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Description

The HD66753, dot-matrix graphics LCD controller and driver LS|, displays 132-by-168-dot graphics for
four monochrome grayscales. When 12-by-13-dot size fonts are used, up to 13 lines x 11 characters (143
characters) can be simultaneously displayed. Since the HD66753 incorporates bit-operation functions and
a 16-bit high-speed bus interface, it enables efficient data transfer and high-speed rewriting of datain the
graphicsRAM.

The HD66753 has various functions for reducing the power consumption of an LCD system, such as low-
voltage operation of 1.7 V/min., a step-up circuit to generate a maximum of seven-timesthe LCD drive
voltage from the input-supplied voltage, and voltage followers to decrease the direct current flow in the
LCD drive bleeder-resistors. Combining these hardware functions with software functions, such asa
partial display with low-duty drive and standby and deep modes, allows precise power control. The
HD66753 is suitable for any mid-sized or small portable battery-driven product requiring long-term
driving capabilities, such as digital cellular phones supporting a WWW browser.

Features

132" 168-dot graphics display LCD controller/driver for four monochrome grayscales

16-/8-bit high-speed bus interface

Clock-synchronized serial interface (transfer rate; 10 MHz max.)

|2C businterface (transfer rate: 1.3 MHz max.)

Bit-operation functions for graphics processing:

— Write-data mask function in bit units

— Bit rotation function

— Bit logic-operation function

L ow-power operation supports:

— Vcec=1.7t03.6V (low voltage)

— Vips=51t017.5V (liquid crystal drive voltage)

— Interna three-, five-, six-, or seven-times step-up circuit for liquid crystal drive voltage to be
selected by software

— 128-step contrast adjuster and voltage followers to decrease direct current flow in the LCD drive
bleeder-resistors
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— Power-save functions such as the standby mode and deep mode

— Programmable drive duty ratios and bias values displayed on LCD
Internal LCD-drive-voltage regulator circuits
168-segment © 132-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
Black-and-white reversed display

Interna oscillation and hardware reset
Shift change of segment and common driver

Tablel Progammable Display Sizes and Duty Ratios
Graphics Display
Duty Optimum Bit-map 12 x 13-dot 12 x 14-dot 16 x 16-dot 16 x 17-dot 8 x 10-dot
Ratio Drive Bias Display Area Font Width Font Width Font Width  Font Width  Font Width
1/96 1/10 96 x 168 dots 13linesx8 12linesx8 10linesx6 9linesx6 16 lines x 12
characters characters characters characters characters
1/104 1/11 104 x 168 dots 13 linesx8 12linesx8 10linesx6 9linesx6 16 lines x 13
characters characters characters characters characters
1/112 1/11 112 x 168 dots 13 linesx9 12linesx9 10linesx7 9linesx7 16 lines x 14
characters characters characters characters characters
1/120 1/11 120 x 168 dots 13 linesx 10 12linesx1010linesx7 9linesx7 16 lines x 15
characters characters characters characters characters
1/128 1/11 128 x 168 dots 13 linesx 10 12linesx 10 10linesx8 9linesx 8 16 lines x 16
characters characters characters characters characters
1/132 1/11 132 x 168 dots 13 linesx 10 12linesx 11 10linesx8 9linesx 8 16 lines x 16
characters characters characters characters characters
Note: When 12 x 13-dot fonts are used for display, the spaces between characters on the last line are

not displayed.
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<Target values>

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

Total Power Consumption

Normal Display Operation

Character R-C

Display Dot Duty Oscillation Frame Internal LCD Sleep Standby

Size Ratio Frequency Frequency Logic Power Total* Mode Mode

96 x 168 dots 1/96 100 kHz 69 Hz (60 pA) (20 pA) Five-times (12 pA) 0.1 pA
(160 pA)

104 x 168 1/104 100 kHz 69 Hz (60 pA) (20 pA) Five-times (12 pA)

dots (160 pA)

112 x 168 1/112 100kHz 69 Hz (70 pA) (25 pA)  Six-times (12 pA)

dots (220 pA)

120 x 168 1/120 100kHz 69 Hz (70 pA) (25 pA)  Six-times (12 pA)

dots (220 pA)

128 x 168 1/128 100kHz  71Hz (80 pA) (25 pA)  Six-times (12 pA)

dots (230 pA)

132 x 168 1/132 100kHz 69 Hz (80 pA) (25 pA)  Six-times (12 pA)

dots (230 pA)

Note: When a three-, five-, six-, or seven-times step-up is used:

the total current consumption = internal logic current + LCD power current x 3 (three-times step-

up),

the total current consumption = internal logic current + LCD power current x 5 (five-times step-up),
the total current consumption = internal logic current + LCD power current x 6 (six-times step-up),

and

the total current consumption = internal logic current + LCD power current x 7 (seven-times step-

up)
Type Name
Types External Dimensions MPU Interface COM Driver Arrangement Display
HD66753TB0 Bending TCP or 16-bit8-bit Both sides of COM Four
HCD66753BP Au-bump chip parallel or clock- (Output from left and right monochrome
HWDGG753BP Aub ‘ synchronized serial sides of the chip) grayscales

u-bump waer interface
HD66753WTB0 Bending TCP 8-bit or 16-bit
HCD66753WBP  Au-bump chip parallel, clock-
synchronized serial,

HWD66753WBP Au-bump wafer

or 12C bus interface
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L CD 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 18Vto55V 18Vto55V
Liquid crystal drive voltages 3Vto65V 3Vto65V 45Vto 11V

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

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

Liquid crystal drive waveforms B B B

Liquid crystal voltage step-up

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 (32 steps)

Incorporated (32 steps)

Incorporated (32 steps)

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 384x8 384x8 480x 8
SEGRAM 72x8 96 x 8 96 x 8
No. of CGROM fonts 240 + 192 240 + 192 240 + 192
No. of CGRAM fonts 64 64 64

Font sizes 6x8 6x8 6x8

Bit map areas 72 x 26 96 x 26 96 x 42
R-C oscillation resistor/ External resistor, 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

Chip sizes 10.34 x 2.51 10.97 x 2.51 13.13x 251
Pad intervals 80 um 80 um 100 um
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L CD 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 18Vto3.6V
Liquid crystal drive voltages 45Vto 15V 40Vto 13V 45Vto 15V

Serial bus

Clock-synchronized serial

Clock-synchronized serial

Clock-synchronized serial

Parallel bus

4 bits, 8 bits

4 bits, 8 bits

4 bits, 8 bits

Liquid crystal drive duty ratios

1/8, 16, 24, 32, 40, 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

1/4t0 1/9

1/4 to 1/10

Liquid crystal drive waveforms

B,C

B, C

B,C

Liquid crystal voltage step-up

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 (64 steps)

Incorporated (64 steps)

Incorporated (64 steps)

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 1,120x 8
SEGRAM — — —

No. of CGROM fonts 240 + 192 — —

No. of CGRAM fonts 64 — —

Font sizes 6x8 — —

Bit map areas 112 x 80 105 x 68 112 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-241 TCP-213 TCP-236
Bare chip — — —

Bumped chip Yes Yes Yes

Chip sizes 13.67 x 2.78 12.23x 2.52 9.40x 2.18
Pad intervals 70 um 70 um 50 um
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L CD Family Comparison (cont)

ltems HD66741 HD66751S HD66750S

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 (5 levels) grayscales (5 levels)

Multiplexing icons — — —

Annunciator — — —

Key scan control — — —

LED control ports — — —

General output ports 3 — —

Operating power voltages 18Vto55V 1.7Vto 3.6V 1.7Vto 3.6V

Liquid crystal drive voltages 45Vto 15V 5.0 Vto 16.5V 5.0 Vto 16.5V

Serial bus Clock-synchronized serial — 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

1/4to0 1/11

1/4to0 1/11

Liquid crystal drive waveforms

B,C

B,C

B, C

Liquid crystal voltage step-up

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 (64 steps)

Incorporated (64 steps)

Incorporated (64 steps)

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

Chip sizes 14.30x 2.78 8.42x3.18 8.44 x 2.95
Pad intervals 70 um 50 um 50 um
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L CD Family Comparison (cont)

ltems HD66752 HD66753
Character display sizes — —
Graphic display sizes 168 x 132 dots 168 x 132 dots

Grayscale display

Four monochrome
grayscales (7 levels)

Four monochrome
grayscales (7 levels)

Multiplexing icons

Annunciator

Key scan control

LED control ports

General output ports

Operating power voltages 20Vto36V 1.7Vto 3.6V

Liquid crystal drive voltages 5.0 Vto 15.5V 5Vto 16.5V

Serial bus — Clock-synchronized serial

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

Liquid crystal drive duty ratios 1/80, 88, 96, 104, 112, 120, 1/80, 88, 96, 104, 112, 120,
128, 132 128, 132

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

Liquid crystal drive waveforms B,C B,C

Liquid crystal voltage step-up Two-, five-, six-, or seven- Two-, five-, six-, or seven-
times times

Bleeder-resistor for liquid crystal drive

Incorporated (external)

Incorporated (external)

Liquid crystal drive operational amplifier

Incorporated

Incorporated

Liquid crystal contrast adjuster

Incorporated (128 steps)

Incorporated (128 steps)

Horizontal smooth scroll

Vertical smooth scroll Line unit Line unit
Double-height display Yes Yes
DDRAM — —
CGROM — —
CGRAM 5,544 x 8 5,544 x 8
SEGRAM — —

No. of CGROM fonts

No. of CGRAM fonts

Font sizes

Bit map areas

168 x 132, 132 x 168

168 x 132, 132 x 168

R-C oscillation resistor/
oscillation frequency

External resistor
(70 kHz)

External resistor
(70 kHz)

Reset function

External

External

Low power control

2-screen division partial
drive, Partial display off,

2-screen division partial
drive, Partial display off,

Oscillation off, Oscillation off,
Liquid crystal power off Liquid crystal power off
SEG/COM direction switching SEG, COM SEG, COM
QFP package — —
TQFP package — —
TCP package — TCP-352
Bare chip — —
Bumped chip Yes Yes
Chip sizes 12.68 x 4.31 15.90 x 2.02
Pad intervals 60 um 50 um
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HD66753 Block Diagram
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Chip size: 15.90 mm x 2.02 mm
Chip thickness: 400 mm (typ.)
Pad coordinates: pad centers
Coordinate origin: chip center

Au bump size:

(1) 80 nm x 80 hm (min 100-mm pitch
Dummy1, Dummy2 to GNDDUM2, Dummy8,
GNDDUMS3, DB15 to V40UT, V50UT,
Dummy9, Dummy10 to Dummy19, Dummy20

2) 45 nm x 80 "M (min 60-Mn pitch:
COM1/132 to COM14/119,
COM17/116 to COM30/103

3) 35 um x 80 um (min 50-m__pitch
SEG1/168 to SEG168/1,
COM15/118, COM16/117,
COM65/68 to COM112/21,
COM31/102 to COM132/1

Au bump pitch: see the pad coordinates
Height of the Au bump: 15 " (typ.)
Numbers in the figure correspond to pad no.

Alignment mark
(1) Alignment: two points

Coordinates (X, Y) 17642, 613
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(2-a) Coordinates (X, Y) =  -7668, 406
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(3-a) Coordinates (X, Y) =  -7548, 406
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(3-b) Coordinates (X, Y) = 7548, 406
10 25 25 10

Update history

Rev 0.0: newly created

Rev 0.1: pad coordinate no. updated,
type code added

Rev 0.2 pin name modified in Au bump
size (3)
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TCP External Dimensions (HD66753TBOL/R)
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HD66753 Pad Coordinates

No. |Pad Name X Y No. |Pad Name X Y

1 Dummy8 -7788| -848] |38 |Vcc 1233| -848
2 GNDDUM3 -7610, -848] |39 |Vcc 1333| -848
3 DB15 -7395| -848] |40 |Vcc 1433| -848
4 DB14 -7071| -848] |41 |Vci 1576 -848
5 DB13 -6747| -848] |42 |Vci 1676 -848
6 DB12 -6423| -848] |43 |Vci 1776 -848
7 DB11 -6099| -848] |44 |Vci 1876 -848
8 DB10 -5775| -848] |45 |Vci 1976 -848
9 DB9 -5451| -848| |46 |Vci 2076 -848
10 |DBS8 -5126| -848| |47 |VREG 2176 -848
11 |DB7 -4802| -848| |48 |C6+ 2319 -848
12 |DB6 -4478| -848| |49 |C6+ 2419 -848
13 |DB5 -4154| -848] |50 |[C6+ 2519 -848
14 |DB4 -3830, -848] |51 [Cé6- 2619 -848
15 |DB3 -3506| -848] |52 |Cé6- 2719 -848
16 |DB2 -3181] -848| |53 [Cé6- 2819 -848
17 |DB1 -2857| -848| |54 |C5+ 2920 -848
18 |DBO -2533| -848] |55 |[C5+ 3020 -848
19 |GNDDUM4 -2319| -848] |56 |C5+ 3120 -848
20 |RESET* -2105| -848] |57 |C5- 3220 -848
21 |Cs* -1781 -848] |58 |C5- 3320 -848
22 |RS -1456| -848] |59 |[C5- 3420 -848
23 |E/WR*/SCL -1132| -848] |60 |C4+ 3520 -848
24 |RW/RD*/SDA -808| -848] |61 |C4+ 3620, -848
25 |GND -594| -848] |62 |C4+ 3720, -848
26 |GND -494| -848| |63 |C4- 3820 -848
27 |GND -394| -848| |64 |C4- 3921 -848
28 |GND -294| -848| |65 |C4- 4021| -848
29 |GND -193| -848| |66 |C3+ 4121| -848
30 |GND -93| -848| |67 |C3+ 4221| -848
31 |GND 7| -848] |68 |C3+ 4321| -848
32 |GND 107| -848] |69 |[C3- 4421| -848
33 |0Ssc2 358 -848| |70 |C3- 4521| -848
34 |0OScC1 682 -848| |71 |C3- 4621| -848
35 |Vcc 932| -848| |72 |C2+ 4721| -848
36 |Vcc 1032 -848] |73 |C2+ 4821 -848
37 |Vcc 1132 -848| |74 |C2+ 4922 -848
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HD66753 Pad Coordinates (cont)

No. |Pad Name X Y No. |Pad Name X Y

75 |C2- 5022 -848] 1112 |Dummyl6 7788 366
76 |C2- 5122 -848] 1113 (Dummyl7 7788 466
77 |C2- 5222 -848| 1114 |Dummyl18 7788 566
78 |C1+ 5322 -848] 1115 [Dummy19 7788 666
79 |C1+ 5422 -848] 1116 [Dummy20 7788 880
80 |C1+ 5522 -848] 1117 |COM17/116 7628 880
81 |C1- 5622| -848] |[118 |[COM18/115 7568 880
82 |C1- 5722| -848] |119 |COM19/114 7508 880
83 |C1- 5823| -848] |120 |[COM20/113 7448 880
84 |VLOUT 5965 -848] |[121 |[COM21/112 7388 880
85 |VLOUT 6065 -848] |122 [COM22/111 7328 880
86 |VLOUT 6166| -848] |123 |[COM23/110 7268 880
87 |VLOUT 6266| -848] |124 |COM24/109 7207 880
88 |VLOUT 6366| -848] |125 |COM25/108 7147 880
89 |VLPS 6466| -848] |126 |COM26/107 7087 880
90 |VLPS 6566| -848] |127 |COM27/106 7027 880
91 |VLPS 6666| -848] |128 |[COM28/105 6967 880
92 |VLPS 6766| -848] |129 |COM29/104 6907 880
93 |VLPS 6866| -848] |130 |[COM30/103 6847 880
94 |V1REF 7009| -848] |[131 |[COM31/102 6792 880
95 |VLREF 7109 -848] 1132 |COM32/101 6742 880
96 |V10UT 7209| -848] |133 |[COM33/100 6691 880
97 |v20UT 7309 -848] |134 |COM34/99 6641 880
98 |V30UT 7409 -848] |135 |COM35/98 6591 880
99 |V40UT 7510 -848] |136 |COM36/97 6541 880
100 |V50UT 7610 -848] |137 |COM37/96 6491 880
101 |Dummy9 7788 -848] |138 |COM38/95 6441 880
102 |Dummyl0 7788/ -635| |139 [COM39/94 6391 880
103 |Dummyl1 7788/ -535| |140 |COM40/93 6341 880
104 |Dummyl2 7788 -435] |141 |COM41/92 6290 880
105 |Dummy13 7788 -335| |142 |COM42/91 6240 880
106 |VTEST 7788 -235| |143 |COM43/90 6190 880
107 |GNDDUMS5 7788 -135| |144 |COM44/89 6140 880
108 |VSW1 7788 -34] |145 |COM45/88 6090 880
109 |VSW2 7788 66| |146 |COM46/87 6040 880
110 |Dummyl4 7788 166| |147 |COMA47/86 5990 880
111 |Dummyl5 7788 266| |148 |COM48/85 5940 880
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HD66753 Pad Coordinates (cont)

No. |Pad Name X Y No. |Pad Name X Y

149 |COMA49/84 5889 880| |186 |SEG2/167 4035 880
150 |{COM50/83 5839 880| |187 |SEG3/166 3985 880
151 |COM51/82 5789 880| |188 |SEG4/165 3935 880
152 |COM52/81 5739 880| |189 |SEG5/164 3885 880
153 |COM53/80 5689 880| |190 |SEG6/163 3834 880
154 |COM54/79 5639 880| |191 |SEG7/162 3784 880
155 |COM55/78 5589 880| |192 |SEGB8/161 3734 880
156 |COM56/77 5539 880| |193 |SEG9/160 3684 880
157 |COM57/76 5488 880| |194 |SEG10/159 3634 880
158 |COM58/75 5438 880| |195 |SEG11/158 3584 880
159 |COM59/74 5388 880| |196 |SEG12/157 3534 880
160 |{COM®60/73 5338 880| |197 |SEG13/156 3484 880
161 |[COM61/72 5288 880| |198 |SEG14/155 3433 880
162 |COM62/71 5238 880 |199 |SEG15/154 3383 880
163 |{COM®63/70 5188 880| |200 |SEG16/153 3333 880
164 |COM64/69 5138 880| |201 |SEG17/152 3283 880
165 |[COM113/20 5087 880| |202 |SEG18/151 3233 880
166 |[COM114/19 5037 880| |203 |SEG19/150 3183 880
167 |COM115/18 4987 880| |204 |SEG20/149 3133 880
168 |COM116/17 4937 880| |205 |SEG21/148 3083 880
169 |[COM117/16 4887 880| |206 |SEG22/147 3032 880
170 |COM118/15 4837 880| |207 |SEG23/146 2982 880
171 |COM119/14 4787 880| |208 |SEG24/145 2932 880
172 |COM120/13 4737 880| |209 |SEG25/144 2882 880
173 |COM121/12 4686 880| |210 |SEG26/143 2832 880
174 |COM122/11 4636 880] |211 |SEG27/142 2782 880
175 |COM123/10 4586 880| |212 |SEG28/141 2732 880
176 |COM124/9 4536 880| |213 |SEG29/140 2682 880
177 |COM125/8 4486 880| |214 |SEG30/139 2631 880
178 |COM126/7 4436 880| |215 |SEG31/138 2581 880
179 |COM127/6 4386 880| |216 |SEG32/137 2531 880
180 |[COM128/5 4336 880| |217 |SEG33/136 2481 880
181 |COM129/4 4285 880| |218 |SEG34/135 2431 880
182 |COM130/3 4235 880 |219 |SEG35/134 2381 880
183 |[COM131/2 4185 880| |220 |SEG36/133 2331 880
184 |COM132/1 4135 880| |221 |SEG37/132 2281 880
185 |SEG1/168 4085 880| |222 |SEG38/131 2230 880
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HD66753 Pad Coordinates (cont)

No. |Pad Name X Y No. |Pad Name X Y

223 |SEG39/130 2180 880| |260 |SEG76/93 326 880
224 |SEG40/129 2130 880| |261 |SEG77/92 276 880
225 |SEG41/128 2080 880| |262 |SEG78/91 226 880
226 |SEG42/127 2030 880| |263 |SEG79/90 175 880
227 |SEG43/126 1980 880| |264 |SEG80/89 125 880
228 |SEG44/125 1930 880| |265 |SEG81/88 75 880
229 |SEG45/124 1880 880| |266 |SEG82/87 25 880
230 |SEG46/123 1829 880| |267 |SEG83/86 -25 880
231 |SEG47/122 1779 880| |268 |SEG84/85 -75 880
232 |SEG48/121 1729 880| |269 |SEG85/84 -125 880
233 |SEG49/120 1679 880| |270 |SEG86/83 -175 880
234 |SEG50/119 1629 880| |271 |SEG87/82 -226 880
235 |SEG51/118 1579 880| |272 |SEG88/81 -276 880
236 |SEG52/117 1529 880| |273 |SEG89/80 -326 880
237 |SEG53/116 1479 880| |274 |SEG90/79 -376 880
238 |SEG54/115 1428 880| |275 |SEG91/78 -426 880
239 |SEG55/114 1378 880| |276 |SEG92/77 -476 880
240 |SEG56/113 1328 880| |277 |SEG93/76 -526 880
241 |SEG57/112 1278 880| |278 |SEG94/75 -576 880
242 |SEG58/111 1228 880| |279 |SEG95/74 -627 880
243 |SEG59/110 1178 880| |280 |SEG96/73 -677 880
244 |SEG60/109 1128 880| |281 |SEG97/72 =727 880
245 |SEG61/108 1078 880| |282 |SEG98/71 177 880
246 |SEG62/107 1028 880| |283 |SEG99/70 -827 880
247 |SEG63/106 977 880| |284 |SEG100/69 -877 880
248 |SEG64/105 927 880| |285 |SEG101/68 -927 880
249 |SEG65/104 877 880| |286 |SEG102/67 -977 880
250 |SEG66/103 827 880| |287 |SEG103/66 -1028 880
251 [SEG67/102 777 880| |288 |SEG104/65 -1078 880
252 |SEG68/101 727 880| |289 |SEG105/64 -1128 880
253 |SEG69/100 677 880| |290 |SEG106/63 -1178 880
254 |SEG70/99 627 880| |291 |SEG107/62 -1228 880
255 |SEG71/98 576 880| |292 |SEG108/61 -1278 880
256 |SEG72/97 526 880| |293 |SEG109/60 -1328 880
257 |SEG73/96 476 880 |294 |SEG110/59 -1378 880
258 |SEG74/95 426 880| |295 |SEG111/58 -1428 880
259 |SEG75/94 376 880| |296 |SEG112/57 -1479 880
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HD66753 Pad Coordinates (cont)

No. |Pad Name X Y No. |Pad Name X Y

297 |SEG113/56 -1529 880| |334 |SEG150/19 -3383 880
298 |SEG114/55 -1579 880| |335 |SEG151/18 -3433 880
299 |SEG115/54 -1629 880| |336 |SEG152/17 -3484 880
300 |SEG116/53 -1679 880| |337 |SEG153/16 -3534 880
301 [SEG117/52 -1729 880| |338 |SEG154/15 -3584 880
302 |SEG118/51 -1779 880| |339 |SEG155/14 -3634 880
303 |SEG119/50 -1829 880| |340 |SEG156/13 -3684 880
304 |SEG120/49 -1880 880| |341 |SEG157/12 -3734 880
305 |SEG121/48 -1930 880| |342 |SEG158/11 -3784 880
306 |SEG122/47 -1980 880| |343 |SEG159/10 -3834 880
307 |SEG123/46 -2030 880| |344 |SEG160/9 -3885 880
308 |SEG124/45 -2080 880| |345 |SEG161/8 -3935 880
309 |SEG125/44 -2130 880| |346 |SEG162/7 -3985 880
310 |SEG126/43 -2180 880| |347 |SEG163/6 -4035 880
311 [SEG127/42 -2230 880| |348 |SEG164/5 -4085 880
312 [SEG128/41 -2281 880| |349 |SEG165/4 -4135 880
313 |SEG129/40 -2331 880| |350 |SEG166/3 -4185 880
314 |SEG130/39 -2381 880| |351 |SEG167/2 -4235 880
315 |SEG131/38 -2431 880| |352 |SEG168/1 -4285 880
316 |SEG132/37 -2481 880| |353 |COM112/21 -4336 880
317 |SEG133/36 -2531 880| |354 |COM111/22 -4386 880
318 |SEG134/35 -2581 880| |355 |COM110/23 -4436 880
319 |SEG135/34 -2631 880| |356 |{COM109/24 -4486 880
320 |SEG136/33 -2682 880| |357 |COM108/25 -4536 880
321 [SEG137/32 -2732 880| |358 |COM107/26 -4586 880
322 |SEG138/31 -2782 880| |359 |COM106/27 -4636 880
323 |SEG139/30 -2832 880| |360 |COM105/28 -4686 880
324 |SEG140/29 -2882 880| |361 |COM104/29 -4737 880
325 |SEG141/28 -2932 880| |362 |COM103/30 -4787 880
326 |SEG142/27 -2982 880| |363 |COM102/31 -4837 880
327 |SEG143/26 -3032 880| |364 |COM101/32 -4887 880
328 |SEG144/25 -3083 880| |365 |COM100/33 -4937 880
329 |SEG145/24 -3133 880| |366 |COM99/34 -4987 880
330 |SEG146/23 -3183 880| |367 |COM98/35 -5037 880
331 |SEG147/22 -3233 880| |368 |COM97/36 -5087 880
332 |SEG148/21 -3283 880| |369 |COM96/37 -5138 880
333 |SEG149/20 -3333 880| |370 |COM95/38 -5188 880
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HD66753 Pad Coordinates (cont)

No. |Pad Name X Y No. |Pad Name X Y
371 |COM94/39 -5238 880| |402 |COM15/118 -6792 880
372 |COM93/40 -5288 880| |403 |COM14/119 -6847 880
373 |COM92/41 -5338 880| |404 |COM13/120 -6907 880
374 |COM91/42 -5388 880| |405 |COM12/121 -6967 880
375 |COM90/43 -5438 880| |406 |COM11/122 -7027 880
376 |COMB89/44 -5488 880| |407 |COM10/123 -7087 880
377 |COMB88/45 -5539 880| |408 |COM9/124 -7147 880
378 |COMB87/46 -5589 880| |409 |COMB8/125 -7207 880
379 |COM86/47 -5639 880| |410 |COM7/126 -7268 880
380 |COMB85/48 -5689 880| |411 |CcOMe6/127 -7328 880
381 |COMB84/49 -5739 880| |412 |COM5/128 -7388 880
382 |COMB83/50 -5789 880| |413 |COM4/129 -7448 880
383 |COMB82/51 -5839 880| |414 |COM3/130 -7508 880
384 |COMB81/52 -5889 880| |415 |COM2/131 -7568 880
385 |COMB80/53 -5940 880| |416 |COM1/132 -7628 880
386 |{COM79/54 -5990 880| |417 |Dummy1l -7788 880
387 |COM78/55 -6040 880| |418 |Dummy2 -7788 666
388 |COM77/56 -6090 880 |419 |Dummy3 -7788 566
389 |COM76/57 -6140 880| |420 |Dummy4 -7788| 466
390 |COM75/58 -6190 880| |421 |Dummy5 -7788 366
391 |COM74/59 -6240 880| |422 |Dummy6 -7788 266
392 |COM73/60 -6290 880| |423 |Dummy7 -7788 166
393 |COM72/61 -6341 880| [424 |IM2 -7788 66
394 |COM71/62 -6391 880] |425 |GNDDUML1 -7788 -34
395 |COM70/63 -6441 880| [426 |IM1 -7788| -135
396 |{COM®69/64 -6491 880| |427 |IMOID -7788| -235
397 |COM68/65 -6541 880| |428 |VccDUM1 -7788| -335
398 |COM67/66 -6591 880| |429 |OPOFF -7788| -435
399 |COM®66/67 -6641 880| |430 |TEST -7788| -535
400 |COM65/68 -6691 880| |431 |GNDDUM2 -7788| -635
401 |COM16/117 -6742 880
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Alignment Mark X Y
Cross -7642 613
7642 613
Circle (positive) -7668 406
Circle (negative) 7668 406
L type (positive) -7548 406
L type (negative) 7548 406
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Pin Functions

Table2

Number of
Signals Pins /0

Pin Functional Description

Connected to

Functions

IM2, IM1, 3 |
IMO/ID

GND or VCC

Selects the MPU interface mode:

[15=] 1 I MPUinerfacs mods

GhD  GHD GND  E5sysEm 1Ebitbus interace
EhD GhD Voo ESsysEmn &bitbus interace

GhD Ve Gl &0sysEm 16-bitbus interface
Ehh Ve Voo Sh-sysem Sbitbues interace

WMoz GHD I Hock-spchmeized senal interface
Wi Wi I 120 bz inerface

When a serial interface is selected, the IMO pin is
used for setting the device code ID.

cs* 1 |

MPU

Selects the HD66753:

Low: HD66753 is selected and can be accessed
High: HD66753 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

Must be fixed at Vcc or GND level for a clock-
synchronized interface.

E/WR*SCL 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.

For a clock-synchronized interface, serves as a
synchronized clock signal.

RW/RD* 1 110
SDA

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.

For a clock-synchronized interface, serves as a
bidirectional serial transfer data to receive and send
the data.

DB0O-DB15 16 /10

MPU

Serves as a 16-bit bidirectional data bus.

For an 8-bit bus interface, data transfer uses DB15-
DBS; fix unused DB7-DBO to the Vcc or GND level.

For a clock-synchronized interface, fix DB15-DBO to
the Vcc or GND level.
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Table2 Pin Functional Description (cont)
Number

Signals of Pins /0 Connected to Functions

COM1/132 132 0] LCD Output signals for common drive: All the unused pins

- output unselected waveforms. In the display-off

COM132/1 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,
COM1/132 is COM1, and COM132/1 is COM132. If
CMS =1, COM1/132 is COM132, and COM132/1 is
COML1.

SEG1/168 168 0] LCD Output signals for segment drive. In the display-off

- period (D = 0), sleep mode (SLP = 1), or standby

SEG168/1 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, SEG1/168
is SEG1. If SGS =1, SEG1/168 is SEG168.

V10UT- 5 lorO Openor Used for output from the internal operational

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

bleeder-resistor attach a capacitor to stabilize the output. When the
amplifiers are not used (OPOFF = Vc), V1to V5
voltages can be supplied to these pins externally.

Vips — Power supply ~ Power supply for LCD drive. V ps = 19.5 V max.

Vce, GND — Power supply  Vcc: +1.7 Vto + 3.6 V; GND (logic): 0 V

0SC1, 2 I or O Oscillation- For R-C oscillation using an external resistor,

0SsC2 resistor or clock connect 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
step-up circuit; generates the liquid crystal display
drive voltage from the operating voltage. The step-
up output voltage must not be larger than the
absolute maximum ratings.

Must be left disconnected when the step-up circuit is
not used.

VLOUT 1 0] Vi ps pin/step-  Potential difference between Vci and GND is two- to

up capacitance seven-times-stepped up and then output. Magnitude
of step-up is selected by instruction.

Cl+,C1- 2 — Step-up External capacitance should be connected here

capacitance when using the five-times or more step-up.

C2+,C2- 2 — Step-up External capacitance should be connected here for

capacitance step-up.

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

capacitance step-up.

C4+,C4- 2 — Step-up External capacitance should be connected here

capacitance when using the five-times or more step-up.

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

capacitance step-up.

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

capacitance step-up.
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Table2 Pin Functional Description (cont)
Number of
Signals Pins /0 Connected to Functions
RESET* 1 | MPU or external Reset pin. Initializes the LS| when low. Must be reset
R-C circuit after power-on.

OPOFF 1 | Ve or GND Turns the internal operational amplifier off when
OPOFF = V¢, and turns it on when OPOFF = GND.
If the amplifier is turned off (OPOFF = V), V1to V5
must be supplied to the V10OUT to V50UT pins.

VSW1 1 | GND Test pin. Must be fixed at GND level.

VSW?2 1 — — Test pin. Must be left disconnected.

VREG 1 | Input pin Input pin for the reference voltage of the LCD-drive-
voltage regulator circuit. Connect Vci or external
power supply.

V1REF 1 0] Output pin Output pin for the LCD-drive-voltage regulator circuit.
Must be left disconnected when not in use.

VLREF 1 | Input pin Connected to the top electrode of the internal
bleeder-resistor. Use this pin to supply the LCD
voltage externally.

VceDUM 1 0] Input pins Outputs the internal V¢ level; shorting this pin sets
the adjacent input pin to the V¢ level.

GNDDUM 3 0] Input pins Outputs the internal GND level; shorting this pin sets
the adjacent input pin to the GND level.

Dummy 4 — — Dummy pad. Must be left disconnected.

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

VTEST 1 — — Test pin. Must be left disconnected.
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Block Function Description

System Interface

The HD66753 has five high-speed system interfaces: an 80-system 16-bit/8-bit bus, a 68-system 16-bit/8-
bit bus, and a clock-synchronized seria interface. The interface mode is selected by the IM2-0 pins.

The HD66753 has three 16-bit registers: an index register (IR), awrite dataregister (WDR), and aread
dataregister (RDR). The IR storesindex information from the control registers and the CGRAM. The
WDR temporarily stores datato be written into control registers and the CGRAM, and the RDR
temporarily stores data read from the CGRAM. Data written into the CGRAM from the MPU isfirst
written into the WDR and then is automatically written into the CGRAM by internal operation. Datais
read through the RDR when reading from the CGRAM, and the first read dataiisinvalid and the second and
the following dataare normal (for the serial interface, the 5-byte dataisinvalid). When alogic operation is
performed inside of the HD66753 by using the display data set in the CGRAM and the data written from
the MPU, the data read through the RDR is used. Accordingly, the MPU does not need to read data twice
nor to fetch the read data into the MPU. This enables high-speed processing.

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

Table3 Register Selection

R/W Bits RS Bits Operations

0 0 Writes indexes into IR

Status read

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

Bit Operation

The HD66753 supports the following functions. abit rotation function that writes the data written from
the MPU into the CGRAM by moving the display position in bit units, awrite data mask function that
selects and writes datainto the CGRAM in bit units, and alogic operation function that performslogic
operations on the display data set in the CGRAM and writes into the CGRAM. With the 16-bit bus
interface, these functions can greatly reduce the processing loads of the MPU graphics software and can
rewrite the display datain the CGRAM at high speed. For details, see the Graphics Operation Function
section.

Address Counter (AC)

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

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

The graphic RAM (CGRAM) stores hit-pattern data of 168 x 132 dots. It has two bits/pixel and 4,096-byte
capacity.

Grayscale Control Circuit

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

Timing Generator

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

Oscillation Circuit (OSC)

The HD66753 can provide R-C oscillation simply through the addition of an external oscillation-resistor
between the OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display
size, and frame frequency can be obtained by adjusting the external-resistor value. Clock pulses can also be
supplied externally. Since R-C oscillation stops during the standby mode, current consumption can be
reduced. For details, see the Oscillation Circuit section.

Liquid Crystal Display Driver Circuit

Theliquid crystal display driver circuit consists of 132 common signal drivers (COM 1 to COM 132) and
168 segment signal drivers (SEG1 to SEG168). When the number of lines are selected by a program, the
required common signal drivers automatically output drive waveforms, while the other common signal
drivers continue to output unsel ected waveforms.

Display pattern dataislatched when 168-bit data has arrived. The latched data then enables the segment
signal driversto generate drive waveform outputs. The shift direction of 168-bit data can be changed by
the SGS hit. The shift direction for the common driver can a so be changed by the CM S bit by selecting an
appropriate direction for the device mounting configuration.

When multiplexing driveis not used, or during the standby or sleep mode, al the above common and
segment signal drivers output the GND level, halting the display.

Step-up Circuit (DC-DC Converter)

The step-up generates three-, five-, Six-, or seven-times voltage input to the Vci pin. With this, both the
internal logic units and LCD drivers can be controlled with a single power supply. Step-up output level
from three-times to seven-times step-up can be selected by software. For details, see the Liquid Crystal
Display Voltage Generator section.
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V-Pin Voltage Follower

A voltage follower for each voltage level (V1 to V5) reduces current consumption by the LCD drive
power supply circuit. No externa resistors are required because of the interna bleeder-resistor, which
generates different levels of LCD drive voltage. Thisinternal bleeder-resistor can be software-specified
from 1/4 biasto 1/11 bias, according to the liquid crystal display drive duty value. The voltage followers
can be turned off while multiplexing driveis not being used. For details, see the Power Supply for Liquid
Crystal Display Drive section.

Contrast Adjuster

The contrast adjuster can be used to adjust LCD contrast in 128 steps by varying the LCD drive voltage by
software. This can be used to select an appropriate LCD brightness or to compensate for temperature.

L CD-Drive Power-Supply Regulator Circuit

The LCD-drive power-supply regulator circuit generates an L CD-drive voltage from the reference voltage
that does not depend on the LCD load current. Change of the LCD-drive voltage is controlled for the LCD
load current. For details, seethe Liquid Crystal Display Voltage Generator section.
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CGRAM AddressMap

Table4 Relationships between the CGRAM Address and the Display Screen Position
T R - - - w |z
Sagmert 2:rg: 2 2 2.2 22 [2: FIE! = A
Crier R R R S A R T B I T I HA | I I T
B m ! mwwn! oo | n: bln ! m D ! m
Bit =T Duil:uimimimimimEl:ril:uEl:niulniulliulziul:iuuiul: minli---iul: IIIEI:" i'“EI:": s minli--iul:
HEs=1 nlainltinl:inlzinllinlui|:n i m il:l' il:ﬂ il:ui mimim il:ll im nlainui---i m nlainlti- --im ERCELEEE nlainlti-- i oo
[eng I} Addre £2"0000'H '‘oooi'H ‘oo s '‘0014"H
oMz Addre £2:'0020'H ‘oo021'H '‘ooz2'H mmmee - '0034"H
cons: addre£2:'0040'H ‘0041'H '‘og2'H Tttt '0054'"H
oy A ddm 22 'O060"H ‘0061'H '‘oos2'H - '‘0074'H
o ns Bddm 2 "O0G0"H '‘0051'H '‘ooEdH = '‘oga4'H
o0 ME Addre £2:'0000'H '‘00sa1'H '‘ooa2'H mmee s '‘0084'H
CoOn? Addre #2:'00COH '‘oociH ‘ogczIH | -------- 'oooyH
COns Addre £2:'TOED'H '00E1"H ‘oo0EZ'H | -------- '00F'H
o3 Addre£2:'0100'H ‘0101'H '‘oo2'H - - '‘0114'H
Co 1o Sddre £2 ' 0120'H ‘0121'H '‘0122'H mm--me - '‘01341'H
o Addre£2:'T140'H ‘o141'H ‘T2H | -----ee- '0154"™H
oz Addre 22 "THEDH ‘o1E1'H ‘oe2H | -------- '‘0174"H
(el [N Addre £2'TE0'H '‘0131'H ‘e |- '‘01a4'H
oM Addre22:'0100'H ‘o1ad'H ‘oiaaH [ -------- ‘0184'H
Co s Addre £2 0ICOH ‘O1C1H '‘TCIH mm--me - ‘0104'H
CoOmiE Addre£2'THED'H ‘1 E1"H ‘ME2H | -------- '01FI'H
comiz Addm 22 'O00"H '‘0201'H ‘o2mH s '‘0214'H
(el IR Addre £2:'0220'H '‘0221'H ‘o2z H | -------- '‘0234'H
conia Addrese:'0240'H ‘0241'H ‘o242'H |- ‘0254"H
conAa addre £2:'0260"H ‘0261'H '‘0262"H Tttt '‘0274'H
Comi2s Addre£2'OFE0H ‘OF31"H '‘OF8ZH | -------- 'OF3"H
O N2 Addre£2"OFL0"H ‘OF&1H '‘OFAZH mmmee - '‘0F8 1I'H
Coniz27 oddre 22" OFCOH '‘OFC1'H ‘OFcZH | -------- 'OF04'H
CO A28 Adare £2: OF EI'H ‘DFETH ‘DFEZH | --------| ‘'ODFF4'H
Co 23 Addres2:"1000"H “100i'H "o | -------- "014'H
o130 Addre £2:"1020'H "1021'H “oR2H | -------- "103"H
Co 131 Abddre#2:"1040H “04i'H A |- "1054"H
o3z Addre£2:"1060'H "“0g1'H oA | -------- "1074'"H
Table5 Relationships between the CGRAM Data and the Display Contents

Upper Bt Lower Eit

LoD

0 0 Neorrsslecion daplzy funit)

0 1 14 1423 or 288 leve grapscle display (sdeced by e @500 bits)
1 1] 10| 202 or 2lddeve] grapembk display (salestad by e (S5 HA-0 Bits)
1 1 Sedecion display(lif

Mowe: Upper bit: DE15, DE12, DB11, DB9, DE7, DES, DE2, DB
Loweer kit : DE 14, DE12, DE10, DES, DBS, DB, DE2, DED
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I nstructions

Outline

The HD66753 uses the 16-bit bus architecture. Before the internal operation of the HD66753 starts,
control information istemporarily stored in the registers described below to alow high-speed
interfacing with a high-performance microcomputer. The internal operation of the HD66753 is
determined by signals sent from the microcomputer. These signals, which include the register selection
signal (RS), the read/write signal (R/W), and the data bus signals (DB15 to DBO), make up the
HD66753 instructions. There are seven categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal CGRAM addresses

Transfer datato 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 0 cycles, they can be written in succession.
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Instruction Descriptions

Index (IR)

The index instruction specifiesthe RAM control and control register indexes (R0O to R12). It setsthe
register number in the range of 00000 to 10010 in binary form.

R FE [EiS Eid Eiz Eiz Ei1 E10 OB DE: DETY DEE CES DE4 DEZ DE: DE1 DEOQ

a 0 - - - - - - - - - - S T T I (= R (R (1

Figurel Index Instruction

Status Read (SR)
The status read instruction reads the internal status of the HD66753.
L 7-0: Indicate the driving raster-row position where the liquid crystal display is being driven.

C6-0: Read the contrast setting values (CT6-0).

FMW RS DEiIS DEi14 DEiZ DEiz DE11 DE1D CES DES DEY DEE CES DEd DE: DEEX DE1 DED

1 0 || B M| L |Le ] U |LWw 0 |Ce |C5 | Cd | C2 | C2 | &1 | Co

Figure2 StatusRead Instruction

Start Oscillation (R0O0)

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

If thisregister isread forcibly as R/W = 1, 0753H isread.

R F= DB DE4 DE1ZT DE1z DE11 DE10 DER DES DET DE: DE= DEd DE: DEx DE1 DED

a 1 - - - - - - - - - - - - - - - 1

Figure3 Start Oscillation Instruction
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Driver Output Control (RO1)

CMS: Selectsthe output shift direction of acommon driver. When CMS =0, COM 1/132 shiftsto
COM1, and COM132/1 to COM132. When CMS =1, COM1/132 shiftsto COM 132, and COM 132/1
to COM1.

SGS: Selectsthe output shift direction of asegment driver. When SGS = 0, SEG1/168 shiftsto SEGL,
and SEG168/1 to SEG168. When SGS = 1, SEG1/168 shiftsto SEG128, and SEG168/1 to SEG1.

NL 4-0: Specify the LCD drive duty ratio. The duty ratio can be adjusted for every eight raster-rows.
CGRAM address mapping does not depend on the setting value of the drive duty ratio.

R F= E1s B4 [E1Z Bz Ei1 B10 DE2 [E: DEY DEBE CES DE4 DEZ: DE:X DCE1 DEOQ

0 1 - - - - - " | CMS[SEE]) T - " | ML4| ML2 | HL2 | NL1 | NLD

Figure4 Driver Output Control Instruction

Table6 NL Bitsand Drive Duty

NL4 NL3 NL2 NL1 NLO Display Size LCD Drive Duty Common Driver
Used

0 0 0 0 0 168 x 8 dots 1/8 Duty COM1-COM8

0 0 0 0 1 168 x 16 dots 1/16 Duty COM1-COM16
0 0 0 1 0 168 x 24 dots 1/24 Duty COM1-COM24
0 0 0 1 1 168 x 32 dots 1/32 Duty COM1-COM32
0 0 1 0 0 168 x 40 dots 1/40 Duty COM1-COM40
0 0 1 0 1 168 x 48 dots 1/48 Duty COM1-COM48
0 0 1 1 0 168 x 56 dots 1/56 Duty COM1-COM56
0 0 1 1 1 168 x 64 dots 1/64 Duty COM1-COM64
0 1 0 0 0 168 x 72 dots 1/72 Duty COM1-COM72
0 1 0 0 1 168 x 80 dots 1/80 Duty COM1-COM80
0 1 0 1 0 168 x 88 dots 1/88 Duty COM1-COM88
0 1 0 1 1 168 x 96 dots 1/96 Duty COM1-COM96
0 1 1 0 0 168 x 104 dots 1/104 Duty COM1-COM104
0 1 1 0 1 168 x 112 dots 1/112 Duty COM1-COM112
0 1 1 1 0 168 x 120 dots 1/120 Duty COM1-COM120
0 1 1 1 1 168 x 128 dots 1/128 Duty COM1-COM128
1 1 1 1 1 168 x 132 dots 1/132 Duty COM1-COM132
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L CD-Driving-Waveform Control (R02)

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

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

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

FW FE [EiS B4 B EBiz Ei1 B0 DED2 DCES DEY DB DEE DEd4 DE: DEE DBl DED

0 1 - - - - - - - - = | BAC | ECR [ MWL) HWY2 | N2 MY RO

Figure5 LCD-Driving-Waveform Control Instruction

Power Control (R0O3)

BS2-0: The LCD drive biasvalueis set within the range of a1/4 to 1/11 bias. The LCD drive bias
value can be selected according to its drive duty ratio and voltage. For details, see the Liquid Crystal
Display Drive Bias Selector section.

BT1-0: The output factor of VLOUT between two-times, three-times, four-times, five-times, six-times,
and seven-times step-up is switched. The LCD drive voltage level can be selected according to its drive
duty ratio and bias. Lower amplification of the step-up circuit consumes less current.

PS1-0: Using theinternal or externa power supply is selected as the reference voltage for the LCD
drive voltage generator.

DC1-0: The operating frequency in the step-up circuit is selected. When the step-up operating
frequency is high, the driving ability of the step-up circuit and the display quality become high, but the
current consumption isincreased. Adjust the frequency considering the display quality and the current
consumption.

AP1-0: Theamount of fixed current from the fixed current source in the operational amplifier for V
pins(V1to V5) isadjusted. When the amount of fixed current islarge, the LCD driving ability and the
display quality become high, but the current consumption isincreased. Adjust the fixed current
considering the display quality and the current consumption.

During no display, when AP1-0 = 00, the current consumption can be reduced by ending the operational
amplifier and step-up circuit operation.
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Table7

BS2

BSBitsand LCD Drive BiasValue

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

PlRPr|RP|RPIOIO|O|O

PP O|O|(FRL|FL|O|O

P O|FRP|O|FRLr|O|FL|O

1/4 bias drive

Table8

BT1

BT Bitsand Output L evel

BTO

VLOUT Output Level

Three-times step-up

Five-times step-up

Six-times step-up

0
0
1
1

R O|kFr,|O

Seven-times step-up

Table9

DC1

DC Bitsand Operating Clock Frequency

DCO

Operating Clock Frequency in the Step-up Circuit

32-divided clock

16-divided clock

8-divided clock

0
0
1
1

R O|kFr,|O

Setting inhibited

Table 10

AP1

AP Bitsand Amount of Fixed Current

APO

Amount of Fixed Current in the Operational Amplifier

Operational amplifier and booster do not operate.

Small

Middle

0
0
1
1

R O|kFr,|O

Large
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Table1ll  PSBitsand Reference Power Supply

Switching the Reference Power Supply for the LCD Voltage

Generator
PS1 PSO VREG Pin V1REF Pin VLREF Pin VLREF Regulator
0 0 Input Output from Input (internal Used
regulator short between
V1REF and
VLREF)
0 1 Input Output from Input Used
regulator
1 0 Open Open Input (from Halt
external power
supply)
1 1 Setting inhibited

SLP: When SLP = 1, the HD66753 enters the sleep mode, where theinternal display operations are
halted except for the R-C oscillator, thus reducing current consumption. For details, see the Sleep
Mode section. Only the following instructions can be executed during the sleep mode.

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

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

STB: When STB = 1, the HD66753 enters the standby mode, where display operation completely stops,
halting all the internal operations including the internal R-C oscillator. Further, no external clock
pulses are supplied. For details, see the Standby Mode section.

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

a Standby mode cancel (STB = 0)
b. Start oscillation
c. Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB hits)

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

FW  FE [EiS CEid4 CEi1= DEiz DEI1 DB0 DED DE: DEY DB DOE= DEd DOE: DEx DOE1 DED

0 1 - - " | B2 |BS1|BS0) BT | BTO | P31 | P30 | DS [DCO) &P | &F0 (SLP|STE

Figure6 Power Control Instruction
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Contrast Control (R04)

CT6-0: These hits control the LCD drive voltage (potential difference between V1 and GND) to adjust
128-step contrast. For details, see the Contrast Adjuster section.

FW  FE [EiS Bid [Bi: Bz Ei1 D10 DB DE: DET DB DCE= DEd DE: DER DOE1 DED

] 1 - N - = |wr2|wR1|vRO| = [CTE |CTS [CcTd|cT2 |CT2 |CT1 [CTO
Figure7 Contrast Control Instruction
HDSET R
VLFEF
WR
A gl
A g ol
e gl

RO

RE LT

I s gl

GH D {[ SND
Figure8 Contrast Adjuster
Table1l2 CT Bitsand Variable Resistor Value of Contrast Adjuster
CT Set Value Variable
CT6 CT5 CT4 CT3 CT2 CT1 CTO Resistor (VR)
0 0 0 0 0 0 0 6.40 xR
0 0 0 0 0 0 1 6.35x R
0 0 0 0 0 1 0 6.30x R
0 0 0 0 0 1 1 6.25x R
0 0 0 0 1 0 0 6.20x R
1 1 1 1 1 0 0 1.20xR
1 1 1 1 1 0 1 0.15xR
1 1 1 1 1 1 0 0.10xR
1 1 1 1 1 1 1 0.05xR
HITACHI
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VR2-0: These hits adjust the output voltage (V 1REF) for the LCD-drive reference voltage generator
within the 2.8- to 6.5-times ranges of Vreg (Vci or VREG pin input voltage).

Tablel3 VR Bitsand V1REF Voltages

VR2 VR1 VRO V1REF Voltage Setting

Vreg x 2.8

Vreg x 3.5

Vreg x 4.0

Vreg x 4.5

Vreg x 5.0

Vreg x 5.5

Vreg x 6.0

RPlRPr|RP|RPIOIO|O|O
PP O|O|(FRL|FL|O|O
P O|RP|O|FRLr|O|FrL|O

Vreg x 6.5

Entry Mode (R0O5)
Rotation (R06)

The write data sent from the microcomputer is modified in the HD66753 and written to the CGRAM.
The display datain the CGRAM can be quickly rewritten to reduce the load of the microcomputer
software processing. For details, see the Graphics Operation Function section.

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

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

L G1-0: Write again the data read from the CGRAM and the data written from the microcomputer to
the CGRAM by alogical operation. When LG1-0 = 00, replace (no logical operation) isdone. ORed
when LG1-0 = 01, ANDed when LG1-0 = 10, and EORed when LG1-0 = 11.

RT2-0: Write the data sent from the microcomputer to the CGRAM by rotating in abit unit. RT3-0
specify rotation. For example, when RT2—0 = 001, the datais rotated in the upper side by two bhits.
When RT2-0 = 111, the datais rotated in the upper side by 14 bits. The upper bit overflown in the most
significant bit (MSB) sideisrotated in the least significant bit (LSB) side.

R FE E1s [Ei4 [Ei1z BFiz E11 E10 DER DES DET DEE DES DBE4 DE: DEZ DE1  DED

0 1 - - - - - - - - - - - VO | Akl | 200 | Lest | L0

0 1 - - - - - - - - - - - - " |RT2|[RT1 | RTO

Figure9 Entry Mode and Rotation Instructions
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Wiite dat s=nit
fom e
i Mo puter
(DB 5

Fiotation
(FT2-0 =00}

Logical opemtion
[(RER RN}

‘Wite dat rmask®
(kA1 500

Deis Cedid Dedi: DBz DBi11 DB1D DD D DBY DBs DBS DBEd4 DB DE: DBi1 Do

u) u) u) 1 1 1 u) u) 1 1 1 u) u) u] 1 1

gyl mtlmsylegdmptimsylmgdmlimsylmgdin

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ[.':i'i'lil"'l:'l1"i::Z'Fié.-'c[ZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
e
LI . T T, . T . T . . . . . . .
L sy

hoe: The witedata rmzsk (WM 500 s setby te egzerinte BAM Wite Dat Mask sscion.

Figure10 Logical Operation and Rotation for the CGRAM

Display Control (R07)

SPT: When SPT = 01, the 2-division LCD driveis performed. For details, see the Division Screen

Drive section.

GSH1-0: When GS = 0, the grayscale level at abrightly-colored display (when DB = 10) is selected.
For details, seethe 4-Grayscale Display Function section.

GSL1-0: Thegrayscae level at aweakly-colored display (when DB = 01) is selected.

Tablel4  GSH Bitsand Output Level

GSH1 GSHO Grayscale Output Level (DB =10)
0 0 3/4 level grayscale control

0 1 2/3 level grayscale control

1 0 2/4 level grayscale control

1 1 Lit (No grayscale control)
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Tablel5  GSL Bitsand Output Level

GSL1 GSLO Grayscale Output Level (DB =01)
0 0 1/4 level grayscale control

0 1 1/3 level grayscale control

1 0 2/4 level grayscale control

1 1 Lit (No grayscale control)

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

D: Display ison when D = 1 and off when D = 0. When off, the display dataremainsin the CGRAM,
and can be displayed instantly by setting D = 1. When D is 0, the display is off with the SEG1 to
SEG168 outputs and COM 1 to COM 132 outputs set to the GND level. Because of this, the HD66753
can control the charging current for the LCD with AC driving.

FW FE [EiIS B4 Ei: Eie Bi1 B0 DB DBz DEY DEE DES DEd DE: DER CE1 DED

RS | RS | G5 | G
Hi [HO | L1 | WD

0 1 - - - - - - " |ISPT| " -

RES| D

Figure1l Display Control Instruction

Cursor Control (R08)

C: When C =1, thewindow cursor display is started. The display mode is selected by the CM 1-0 bits,
and the display areais specified in adot unit by the horizontal cursor position register (HS6—0 and
HEG6-0 bits) and vertical cursor position register (V60 and VE6-0 bits). For details, see the Window
Cursor Display section.

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

FW F=E [EiS EBid Ei: Eiz Ei1 B0 DB DES DET DB DES DE4 DE: DEx [E1 CEOQ

0 " - - - - - - - - - - - - - o leptlemn

Figure12 Cursor Control Instruction
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Tablel6  CM Bitsand Window Cursor Display Mode

CM CM  Window Cursor Display Mode

1 0

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)

Horizontal Cursor Position (ROB)
Vertical Cursor Position (ROC)

HS7-0: Specify the start position for horizontally displaying the window cursor in adot unit. The
cursor isdisplayed from the 'set value + 1' dot. Ensure that HS7-0 £ HE7-0.

HE7-0: Specify the end position for horizontally displaying the window cursor in adot unit. The cursor
isdisplayed to the 'set value + 1' dot. Ensurethat HS7-0 £ HE7-0.

V S7-0: Specify the start position for vertically displaying the window cursor in adot unit. The cursor is
displayed from the 'set value + 1' dot. Ensurethat VS7-0 £ VE7-0.

VE7-0: Specify the end position for vertically displaying the window cursor in adot unit. The cursor is
displayed to the 'set value + 1' dot. Ensurethat VS7-0 £ VE7-0.

R F=  DE1S DE14 DE1E DE1Z DE11 DE1D DEe DE: DET DE DE= DEd DE: DE DE1  DED

0 1 HE? | HEG |HES | HE4 | HE2 (| HE2| HE1 | HEO | HS7| HS6 | HSS | HS4| HS2 | HS2 | HS1| HS0

0 1 WEF | WES | WES | WEd | WER [ WEZ| WET | WED | WET| WSE | WSS | WS4 WS2 | WE2 | vS1| WSO

Figure13 Horizontal Cursor Position and Vertical Cursor Position Instructions
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HS1+1 HE1+1

LUE=% T B '

Wik
C U EsCF

WEA+] f-----mmmemne--

Figure14 Window Cursor Position

1st Screen Driving Position (ROD)
2nd Screen Driving Position (ROE)

SS17-10: Specify the driving start position for thefirst screenin aline unit. The LCD driving starts
from the 'set value + 1' common driver.

SE17-10: Specify the driving end position for the first screenin aline unit. The LCD drivingis
performed to the 'set value + 1' common driver. For instance, when SS17-10 = 07H and SE17-10 =
10H are set, the LCD driving is performed from COM8 to COM 17, and non-selection driving is
performed for COM1to COM7, COM 18, and others. Ensurethat SS17-10 £ SE17-10 £ 83H. For
details, see the Screen Division Driving Function section.

SS27-20: Specify the driving start position for the second screenin aline unit. The LCD driving starts
from the 'set value + 1' common driver. The second screen is driven when SPT = 1.

SE27-20: Specify the driving end position for the second screenin alineunit. The LCD drivingis
performed to the 'set value + 1' common driver. For instance, when SPT = 1, SS27-20 = 20H, and
SE27-20 = 5FH are set, the LCD driving is performed from COM33 to COM 96 and the non-sel ected
driving is performed from COM1 to COM7 and COM 18 and followings. Ensure that SS17—-10 £
SE17-10 < SS27-20 £ SE27-20 £ 83H. For details, see the Screen Division Driving Function section.

R F= DEE DEW DEf DEfR DE1l DEY DE2 DES DET DEE DES DE4d DEZ DEz DE1 DEO

0 1 ZEIT |SE1E | SE1S| SE14 | SE1% | SE1Z | SEU11 | SE1D | S517 | 5516 | 5515 | 55314 | 5513 | S5 | 5511 | 2510

0 1 SEXT |SEXS |SEES| SEXd | SEDY | SEER | SER1 | SERD |SIET | SLOE| SRS | SEd | e | S| FEm | EEaD

Figure15 1st Screen Driving Position and 2nd Screen Driving Position

RAM Write Data Mask (R10)

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

R F= DE1S DE14 DE1S DE1Z DE11 DE1O DEQ DET DET DEE DES DE4 DET DEZ DE1 DEOQ

Wtel | Wbl | el [ S| Wl | el | W | WS | N | b | W | W | W | W W | e
15| 1412|1211 |10 & |7 = S 4] 2 2 1 0

a0 1

Figure1l6 RAM Write DataMask Instruction
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RAM Address Set (R11)

AD12-0: Initially set CGRAM addresses to the address counter (AC). Once the CGRAM dataiswritten,
the AC isautomatically updated according to the AM1-0 and I/D bit settings. This allows consecutive
accesses without resetting addresses. Once the CGRAM dataisread, the AC is not automatically
updated. CGRAM address setting is not allowed in the deep mode or standby mode.

B FE  [EiS CEid Ei: DEiz DEI1 DE1O DEd DE: DEY DB DES DEd DE: DERE DOE1 DED

o |- s e (A AT AR ame |ans (a7 |aDs | a0s |ane|spe [ame (a0t |aD0

Figurel7 RAM Address Set Instruction

Tablel7  AD Bitsand CGRAM Settings

AD12-ADO CGRAM Setting
"0000"H-"0014"H Bitmap data for COM1
"0020"H-"0034"H Bitmap data for COM2
"0040"H-"0054"H Bitmap data for COM3
"0060"H-"0074"H Bitmap data for COM4
"0080"H-"0094"H Bitmap data for COM5
"00A0"H-"00B4"H Bitmap data for COM6
"OFC0"H-"0FD4"H Bitmap data for COM127
"OFEO0"H-"0FF4"H Bitmap data for COM128
"1000"H-"1014"H Bitmap data for COM129
"1020"H-"1034"H Bitmap data for COM130
"1040"H-"1054"H Bitmap data for COM131
"1060"H-"1074"H Bitmap data for COM132

Write Datato CGRAM (R12)

WD15-0 : Write 16-bit datato the CGRAM. After awrite, the address is automatically updated
according to the AM1-0 and I/D hit settings. During the deep and standby modes, the CGRAM cannot
be accessed.

F' F= DE1S DE14 DE1S DE1Z DE11 DE1O DEQ DET DET DES DES DE4 DET DEZ DE1 DEOQ

0 i WO | WD | WD WD) WD | D WD) WD WD WD | WD WD | YD | WD WD WD
15| 141211211 10] 9 g 7 & 5 4 2 2 1 0

Figure18 Write Datato CGRAM Instruction
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Read Data from CGRAM (R12)

RD15-0 : Read 16-bit datafrom the CGRAM. When the datais read to the microcomputer, the first-
word read immediately after the CGRAM address setting islatched from the CGRAM to the internal
read-datalatch. The data on the data bus (DB15-0) becomesinvalid and the second-word read is
normal.

When bit processing, such asalogical operation, is performed within the HD66753, only one read can
be processed since the latched datain the first word is used.

For the clock-synchronized seria interface, the 5-byte dataisinvalid. For details, see the Seria Data
Transfer section.

R F= CE1S DE14 DE1Z DE1Z DE11 DE10 DED DES DET DES LDES DE4 DET DETZ DE1 DEOD

i i RD| ROD| RD| RD| RD| RD| RD| RD| RD| RD| RO| RD)| RD| RD| RD| RD
15| 1412|1211 10| 9 g 7 [ = 4 2 2 1 n

Figure19 Read Datafrom CGRAM Instruction

| zets e bDardaM1obis | | setsterDardaMiobis |
| Address: b =et | | Addresz: W set |

Fistword f

3 F PR
EERE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

Fead (data of addess 1) Fead (date of address 1)
Secondword | ddt aphes DBISO Secordword DB 5-0-5 CERAM
| Addmess: M sat | | Autorratic address update: b + o |

ELEET R KEHEME NN xx
EETd

Firstwond i i niaiiiinaiib i b
d . wxng
EEhh L Lt e R n e nnnnnEEn L h e

Fiead (data of address) Wiite (dat of address M+ o
Secordwom | i chi laph-s DBISO Secordwom DE150-» CGRAM
il Data read to the microzomputer il Logizsl opemtion pmoesssing in the HOEES52

Figure20 CGRAM Read Sequence
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Table18 Instruction List
Upper Code Lower Code
Reg. Register DB1 DB1 DB1 DB1 DB1 DB1 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
No. Name RF RS 5 4 3 2 1 0
W
IR Index 0 0 * * * * * * * * * * * ID4 ID3 ID2 ID1 IDO
SR  Status read 1 0 L7 L6 L5 L4 L3 L2 L1 LO 0O C6 C5 C4 C3 C2 C1 cCoO
ROO Start oscillation 0 1 * * * * * * * * * * * * * * * 1
Device code 1 1 0 0O 0 o 0 1 1 1 0 1 0 1 0 O 1 1
read
RO1 Driver output 0 1 * * * * * * CMS SGS * * * NL4 NL3 NL2 NL1 NLO
control
R02 LCD-driving- O 1 * * * * * * * * * B/C EOR NW NW NW NW NW
waveform 4 3 2 1 0
control
R0O3 Power control 0 1 * * * BS2 BS1 BSO BT1 BTO PS1 PSO DC1 DCO AP1 APO SLP STB
R04 Contrast 0 1 * * * * * VR2 VR1 VRO * CT6 CT5 CT4 CT3 CT2 CT1 CTO
control
R0O5 Entry mode 0 1 * * * * * * * * * * * /D AM1 AMO LG1 LGO
RO6 Rotation 0 1 * % x x x k& % % % % % %  RT2RTL R0
RO7 Display control 0 1 * * * * * * * SPT * * GSH GSH GSL GSL REV D
1 0 1 o0
R08 Cursor control 0 1 * * * * * * * * * * * * * cC CM CM
1 0
Rog NOOP O 1 * * * * * * * * * * * * * * * *
ROA NOOP O 1 * * * * * * * * * * * * * * * *
ROB Horizontal 0 1 HE7 HE6 HE5 HE4 HE3 HE2 HE1 HEO HS7 HS6 HS5 HS4 HS3 HS2 HS1 HSO
cursor position
ROC Vertical cursor 0 1 VE7 VE6 VE5 VE4 VE3 VE2 VE1 VEO VS7 VS6 VS5 VS4 VS3 VS2 VS1 VSO
position
ROD 1st screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SS SS SS
driving position 17 16 15 14 13 12 11 10 17 16 15 14 13 12 11 10
ROE 2nd screen 0 1 SE SE SE SE SE SE SE SE SS SS SS SS SS SS SS SS
driving position 27 26 25 24 23 22 21 20 27 26 25 24 23 22 21 20
R10 RAM write data O 1 WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM
mask 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R11 RAM address O 1 = * * AD12-8 AD7-0 (lower)
set (upper))
R12 RAM data write 0O 1 Write data (upper) Write data (lower)
RAM data read 1 1 Read data (upper) Read data (lower)
Note: "™ means 'doesn't matter'.
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Table 18 Instruction List (cont)

Reg. Register Name Execution
No. Description Cycle
IR Index Sets the index register value. 0

SR Statusread Reads the driving raster-row position (L7-0) and contrast setting (C6-0). 0

ROO Start Starts the oscillation mode. 10 ms
oscillation
Device code Reads 0753H. 0
read

RO1 Driver output Sets the common driver shift direction (CMS), segment driver shift 0
control direction (SGS), and driving duty ratio (NL4-0).

R02 LCD-driving- Sets the LCD drive AC waveform (B/C), and EOR output (EOR) orthe 0
waveform number of n-raster-rows (NW4-0) at C-pattern AC drive.
control

R0O3 Power control Sets the sleep mode (SLP), standby mode (STB), LCD power on 0

(AP1-0), boosting cycle (DC1-0), boosting output multiplying factor
(BT1-0), reference power supply (PS1-0), and LCD drive bias value
(BS2-0).

R04 Contrast Sets the contrast adjustment (CT6-0) and regulator adjustment (VR2-0). 0
control

RO5 Entry mode  Specifies the logical operation (LG1-0), AC counter mode (AM1-0), and 0
increment/decrement mode (I/D).

R06 Rotation Specifies the amount of write-data rotation (RT2-0). 0
RO7 Display Specifies display on (D), black-and-white reversed display (REV), 0
control grayscale mode (GS), double-height display on (DHE), and partial scroll
(PS1-0).
R0O8 Cursor control Specifies cursor display on (C) and cursor display mode (CM1-0). 0
R09 NOOP No operation 0
ROA NOOP No operation 0
ROB Horizontal Sets horizontal cursor start (HS6-0) and end (HE6-0). 0
cursor
position
ROC Vertical Sets vertical cursor start (VS6-0) and end (VE6-0). 0
cursor
position
ROD 1st screen Sets 1st screen driving start (SS17-10) and end (SE17-10). 0
driving
position
ROE 2nd screen  Sets 2nd screen driving start (SS27-20) and end (SE27-20). 0
driving
position
R10 RAM write Specifies write data mask (WM15-0) at RAM write. 0
data mask
R11 RAM address Initially sets the RAM address to the address counter (AC). 0
set
R12 RAM data Writes data to the RAM. 0
write
RAM data Reads data from the RAM. 0
read
HITACHI
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Reset Function

The HD66753 isinternaly initialized by RESET input. Because the busy flag (BF) indicates a busy
state (BF = 1) during the reset period, no instruction or CGRAM data access from the MPU is accepted.
The reset input must be held for at least 1 ms. Do not accessthe CGRAM or initially set the
instructions until the R-C oscillation frequency is stable after power has been supplied (10 ms).

Instruction Set I nitialization:

Start oscillation executed

Driver output control (NL4—0 = 10000, SGS=0, CMS=0)

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

Power control (PS1-0 = 00, DC1-0 = 00, AP1-0 = 00: LCD power off, SLP = 0: Sleep mode off,
STB = 0: Standby mode off)

5. 1/11 biasdrive (BS2—0 = 000), Three-times step-up (BT1-0 = 00), Weak contrast (CT6-0 =
0000000), 2.8-times output voltage for LCD-drive reference voltage generator (VR2-0 = 000)

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

7. Rotation (RT2—0 = 000: No shift)

8. Display control (SPT =0: GSH1-0=GSL1-0=00, REV =0, GS=0, D = 0: Display off)
9. Cursor control (C = 0: Cursor display off, CM1-0 = 00)

10. 1t screen division (SS17-10 = 00000000, SE17-10 = 00000000)

11.2nd screen division (SS27—20 = 00000000, SE27-20 = 00000000)

12. Window cursor display position (HS7—-0 = HE7-0 = VS7-0 = VE7-0 = 00000000)
13.RAM write data mask (WM 15-0 = 0000H: No mask)

14. RAM address set (AD12-0 = 000H)

A wDNPRE

CGRAM Data I nitialization:

Thisisnot 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. Step-up circuit output pins (VLOUT): Outputs Vcc level
3. Oscillator output pin (OSC2): Outputs oscillation signal
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Parallel Data Transfer

16-bit BusInterface

Setting the IM2/1/0 (interface mode) to the GND/GND/GND level allows 68-system E-clock-
synchronized 16-hit parallel datatransfer. Setting the IM2/1/0 to the GND/V cc/GND level alows 80-
system 16-hit parallel datatransfer. When the number of buses or the mounting areaislimited, use an
8-bit bus interface.

2] it 5
Ha 2245 A1 -
o t 08 HDGET5S
(R - (RO
oS- o [P S—— CE15- DED
16

Figure21 Interfaceto 16-bit Microcomputer

8-bit BusInterface

Setting the IM2/1/0 (interface mode) to the GND/GND/V cc level allows 68-system E-clock-
synchronized 8-bit parallel datatransfer using pins DB15-DB8. Setting the IM2/1/0 to the
GND/Vcc/Vece level dlows 80-system 8-bit parallel datatransfer. The 16-bit instructions and RAM
data are divided into eight upper/lower bits and the transfer starts from the upper eight bits. Fix unused
pins DB7-DBO0 to the Vcc or GND level. Note that the upper bytes must aso be written when the index
register iswritten to.

CSnt e ST
Harz2q5 a1 e P HOGET52
HF™ e R
(RCA) e (RLT)
S - 05 feall————= [OE15- DES
] D67 - 0
| &

=MD

Figure22 Interfaceto 8-bit Microcomputer

Note: Transfer synchronization function for an 8-bit bus interface
The HD66753 supports the transfer synchronization function which resets the upper/lower
counter to count upper/lower 8-bit data transfer in the 8-bit bus interface. Noise causing
transfer mismatch between the eight upper and lower bits can be corrected by areset triggered by
consecutively writing a 00H instruction four times. The next transfer starts from the upper
eight bits. Executing synchronization function periodically can recover any runaway in the

display system.
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RS H'\ Jl"
R ﬁ'\ a"l

Figure23 8-bit Transfer Synchronization

HITACHI
44




HD66753

Serial Data Transfer

Setting the IM1 and IM 2 pins (interface mode pins) to the Vcc or GND level alows standard clock-
synchronized seria datatransfer, using the chip select line (CS*), serial dataline (SDA), and seria
transfer clock line (SCL). For aserial interface, the IMO/ID pin function usesan ID pin.

The HD66753 initiates seria datatransfer by transferring the start byte at the falling edge of CS* input.
It ends serial datatransfer at the rising edge of CS* input.

The HD66753 is selected when the 6-bit chip addressin the start byte transferred from the transmitting
device matches the 6-bit device identification code assigned to the HD66753. The HD66753, when
selected, receives the subsequent data string. The least significant bit of the identification code can be
determined by the ID pin. The five upper bits must be 01110. Two different chip addresses must be
assigned to asingle HD66753 because the seventh bit of the start byte is used as aregister select bit
(RS): that is, when RS = 0, an index register can be written to or the status can be read from, and when
RS =1, aninstruction can be written to or the data can be written to or read from RAM. Read or write is
selected according to the eighth bit of the start byte (R/W bit) as shown in table 19.

After receiving the start byte, the HD66753 receives or transmits the subsequent data byte-by-byte. The
dataistransferred with the MSB first. Since al the instructions in the HD66753 are configured by 16
bits, they are internally executed after two bytes have been transferred with the MSB first (DB15-0). The
HD66753 internally receives the first byte as upper eight bits of instructions, and the second byte as
lower eight bits.

Five bytes of RAM read data &fter the start byte are invalid. The HD66753 starts to read correct RAM
data from the sixth byte.

Table1l9  Start Byte Format

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

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

Table20 RS and R/W Bit Functions

RS R/W Function

Writes index register

Reads status

Writes instructions and RAM data

0
0
1
1

R | O|kFrL|O

Reads RAM data
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Figure24 Clock-synchronized Serial Interface Timing Sequence
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Graphics Operation Function

The HD66753 can greatly reduce the load of the microcomputer graphics software processing through
the 16-bit bus architecture and graphics-bit operation function. This function supports the following:

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

3. Alogical operation function that writes the data sent from the microcomputer and the original
RAM databy alogica operation.

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

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

Table21  GraphicsOperation

Bit Setting
Operation Mode /D AM LG Operation and Usage
Write mode 1 0/1 00 00 Horizontal data replacement, horizontal-border
drawing
Write mode 2 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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Figure25 Data Processing Flow of the Graphics Bit Operation
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1. Writemode1: AM1-0=00, LG1-0=00

Thismode is used when the datais horizontally written at high speed. It can also be used to initialize
the graphics RAM (CGRAM) or to draw borders. The rotation function (RT2-0) or write-data mask
function (WM 15-0) are also enabled in these operations. After writing, the address counter (AC)
automatically increments by 1 (I/D = 1) or decrements by 1 (/D = 0), and automatically jumps to the
counter edge one-raster-row below after it has reached the left edge of the graphics RAM.

Cpemtion Exarnples:

1) WD =1, AM1-0=00, LE1-0=00, RT20= 000
2 W1 5-0= ooooH

) AC =0000H

WO WS
Wiite dat rmash: |l:||l:l|l:||l:l|D|D|D|D|D|D|D|D|D|D|D|D|
BO LBi15
Wiitedata (1) : |1|l:l|l:||1|1|D|D|1|D|1|D|D|D|D|1|1|
witeda i [1]+[oloafo]+[1]oJafefo]1]+]d]o]
witedat £ [o]1 [t t]o]1|olo]ofolo]s[t1[t[]
Qoa0H 0oa1H oo02H
[tofo1[+ [ofo][o]t[ofslo]ol |1} [[t jojolofo]+[+|oloolo]+]jofo] [oft[+]1 o] ofelofololt 1] t[1]1] seeemssess
Wiite dat (1) Wriite dat 2 Wriite dat (3 -
CGHRAM

Figure26 Writing Operation of Write Mode 1
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2. Writemode 2: AM1-0=01, LG1-0=00
Thismodeis used when the dataiis vertically written at high speed. It can also be used to initiaize
the graphics RAM (CGRAM), develop the font pattern in the vertical direction, or draw borders.
The rotation function (RT2-0) or write-data mask function (WM15-0) are also enabled in these
operations. After writing, the address counter (AC) automatically increments by 20, and
automatically jJumps to the upper-right edge (I/D = 1) or upper-left edge (1/D = 0) following the I/D
bit after it has reached the lower edge of the graphics RAM.

Cpemtion Boarnples:

1) VD=1, AM1-0=01, LE1-0=00, RT2-0=010
=) W1 5-0= FovH

E) AC =0000H

WO WhM1s
Wiite dats rrask: |1|1|1|D|D|D|D|D|D|D|D|D|1|1|1|1|

DB DBiS
wiitedat (1) [1[ofof1]1]|alaf1|of1]ojolalo 1] 12222221 geaaft] 11 Jolal 11 [olal 1 o[ o

Witedat (2 (1)1 |ofofolaf|1)olofolaf |1 |ofop---=== it mtaion w1 10|11 [olo]oo|1 |1 [olofalo
wivdee 4 B[ [E] PP -+ 2 B [ EL e

ooooH e [+[ 1]t [olo]]sfofo]s|*["]* ] witedam

oM |« Joft | ajolojols[o]*[-]* ] wiedse )

0ot (o[- [fop [f[e]tole]"["]*]"] witecan .
1050H | :

hoEs: 1. The bitamadatain te BAM indcaed by "™ is not changed.
2. Afterwiing © address 1080H, te AC jurnps to 0001 H.

Figure27 Writing Operation of Write M ode 2
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3. Writemode 3: AM1-0=10, LG1-0=00
Thismodeis used when the data is written at high speed by verticaly shifting bits. It can also be
used to write the 16-bit data for two words into the graphics RAM (CGRAM), devel op the font
pattern, or transfer the BiTBLT asabit unit. The rotation function (RT2-0) or write-data mask
function (WM 15-0) are also enabled in these operation. However, athough the write-data mask
function masks the bit position set with the write-data mask register (WM 15-0) at the odd-times
(such asthefirst or third) write, the function masks the bit position that reversed the setting val ue of
the write-data mask register (WM 15-0) at the even-times (such as the second or fourth) write. After
the odd-times writing, the address counter (AC) automatically incrementsby 1 (I/D = 1) or
decrementsby 1 (1/D = 0). After the even-times writing, the AC automatically increments or
decrementshy —1 + 20 (I/D = 1) or +1 + 20 (/D = 0). The AC automatically jumps to the upper
edge after it has reached the lower edge of the graphics RAM.

Cpemtion Exarmples:
1:I l"D:‘II.l'-'lH‘I-I:l: 10, LE1-0= o0, RTa0=010
21 W1 5-0 = 0ooFH

) AC =0000H
W0 Wh1s
Wite dat rash: |1 |1 |1 | 1 ||:|||:||D|D|D|D|D|D|D|D|D|D|
DBO LB1s
‘Wite dat (1) |1 |1 |1 | i |1 |1 ||:|||:|||:|||:|||:||1 |1 ||:|||:||D}---?-QE-EE.'—T----I:1_:|;;;j:l;:|f!f!|1 |1 |1 | i |1 |1 |III|III|III|III|III|1 |
i 1 (L[] PEPRE] o]+ e oo [T BT
wincse 61 (oA T PRBERFE]-* 5 am [T e oB] || PPl
i 0 FBR [ R I = [ | [ EREEE R

witedat (sh:  [aa]i]efcafe]1[i[1]1]1]1]afa]a} - 1] ei0]c]alol1 ofo|alo] 11]1]1]1]

wec 5 o [ TP e} e e S BT

Oo00H 000 1H

0000H [+ [*[*[J1 [t 1 +]1 [+]o]ololelaft] [1]afelo]* [l |*[*[*]]]*|*[*] witw s 1, 2
oveon [P F[oploBlE [ Rep] [T T T T L] e . 40
oosoR [+ []*[op]rjofolelefrfr i) [rlefelof[*[o[ ] P[] [o] wiredae i e
‘IIIE:IIIH S EAM

hoes: 1. Thehbitamadatain te BAM indcaed by ™ is not changed.
2. Afterwning ©addess 1081 H, fie AC jurngs to 0001 H.

Figure28 Writing Operation of Write Mode 3
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4. Read/Write mode 1: AM1-0 =00, LG1-0=01/10/11
Thismodeis used when the dataiis horizontally written at high speed by performing alogical
operation with the original data. It readsthe display data (origina data), which has aready been
written in the graphics RAM (CGRAM), performs alogical operation with the write data sent from
the microcomputer, and rewrites the datato the CGRAM. This mode can read the data during the
same bus cycle as for the write operation since the read operation of the original data does not latch
the read datainto the microcomputer and temporarily holdsit in the read-datalatch. (However, the
bus cycle must be the same as the read cycle.) The rotation function (RT2-0) or write-data mask
function (WM 15-0) are also enabled in these operations. After writing, the address counter (AC)
automatically increments by 1 (I/D = 1) or decrements by 1 (/D = 0), and automatically jumps to the
counter edge one-raster-row below after it has reached the | eft or right edges of the graphics RAM.

Cpemtion Exarmnples:
1) V=1, AM1-0=00, LE1-0=01 ({2R), RT2-0= 000
2) \Wh1s-0= ooooH
3 AC =0000H
WO WS
Winite dat rashk: |D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|

DBO DB1S

Readdata 1): |1||:.|.:.|1|1||:.|.:||1|.:||1|.:||.:.|.:.|.:.|1|1}-_ Logical operation
wiec 3 (o[ [ Bl oL} Y- E L [ FL L T REET
Feaddata (2): ||:|||:|||:|||:||1 |1 |1 | 1 |D|D|D|D|D|D|D|D|--—- Logical opemtion
Wite data (2 |1|1 ||:|||:|||:|||:||1|1|1|-:|||:|||:||1|1||:|||:||.-- R p-|1|1 ||:|||:||1|1 |1|1|1||:|||:|||:||1|1||:|||:||
Feaddata i3 |alofafofi]1]1]a]i|ofo]ofo] 11|} Logeal opemtion
Y 11051123 2 2 I A ) 202 2 a0
QaoH Qa1H QmzH
| 1231 22 2 1 . 2 o e

| Resd data (1) + Wit data (1) Resd data (2)+ Wik dats (2] Resd data (3) + Wik data (3)

CERAM

Figure29 Writing Operation of Read/Write Mode 1
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5. Read/Write mode 2: AM1-0=01, LG1-0=01/10/11

Thismodeis used when the datais vertically written at high speed by performing alogical operation
with the original data. It reads the display data (origina data), which has already been written in the
graphics RAM (CGRAM), performs alogical operation with the write data sent from the
microcomputer, and rewrites the data to the CGRAM. This mode can read the data during the same
bus cycle asfor the write operation since the read operation of the original data does not latch the
read datainto the microcomputer and temporarily holdsit in the read-datalatch. Therotation
function (RT2-0) or write-data mask function (WM 15-0) are also enabled in these operations.
After writing, the address counter (AC) automatically increments by 20, and automatically jumpsto
the upper-right edge (1/D = 1) or upper-left edge (I/D = 0) following the I/D bit after it has reached
the lower edge of the graphics RAM.

Cperation Exarnples:
1:I I.l'D=1,ﬂ|'-'I1-|:|=|:l1, LiEi1-0=01 I:C'H:II RT=-0=010
2 WhMis-0= FlosH

=) AC = 0000H
WMO WM1s
witedammask: 1)1 [o[o]alofoo]ofalt[1]1]1]1]1]
DBO D15
sty [ FELTEETEIERERLL] o ., .
witedaw (1) [1[o[ ][] Jeefe[+[t[ofefe]d] 1} -4 me e wee(ofalaf1|1]a]+|1]1]1 [afalo] 1]1]a]
Logcal opermtion (2R
_____________ F e O O faY N O R R L) AR AR RS
s R I [T
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6. Read/Write mode 3: AM1-0 = 10, LG1-0 = 01/10/11
This mode is used when the datais written with high speed by vertically shifting bits and by
performing logical operation with the original data. It can be also used to write the 16-bit datafor
two words into the graphics RAM (CGRAM), develop the font pattern, or transfer the BITBLT asa
bit unit. This mode can read the data during the same bus cycle as for the write operation since the
read operation of the origina data does not latch the read datainto the microcomputer and
temporarily holdsit in the read-data latch. The rotation function (RT2-0) or write-data mask
function (WM15-0) are also enabled in these operations. However, although the write-data mask
function masks the bit position set with the write-data mask register (WM 15-0) at the odd-times
(such asthefirst or third) write, the function masks the bit position which reversed the setting value
of the write-data mask register (WM 15-0) at the even-times (such as the second or fourth) write.
After the odd-times writing, the address counter (AC) automatically incrementsby 1 (1/D = 1) or
decrementsby 1 (1/D = 0). After the even-times writing, the AC automatically increments or
decrementsby —1 + 20 (I/D = 1) or +1 + 20 (I/D = 0). The AC automatically jumps to the upper
edge after it has reached the lower edge of the graphics RAM.
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Cpemtion Exarnples:

1) D=1, AM1-0=10, Lis1-0=01, RT20=010

2) WM15-0= 000FH

) AC = 0000H
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Oscillation Cir cuit

The HD66753 can either be supplied with operating pulses externally (externa clock mode) or oscillate
using an internal R-C oscillator with an external oscillator-resistor (external resistor oscillation mode).
Note that in R-C oscillation, the oscillation frequency is changed according to the internal capacitance

value, the external resistance value, or operating power-supply voltage.

1) Extamal clock mode

ok " DS

(100 kHz)
Duarrping HOEETES
reRzirse
(2 k)

2 Extermml s roscillstion mods

'

250G

Q5CE
HOes75E=

The cxalatr fequancy =n be
adused by osGlator ressor (R
IfRfisincreased or power supply
wiltage isdegeasead, e
ozdllzton fequency deaeases.
For e rdafonship batae=n R
resizor valus and cesilaion
frequency, s== = Becric
Characerisics Noes secion.

Figure32 Oscillation Circuits

Table22  Relationship between Liquid Crystal Drive Duty Ratio and Frame Frequency

Recommended Frame
LCD Duty NL4-0 Set Value Drive Bias Value Frequency One-frame
Clock
1/24 02H 1/6 72 Hz 1392
1/32 0O3H 1/6 71 Hz 1408
1/40 04H 1/7 71 Hz 1400
1/48 O5H 1/8 72 Hz 1392
1/56 06H 1/8 71Hz 1400
1/64 07H 1/9 71 Hz 1408
1/72 08H 1/9 69 Hz 1440
1/80 09H 1/10 69 Hz 1440
1/88 OAH 1/10 71 Hz 1408
1/96 OBH 1/10 69 Hz 1440
1/104 OCH 1/11 69 Hz 1456
1/112 ODH 1/11 69 Hz 1456
1/120 OEH 1/11 69 Hz 1440
1/128 OFH 1/11 71 Hz 1408
1/132 10H 1/11 69 Hz 1452

Note: The frame frequency above is for 100-kHz operation and proportions the oscillation frequency

(fosc).
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n-raster-row Reversed AC Drive

The HD66753 supports not only the LCD reversed AC drive in aone-frame unit (B-pattern waveform)
but also the n-raster-row reversed AC drive which alternatesin an n-raster-row unit from oneto 32
raster-rows (C-pattern waveform). When a problem affecting display quality occurs, such as crosstalk at
high-duty driving of more than 1/64 duty, the n-raster-row reversed AC drive (C-pattern waveform) can
improve the quality. Determine the number of raster-rows n (NW bit set value + 1) for alternating after
confirmation of the display quality with the actual LCD panel. However, if the number of AC raster-
rows is reduced, the LCD aternating frequency becomes high. Because of this, the charge or discharge
currentisincreased in the LCD cdlls.

logf————— 1 fare ) 1 ¥ame ———————fpn

12246 |T|&(a PO N1202 " FoEdt (22| 4|56 | 7|59 pofpzpz---- FoEq1i2)2

B0 duty
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wevatorrn drive

C-patern '

wervetormn drive
- 150 duty

1-rserrow
raparsa _
- Wthout B3 Fis )

C-patern _ LR Y
wervetormn drive
- 150 duty

- 1-rmzerrow

revarsa
-l th EQR=

Hote: Spedfy hie runnber of 88 drive rasier-rows and he recessty of EDR o tathe 02 bHasis not generated for
e liquid ap=tal.

Figure34 Exampleof an AC Signal under n-raster-row Reversed AC Drive
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Liquid Crystal Display Voltage Gener ator

When External Power Supply and Internal Operational Amplifiersare Used

To supply LCD drive voltage directly from the externa power supply without using the internal step-up
circuit, circuits should be connected as shown in figure 35. Here, contrast can be adjusted by software
through the CT bits of the contrast adjustment register. Sincethe VLREF input isthe reference voltage
to determine the LCD drive voltage, fluctuation of the voltage must be minimized.

The HD66753 incorporates a voltage-follower operational amplifier for each V1 to V5 to reduce
current flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal
drive voltages. Thus, potentia difference between V| ps and V1 must be 0.1V or higher, and that
between V4 and GND must be 1.4 V or higher. Note that the OPOFF pin must be grounded when using
the operational amplifiers. Place a capacitor of about 0.47 puF (B characteristics) between each internal
operationa amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the
operational amplifier. Adjust the capacitance va ue of the stabilized capacitor after the LCD panel has
been mounted and the screen quality has been confirmed.
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When an Internal Booster and Internal Operational Amplifiersare Used

To supply LCD drive voltage using the internal step-up circuit, circuits should be connected as shown in
figure 36. Generate ahigher voltage (VLPS) of the internal operational amplifier than the output
voltage (V 1REF) of the LCD drive voltage regulator. Here, contrast can be adjusted through the CT
bits of the contrast control instruction.

The HD66753 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce
current flowing through the interna bleeder-resistors, which generate different liquid-crystal drive
voltages. Thus, potential difference between V| ps and V1 must be 0.1 V or higher, and that between V4
and GND must be 1.4V or higher. Note that the OPOFF pin must be grounded when using the
operational amplifiers. Place acapacitor of about 0.47 uF (B characteristics) between each internal
operationa amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the
operational amplifier. Adjust the capacitance va ue of the stabilized capacitor after the LCD panel has
been mounted and the screen quality has been confirmed.
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Temperature can be compensated either through the CT bits by software, by controlling the reference
voltage for the LCD drive voltage regulator (VREG pin) using a thermistor, or by controlling the
reference output voltage of the LCD drive voltage regulator (V1REF pin).
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Figure37 Temperature Compensation Circuits (1)
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Countermeasuresfor Screen Quality when Using On-chip Operational Amplifier

The HD66753 isan on-chip LCD driver that has an LCD power supply for high duty. Screen quality is
affected by the load current of the high-duty LCD panel used. When the bias (1/11 bias, 1/10 bias, 1/9
bias, etc.) is high and the displayed pattern is completely or amost completely white, the white sections
may appear dark.

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

(1) After the changeinthe VAOUT/V30UT levd isverified, insert about 1 MW between V4AOUT and
GND or VLPS and V30UT 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 current. 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 potentia differences

between V40OUT and GND or VLPS and V3OUT are sufficient.

_ﬂﬂ ."Dl W40 LT
Wk i c Frd

.

Figure39 Countermeasurefor VAOUT Output
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M:ad =2}
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Figure40 Countermeasurefor V3OUT Output

Note: Theactual LCD drive voltage VLREF used must not exceed 16.5V.
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Switching the Step-up Factor

Instruction bits (BT1/0 bits) can optionally select the step-up factor of theinternal step-up circuit.
According to the display status, power consumption can be reduced by changing the LCD drive duty and
the LCD drive bias, and by controlling the step-up factor for the minimum requirements. For details,
see the Partial -display-on Function section.

According to the maximum step-up factor, external capacitors need to be connected. For example, when
the maximum step-up is six times or five times, capacitors between C6+ and C6— or between C5+ and
C5— are needed as in the case of the seven-times step-up. When the step-up is three-times, capacitors
between C1+ and C1- or between C4+ and C4— are not needed.

Place a capacitor with a breakdown voltage of three times or more the V ¢i-GND voltage between C6+
and C6— and between C3+ and C3—, a capacitor with a breakdown voltage larger than the Vci-GND
voltage between C1+ and C1—, C2+ and C2—, C4+ and C4—, and C5+ and C5—, and a capacitor with a
breakdown voltage of ntimes or more the VVci-GND voltageto VLOUT (n: step-up factor) (seefigure
37).

Note: Determine the capacitor breakdown voltages by checking Vci voltage fluctuation.

Table23  VLOUT Output Status

BT1 BTO VLOUT Output Status

0 0 Three-times step-up output
0 1 Five-times step-up output

1 0 Six-times step-up output

1 1 Seven-times step-up output
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Figure4l Step-up Circuit Output Factor Switching

HITACHI
67




HD66753

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

The HD66753 incorporates a step-up circuit for up to seven-times step-up. However, the LCD drive
voltage (VLREF) will not be enough for seven-times step-up from V cc when the power-supply voltage
of Vccislow or when the LCD drive voltage is high for the high-contrast LCD display. In this case, the
reference voltage (Vci) for step-up can be set higher than the power-supply voltage of Vcc.

When the step-up factor is high, the current driving ability islowered and insufficient display quality
may result. Inthis case, the step-up ability can be improved by decreasing the step-up factor as shown in
the step-up circuit in figure 42.

Set the Vi input voltage for the step-up circuit to 3.6 V or less. Control the Vci voltage so that the
step-up output voltage (VLOUT) should be less than the absol ute maximum ratings (20.5 V).
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Precautionswhen Switching Boosting Cir cuit

The boosting factor of the HD66753 can be switched between 3, 5, 6, and 7 times by instruction. When
the factor is switched, there isatransition period before the voltage from VLOUT stabilizes. When
VLOUT isused asthe VLPS, the boosting factor is changed by switching the BT bit, and the supply
voltage for the VLPS s changed, adirect current may be applied to the LCD display if the display ison
during the transition period.

When the output voltage of the VLOUT pinis changed, the display must be switched off and on after the
output voltage stabilizes.

Table24  Instructions Accompanying Changein 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 128-step contrast for an LCD by varying the liquid-crysta drive voltage (potential
difference between V ger and V1) through the CT bits of the contrast adjustment register (electron
volume function). Thevalue of avariable resistor between V| rer and V1 (VR) can be precisely
adjusted in a0.05 x R unit within arange from 0.05 x R through 6.40 x R, where R isareference
resistance obtained by dividing the total resistance.

The HD66753 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce
current flowing through the internal bleeder resistors, which generate different liquid-crystal drive
voltages. Thus, CT5-0 bits must be adjusted so that potential difference betweenV psandV1is0.1V
or higher and that between V4 and GND is 1.4 V or higher when liquid-crystal drives, particularly when
theVRissmal.
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Figure43 Contrast Adjuster
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Contrast Adjustment Bits(CT) and Variable Resistor Values
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Table26  Contrast Adjustment per BiasDrive Voltage
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Liquid-crystal-display Drive-bias Selector

An optimum liquid-crystal -display bias value can be selected using the BS2-0 hits, according to the
liquid crystal drive duty ratio setting (NL4-0 bits). The liquid-crystal-display drive duty ratio and bias
value can be displayed while switching software applications to match the LCD panel display status.
The optimum bias value cal culated using the following expressionisalogica optimum value. Driving
by using alower value than the optimum bias value provides lower logical contrast and lower liquid-
crystal-display voltage (the potentia difference between V1 and GND), which resultsin better image
quality. When the liquid-crystal-display voltage isinsufficient even if a seven-times step-up circuit is
used, when the step-up driving ability islowered by setting a high factor for the step-up circuit, or when
the output voltage is lowered because the battery life has been reached, the display can be made easier to
see by lowering the liquid-crystal-display bias.

Theliquid crystal display can be adjusted by using the contrast adjustment register (CT6-0 bits) and
selecting the step-up output level (BT1/0 hits).

Cptirnurn biss walue o 10 duty mtio drive valtsge = n'l_;
M+

Table27  Optimum Drive BiasValues

LCD drive 1/13 1/12 1/12 1/11 1/10 1/96 1/88 1/80 1/72 1/64 1/32 1/24 1/16
duty ratio 2 8 0 2 4

(NL4-0 10H OFH OEH ODH OCH OBH OAH O09H 084 O7H O03H O02H O1H
set value)

Optimum 1/11 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

(BS2-0 000 000 000 000 000 001 001 001 010 010 101 101 110

set value)
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Four-grayscale Display Function

The HD66753 supports the four-grayscale monochrome display function. The four-grayscale
monochrome display is used for the display data of the two-bit pixel set sent to the CGRAM. There are
four grayscale levels. aways unlit, weak middle level, bright middie level, and dwayslit. Inthe middie-
level grayscale display, the GSL1-0 and GSH1-0 bits can select the grayscale level, respectively.

The framerate control (FRC) method, which is used for grayscale control, can reduce charge/discharge
current in the LCD glass during grayscale display.

Table28  Relationshipsbetween the CGRAM Data and the Display Contents

Upper Bit Lower Bit Liquid Crystal Display

0 0 Non-selected (unlit)

0 1 GSL1-0 = 00: 1/4-level grayscale (one frame lit during a four-frame
period)

GSL1-0 = 01: 1/3-level grayscale (one frame lit during a three-frame
period)

GSL1-0 = 10: 2/4-level grayscale (two frames lit during a four-frame
period)

GSL1-0 = 11: Lit (no grayscale control)

1 0 GSH1-0 = 00: 3/4-level grayscale (three frames lit during a four-
frame period)

GSH1-0 = 01: 2/3-level grayscale (two frames lit during a three-
frame period)

GSH1-0 = 10: 2/4-level grayscale (two frames lit during a four-frame
period)

GSH1-0 = 11: Lit (no grayscale control)

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

HITACHI
75



HD66753

LCD panel display

Figure45 Four-grayscale Monochrome Display
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Window Cursor Display Function

The HD66753 displays the window cursor by specifying awindow area. The horizontal display position
of thewindow cursor is specified with the horizontal cursor position register (HS6-0 to HE6-0), and the
vertical display position is specified with the vertical cursor position register (VS6-0 or VE6-0). In
these display position setting registers, ensure that HS6-0 £ HE6-0 and VS6-0 £ VEG-0. If these
relationships are not satisfied, normal display cannot be attained. In addition, if the settingisVS6-0 =
VE6-0 = 00H, acursor is displayed on araster-row at the most-upper edge of the screen.

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

1. White-blink cursor (CM1-0 = 00): Alternately blinks between the normal display and an all-white
(unlit) display
2. Black-blink cursor (CM1-0 = 01): Alternately blinks between the normal display and an all-black
(all lit) display
3. Black-and-white reversed cursor (CM1-0 = 10): Normal black-and-white-reversed display (without
blinking)
4. Black-and-white reversed blinking 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. To set arange of the window cursor, specify
the display area.

HE+1 HE+1 HE+1 HE+1

WE+ = £ 53818 i WE+ =

i EE
VE+1= e e i WE+12 3 BT s

i Bk, £ i
L dizplary HE f ;
: i
- £: 3 Dt el el i

Figure46 White Blink Cursor Display

mimmEEmiE IIIE

HEI+1 HEI+1 HEI+1 HEI+1
WS+ = i I WS+ =
WE+1= ﬁ i gz YE+1=
} Blirk
A B display
o LA 3 ; H q'H_:: 0 ;

Figure47 Black Blink Cursor Display
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HEI+1

W5+ ::';. ;;;;;H-E

WE+1=

Figure48 Black-and-white Reversed Cursor Display

HEI+1 HEI+1

i

yge1 S8

YE+1 =

Blink
i=zpla

HEi+1 HEI+1

Figure49 Black-and-white Reversed Blink Cursor Display
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Rever sed Display Function

The HD66753 can display graphics display sections by black-and-white reversal. Black-and-white
reversal can be easily displayed when the REV bit in the display control register isset to 1.

Figure50 Reversed Display

HITACHI
78




HD66753

Screen-division Driving Function

The HD66753 can select and drive two screens at any position with the screen-driving position registers
(ROD and ROE). Any two screens required for display are selectively driven and aduty ratio islowered
by LCD-driving duty setting (NL4-0), thus reducing L CD-driving voltage and power consumption.

For the 1st division screen, start line (SS17-10) and end line (SE17-10) are specified by the 1st screen-
driving position register (ROD). For the 2nd division screen, start line (SS27-20) and end line (SE27-
20) are specified by the 2nd screen-driving position register (ROE). The 2nd screen control is effective
when the SPT hitis1. Thetotal count of selection-driving linesfor the 1st and 2nd screens must
correspond to the LCD-driving duty set value.

1124duty drving on 2 screens

COMT — e

15t screen:
COMT—_:: 7-line driving
= Always applying
B non-selection
COM2E— level
2nd screen:
CDMM—E 17line driving

Alweans apphing
non-selection

level
+ Driving duty: ML ="00010" {1524 duty)
+ 15t screen setting: 551710 ="00"H, SE1710="06"H
+ 2nd screen sefting: §52720="19"H, SE2720="29"H, SPT="1"
Figure51 Display Examplein 2-screen Division Driving
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Restrictions on the 1st/2nd Screen Driving Position Register Settings

The following restrictions must be satisfied when setting the start line (SS17-10) and end line (SE17-
10) of the 1st screen driving position register (ROD) and the start line (SS27-20) and end line (SE27-20)
of the 2nd screen driving position register (ROD) for the HD66753. Note that incorrect display may
occur if the restrictions are not satisfied.

Table29 Restrictionson the 1st/2nd Screen Driving Position Register Settings

1st Screen Driving (STP = 0) 2nd Screen Driving (STP = 1)
Register setting SS17-10 £ SE17-0 £ 83H SS17-10 £SE17-10 < SS17-10 £
SE17-0 £ 83H
Display operation - Time-sharing driving for COM pins - Time-sharing driving for COM pins
(SS1+1) to (SE1+1) (SS1+1) to (SE1+1) and (SS2+1)
Non-selection level driving for to (SE2+1)
others - Non-selection level driving for
others

Notes: 1. When the total line count in screen division driving settings is less than the duty setting, non-
selection level driving is performed without the screen division driving setting range.
2. When the total line count in screen division driving settings is larger than the duty setting, the
start line, the duty-setting line, and the lines between them are displayed and non-selection
level driving is performed for other lines.

3. For the 1st screen driving, the SS27-20 and SE27-20 settings are ignored.
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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66753 in the sleep mode, where the device stops al
internal display operations, thus reducing current consumption. Specifically, LCD operation is
completely halted. Here, all the SEG (SEG1 to SEG168) and COM (COM1 to COM132) pins output
the GND level, resulting in no display. If the AP1-0 bitsin the power control register are set to 00 in the
deep mode, the LCD drive power supply can be turned off, reducing the total current consumption of
the LCD module.

Table30 Comparison of Sleep Mode and Standby M ode

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

R-C oscillation circuit Operates normally Operation stopped
Standby Mode

Setting the standby mode bit (STB) to 1 puts the HD66753 in the standby mode, where the device stops
completely, halting all internal operations including the R-C oscillation circuit, thus further reducing
current consumption compared to that in the eep mode. Specificaly, al the SEG (SEG1 to SEG168)
and COM (COM1to COM132) pinsfor the time-sharing drive output the GND level, resulting in no
display. If the AP1-0 bits are set to 00 in the standby mode, the LCD drive power supply can be turned
off.

During the standby mode, no instructions can be accepted other than the start-oscillation instruction. To
cancel the standby mode, issue the start-oscillation instruction to stabilize R-C oscillation before setting
the STB hitto O.

Turn offthe LG O power supply: AP 0 0 =00

Setstandby rode: STE = 1
]

( Sardby rrods j

lemye e sart-osdllaton ircmucion

Wit 3t least 10 rres
-
Cancel sardby rode: STE =0

Turn on the LSO power sopph: AP 0 0= 01 10411

Figure52 Procedurefor Setting and Canceling Standby M ode
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) Vcc \% -0.3t0 +4.6 1,2

Power supply voltage (2) V. ps— GND \% -0.3t0 +20.5 1,3

Input voltage Vit \% -0.3t0 Ve +0.3 1

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

Storage temperature Tstg °C —-551to0 +110 1,5

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

ok wnbd

damaged. Using the LSI within the following electrical characteristics limits is strongly
recommended for normal operation. If these electrical characteristic conditions are also
exceeded, the LSI will malfunction and cause poor reliability.

VCC > GND must be maintained.

VLPS > GND must be maintained.

For bare die and wafer products, specified up to 850C.
This temperature specifications apply to the TCP package.
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DC Characteristics (Ve = 1.7t03.6 V, Ta=—-40t0 +85°C* 1)

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage Vg 0.7Vee — Vee \% 2,3
Input low voltage Vi -0.3 — 0.15Vce V Vee=17t024V 2,3
-0.3 — 0.15Vee V. Vec=24t03.6V 2,3
Output high voltage (1) Von1 0.75V¢ee — — V  lop=-0.1mA 2
(DBO0-15 and SDA pins)
Output low voltage (1) Vouz — — 0.2Vee V Vee=171t02.4V, 2
(DBO0-15 and SDA pins) loo = 0.1 mA
— — 0.15Veec V. Vec=2.4103.6V, 2
lo.=0.1 mA
Driver ON resistance Rcom — 3 10 kW #Ild = 0.05 mA, 4
(COM pins) V|_p5 =10V
Driver ON resistance Rsec — 3 10 KW #Id = 0.05 mA, 4
(SEG pins) V|_p5 =10V
1/0 leakage current 1L -1 — 1 MA  Vin=0to Ve
Current consumption lop — 70 100 MA  R-C oscillation, 6,7
during normal operation Vee=3V, Ta=25°C,
(VCC - GND) fosc =70 kHz (1/120
duty), RAM write: checker
pattern
Current consumption lst — 0.1 5 MA  Veec=3V,Ta=25°C 6,7
during standby mode
(Vec — GND)
LCD drive power supply | ps — 28 40 MA  Vee=3V,Vips=15V, 7
current (V ps — GND) 1/11 bias,
Ta =25 °C, fosc =70 kHz,
amount of fixed current in
the operational amplifier:
small
LCD drive voltage Vips 5.0 — 195 V 8
(Vips — GND)
VREG input voltage VRec — 13 25 \% VREG external input
(VREG pin) (PS1-0=10), Ta=25°C
V1REF output voltage Virer — 13.0 — \ VREG =1.3V,
(V1REF pin) Ta =25 °C, 11 times of

VREG (VR2-0 = 111),
VIREF £ VLPS - 0.5V

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

Item Symbol Min Typ Max Unit Test Condition Notes
Three-times Vup2 7.6 8.0 8.1 \% Vec=Vei=2.7V, 11
step-up output lo=30 pA, C =1 pF,
voltage (VLOUT fosc =100 kHz, Ta = 25°C
pin)
Five-times step-  Vyps 13.0 13.3 135 \% Vee=Vei=2.7V, 11
up output voltage lo =30 UA, C =1 uF,
(VLOUT pin) fosc = 100 kHz, Ta = 25°C
Six-times step- Vupe 12.7 12.9 13.2 \% Vec=Vci=2.2V, 11
up output voltage lo =30 uA, C =1 uF,
(VLOUT pin) fosc = 100 kHz, Ta = 25°C
Seven-times Vup? 14.9 15.1 154 \% Vec=Vci=2.2V, 11
step-up output lo=30pA, C =1 pF,
voltage (VLOUT fosc =100 kHz, Ta = 25°C
pin)
Use range of Vup2 Vcce — 16.5 \Y For two- to seven-times 11
step-up output Vups step-up
voltages Vupe
Vup?
Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these
tables.
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AC Characteristics (Ve = 1.7t03.6 V, Ta=—-40to +85°C* 1)

Clock Characteristics (Vcc =1.7t03.6 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 trcp — — 0.2 Vi 9

time

External clock fall tfcp — — 0.2 us 9

time

R-C oscillation clock  fosc 59 74 89 kHz Rf = 330 kW, 10
VCC =3V

Note:
tables.

68-system Bus I nterface Timing Char acteristics

(Vece=17t02.4V)

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

Item Symbol Min Typ Max  Unit Test Condition

Enable cycle time Write teyce 600 — — ns Figure 60
Read tcyce 800 — —

Enable high-level pulse width Write PWgy 120 — — ns Figure 60
Read PWgy 350 — —

Enable low-level pulse width Write PWg_. 300 — — ns Figure 60
Read PWg_ 400 — —

Enable rise/fall time ter, tes — — 25 ns Figure 60

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 60

Address hold time taHE 20 — — ns Figure 60

Write data setup time toswe 60 — — ns Figure 60

Write data hold time the 20 — — ns Figure 60

Read data delay time tbpRE — — 300 ns Figure 60

Read data hold time toHRE 5 — — ns Figure 60
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(Vcc=2.4t03.6V)

Item Symbol Min  Typ Max Unit Test Condition

Enable cycle time Write teyce 380 — — ns Figure 60
Read tcyce 500 — —

Enable high-level pulse width Write PWgy 70 — — ns Figure 60
Read PWgy 250 — —

Enable low-level pulse width Write PWgL 150 — — ns Figure 60
Read PWg 200 — —

Enable rise/fall time ter, tes — — 25 ns Figure 60

Setup time (RS, R/W to E, CS¥) tase 50 — — ns Figure 60

Address hold time taHE 20 — — ns Figure 60

Write data setup time toswe 60 — — ns Figure 60

Write data hold time the 20 — — ns Figure 60

Read data delay time tbpRE — — 200 ns Figure 60

Read data hold time toHRE 5 — — ns Figure 60
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80-system Bus I nterface Timing Char acteristics

(Vece=17t024V)

Item Symbo Min Typ Max  Unit  Test Condition
|
Bus cycle time Write teyew 600 — — ns Figure 61
Read tcycr 800 — — ns Figure 61
Write low-level pulse width PWw 120 — — ns Figure 61
Read low-level pulse width PW,r 350 — — ns Figure 61
Write high-level pulse width PWuw 300 — — ns Figure 61
Read high-level pulse width PWyr 400 — — ns Figure 61
Write/Read rise/fall time twrr — — 25 ns Figure 61
WRf
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 61
Address hold time tan 20 — — ns Figure 61
Write data setup time tosw 60 — — ns Figure 61
Write data hold time ty 20 — — ns Figure 61
Read data delay time topbr — — 300 ns Figure 61
Read data hold time tbHR 5 — — ns Figure 61

(Vec=24t03.6V)

Item Symbo Min Typ Max  Unit  Test Condition
|
Bus cycle time Write teyew 380 — — ns Figure 61
Read tcycr 500 — — ns Figure 61
Write low-level pulse width PWw 70 — — ns Figure 61
Read low-level pulse width PW,r 250 — — ns Figure 61
Write high-level pulse width PWpw 150 — — ns Figure 61
Read high-level pulse width PWyr 200 — — ns Figure 61
Write/Read rise/fall time twrr, WRt — — 25 ns Figure 61
Setup time (RS to CS*, WR*, RD*) tas 50 — — ns Figure 61
Address hold time tan 20 — — ns Figure 61
Write data setup time tosw 60 — — ns Figure 61
Write data hold time ty 20 — — ns Figure 61
Read data delay time topbr — — 200 ns Figure 61
Read data hold time tbHR 5 — — ns Figure 61
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Clock-synchronized Serial I nterface Timing Characteristics

(Vece=17t02.4V)

Item Symbo Min Typ Max  Unit  Test Condition
I
Serial clock cycle time Write (receive) tscyc 100 — 2000 ns Figure 62
Read (send) tscyc 250 — 2000 ns Figure 62
Serial clock high-level width  Write (receive) tsch 40 — — ns Figure 62
Read (send) tsch 120 — — ns Figure 62
Serial clock low-level width ~ Write (receive) tsc. 40 — — ns Figure 62
Read (send) tscL 120 — — ns Figure 62
Serial clock rise/fall time tscs tser — — 20 ns Figure 62
Chip-select setup time tesu 20 — — ns Figure 62
Chip-select hold time tch 60 — — ns Figure 62
Serial input data setup time tsisu 30 — — ns Figure 62
Serial input data hold time tsiH 30 — — ns Figure 62
Serial output data delay time tscp — — 200 ns Figure 62
Serial output data hold time tscH 5 — — ns Figure 62

(Vec=24t03.6V)

Item Symbo Min Typ Max  Unit  Test Condition
I
Serial clock cycle time Write (receive) tscyc 100 — 2000 ns Figure 62
Read (send) tscyc 250 — 2000 ns Figure 62
Serial clock high-level width  Write (receive) tsch 40 — — ns Figure 62
Read (send) tsch 120 — — ns Figure 62
Serial clock low-level width ~ Write (receive) tsc. 40 — — ns Figure 62
Read (send) tscL 120 — — ns Figure 62
Serial clock rise/fall time tsef, tser — — 20 ns Figure 62
Chip-select setup time tesu 20 — — ns Figure 62
Chip-select hold time tch 60 — — ns Figure 62
Serial input data setup time tsisu 30 — — ns Figure 62
Serial input data hold time tsiH 30 — — ns Figure 62
Serial output data delay time tscp — — 200 ns Figure 62
Serial output data hold time tscH 5 — — ns Figure 62

Reset Timing Characteristics (Ve = 1.7t03.6 V)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tres 1 — — ms Figure 63
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Electrical Characteristics Notes

1. For bare die products, specified up to +85°C.
2. Thefollowing three circuits are 1/0O pin configurations (figure 53).

Pins: RESET™, 057, EMWRECLRS, Pin: OS2
S0, OPOFF, M1, IM0AD, TEST

e
e Ly

FPins: DE1S © DEOD, R'W/RODAS0A

Wz
PGS |_< @ PHCS
]_{ (Inpoat Grodt)

NS
B Wes | Tristate cuput drouf

Cuput erable
Ei . Cuiput data

Phs

s
=

=MD

Figure53 /0 Pin Configuration
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3. TheTEST pin must be grounded and the IM /0 and OPOFF pins must be grounded or connected to
Vcc.

4. Appliesto theresistor value (RCOM) between power supply pins V10OUT, V20UT, V50UT, GND
and common signa pins, and resistor value (RSEG) between power supply pinsV10UT, V30UT,
V40UT, GND and segment signal pins.

5. Thisexcludes the current flowing through output drive MOSs.

6. Thisexcludes the current flowing through the input/output units. The input level must be fixed high
or low because through current increases if the CMOS input is | eft floating.

7. Thefollowing shows the relationship between the operation frequency (fosc) and current
consumption (Icc) (figure 54).

Won =300 Wox =300, fosc = A0 kHz
Displsyan (typ. )
&0 20 =
-1 1 1 A rr 1  _  qmmmeecpeeme-p----A ;;';—F-*‘“ﬂ_.
I o —
o 40 =1 20
a ] z
: IR
= [ | skep e
0 : Stwndy ibp.) 0
/| 40 &0 g0 100 1ED 110 120 150 17.0
Fi<5 o=scillstion freque nees: fosc (kHz) LS O drive wolizge:; W LS 1)

Figure54 Relationship between the Operation Frequency and Current Consumption

8. Each COM and SEG output voltageiswithin £0.15 V of the LCD voltage (Vcc, V1,V2,V3, V4,
V5) when there isno load.

9. Appliesto the externa clock input (figure 55).

ey [

. 0.7 ez
Cdllater 00— 001 . s T
03vos Th+ Tl
Cpen —| SSC2 —
-
tip Yip
Figure55 External Clock Supply

HITACHI

90




HD66753

10. Appliesto the internal oscillator operations using external oscillation resistor Rf (figure 56 and
table 31).

pe=lay
R Snoe he excilation frequensy vries depending on the OS50 2nd OS02 pin padnce,
e winng kength to tese pins shoud be rinirnzed .

eEc2

Figure56 Internal Oscillation

Table31 External Resistance Value and R-C Oscillation Frequency (Referential Data)

External R-C Oscillation Frequency: fosc

Resistance (Rf) Vcc=1.8V Vecc =22V Vecc=3.0V Vcc =36V
200 kw 89 kHz 103 kHz 115 kHz 121 kHz
270 kw 70 kHz 80 kHz 88 kHz 92 kHz

300 kw 65 kHz 73 kHz 80 kHz 83 kHz

330 kw 60 kHz 68 kHz 74 kHz 77 kHz

360 kw 55 kHz 62 kHz 68 kHz 71 kHz

390 kw 52 kHz 58 kHz 64 kHz 66 kHz

430 kW 48 kHz 53 kHz 58 kHz 60 kHz

470 kW 44 kHz 48 kHz 52 kHz 54 kHz

11. The step-up characteristicstest circuit is shown in figure 57.

15 1o F-ires step-up)

-:1+—_|_+1IJ|=
o —T

+
CE+—_|_1PF
o T

+
CE+—_|_1FF
ca —T
c¢+—_|i1PF
e —1T

+
Co5+ —:|_'_ 1 uF
Ca-

cEH——t oF
- ——

e T L
GHD WLco +

T T

Figure57 Step-up Characteristics Test Circuit
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(i) Radzion batassn he obiined valtage ard input wiltage

Sixtirmes sep-up Sawen -times. step-up

' I

16,0 —HP1 trp. ]
;— 150 A,,”#- E— 180 —=
= o 18.0 L
= {20 > o

Qﬂ'ff

16 20 25 a0 16 20 25 a0
Wiz (W) Wi (V]
Vo = Wos, fess= 70 kHz, Ta= 25%, OC1 © 0= Wi = Was, bse= 0 kHz, Ta= 25%, DC1 © 0= 00

(i) Relation betsean e obtained vwoliige 2ard Erperabre

Sc-tines sEp-up Seen times step-up
17.0 |
tvp.
—. 150 _ 170 T
= &=
£ 130 £ 1680
o : o
= : =
1.0 : 12.0
€0 20 0 20 =1 100 0 20 0 2 (=1 100
Tz (1G] T=('C)
e = Was=s 22 foss = F0kHE, lo= 20 ps, Wa =Wos= 22 W fosz = Y0kHE, lo= 20 psy,
0o to0=00 0o te0 =00
Figure58 Step-up
HITACHI
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(i) Relaton betasan the obtined woltage and mpadty

Si-tires sEp-up Seven-tirmes step-up
15.0 170
140 tp. tp.
= o 160
£ 120 E 450
= =
120 14.0
Loy 10 TE 180°5% 10 15
G (pF) G OpFY
W = Woo= B2 W, foms = 0 kHz, ke = 20 pb, W = Woo = 2.2, fmo= TO kHz, lo = 20 pi,
0o 0=00 DSt 0=

fi+) Redzfon betwezn he cbiined wilgeand surrant

Six-tires sEp-up Sevan-times. step -up
134 155
132 15.4
= B . T— | e
= 130 — < 182 ]
g 1za ~ 160 -
-
-
= 128 = 148
12.4 1465
122 14.4
O 1 S = S R = 0 10 20 A 40 50
o [P I (pA)
'l.llﬂ.='|.|'GG=22'l.|'|fHG=?|:|kHlea=25°C| Il.l'ﬂ‘:Il.l'@;:E.Ell.llli:EG=?|:|kHlea=25tl
DC14 0 =00 DC1te0=00

Figure58 Step-up (cont)

AC Characteristics Test Load Circuits

[e bus: DE1S © DED

Test Pairt Cr

S0pF

——

Figure59 Load Circuit
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Timing Characteristics

68-system Bus Operation

WH
wIL
-:—tﬂHE4>I
7/1.r||_

VIL

Loy Lo] - P—

e t DHRE

N
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t—— FVVEH ——l e——— FWWEL

WIH
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{=;

tEr

WIH

t DSWE —p'  fg— tHE

o\

WIH
L VL

e 1 ASE g

X

RS
R
oSr

VIL

/

Y

=)

tooRE

Mote: PWEH is specified in the owefspped penod when G5 i low snd E = high.

Figure60 68-system BusTiming
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80-system Bus Operation
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Moe: PWow mnd PWLR s specified in the overlpped penod when G5° = low snd WA or BE® = lowe,
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Clock-synchronized Serial Operation

Start: = End P
. — -I'J-IH P
C3 WL W
toH —mt
SCL
t3150 t5IH
>
WIH WIH
ShA |r-|put data |r'|let data y
WL WL
1500 t30H
WOHT WOHT
S0A Output data XDutputdata
WL oL
Figure62 Clock-synchronized Serial Interface Timing
Reset Operation
t RES
*
RESET IL -
Figure63 Reset Timing
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96




HD66753

Power -on/off Sequence

To prevent pulse lighting of LCD screens at power-on/off, the power-on/off sequenceis activated as
shown below. However, since the sequence depends on LCD materialsto be used, confirm the

conditions by using your own system.

Power-on Sequence

Tum on poweer woltuges Voo and Wei RESET = “Low”

Y

Wit for 1 rs or Knger (podse r-on tirms )

Y

‘Wit for 10 ms or lkbnger (oscilkbo n swbilzstion timne)

Y

lzsue LSD povverinstruction

Y Y

Wit for 10-150 ms or lbnger | pyqe Cepends on the edemsl

Esue u=e sk instruction lop-srnplifie r output capmcitnee of WICOUT to WEOUT.
stebilzation tirme)

Y Y

Tumed on digpley: 0 =1

Figure64 Power-on Sequence
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Wi
Poveer voltage: W
SN — .e""f Fouver<on ressttirme: 1 e
el Y
W
RESET
S
Czzillation stete |_||—|||||H‘HHHH“HHH
i -
Cecillation sEhilzation trme: 10 e
W
Sigral-ingut
instructi i ed
instruction sy SO

Mok SR oscillktion stmrs by power-on snd input Eset
The swndy mode is cleaed by input esst.

Figure65 Power-on Timing
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Power -off Sequence

Mormal sE

Abnormzl seE

Tum off displsy: D=0

'

lz=ue LG D powver instruction

'

Turn off power volmges Yoo mnd YWoi

To the poweron sequence

Tum off power volmges Wes mnd Wi

Y

RESET = "Low”

Y

Drver SEGSOM output GhD

To the power-on se=quence

Figure66 Power-off Sequence
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LT R .
Powwer woltzge: VWi Powwer & tumed off.
GEhiC
Vion — RESET i input s soon as possble.
RESET \
GEhCr
WAoUT
Crrivier
SEGEASCM
ouput GHD

Miote: When hemdwanre reset is input during the powser-off peniod, the O bit =
clemred to 0 snd SESACOM ouput s ombly owered to the GHND el

Figure 67 Power-off Timing
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When using this document, keep the following in mind:

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

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

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

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

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

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