 0 1 0 0 3.00xR
0 0 0 1 0 1 2.95xR 5 5
0 0 0 1 1 o0 2.90 xR
0 0 0 1 1 1 2.85xR : 5
0 0 1 0o o0 O 2.80xR : :
0o 0o 1 0o o 1 2.75xR E :
0 0 1 0 1 0 270xR
0 0 1 0 1 1 2.65x R E :
0o o L 1 0 o0 2.60 xR
0 1 1 1 1 1 165 xR
1 0 0 0 0 0 160x R 5 5
1 0 0 0 0 1 155xR
1 0 o 0 1 0 150x R : 5
1 0 o O 1 1 1.45xR : :
1 0 0 1 0 O 1.40 x R E E
1 0 0 1 0 1 1.35xR
1 0 0 1 1 o 1.30xR E :
1 0 o 1 1 1 1.25x R
1 0 1 0 0 0 120xR 5 5
1 1 1 0 o0 1 1.15x R
1 1 1 1 0 o0 020xR
1 1 1 1 0 1 0.15xR Y \
1 1 1 1 1 O 0.10xR

1 1 1 1 1 1 0.05x R (Large) (Deep)
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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 li
crystal drive duty ratio setting (NL3-0 bits). The liquid-crystal-display drive duty ratio and bias value «
be displayed while switching software applications to match the LCD panel display status. The optil
bias value calculated using the following expression is a logical optimum value. Driving by using a lc
value than the optimum bias value provides lower logical contrast and lower liquid-crystal-display volt
(the potential difference between V1 and GND), which results in better image quality. When the liq
crystal-display voltage is insufficient even if a seven-times booster is used, when the boosting dri
ability is lowered by setting a high factor for the booster, or when the output voltage is lowered becaus
battery life has been reached, the display can be made easier to see by lowering the liquid-crystal-d
bias.

The liquid crystal display can be adjusted by using the contrast adjustment register (CT5-0 bits)
selecting the booster output level (BT1/0 bits).

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

Table 23 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 1111 1110 1101 1100 1011 1010 1001 1000 0111 0100 0011 0010
set value)

Optimum 1/11 1/11 1/11 1/11 1/10 1/10 1/10 1/9 1/9 1/6 1/6 1/5
drive bias
value

(BS2-0 000 000 000 000 001 001 001 010 010 101 101 100
set value)
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VLCD
VR
Vi
R
V2
R
V3
7R
V4
R
V5
R
GND
GND
i) 1/ 11 bias
(BS2-0 = 000)
VLCD
VR
Vi
R
V2
R
V3
2R
V4
R
V5
R
GND
GND
v) 1/6 bias
(BS2-0 =101)

VLCD
VR
V1
R
V2
R
V3
6R
V4
R
V5
R
GND
GND
ii) 1/ 10 bias
(BS2-0 = 001)
VLCD
VR
V1
R
V2
R
V3
R
V4
R
V5
R
GND
GND
v) 1/5 bias
(BS2-0 = 110)

VLCD

VR
V1
R
V2
R
V3
5R
V4
R
V5
R
GND
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)

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

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

Note: R = Reference resistor
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Figure 44 Liquid Crystal Display Drive Bias Circuit
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Table 24 Contrast Adjustment per Bias Drive Voltage

Bias LCD drive voltage: VDR Contrast adjustment range
- LCD drive voltage )
m adjustment range 1 0.775 x (VLcp-GND) < VDR < 0.995 x (VLcD-GND)
' 11 xR ) - Limit of potential . 2XR  \icD-GND) = 1.4
(?rli{illse 11 xR + VR x (Vico - GND) difference between V4 and GND ~ 11 xR + VR ( )2 140
- Limit if potential . — VYR ___ y (VLcD-GND) 2 0.1
difference between VLCD and V1~ 11 X R +VR ( ) M
- LCD drive voltage A
1o adjustment range 10.757 x (VLcp-GND) < VDR < 0.995 x (VLcD-GND)
bias |—20XR_ (vico-GND)| -Limitof potential . 2XR__ (\icp-GND) 2 1.4[V]
drive | 10XR+VR difference between V4 and GND ~ 10 X R + VR
- Limit if potential VR ___ (VLep-GND) 2 0.1 [V]
difference between VLCD and V1~ 10 X R + VR
- LCD drive voltage )
o adjustment range 1 0.737 x (VLcD-GND) < VDR < 0.994 x (VLcD-GND)
; 9xR - Limit of potential .—2XR__ y (\yicp-GND) 2 1.4
(?rlie\‘/se 9xR+VR X (Vico - GND) difference between V4 and GND ~ 9 X R+ VR ( ) M
- Limit if potential VR X (VLcb-GND) = 0.1
difference between VLCD and V1~ 9 X R + VR ( ) M
- LCD drive voltage A
e adjustment range 10.714 x (VLcp-GND) < VDR < 0.993 x (VLcD-GND)
bias |— 2XR  y(Vico-GND)| - Limitof potential . 2XR__ (\icp-GND) 2 1.4[V]
drive 8XR + VR difference between V4 and GND 8XR+VR
- Limit if potential — VYR __ (VLep-GND) 2 0.1 [V]
difference between VLCD and V1~ 8X R +VR
- LCD drive voltage .
o adjustment range 1 0.686 x (VLCD-GND) < VDR < 0.993 x (VLCD-GND)
- 7xR ) - Limit of potential _2XR \LcD-GND) = 1.4
(l;rlslse 7 xR + VR X (Vico - GND) difference between V4 and GND ~ 7 XR + VR ( ) V)
- Limit if potential . —YR__ y (ViLco-GND) 2 0.1 [V]
difference between VLCD and V1~ 7 XR + VR
- LCD drive voltage .
e adjustment range :0.652 x (VLcp-GND) < VDR < 0.992 x (VLcD-GND)
bias |— °XR_ x(vico-GND)| - Limitof potential . 2XR__ (\Vicp-GND) = 1.4 [V]
drive 6 xR+ VR difference between V4 and GND 6xR+VR
- Limit if potential . — VR __ (VLeb-GND) 2 0.1 [V]
difference between VLCD and V1~ 6 X R + VR
- LCD drive voltage )
e adjustment range 10.610 x (VLcD-GND ) < VDR < 0.990 x (VLcD-GND)
; 5xR - Limit of potential . 2XR __ y(\icp-GND )2 1.4 [V
clijrli?lse 5x R+ VR x (VLD - GND) difference between V4and GND = 5x R+ VR ( )2 V]
- Limit if potential . — VR (vico-GND)=0.1
difference between VLCD and V1~ 5 X R+ VR ( ) M
» - ;;ESfr:‘éit"gfggee :0.556 x (VLCD-GND) < VDR < 0.988 x (VLcD-GND)
bias |—2XR__\ (Vico-GND)| - Limit of potential . 2XR__ \icp-GND) 2 1.4 V]
drive 4xR+VR difference between V4 and GND ~ 4 XR+ VR
Lo . VR
- Limit if potential - ——— = X(VLcp-GND) 2 0.1 [V]
difference between VLCD and V1~ 4 X R+ VR
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Four-grayscale Display Function

The HD66751S supports the four-grayscale monochrome display function. The four-grays
monochrome display is used for the display data of the two-bit pixel set sent to the CGRAM. There
four grayscale levels: always unlit, weak middle level, strong middle level, and always lit. In the w
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 25 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 frame lit 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
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LSB MSB LSB MSB
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Grayscale
control circuit
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Figure 45 Four-grayscale Monochrome Display
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Windows Cursor Display Function

The HD66751S displays the window cursor by specifying a window area. The horizontal display pos
of the window cursor is specified with the horizontal cursor position register (HS6-0 to HE6-0), and
vertical display position is specified with the vertical cursor position register (VS6-0 or VE6-0). In th
display position setting registers, ensure that HS6HE6-0 and VS6—& VE6-0. If these relationships
are not satisfied, normal display cannot be attained. In addition, if the setting is VS6-0 = VE6-0 = OC
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
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 (al
lit) display

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

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

VS+1 =4

: I VS+1=>]

VEsi= o i,

-1/ Biink . v
. i [\display /] n f H
' ’ i i

VE+1 =4

3
-
s ismss R R A e
)
FH

L aNamNS SEE

Figure 46 White Blink Cursor Display
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By e " .i.,k .l:’ . 811 b
: :=" "l- w l'_“i . E
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Figure 49 Black-and-white Reversed Blink Cursor Display
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Vertical Smooth Scroll Display

The HD66751S can scroll the graphics display vertically in units of raster-rows. The data storage car
of the CGRAM is 128 raster-rows. Continuous smooth vertical scrolling is achieved by writing display «
into a raster-row area that is not being used for display. After the 128th raster-row is displayed, the
raster-row is displayed again. Using the status read, the user can check the display raster-rows (L6-
are currently driving the LCD, and flicker can be eliminated by writing the display data in the CGR/
while the LCD is not driven.

Additionally, when display areas of a graphics icon such as a pictogram or a menu bar are partially f
displayed, the remaining areas can be displayed. For details, see the Partial Smooth Scroll Display Fu
section.

Specifically, this function is controlled by incrementing or decrementing the value in the display-s
raster-row bits (SL6-0) by 1. For example, to smoothly scroll up, increment display-start raster-row
(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 change
synchronization with the vertical scrolling.

When the response speed of the liquid crystal is low or when high-speed scrolling is needed, two- to
raster-row scrolling is recommended.
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Figure 50 Vertical Smooth Scroll
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Partial Smooth Scroll Display Function

The HD66751S can partially fixed-display the areas of a graphics icon such as a pictogram or a men
and perform vertical smooth scrolling of the remaining bit-map areas. Since the PS1 to PSO bits ar
used for smooth scrolling of the upper first to 24th display raster-rows but are used for fixed-disg
pictograms can be placed on the screen. This function can largely control the rewrite frequencies of th
map data during smooth scrolling and reduce the software load of the MPU.
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Table 26 Bit Setting and Display Lines

Bit SL6to0 | SL6to0 | SL6to0 | SL6to0 |SL6t00 | SL6to 0 SL6to0 | SL6t0 0

. COM e
Setting = 00H =01H =02H = 04H =07H = 08H =7EH =7FH

Position
comM1l 1st raster-row 2nd raster-row 3rd raster-row 5th raster-row 8th raster-row 9th raster-row smnmmnn || 127 raster-row 128th raster-row
: 2nd raster-row 3rd raster-row 4th raster-row 6th raster-row 9th raster-row 10th raster-row sssssss 128th raster-row 1st raster-row
I
PS1to 0O ! 3rd raster-row 4th raster-row 5th raster-row 7th raster-row 10th raster-row 11th raster-row LI 1t raster-row 2rd raster-row
I - - - -
=00 I . . . .
= | . . . .
. . . . . . . .
119th raster-row 120th raster-row 121th raster-row 123th raster-row 126th raster-row 127th raster-row L LR} 117th raster-row 118th raster-row
COM120 | [ z20th raster-row 121th raster-row 122th raster-row 124th raster-row 127th raster-row 128th raster-row summmnn | | 1186 rasterrow 119th raster-row
COM1 LI
1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th 1st to 8th
: raster-rows raster-rows raster-rows raster-rows raster-rows raster-rows EEmEmEn raster-rows raster-rows
I
I
| 1st raster-row 2nd raster-row 3rd raster-row 5th raster-row 8th raster-row 9th raster-row mEmmEEE 127th raster-row 128th raster-row
I
' 2nd raster-row 3rd raster-row 4th raster-row 6th raster-row 9th raster-row 10th raster-row mnmmmnn | 126t rasterrow 9th raster-row
I
i 3rd raster-row 4th raster-row Sth raster-row 7th raster-row 10th raster-row 11th raster-row [LELELE] oth raster-row 10th raster-row
I
PS1to0 ! 4th raster-row 5th raster-row 6th raster-row 8th raster-row 11th raster-row 12th raster-row sammans 10th raster-row 11th raster-row
I
=01 | . . . . . . . .
I . . . . . . . .
I . . . . . . . .
I . . . . . . . .
I . . . .
I . . . .
I . . . . . . . .
I
‘ 110 th raster-row 111th raster-row 112th raster-row | | | 114th raster-row 117th raster-row 118th raster-row mmmmmnn | |136thraster-row 117th raster-row
v 111th raster-row 112th raster-row 113th raster-row | | | 115th raster-row 118th raster-row 119th raster-row mmmmmnn || 117t raster-row 118th raster-row
COM120 | |112thrasterrow 113th raster-row 114 th raster-row 116th raster-row 119th raster-row 120th raster-row wmmmmnn | | 118 raster-row 119th raster-row
1st to 16th 1st to 16th 1st to 16th 1st to 16th 1st to 16th 1st to 16th 1st to 16th 1st to 16th
raster-rows raster-rows raster-rows raster-rows raster-rows raster-rows raster-rows raster-rows
1st raster-row 2nd raster-row 3rd raster-row 5th raster-row 8th raster-row 9th raster-row 127th raster-row 128th raster-row
2nd raster-row 3rd raster-row 4th raster-row 6th raster-row 9th raster-row 10th raster-row 128th raster-row 17th raster-row
3rd raster-row 4th raster-row 5th raster-row 7th raster-row 10th raster-row 11th raster-row 17th raster-row 18th raster-row

=10

PS1to0 !

102th raster-row 103th raster-row 104th raster-row 106th raster-row 109th raster-row 110th raster-row ssssans 116th raster-row 117th raster-row

' 103th raster-row 104th raster-row 105th raster-row 107th raster-row 110th raster-row 111th raster-row CELEEEL 117th raster-row 118th raster-row

COM120 | [ 104th raster-row 105th raster-row 106th raster-row 108th raster-row 111th raster-row 112th raster-row mmmmmnn || g0 rasterrow 119th raster-row

CcoMm1 T

1st to 24th 1st to 24th 1st to 24th 1st to 24th 1st to 24th 1st to 24th memmmnn |15t to 24th 1st to 24th
raster-rows raster-rows | | | raster-rows raster-rows | | | raster-rows raster-rows raster-rows raster-rows

|
I
I
I
I
I
I
I
I
! 1st raster-row 2nd raster-row 3rd raster-row Sth raster-row 8th raster-row 9th raster-row mnmmmnn | 1270 rasterrow 128th raster-row
PS1to 0 |
' 2nd raster-row 3rd raster-row 4th raster-row 6th raster-row 9th raster-row 10th raster-row EEEmEEE 128th raster-row 25th raster-row
_ I
=11 ! 3rd raster-row 4th raster-row 5th raster-row 7th raster-row 10th raster-row 11th raster-row mmmmmnn | | o5 raster-row 26th raster-row
! - - - - - - - -
! ] ] ] ] ] ] ] ]
! - - - - - - - -
! . . . . . . . .
! - - - - - - - -
I
94th raster-row 95th raster-row 96th raster-row 981h raster-row 101t raster-row 102thraster-row || mmmmmms | |116th raster-row 117th raster-row
' 95th raster-row 96th raster-row 97th raster-row 99th raster-row 102th raster-row 103thraster-row | | mmmmmmm | [117th raster-row 118th raster-row
COM120 96th raster-row 97th raster-row 98th raster-row 100th raster-row 103th raster-row 104th raster-row mmmmmnn | | 118 raster-row 119th raster-row

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 27 Data Setting to the CGRAM

CGRAM Address CGRAM Data
: el < . E T

000 to O7F

080 to OFF

100 to 17F

180 to 1FF

200 to 27F

280 to 2FF

300 to 37F

380 to 3FF

400 to 47F

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 l
raster-rows)

Display-start
18Ky setting position
(9th raster-row)

Scroll area

Figure 51 Example of Initial Screen in the Partial Smooth Scroll Mode
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i) Four-dot Partial Scroll Up
» PS1 to 0 = 01: Fixed-displays the first to eighth raster-rows

» SL6 to 0 = 0001100: Starts display from the 13th raster-row

Fixed display

area (1st to 8th .

raster-rows)

Display-start
1Rt setting position
(13th raster-row)

80

Figure 52 Example of Display Screen in the Partial Smooth Scroll Mode (1)
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iii) Eight-dot Partial Scroll Up
« PS1 to 0 = 01: Fixed-displays the first to eighth raster-rows
* SL6 to 0 = 0010000: Starts display from the 17th raster-row

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

Display-start
12 Setting position
(17th raster-row)

Figure 53 Example of Display Screen in the Partial Smooth Scroll Mode (2)
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Double-height Display Function

The HD66751S can double the height of any desired area in units of raster-rows (dots). The double-!
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 DSO bits of the double-height dis
position register, and the double-height display starts at the (the setting value plus one)-th raster-row
end position is set by the DE6 to DEO bits of the double-height display position register, and the dis
ends at the (the setting value plus one)-th raster-row. Here, the end position of the double-height di
must be after the start position, so set the register setting values so t
DS6-0< DE6-0. When the area specified to be doubled in height is an odd number of raster-rows
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 dowr

., Start double-
height display
(9th raster-row)

Double-heigh
display area

<lllllll

.« End double-
‘ height display
(40th raster-row)

« Doble-height display on: DHE =1
« Doble-height display start: DS6 to 0 = 0001000
« Doble-height display end: DE6 to 0 = 0010111

Figure 54 Double-height Display (9th to 40th raster-rows)
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Reversed Display Function

The HD66751S can display graphics display sections by black-and-white reversal. Black-and-w
reversal can be easily displayed when the REV bit in the display control register is set to 1.
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L

1 (Reversed display)

REV =

NN SRR

Figure 55 Reversed Display
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Partial-display-on Function

The HD66751S can program the liquid crystal display drive duty ratio setting (NL3-0 bits), the liq
crystal display drive bias value selection (BS2-0 bits), the boost output level selection (BT1-0 bits), an
contrast adjustment (CT5-0 bits). For example, when the 128 x 120-dot screen is normally displayed \
1/120 duty ratio, the HD66751S can selectively drive only the center of the screen or the top of the s
by combining these register functions and the centering display function (CN bit). This is called pal
display-on. Lowering the liquid crystal display drive duty ratio reduces the liquid crystal display dr
voltage, thus reducing internal current consumption. This is suitable for a 16 raster-row display (1/16
ratio) of a calendar or time in the system-standby state, or the display of only graphics icons (pictograr
the top of the screen, which enables continuous display with minimal current consumption. The

displayed lines are constantly driven by the unselected level voltage, thus turning off the LCD for t
lines.

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

When the boosting factor is changed according to partial display, the display should be in the off
during the period before the boost output voltage stabilizes.

Table 28 Partial-display-on Function (1/120-duty Normal Drive)

Item 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 top of the screen
screen
LCD drive position Not necessary Necessary Not necessary
shift (CN=0) (CN=1) (CN=0)
LCD drive duty 1/120 (NL3to 0 =1110) 1/16 (NL3to 0 =0001) 1/16 (NL3to 0 =0001)
ratio
LCD drive bias 1/11 (BS2 to 0 = 000) 1/5 (BS2to 0 =110) 1/5 (BS2to 0 =110)
value (optimum)
LCD drive voltage* 13.5Vt016.5V 4Vto5V 4Vto5V
(precisely adjustable (precisely adjustable (precisely adjustable
using CT5 to 0) using CT5 to 0) using CT5 to 0)
Boosting output Six times (BT1to 0 = Two times (BT1to 0=  Two times (BT1 to 0 = 00)
multiplying factor 10) 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.

HITACHI
85



HD66751S

i) 1/16-duty Drive at the Top of the Screen

1/16-duty drive

Always applying
non-selection
level

86

Figure 56 Partial-on Display (Date and Time Indicated) (1)
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iii) 1/16-duty Drive at the Center of the Screen (Centering Display)

Always

applying
selection level

1/16-duty drive

Always
applying
selection level

Figure 57 Partial-on Display (Date and Time Indicated) (2)
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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66751S in the sleep mode, where the device stc
internal display operations, thus reducing current consumption. Specifically, LCD operation is comple
halted. Here, all the SEG (SEG1 to SEG128) and COM (COM1 to COM128) pins output the GND le
resulting in no display. If the AP1-0 bits in the power control register are set to 00 in the sleep mode
LCD drive power supply can be turned off, reducing the total current consumption of the LCD module.

Table 29 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 HD66751S in the standby mode, where the device
completely, halting all internal operations including the R-C oscillation circuit, thus further reduci
current consumption compared to that in the sleep mode. Specifically, all the SEG (SEG1 to SEG12¢
COM (COM1 to COM128) pins for the multiplexing drive output the GND level, resulting in no display.
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 instructio
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation before settin
STB bit to 0.

Turn off the LCD power supply: AP1to 0 =00

Set standby mode: STB =1

[ Standby mode ]

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB =0

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

Figure 58 Procedure for Setting and Canceling Standby Mode
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) V. \Y, -0.3to0 +4.6 1,2
Power supply voltage (2) V, ., — GND \% -0.3to +17.5 1,3
Input voltage Vit \Y, -0.3t0 V. +0.3 1
Operating temperature Topr °C —40 to +85 1,4

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.

2. VCC > GND must be maintained.

VLCD > GND must be maintained.

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

w
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DC Characteristics (V.. = 1.7 to 3.6 V, Ta = —40 to +85°C}

Item Symbol Min Typ Max Unit Test Condition Notes

Input high voltage Vi 0.7V, — Vee \Y, 2,3

Input low voltage V. -0.3 — 015V, V. V. =17t024V 2,3

-0.3 — 015V, V V., =241t036V 2,3

Output high voltage (1) Vg, 0.75 V.. — — V Iy =-0.1mA 2

(DBO0-15 pins)

Output low voltage (1) Vg, — — 02V, V V. =17t024V, 2

(DBO0-15 pins) lo. =0.1 mA

— — 015V, V V., =241t036V, 2
lo, =0.1 mA

Driver ON resistance Reom — 3 10 kQ =ld =0.05 mA, 4

(COM pins) Vi =10V

Driver ON resistance Reee — 3 10 kQ +Id =0.05 mA, 4

(SEG pins) V=10V

I/O leakage current I -1 — 1 HA  Vin=0to V 5

Current consumption lop — 50 90 HA  R-C oscillation, 6,7

during normal operation Vo =27V, Ta=25"°C,

(Ve — GND) fosc = 70 kHz (1/120 duty)
Writing to RAM: checker
pattern

Current consumption lsr — 0.1 5 HA V=27V, Ta=25°C 6,7

during standby mode

(Vcc - GND)

LCD drive power supply |, — 25 40 HA V=3V, V =15V, 7

current (V, ¢, — GND) 1/11 bias,

Ta =25 °C, fosc = 70 kHz
Fixed current of
operational amplifier:
small
LCD drive voltage Vi 5.0 — 16.5 \Y 8
(VLCD - GND)

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

Item Symbol  Min Typ Max Unit  Test Condition Notes
Two-times-boost V., 3.9 4.2 4.4 \% V. =Vci=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Five-times-boost Vs 10.5 10.8 11.0 \% Vc=Vei=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Six-times-boost V s 12.7 12.9 13.2 \Y V=Vci=22V, 11
output voltage lo =30 pA, C =1 pF,
(VLOUT pin) fosc = 70 kHz, Ta = 25°C
Seven-times- V ey 14.9 15.1 15.4 \% V. =Vci=22V, 11
boost output lo =30 pA, C =1 pF,
voltage (VLOUT fosc = 70 kHz, Ta = 25°C
pin)
Use range of V up2 Vce — 16.5 \% For two- to seven-times 11
boost output V s boost
voltages V s

VUP7

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. = 1.7 to 3.6 V, Ta = —40 to +85°C}

Clock Characteristics (Voc = 1.7 to 3.6 V)

Item 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 trep — — 0.2 us 9

time

External clock fall tfcp — — 0.2 us 9

time

R-C oscillation clock  fg 59 74 89 kHz Rf = 330 kQ, 10
Ve =3V

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

68-system Bus Interface Timing Characteristics

(Vec=1.7t02.4V)

Item Symbol Min Typ Max Unit  Test Condition

Enable cycle time Write teyce 600 — — ns Figure 65
Read t.yce 800 — —

Enable high-level pulse width Write PW, 120 — — ns Figure 65
Read PW,, 350 — —

Enable low-level pulse width Write PW, 300 — — ns Figure 65
Read PW, 400 — —

Enable rise/fall time ten ter — — 25 ns Figure 65

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 65

Address hold time e 20 — — ns Figure 65

Write data setup time toswe 60 — — ns Figure 65

Write data hold time te 20 — — ns Figure 65

Read data delay time toore — — 300 ns Figure 65

Read data hold time tonre 5 — — ns Figure 65

HITACHI

92



HD66751S

(Vec=2.4103.6V)

Item Symbol Min  Typ Max  Unit Test Condition

Enable cycle time Write toyce 380 — — ns Figure 65
Read t.yce 500 — —

Enable high-level pulse width Write PW,, 70 — — ns Figure 65
Read PW.,, 250 — —

Enable low-level pulse width Write PW, 150 — — ns Figure 65
Read PW, 200 — —

Enable rise/fall time ten by — — 25 ns Figure 65

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 65

Address hold time tane 20 — — ns Figure 65

Write data setup time toswe 60 — — ns Figure 65

Write data hold time the 20 — — ns Figure 65

Read data delay time toore — — 200 ns Figure 65

Read data hold time tonre 5 — — ns Figure 65
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80-system Bus Interface Timing Characteristics

(Vec=1.7t02.4V)

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teyow 600 — — ns Figure 66
Read tcycq 800 — — ns Figure 66
Write low-level pulse width PwW, 120 — — ns Figure 66
Read low-level pulse width PW, 350 — — ns Figure 66
Write high-level pulse width PW,, 300 — — ns Figure 66
Read high-level pulse width PW,, 400 — — ns Figure 66
Write/Read rise/fall time twre » wrt — — 25 ns Figure 66
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 66
Address hold time tan 20 — — ns Figure 66
Write data setup time tosw 60 — — ns Figure 66
Write data hold time ty 20 — — ns Figure 66
Read data delay time toor — — 300 ns Figure 66
Read data hold time tonr 5 — — ns Figure 66
(Vcc=2.4t03.6V)
Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write teycw 380 — — ns Figure 66
Read tg . 500 — — ns Figure 66
Write low-level pulse width PW, 70 — — ns Figure 66
Read low-level pulse width PW, 250 — — ns Figure 66
Write high-level pulse width PW,, 150 — — ns Figure 66
Read high-level pulse width PW, 200 — — ns Figure 66
Write/Read rise/fall time twrnwrt  — — 25 ns Figure 66
Setup time (RS to CS*, WR*, RD*) ths 50 — — ns Figure 66
Address hold time tan 20 — — ns Figure 66
Write data setup time tosw 60 — — ns Figure 66
Write data hold time ty, 20 — — ns Figure 66
Read data delay time toor — — 200 ns Figure 66
Read data hold time tonr 5 — — ns Figure 66
HITACHI
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Reset Timing Characteristics (V. = 1.7 to 3.6 V)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tres 1 — — ms Figure 67
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Electrical Characteristics Notes

1. For die and wafer products, specified up to 85°C.
2. The following three circuits are 1/0O pin configurations (figure 59).

Pins: RESET*, CS*, E/WR, RW/RD, RS, OSC1, Pin: OSC2
OPOFF, IM1/0, TEST

Vcce Vcce
PMOS PMOS
NMOS NMOS
GND GND
Pins: DB15 to DBO Vce
PMOS
(Input circuit)
NMOS
. I Vcc  (Tri-state output circuit)
Output enable
PMOS —oL
* Output data
NMOS

GND

Figure 59 1/0 Pin Configuration
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Vcc.

The TEST pin must be grounded and the IM1/0 and OPOFF pins must be grounded or connected 1

Applies to the resistor value (RCOM) between power supply pins V10OUT, V20UT, V50UT, GND a

common signal pins, and resistor value (RSEG) between power supply pins V10OUT, V30UT, V40
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 high

low because through current increases if the CMOS input is left floating.

R-C oscillation frequencies: fosc (kHz)

LCD drive voltage: VLCD (V)

7. The following shows the relationship between the operation frequency (fosc) and current consumpt
(Icc) (figure 60).
Vee=2.7V Vcec =3V, fosc = 70 kHz
60 ] 30
------------------ ---5~Display on (typ.) t
A I e yp.
40 /‘ ; 20
lop (LA) [Sleep (typ.) ILCD (uA)
T | 10
- Standby gtyp.)
0 ‘ 0
0 20 40 60 80 100 11.0 13.0 15.0 17.0

Figure 60 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltage is within £0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5)
when there is no load.

9. Applies to the external clock input (figure 61).

Oscillator —AA\/\,—

2kQ

Open —

OSC1

0OSC2

0.7Vcc
0.5Vce
0.3Vcc

| Th ]
|
trcp tfcp

Tl g

Duty =

h
+TI

x 100%

Figure 61 External Clock Supply
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10. Applies to the internal oscillator operations using external oscillation resistor Rf (figure 62 and table
30).

OSC1
Rf § Since the oscillation frequency varies depending on the OSC1 and OSC2 pin

0SC2 capacitance, the wiring length to these pins should be minimized.

Figure 62 Internal Oscillation

Table 30 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc

Resistance (Rf) Vec=1.8V Vee=2.2V Vee=3.0V Vec=3.6V
200 kQ 89 kHz 103 kHz 115 kHz 121 kHz
270 kQ 70 kHz 80 kHz 88 kHz 92 kHz
300 kQ 65 kHz 73 kHz 80 kHz 83 kHz
330 kQ 60 kHz 68 kHz 74 kHz 77 kHz
360 kQ 55 kHz 62 kHz 68 kHz 71 kHz
390 kQ 52 kHz 58 kHz 64 kHz 66 kHz
430 kQ 48 kHz 53 kHz 58 kHz 60 kHz
470 kQ 44 kHz 48 kHz 52 kHz 54 kHz

11. Booster characteristics test circuits are shown in figure 63.
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(Five- to seven-times boosting)

[ —

Vee Vi

Cl+y——

C2+[——=

C2-
C3+ ——
c3_|——T

Ca+——_
C4-
Co+ ——

Figure 63 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

18.0 P |
//

15.0 -
VUPS (V) //

12.0

9.0 2
15 2.0 25 3.0
Vi (V)

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

Seven-times boosting

18.0 typ
VUP7 (V) //
13.0 ~
,/
8.0
15 2.0 25 3.0
Vi (V)

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

(i) Relation between the obtained voltage and temperature

Six-times boosting

17.0 T
typ.
15.0
VUP6 (V)
13.0 :
11.0
60 -20 0 20 60 100
Ta (°C)
Vci=Vcee =2.2V, fosc = 70 kHz, 1o = 30 pA,
DC1 to 0= 00

(iii) Relation between the obtained voltage and capacity

Six-times boosting

15.0

typ
14.0

VUP6 (V)
13.0

12.0

11.0

1.'0
C (uF)

Vei=Vee =2.2V, fosc = 70 kHz, 1o = 30 pA,
DC1to 0 =00

0.5

Seven-times boosting

17.0
VUP7 (V) p.
15.0 |-= ,
13.0 :
60 20 0 20 60 100
Ta (°C)

Vci=Vee =2.2V, fosc = 70 kHz, lo = 30 pA,

DClto 0=

00

Seven-times boosting

17.0
typ.
16.0
VUP7 (V)
15.0
14.0
130755 1.0 1.5
C (uF)

Vci=Vee =2.2V, fosc = 70 kHz, lo = 30 pA,

DClto 0=

00

Figure 63 Booster (cont)
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(iv) Relation between the obtained voltage and current

Six-times boosting Seven-times boosting
13.4 15.6
13.2
— 15.4
13.0 —— 15.2 T~
VUPG (V) B T —
12.8 15.0 —~
126 VUPT (V) |, o
12.4 14.6
12.2 14.4
0 10 20 30 40 50 0 10 20 30 40 50
o (HA) lo (uA)
Vei = Vee = 2.2 V, fosc = 70 kHz, Ta = 25°C, \égftg%c_:ozdz V. fosc = 70 kHz, Ta = 25°C,

DC1to 0=00

Figure 63 Booster (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test Point O

50 pF

|
L

Figure 64 Load Circuit
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Timing Characteristics

68-system Bus Operation

RS VIH VIH
R/W ViL ViL
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ter | |
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to DB15 v/’/,/:////////,/,/,///////////////////////////I////////I////,// ViL Write data VIL
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[€-{DDRE: ~— {DHRE

DB SO NG VOHL Read data VoH1
VoL1
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tobB1s LN VoL1
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AN NN RN NN
RN NNy
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R

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

Figure 65 68-system Bus Timing
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80-system Bus Operation

Be VIH VIHT
ViL ViL 4

tAs — = [ tAH —

VIH
CS* ViL

*1
r— PWLw, PWLR +‘ ra—— PWhw, PWHR— P

WR* I\ VIH VIH N VIH
RD* \ ViL ViL Z

twRr - tWRf

-
o . -
- -
- tcycw, tcycr Lt
tosw — - tH L
DBO e T VIH VIH AN,
NN NN NN RN NN NR RN Y RS, W d srcrcrccr e r it
N R R A N D rite data O !
to DB15 A ey VIL ViL SO
NN NN AR I

4 t{DDR lt— [DHR——»

DBO NN NN NN RN RN NN, VOHl VOHl AN NN NN
NN YR ) e !
Read data

Fi
to DB15 ) VoL1 VoL1 SO

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

Figure 66 80-system Bus Timing

Reset Operation

tRES ——m————— |
RESET* VIL VL

Figure 67 Reset Timing
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Power-on/off Sequence

To prevent pulse lighting of LCD screens at power-on/off, the power-on/off sequence is activated as s
below. However, since the sequence depends on LCD materials to be used, confirm the conditio
using your own system.

Power-on Sequence

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

v

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

v

Wait for 10 ms or longer (oscillation stabilization time)

v

Issue LCD power instruction

Y Y

Wait for 10-150 ms or |0nger Note: Depends on the

Issue use-state instruction (op-amplifier output external capacitance of
stabilization time) V10UT to V50UT.

Y v

Turned on display: D = 1

Figure 68 Power-on Sequence
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Vce
Power voltage: Vcc
GND Power-on reset time: 1 ms
Vcce
RESET
GND
Oscillation state
Oscillation stabilization time: 10 ms
Vcc
Signal-input
instruction issued
GND

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

Figure 69 Power-on Timing

HITACHI

105




HD66751S

Power-off Sequence

Normal state

Turn off display: D =0

Y

Issue LCD power instruction

Y

Turn off power voltages Vcc and Vci

Abnormal state

Turn off power voltages Vcc and Vci

Y

RESET = "Low"

Y

Driver SEG/COM output: GND

106

Figure 70 Power-off Sequence
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Vcce
Power is turned off.
Power voltage: Vcc
GND
Vee — RESET is input as soon as possible.
RESET
GND
V10oUT

Driver SEG/
COM output

GND

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

Figure 71 Power-off Timing
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document,

2. Products and product specifications may be subject to change without notice. Confirm that you hav
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi's sales office before using the product in an application that demands especially hig
quality and reliability or where its failure or malfunction may directly threaten human life or cause ris
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particu
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when| use
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or athel
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document withc
written approval from Hitachi.
7. Contact Hitachi's sales office for any questions regarding this document or Hitachi semiconductor
products.
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