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Description

The HD66753, dot-matrix graphics LCD controller and driver LS|, displays 168-by-132-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 ssimultaneoudly displayed. Since the HD66753 incorporates bit-operation functions and a
16-bit high-speed businterface, it enables efficient data transfer and high-speed rewriting of datain the
graphics RAM.

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 sleep 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

e 168 x 132-dot graphics display LCD controller/driver for four monochrome grayscales
e 16-/8-bit high-speed bus interface
e Clock-synchronized serial interface (transfer rate: 10 MHz max.)
e |2C businterface (transfer rate: 1.3 MHz max.)
e Bit-operation functions for graphics processing:
— Write-data mask function in bit units
— Bit rotation function
— Bit logic-operation function
e Low-power operation supports:
— Vcee=1.71t03.6 V (low voltage)
— V, .=51019.5V (liquid crystal drive voltage)
— Internal 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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HD66753

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

¢ Internal LCD-drive-voltage regulator circuits

e 168-segment x 132-common liquid crystal display driver

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

e Duty ratio and drive bias (selectable by program)

e Window cursor display supported by hardware

e Black-and-white reversed display

e Internal 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  1/10 168 x96dots 12linesx8 12linesx8 10linesx6 10linesx5 21linesx9
characters characters characters characters characters
1/104 1/11 168 x 104 dots 12 linesx8 12linesx8 10linesx6 10linesx6 21 linesx 10
characters characters characters characters characters
1/112 1/11 168 x 112 dots 121linesx9 12linesx9 10linesx7 10linesx6 21linesx11
characters characters characters characters characters
1/120 1/11 168 x 120 dots 12 linesx10 12linesx 10 10linesx7 10linesx7 21 linesx 12
characters characters characters characters characters
1/128 1/11 168 x 128 dots 12 linesx 10 12linesx 10 10linesx8 10linesx7 21linesx 12
characters characters characters characters characters
1/132 1/11 168 x 132 dots 12 linesx 11 12linesx11 10linesx8 10linesx7 21 linesx 13
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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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 dots 1/104 100 kHz 69 Hz (60 pA) (20 pA) Five-times (12 pA)
(160 pA)
112 x 168 dots 1/112 100 kHz 69 Hz (70 pA) (25 pA) Six-times (12 pA)
(220 pA)
120 x 168 dots 1/120 100 kHz 69 Hz (70 pA) (25 pA) Six-times (12 pA)
(220 pA)
128 x 168 dots 1/128 100 kHz 71 Hz (80 pA) (25 pA) Six-times (12 pA)
(230 pA)
132 x 168 dots 1/132 100 kHz 69 Hz (80 pA) (25 pA) Six-times (12 pA)
(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
HD66753TB0O Bending TCP 8-bit or 16-bit Both sides of COM Four
HCD66753BP Au-bump chip parallel or clock- (Output from left and right monochrome
HWD66753BP Au-bump water isrﬁgfgé):lzed serial  sides of the chip) grayscales
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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 1.8Vto55V 18Vto55V 18Vto55V
Liquid crystal drive voltages 3Vto6.5V 3Vto6.5V 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 1/4 to 1/6.5 1/4 to 1/6.5 1/2to 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 384 x8 384 x8 480 x 8
SEGRAM 72x8 96 x 8 96 x 8

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

Font sizes 6x8 6x8 6x8

Bit map areas 72 x 26 96 x 26 96 x 42
R-C oscillation resistor/ External resistor, 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 2.51
Pad intervals 80 um 80 um 100 pm

Rev. 1.0, Jan. 2003, page 4 of 102

HITACHI



HD66753

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 1.8Vto55V 18Vto55V 18Vto3.6V
Liquid crystal drive voltages 45Vto15V 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

1/4 to 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 160x 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 12.23 x 2.52 9.40x 2.18
Pad intervals 70 pm 70 pm 50 um
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L CD Family Comparison (cont)

Items

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
grayscales (5 levels)

Four monochrome
grayscales (5 levels)

Multiplexing icons

Annunciator

Key scan control

LED control ports

General output ports 3 — —

Operating power voltages 1.8Vto55V 1.7Vto 3.6V 1.7Vto 3.6V

Liquid crystal drive voltages 45Vto15V 5.0V to 16.5V 5.0V to 16.5V

Serial bus Clock-synchronized serial — Clock-synchronized serial
Parallel bus 4 bits, 8 bits 8 hits, 16 bits 8 bits, 16 bits

Liquid crystal drive duty ratios

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

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

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

Liquid crystal drive biases

1/4 to 1/10

1/4 to 1/11

1/4to0 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 1,280x 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 8.42x 3.18 8.44 x 2.95
Pad intervals 70 pm 50 um 50 pm
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L CD Family Comparison (cont)

Items

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 20Vto3.6V 1.7Vto 3.6V

Liquid crystal drive voltages 5.0V to 15.5V 5Vto 19.5V

Serial bus — Clock-synchronized serial

Parallel bus 8 bits, 16 bits 8 hits, 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 1/4 to 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

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,
Oscillation off,

Liquid crystal power off

2-screen division partial
drive, Partial display off,
Oscillation 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 pm
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HD66753 Block Diagram

Vee D——

RESET* —j
TEST —»

OSC1

0SC2

CPG

—

Instruction register (IR)

)

Instruction
decoder

Timing generator

-— T

132-bit
IMOID ) Address counter (AC) bidirectional Common
cs* ) common shift X
register driver
RS ——3»| System
interface 16 ) .
E/WR*/SCL ﬁ fé/rr;;:lhronlzed _/) Bit operation
-16-bit bus
RW/RD*/SDA — 3 o Uit Y
16 ?16
DBO-DB15 <G~ " 12 .
(/_ Read data 16 168-bit Segment driver
latch latch circuit
Vci ﬁ

v

A,

COM1/132-COM132/1

—>

SEG1/168-SEG168/1

—>

Ci+ v
G- A
C2+
C2- Graphic RAM
C3+ (CGRAM)
gi | Three-, five-, six-, 5,544 bytes LCD drive voltage
C4T and seven-times selector
step-up
C5+
6 — Y A
C6+
c6- — Four-grayscale control circuit
VLOUT <€ v
vewt ) | Window cursor control l—
VSw2 e
LCD drive voltage
VREG » regulator
V1REF e
Drive bias controller
Contrast
adjuster
VTEST -
+ - + -
VR R Lr‘i‘ R Ro R R
VLREF [> y VW A% VV/* YA
v v v v J7
OPOFF V10UT V20UT V30UT V40UT V50UT GND
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HD66753 Pad Arrangement

[Chip size: 15.90 mm x 2.02 mm
Chip thickness: 400 um (typ.)
Pad coordinates: pad centers No. 1

No. 417
Coordinate origin: chip center

GNDDUM2
TEST
OPOFF
VccDUML
IMOID
GNDDUM1
Dummy?
Dummyé
Dummys
Dummy4
Dummy3
Dummy2

Au bump size
(1) 80 um x 80 wm (min 100-um pitch)
Dummy1, Dummy2 to GNDDUM2, Dummy8, GNDDUM3
GNDDUM3, DB15 to V4OUT, V50UT,
Dummy9, Dummy10 to Dummy19, Dummy20 DB1S|

com1/132
com2/131

Dummys Dummy1

com1a/119

com1s/118

DB13 com16/117
Type code [coM65/68
(3) 35 um x 80 um (min 50-u, pitch) DB12] P [comeeis7
SEG1/168 to SEG168/1,

COM15/118, COM16/117,

COM®65/68 to COM112/21,
COM31/102 to COM132/1

(2) 45 1m x 80 km (min 60-um pitch) DB14
COM1/132 to COM14/119,
COM17/116 to COM30/103

€G.99dH

DB11
DB10
[Au bump pitch: see the pad coordinates

Height of the Au bump: 15 um (typ.)
Numbers in the figure correspond to pad no

Alignment mark com111/22
(1) Alignment: two points
@@ Coordinates (X, Y) 17642, 6133 o8s 250&151;/121

160 um DBS| SEG167/2
t: 95 —»l
T

e
°
3
2

4530 40 30 45

ferlerle

GNDDUM4

45 30 40 30 45

(2-b) Coordinates (X, Y) = i7668, 4063 RESET*
cs*|
RS
50 um
E/WR*/SCL|

(3-a) Coordinates (X, Y) = i-7548, 4063

"‘5}‘1? 25+25 mﬂ‘s} eno HD66753
T g

RW/RD*/SDA
GND

GND

—
0o
T
2

] eNo (Top view)

80 um

-
|

osc1
Y

e roum—sf| * Ves

f«— soum

(3-b) Coordinates (X, Y) = 17548, 4063
10 25 25 10 Vi

T Hﬂ\ I EE] vei

70um
25
H
Sm
20

10 25
o
>
2

C6-|
PEr—| g

Update history cs.
Rev 0.0: newly created cs-
Rev 0.1: pad coordinate no. updated,
@eaee type code added ca
Rev 0.2: pin name modified in Au bump
@eeee size (3) Ca-

ci+ sEG2/167
c1+ sEG1/168
ci+ com132/1
ci- com131/2

VLPS [COM114/19
vLPS com113/20
VLPS comearse
VLPS comesiro

VLREF com31/102
v10UT| [com30/103

com1si11s
com17/116

38
88
aa
53

Dummys9 pummy20

No. 101 No. 116

Dummy10}
Dummy11
Dummy12|
Dummy13

VTEST|
Dummy16
Dummy17
Dummy18
Dummy19
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HD66753 Pad Coordinates

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

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 |C6- 2619 -848
15 (DB3 -3506| -848] |52 |C6- 2719 -848
16 (DB2 -3181| -848] |53 |C6- 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| 1|69 |C3- 4421 -848
33 |OscC2 358 -848| |70 [C3- 4521 -848
34 |OSC1 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 |Dummyl8 7788 566
78 |Cl+ 5322 -848] 1115 [Dummyl19 7788 666
79 |Cl+ 5422 -848] 1116 [Dummy20 7788 880
80 |C1l+ 5522 -848] |117 |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] 1129 |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] 132 |[COM32/101 6742 880
96 |[V1OUT 7209| -848| |133 |COM33/100 6691 880
97 |V20UT 7309 -848] |134 |[COM34/99 6641 880
98 |V3OUT 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 |Dummyll 7788 -535] |140 |[COM40/93 6341 880
104 |Dummy12 7788 -435| |141 |[COM41/92 6290 880
105 |Dummyl3 7788 -335] |142 |[COM42/91 6240 880
106 [VTEST 7788 -235] 143 |COM43/90 6190 880
107 |(GNDDUM5 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 |COM47/86 5990 880
111 (Dummyl5 7788 266| |148 [COMA48/85 5940 880
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HD66753 Pad Coordinates (cont)

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

149 (COM49/84 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 |COMb55/78 5589 880| |192 |SEG8/161 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 [COM60/73 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 |COMG63/70 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 |SEG?24/145 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 |SEGA42/127 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 |SEGA45/124 1880 880] |266 |SEG82/87 25 880
230 |SEG46/123 1829 880] |267 |SEG83/86 -25 880
231 |SEGA47/122 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 |SEGb52/117 1529 880] |273 |SEG89/80 -326 880
237 |SEG53/116 1479 880| |274 [SEG90/79 -376 880
238 |SEGb54/115 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 -777 880
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

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 |COM88/45 -5539 880] |408 |COM9/124 -7147 880
378 |COM87/46 -5589 880] |409 |COM8/125 -7207 880
379 |COM86/47 -5639 880| |[410 [COM7/126 -7268 880
380 |COMB85/48 -5689 880] |411 |COM6/127 -7328 880
381 |COM84/49 -5739 880| [412 [COM5/128 -7388 880
382 |COMB83/50 -5789 880] |413 |COM4/129 -7448 880
383 |[COM82/51 -5839 880] [414 [COM3/130 -7508 880
384 |COM81/52 -5889 880] |415 |COM2/131 -7568 880
385 [COM80/53 -5940 880| |416 [COM1/132 -7628 880
386 |COM79/54 -5990 880] |417 |Dummyl -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] 1424 (IM2 -7788 66
394 |COM71/62 -6391 880| |425 |GNDDUM1 -7788 -34
395 |COM70/63 -6441 880] 1426 |IM1 -7788 -135
396 [COM69/64 -6491 880] [427 (IMOID -7788( -235
397 |COM68/65 -6541 880] 1428 |VccDUM1 -7788 -335
398 |[COM67/66 -6591 880| [429 [OPOFF -7788| -435
399 |COM66/67 -6641 880] 1430 |TEST -7788 -535
400 ([COM®65/68 -6691 880| |431 [GNDDUM2 -7788| -635
401 (COM16/117 -6742 880
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Alignment Mark

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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TCP External Dimensions (HD66753TBOL/R)
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Pin Functions

Table2 Pin Functional Description
Number of

Signals Pins 1/0 Connected to

Functions

IM2, IM1, 3 |
IMO/ID

GND or V.

Selects the MPU interface mode:

IM2 IM1 IMO
GND GND GND
GND GND Vcce
GND Vce GND
GND Vcce Vcce
Vce GND ID

Vce Vce ID

MPU interface mode

68-system 16-bit bus interface
68-system 8-bit bus interface
80-system 16-bit bus interface
80-system 8-bit bus interface
Clock-synchronized serial interface
12C bus interface

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

CcSs* 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 I/0
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.

DB0-DB15 16 I/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-DBO0 to
the Vcc or GND level.
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Table2 Pin Functional Description (cont)

Number

Signals of Pins I/O Connected to  Functions

COM1/132 132 (@) 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 O LCD Output signals for segment drive. In the display-off

SEG168/1 period (D = 0), sleep mode (SLP = 1), or standby
mode (STB = 1), all pins output GND level.

The SGS bit can change the shift direction of the
segment signal. For example, if SGS = 0, SEG1/168
is SEGL. If SGS = 1, SEG1/168 is SEG168.

V10UT- 5 (@) Stabilization Built-in op-amp output. This should be stabilized by

V50UT capacitance connecting a capacitor.

Vies 1 — Power supply Power supply for LCD drive. V= 19.5 V max.

V..GND 2 — Power supply V.. +1.7 Vto + 3.6 V; GND (logic): 0 V

OSC1, 2 I or O Oscillation- For R-C oscillation using an external resistor,

0OSC2 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] V., Pin/step-up  Potential difference between Vci and GND is two- to

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 1/0 Connected to  Functions
RESET* 1 | MPU or Reset pin. Initializes the LS| when low. Must be reset
external R-C after power-on.
circuit

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

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

VSW2 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] Stabilization Output pin for the LCD-drive-voltage regulator circuit.

capacitance or  Must be left disconnected when not in use.
open

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

VccDUM 1 (0] Input pins Outputs the internal V__ level; shorting this pin sets
the adjacent input pin to the V_ level.

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

Dummy 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-hit/8-
bit bus, and a clock-synchronized serial 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 data
register (RDR). The IR stores index information from the control registers and the CGRAM. The WDR
temporarily stores data to be written into control registers and the CGRAM, and the RDR temporarily
stores data read from the CGRAM. Data written into the CGRAM from the MPU 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 dataisinvalid and the second and the following
data are normal (for the serial interface, the 5-byte datais invalid). 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 data into the CGRAM in bit units, and alogic operation function that performs logic operations
on the display data set in the CGRAM and writesinto the CGRAM. With the 16-hit 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 is written into
the IR, the address information is sent from the IR to the AC.

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

The graphic RAM (CGRAM) stores bit-pattern data of 168 x 132 dots. It has two bits/pixel and 5,544-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 aso 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 COM132) 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 unselected waveforms.

Display pattern datais latched 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 also be changed by the CM S bit by selecting an
appropriate direction for the device mounting configuration.

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

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 external resistors are required because of the internal bleeder-resistor, which generates
different levels of LCD drive voltage. Thisinternal bleeder-resistor can be software-specified from 1/4 bias
to /11 bias, according to the liquid crystal display drive duty value. The voltage followers can be turned
off while multiplexing drive is not being used. For details, see the Power Supply for Liquid Crystal Display
Drive section.

Contrast Adjuster

The contrast adjuster can be used to adjust LCD contrast in 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 LCD-drive voltage from the reference voltage
that does not depend on the LCD load current. Change of the L CD-drive voltage is controlled for the LCD
load current. For details, see the Liquid Crystal Display Voltage Generator section.
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CGRAM AddressMap

Table4 Relationships between the CGRAM Address and the Display Screen Position
Segment - o © < 0 © ~ © o = N © §
Driver QR R RrerR e e Rle e 2 @
(2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2]
Bit | SGS="0" DOED1 D25D3§D4E D5§D6ED7§DBED9§D1OED11§D125D13§D14ED15 DOED1 i---ims DOED1 i---ims . DOE D1§-- ED15
COoM1 Address: "0000"H "0001"H "0002"H "0014"H
COM2 Address: "0020"H "0021"H "0022"H "0034"H
COM3 Address: "0040"H "0041"H "0042"H "0054"H
COM4 Address: "0060"H "0061"H "0062"H "0074"H
COM5 Address: "0080"H "0081"H "0082"H "0094"H
COM6 Address: "00A0"H "00A1"H "00A2"H "00B4"H
com7 Address: "00C0"H "00C1"H "00C2"H "00D4"H
COM8 Address: "00EQ"H "00E1"H "00E2"H "00F4"H
COM9 Address: "0100"H "0101"H "0102"H "0114"H
COM10 Address: "0120"H "0121"H "0122"H "0134"H
COM11 Address: "0140"H "0141"H "0142"H "0154"H
COM12 Address: "0160"H "0161"H "0162"H "0174"H
COM13 Address: "0180"H "0181"H "0182"H "0194"H
COM14 Address: "01A0"H "01A1"H "01A2"H "01B4"H
COM15 Address: "01C0"H "01C1"H "01C2"H "01D4"H
COM16 Address: "01E0"H "01E1"H "01E2"H "01F4"H
COoM17 Address: "0200"H "0201"H "0202"H "0214"H
COM18 Address: "0220"H "0221"H "0222"H "0234"H
COM19 Address: "0240"H "0241"H "0242"H "0254"H
COM20 Address: "0260"H "0261"H "0262"H "0274"H
COM125 Address: "OF80"H "OF81"H "OF82"H "OF94"H
COM126 Address: "OFAQ"H "OFA1"H "OFA2"H "OFB4"H
CcOoM127 Address: "OFC0"H "OFC1"H "OFC2"H "OFD4"H
COM128 Address: "OFEQ"H "OFE1"H "OFE2"H "OFF4"H
COM129 Address: "1000"H "1001"H "1002"H "1014"H
COM130 Address: "1020"H "1021"H "1022"H "1034"H
COM131 Address: "1040"H "1041"H "1042"H "1054"H
COM132 Address: "1060"H "1061"H "1062"H "1074"H
Table5 Relationships between the CGRAM Data and the Display Contents
Upper Bit Lower Bit LCD
0 0 Non-selection display (unlit)
0 1 1/4-, 1/3- or 2/4-level grayscale display (selected by the GSL1-0 bits)
1 0 2/4-, 2/3-, or 3/4-level grayscale display (selected by the GSH1-0 bits)
1 1 Selection display (lit)
Note: Upper bits: DB15, DB13, DB11, DB9, DB7, DB5, DB3, DB1
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I nstructions

Outline

The HD66753 uses the 16-hit bus architecture. Before the internal operation of the HD66753 starts, control
information is temporarily stored in the registers described below to allow high-speed interfacing with a
high-performance microcomputer. The internal operation of the 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 DB0), make up the HD66753 instructions. There are seven
categories of instructions that:

e Specify the index

¢ Read the status

e Control the display

e Control power management

e Process the graphics data

e Setinternal CGRAM addresses

o 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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I nstruction Descriptions

Index (IR)

The index instruction specifies the RAM control and control register indexes (R00 to R12). It setsthe
register number in the range of 00000 to 10010 in binary form.

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

0 0 || i ) ) ) : * * ¥ * * * | D4 | ID3 | ID2 | ID1 | IDO

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).

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

1 0 || L7 | L6 | L6 | L4 | L3 | L2 | L1 |LO 0O [C6B|C5|C4|C3|C2]|C1]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.

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

0 1 || * * * * * * * * * * * * * * * 1

Figure3 Start Oscillation Instruction
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Driver Output Control (R0O1)

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

SGS: Selectsthe output shift direction of a segment driver. When SGS = 0, SEG1/168 shifts to SEG1, 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.

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

0 1 || * * * * * * |CMS|SGS| * * * | NL4 | NL3 | NL2 | NL1| NLO

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 0 0 0 0 168 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 alternates in every frame for LCD drive.
When B/C = 1, a C-pattern waveform is generated and alternates in each raster-row specified by bits EOR
and NW4-NWO in the LCD-driving-waveform control register. For details, see the n-raster-row Reversed
AC Drive section.

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select signals and
the n-raster-row reversed signals are EORed for alternating drive. EOR is used when the LCD is not
aternated by combining the set values of the LCD drive duty ratio and the n raster-row. For details, seethe
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). NWA-NWO dlternate for every set value + 1 raster-row, and the first to the 32nd raster-rows can be
selected.

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

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

Figure5 LCD-Driving-Waveform Control Instruction

Power Control (R03)

BS2-0: The LCD drive biasvalue is 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 external 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: The amount 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 DriveBias Value

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

PR FRP|PRP|O|O|O| O

PR |O|O|FR|FL|O]| O

RPO|RFR|O|IFR|O|F]|] O

1/4 bias drive

Table8

BT1

BT Bitsand Output Level

BTO

VLOUT Output Level

Three-times step-up

Five-times step-up

Six-times step-up

0
0
1
1

0
1
0
1

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

0
1
0
1

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

ROl k| O

Large
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Table1ll  PSBitsand Reference Power Supply

Switching the Reference Power Supply for the LCD Voltage Generator

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

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

Power control (BS2-0, BT1-0, DC1-0, AP1-0, SLP, and STB 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 al 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.

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

0 1 || * * * | BS2|BS1|BS0|BT1|BTO | PS1|PS0|DC1|DCO|AP1|APO|SLP|STB

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.

R/W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 || * * * * * |VR2|VR1|VRO| * |CTe |CT5|CT4|CT3|CT2 |CT1|CTO
Figure7 Contrast Control Instruction
HD66753
VLREF
VR
R V1
V2
R
DT Vo
RO
R V4
; V5
S ar ey
oGND GND
Figure8 Contrast Adjuster
Table12 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 6.30 xR
0 0 0 0 0 1 1 6.25x R
0 0 0 0 1 0 0 6.20 xR
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 bits adjust the output voltage (V 1REF) for the L CD-drive reference voltage generator
within the 2.8- to 6.5-times ranges of Vreg (Vci or VREG pin input voltage).

Table13 VR Bitsand V1REF Voltages

VR2 VR1 VRO V1REF Voltage Setting
0 0 0 Vreg x 2.8
0 0 1 Vreg x 3.5
0 1 0 Vreg x 4.0
0 1 1 Vreg x 4.5
1 0 0 Vreg x 5.0
1 0 1 Vreg x 5.5
1 1 0 Vreg x 6.0
1 1 1 Vreg x 6.5

Entry Mode (R05)

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) is automatically incremented by 1 after the datais written to
the CGRAM. When I/D = 0, the AC is automatically decremented by 1 after the datais written to the
CGRAM.

AM 1-0: Set the automatic update method of the AC after the datais written to the CGRAM. When AM1—
0 =00, the data is continuoudly written in paralel. When AM1-0 = 01, the datais continuously written
vertically. When AM1-0 = 10, the datais continuously written vertically with two-word width (32-bit
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 data is rotated in the upper side by two bits. When
RT2-0 = 111, the datais rotated in the upper side by 14 bits. The upper bit overflown in the most
significant bit (MSB) side isrotated in the least significant bit (LSB) side.
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RW RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

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

0 1 || * * * * * * * * * * * * * RT2 | RT1 RTO

Figure9 Entry Modeand Rotation Instructions

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

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

Roion o0 | B2 B K ¥ X ¥ XX F AN

-

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Y Y Y VY YYYYYYYYOYY
) . Logical operation  LG1-0 = 00: Replace
Logical operation LG1-0 = 01: ORed

(LG1-0) LG1-0 = 10: ANDed
LG1-0 = 11: EORed

Y Y Y Y Y YUY Y YYYYYYoVY

Write data mask (WM15-0)

Y Y Y Y Y Y YYYYYYYY VY

Write data mask*
(WM15-0)

CGRAM

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

Figure 10 Logical Operation and Rotation for the CGRAM

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 a brightly-colored display (when DB = 10) is selected. For
details, see the 4-Grayscale Display Function section.

GSL1-0: The grayscale level at aweakly-colored display (when DB = 01) is selected.
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Table1l4  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)

Table1l5 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: Displays all character and graphics display sections with black-and-white reversal when REV = 1.
For details, see the Reversed Display Function section.

D: Display isonwhen 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 O, the display is off with the SEG1 to SEG168
outputs and COM1 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.

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

GS|GS| GS | GS
H1 | HO | L1 | LO

REV| D

oL L1 1-[-J] ]

Figure11l Display Control Instruction

Cursor Control (R08)

C: When C =1, the window 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 HE6-0 bits)
and vertical cursor position register (VS6-0 and VE6-0 bits). For details, see the Window Cursor Display
section.

CM 1-0: The display mode of the window cursor is selected. These bits can display a white-blink cursor,
black-blink cursor, black-and-white reversed cursor, and black-and-white-reversed blink cursor.
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R'W RS DB15 DB14 DB13 DB12 DB11 DB10 DB9 DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 || * * * * * * * * * * * * * C CM1 CMO

Figure12 Cursor Control Instruction

Table16  CM Bitsand Window Cursor Display Mode

CM1 CMO Window Cursor Display Mode

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

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

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

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

reversed normal display)

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 is
displayed 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 is
displayed to the 'set value + 1' dot. Ensure that 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. Ensure that 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.

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

0 1 || HE7 | HE6 |HE5 | HE4 | HE3 | HE2| HE1 | HEO | HS7| HS6 | HS5 | HS4| HS3 | HS2 [ HS1| HSO

0 1 || VE7 | VE6 |VE5 | VE4 | VE3 | VE2| VE1 | VEO | VS7| VS6 | VS5 | VS4| VS3 | VS2 | VS1| VSO

Figure 13 Horizontal Cursor Position and Vertical Cursor Position Instructions
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HS1+1 HE1+1

VS14+1 frerrreeennns .

Window
cursor

VE1+1 }-ocovieenens

Figure 14 Window Cursor Position

1st Screen Driving Position (ROD)

2nd Screen Driving Position (ROE)

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

SE17-10: Specify the driving end position for the first screen in aline unit. The LCD driving is 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 COM1 to
COM7, COM 18, and others. Ensure that SS17—10 < SE17-10 < 83H. For details, see the Screen Division
Driving Function section.

SS27-20: Specify the driving start position for the second screen in 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 screen in aline unit. 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 COM 33 to COM 96 and the non-selected 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.

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

0 1 SE17 | SE16 | SE15| SE14| SE13| SE12| SE11|SE10 | SS17| SS16| SS15|SS14| SS13| SS12| SS11| SS10

SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25| SS24 | SS23| SS22| SS21 | SS20

Figure15 1st Screen Driving Position and 2nd Screen Driving Position
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RAM Write Data Mask (R10)

WM 15-0: In writing to the CGRAM, these bits mask writing in a bit unit. When WM 15 = 1, this bit masks
the write data of DB15 and does not write to the CGRAM. Similarly, the WM 14-0 bits mask the write
data of DB14-0 in 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 isalso masked automatically with the reversed set values of
WM 15-0 for the even-times CGRAM write. For details, see the Graphics Operation Function section.

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

WM| WM|WM| WM| WM|WM|WM| WM|WM|WM|WM|WM| WM|WM|WM| WM
15| 14113 | 12| 11 | 10 9 8 7 6 5 4 3 2 1 0

0]

Figure16 RAM Write Data Mask Instruction

RAM Address Set (R11)

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

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

12 | 11 10 AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO

Figure1l7 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
"00AQ"H-"00B4"H Bitmap data for COM6
"OFC0"H-"0FD4"H Bitmap data for COM127
"OFEQ"H-"OFF4"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
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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 bit settings. During the sleep and standby modes, the CGRAM cannot be accessed.

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

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

0 1 |

Figure 18 Write Datato CGRAM Instruction

Read Data from CGRAM (R12)

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

When bit processing, such as alogical 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 serial interface, the 5-byte dataisinvalid. For details, see the Serial Data
Transfer section.

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

RD| RD|{RD| RD| RD| RD| RD| RD | RD| RD| RD| RD| RD | RD | RD | RD
15| 14113 | 12 | 11 10| 9 8 7 6 5 4 3 2 1 0

1 1

Figure19 Read Datafrom CGRAM Instruction
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First word

Second word

First word

Second word

i) Data read to the microcomputer

Sets the I/D and AM1-0 bits

Y

Address: N set

Y

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

First word

v

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

Second word

Y

Address: M set

L

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

First word

'

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

Second word

v

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

v

Address: N set |

v

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

v

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

v

Automatic address update: N + o

v

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

'

Write (data of address N + o)
DB15-0 -> CGRAM

v

ii) Logical operation processing in the HD66753

Figure20 CGRAM Read Seguence
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Table18 Instruction List
Upper Code Lower Code
Reg. Register DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB DB
No. Name RWRS 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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 Cl1 cCo
ROO Start 0 1 * * * * * * * * * * * * * * * 1
oscillation
Device code 1 1 0 0 0 0 0 1 1 1 0 1 0 1 0 0 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 DC DC APl APO SLP STB
1 0
R04 Contrast 0 1 * * * * * VR2 VR1 VRO * CT6 CT5 CT4 CT3 CT2 CT1 CTO
control
R0O5 Entry mode 0 1 * * * * * * * * * * * I/ID AM AM LG1 LGO
1 0
R06 Rotation 0 1 * * * * * * * * * * * * * RT2 RT1 RTO
RO7 Displaycontrol 0 1  * * * * * * * SPT * * GSH GSH GSL GSL REV D
1 0 1 0
R08 Cursor control 0 1 * * * * * * * * * * * * * C CM CM
1 0
Rog NOOP O 1 * * * * * * * * * * * * * * * *
ROA NOOP 0 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 0 1 wM WM WM WM WM WM WM WM WM WM WM WM WM WM WM WM
data mask 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R11 RAM address 0 1 * * * AD12-8 AD7-0 (lower)
set (upper))
R12 RAM data 0o 1 Write data (upper) Write data (lower)
write
RAM data 1 1 Read data (upper) Read data (lower)
read
Note: "' means 'doesn't matter'.
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Table18 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).
RO2 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
RO3 Power control Sets the sleep mode (SLP), standby mode (STB), LCD power on (AP1- 0O
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 (/D).
R0O6 Rotation Specifies the amount of write-data rotation (RT2-0).
RO7 Display Specifies display on (D), black-and-white reversed display (REV), 0
control grayscale mode (GS), double-height display on (DHE), and patrtial scroll
(PS1-0).
R08 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 cursor Sets vertical cursor start (VS6-0) and end (VE6-0). 0
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
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Reset Function

The HD66753 isinternally 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 access the CGRAM or initialy set the instructions until
the R-C oscillation freguency is stable after power has been supplied (10 ms).

Instruction Set Initialization:

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)

1/11 bias drive (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)

Entry mode set (1/D = 1: Increment by 1, AM1-0 = 00: Horizontal move, LG1-0 = 00: Replace mode)
Rotation (RT2-0 = 000: No shift)

Display control (SPT = 0: GSH1-0=GSL1-0 =00, REV =0, GS= 0, D = 0: Display off)

Cursor control (C = 0: Cursor display off, CM1-0 = 00)

10. 1st 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)

AW N PR

o

© © N

CGRAM Data Initialization:

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-bit parallel datatransfer. Setting the IM2/1/0 to the GND/V cc/GND level alows 80-system 16-bit
parallel datatransfer. When the number of buses or the mounting areais limited, use an 8-bit bus interface.

CSn* = CS*
H8/2245 AT »| RS
R ™y HDB6753
(RD*) p| (RDY)
D15 - DO " L - DB15 - DBO
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 data transfer using pins DB15-DB8. Setting the IM2/1/0 to the GND/V cc/Vec level alows
80-system 8-hit 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-DBO to the Vcc or
GND level. Note that the upper bytes must aso be written when the index register is written to.

csn* | CS*
H8/2245 A1 »-| RS HD66753
HWR* > WR*
(RD¥) | (RD")
D15- D8 |«———~———M= DB15- DB8
8 DB7-0
| 8

GND

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 businterface. Noise causing transfer mismatch
between the eight upper and lower bits can be corrected by areset triggered by consecutively
writing a O0H instruction four times. The next transfer starts from the upper eight bits. Executing
synchronization function periodically can recover any runaway in the display system.

Rev. 1.0, Jan. 2003, page 43 of 102
HITACHI




HD66753

(8-bit transfer synchronization)

Figure23 8-bit Transfer Synchronization
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Serial Data Transfer

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

The HD66753 initiates serial data transfer by transferring the start byte at the falling edge of CS* input. It
ends seria 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 a single 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, an
instruction 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 all the instructionsin 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 after 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

Writes instructions and RAM data

0 0
0 1 Reads status
1 0
1 1

Reads RAM data
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a) Basic Data-transfer Timing through Clock-synchronized Serial Bus Interface
Transfer start Transfe_r _e_nd

cs*
(Input)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SCL
(Input)
SDA neyn fuqu ngqu ougqu\ npn
(Input) \0,1 1" """\ "0
|<— Device ID code —>|RS|RW| )

Start byte Instruction register set,
instruction, RAM data write

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

o\ /

12345678 9 101112 13141516 17 18192021222324 252627 282930 31 32

SCL
(Input)

pper 8 bits o ower 8 bits o pper 8 bits o
SDA Start byte u bits of L bits of u bits of
(Input) 4 instruction 1 instruction 1 instruction 2

Start Execution time for End
instruction 1 >|

Note: The first byte after the start byte should be upper 8 bits.

c) RAM Data Read-transfer Timing

cs n

(Input)
ooty UL TnmARAT AR WA nRARArwUwpUuI A
(Input)
SDA Start byte _ _
wqn Upper 8 bits of | | Lower 8 bits of
(Input) 2/3\,; 1“1," Dummy read 1 Dummy read 2 || Dummy read 3 | | Dummy read 4 | | Dummy read 5 RAM read RAM read
Start End

Note: Five bytes of the RAM read data after the start byte are invalid. The HD66753 starts to read
the correct RAM data from the sixth byte.

d) Status Read/Instruction Read Timing

es n

(Input)
SCL
(Input)
SDA gt;j::}/te Dummy read 1 Upper 8 bits of | | Lower 8 bits of
(Input) R /V\_I—" 1'” 4 status read status read
Start End

Note: One byte of the read after the start byte is invalid. The HD66753 starts to read
the correct data from the second byte.

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 write datamask 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 a bit unit.

3. A logical operation function that writes the data sent from the microcomputer and the origina RAM
data by alogical 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  Graphics Operation

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

font development

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

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

Read/write mode 3 0/1 10 011011 Horizontal data replacement with two-word-width
logical operation
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Microcomputer

(CGRAM)

716 A£16
Read- Write-data latch
—P-| data 16
atch ;
-+1/-1 -+16
3 Rotation bit
16 Bit rotation (RT2-0)
Address 16 * 00: through
counter 2 Logical .
) 1: OR
(AC) Logical operation | -——— operation 01:0
bit 10: AND
’;16 (LG1-0) | 41:.EOR
o 16 Write-mask register
Write bit mask | ————————— (WM15-0)
4vr16
" Graphics RAM
]

Figure25 Data Processing Flow of the Graphics Bit Operation
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1. Write mode 1: AM1-0=00, LG1-0=00

Thismode is used when the data is horizontally written at high speed. 1t 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 (1/D = 1) or decrements by 1 (I/D = 0), and automatically jumps to the
counter edge one-raster-row below after it has reached the left edge of the graphics RAM.

Operation Examples:

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

3) AC = 0000H

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

DBO DB15
Write data (1) : |1|o|o 1|1 0 o|1|o|1|o|o|o|o|1|1|
lolo]1[1]olo]o]o]]1[o]o
| i

Write data (3) : |o|1 |1 1|0 1 00|O|O|O|1|1|1 11

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

o]
o)) |
il |

0000H 0001H 0002H
R A S R e B A S L A B e T
Write data (1) Write data (2) Write data (3)
CGRAM

Figure26 Writing Operation of Write Mode 1
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2. Writemode 2: AM1-0=01, LG1-0=00

Thismode is used when the data is vertically written at high speed. It can also be used to initialize the
graphics RAM (CGRAM), develop the font pattern in the vertical direction, or draw borders. The
rotation function (RT2-0) or write-data mask function (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 (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.

Operation Examples:

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

3) AC = 0000H

WMO WM15
Write data mask: |1 |1 |1|0|0|0|0|0|0|0|0|0|1|1|1|1 |

DBO DB15
write data (1) : [1]o]o[1[1[o[o[1[o[]o[o[o[o[1]1}---*-2M: L2tk g foToTaT4]4]0 o[ [1]o[o[ 1]o[ *[o]o
wite data (2) : |1[1[o[o[o[o[1[[o[o]o]o[1]1[o]o]--- 42 etaton e T1T4To]o[1]+]ofoo[o[+[+]o[o[ofo
waie data (3): [of1[s[[o][olo[e[ofo[ [ [} [ [4fo[s 1]t e[ o[o ofo]o]1]

0000H |(+|+|+[1]1]olo]1]1]olo]1]-|*|-|-| write data (1

o020 [T Tol ool [T T ] e c 2

00401 |*|*|*|1|o|1|1|1!o|1|o|o| ||| write data (3) CGRAM

1060H :

Notes: 1. The bit area data in the RAM indicated by "*" is not changed.
2. After writing to address 1060H, the AC jumps to 0001H.

Figure27 Writing Operation of Write Mode 2
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3. Writemode 3: AM1-0=10, LG1-0=00

Thismode is used when the data is written at high speed by vertically shifting bits. It can also be used
to write the 16-bit data for two words into the graphics RAM (CGRAM), develop the font pattern, or
transfer the BiITBLT asabit unit. The rotation function (RT2-0) or write-data mask function (WM 15—
0) are also enabled in these operation. However, although the write-data mask function masks the bit
position set with the write-data mask register (WM 15-0) at the odd-times (such asthe first or third)
write, the function masks the bit position that reversed the setting value of the write-data mask register
(WM15-0) at the even-times (such as the second or fourth) write. After the odd-times writing, the
address counter (AC) automatically increments by 1 (I/D = 1) or decrementsby 1 (I/D = 0). After the
even-times writing, the AC automatically increments or decrements by —1 + 20 (I/D = 1) or +1 + 20
(I/D =0). The AC automatically jumpsto the upper edge after it has reached the lower edge of the
graphics RAM.

Operation Examples:

1) I/D =1, AM1-0 =10, LG1-0 = 00, RT2-0 =010
2) WM15-0 = 000FH

3) AC = 0000H

Write data mask: |1 |1 |1 | 1 |o|o|o|o|o|o|o|o|o| O|O|O|

DBO DB15 i
wte data (1) [1[+]]1[1[1 [o[o[o[o[o[+[]o[o[o}--*-*******"---m{s]o[o] ] ] [+ ] 1 o[o[o[o[o]- ]
Write data (2) : |1|1|1|1|1|1|o|o|o|o|o|1|1|o|o|o}---‘fi‘?i-‘-r-qt-""-tic-"-]-->|1|o|o|o|1|1|1|1|1|1|o|o|o|o|o|1|
Write data (3) : |o|o|o|o|o|1|1|1 |0|o|o|0|1|1|1 |1}---‘fi‘?i-t-r-qt?-tic-’f'-->|1|1|1|1|o|o|o|o|o|1|1|1 |o|o|o|o|
write data (4):  [ofo]o]o[o[1]4]t[o[oJo[o[+[ ] |1}---‘-‘-’E’it-[c-’t-qt-if’p--->|1|1|1|1|o|0|o|o|o|1|1|1 Jolo[o]o]
Write data (5) : |o|o|1|o|o|o|o|1|1|1|1|1|1|o|o|o}---‘-‘3?it-[9t-qt-i9p--->|1|o|o|o|o|o|1|o|o|o|o|1|1|1|1|1|
wiite data 6):[o[o]t[o[o[ofo][1[4[1[[[ofo]o] - ="~ s=[1][o]o[o[o]s ofe[fo [ ][]

0000H 0001H

0000H |- ||+ |1]1[t]r]1]1]o]olo[olol1] [1[ofolo[-|-|-[-[*|* |- |[*[]] wrte data (1), 2

o020 | LT oBBL o] FLRLETTTTTTTTTTT] e 0.

0040H | |*[|*[o][ |°|°|°|°| L] frlodofo-[ [l P [ [ [ [ ] e data s). @

1060H . CGRAM

Notes: 1. The bit area data in the RAM indicated by "*" is not changed.
2. After writing to address 1061H, the AC jumps to 0001H.

Figure28 Writing Operation of Write Mode 3
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4. Read/Write mode 1: AM1-0 = 00, LG1-0 = 01/10/11

Thismode is used when the data is horizontally written at high speed by performing alogical operation
with the original data. It reads the display data (original 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 data to 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 data
into the microcomputer and temporarily holdsit in the read-data latch. (However, the bus cycle must be
the same asthe 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 (1/D = 0), and automatically jumpsto the counter edge one-raster-row
below after it has reached the |eft or right edges of the graphics RAM.

Operation Examples:

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

3) AC = 0000H

WMO WM15
Write data mask: |o|o |o|o|o|o|o|o|o|o |o|o |o|o|o|o|

DBO0 DB15
Read data (1): |1|0|0| 1|00 |o|1|o|0|0|o|1|1|---~ Logical operation
o o|o|1|1|o|o|o|o|4-.!.<95‘.’ ....... o[l fol o[ [{Je[oo [[1]

il
write data (1):  [1]o[1[1]

Read data (2): |O|O|0|O|1 1

o]
']
]
2): |1|1|o|o|o|o|
1
il

1

]
1|o|o|o|o|o|o|o|o|---v |(_8g)cm operation

1 |1|o|o|o|1|1|o|o} ---------------- >|1|1|o|o|1|1|1|1|1|o|o|o|1|1|o|0|

Py

Write data

Read data

—

3 {o|o[o]o[1]1]1]o]1|o]o|ofo]1]1] o= Logicat operation
3): |o|1|1|1|0 1 oo|o|o|o|1|1|1|1 1|-V(OR) ------- >|0|1|1|1|1|1|1|0|1|o|0|1|1|1|1|1|

Write data

—

0000H 0001H 0002H

FRL T [ LTIFeleT ] [ ERET [T TRl L Tl PET T T oL o] oo
Read data (1) + Write data (1) Read data (2) + Write data (2) Read data (3) + Write data (3)

CGRAM

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

Thismode is used when the data is vertically written at high speed by performing alogical operation
with the original data. It reads the display data (original 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 data to 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 data
into the microcomputer and temporarily holdsit in the read-data latch. 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 20, and automatically jumps to 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.

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

3) AC = 0000H
WMo WM15
write data mask:  [1]1]o]o[o[o[o[o[ofo]+]1[+[1]1]1]
DBO DB15
vossonncr:  [ITRRLEIERERI by
write data (1) [1[0]1]1]1]1]o[ofo[1]1]o[o|o[o] 1 } ---------------- >|o|o|o| l1|o]1]1]1]1 |o[o]o[1]1]o]
i Logical operation (OR)
O 1]0(o|1|1[o]1]1[1]|1|o[o]O]|1[1]1
ooy TR et el
it rotation
write data ) [1]1]o[oJo[o]1]1]1]o[o[o]1]4 |0|0|'"~: """""""" »1[1]o]o]1]t |oJo[olo[t]1]1[o]o]e]
; Logical operation (OR) v
............. -
Read data (3): |0|o|0|o|1|1|1|o|1|1|1|0|o|1|1|0|- L lllol el ol
) 4-bit rotation
Write data (3): |o|1|1|1|o|1|o|o|o|o|o|1|1|1|1|1|- ---------------- >| | | | |o| | | |o| |o|o|o|o|o| |
Logical operation (OR)
i ------------- (1]t 1[4 11 {1]1]1] 1]1]o[o] 1]1]1]
0000H 0001H
0000H |[*[[ol]t[o[1]1]1]1]*]-|+]-|*|-] Read data (1) + write data (1)
0020H ||+ |oo]|1]t[1]o[o[+|-|+|-|*|-| Read data (2) + Write data (2)
0040H |*|*|1|1|1|1|1|1|1|1|*|*|*|*|*|*| Read data (3) + Write data (3)
: CGRAM
1060H

Notes: 1. The bit area data in the RAM indicated by "*" is not changed.
2. After writing to address 1060H, the AC jumps to 0001H.

Figure30 Writing Operation of Read/Write Mode 2
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6. Read/Write mode 3: AM1-0 = 10, LG1-0 = 01/10/11
This mode is used when the data is written with high speed by vertically shifting bits and by performing
logical operation with the original data. It can be also used to write the 16-bit data for two wordsinto
the graphics RAM (CGRAM), develop the font pattern, or transfer the BITBLT asabit unit. 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 data into the microcomputer and temporarily holdsit in the read-
datalatch. The rotation function (RT2-0) or write-data mask function (WM15-0) are also enabled in
these operations. 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 asthe first 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 increments by 1 (1/D = 1) or decrementsby 1 (I/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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Operation Examples:
1) /D =1, AM1-0 =10, LG1-0 =01, RT2-0 =010
2) WM15-0 = 000FH
3) AC = 0000H
WMo WM15

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

DBO DB15
Read data (: ool 1[1]+[1]o[o]olo]o]1[1]o]of-s
wiosaa 0 T HAoF L} £ s T P
: Logical operation (OR)
L -
rosinaer T TTEEHEE [T F T PP
wite data 2): [1]1]1]1]1]+]o|ofo]ofo]s |ololor-ﬂ.-‘*-t?'-t-r-"-tf‘-“‘f‘*l t]ofolo]ft 1]t |1}t o]ofolo]of

Logical operation ( OR

------------- . DNi0a00ceCogo

Read data (3): [ofo[1]1]o[o[1]1]o[o]o]o]o] ]

-
il

write data (3):  [o[ofo[o]o] 1[1]+]o[o[o[o]4] ]+ 1}--1-?-?I-t-[?t-%t-l?p->| 1[1[1]1]ofo[o]o]o]]]*]ofo]o]o]
: Logical operation ( OR

Readdata (@ [TTi[ToJolelolofololele[i[o[ - = [lrflole |°| el

wosaa 4 oo [ ERRETTT-222 m FRFEeTEFET
: Logical operation (OR)
N ChuEaEtEngzazy

0000H |{*[<[*[[1 [ |t{t]1[1

o
[«)
—
—_
o
—
—
(=]
—_
—_

0020H ||*[*|*[lofol1 |1]ot[1|t[oft {1 {of |1{ 1|1 ]*{=|*[*[**[*|*[*|* [*|* | write data 3), (4)

1060H

* | Write data (1), (2)

CGRAM

Notes: 1. The bit area data in the RAM indicated by "*" is not changed.
2. After writing to address 1060H, the AC jumps to 0001H.

Figure31 Writing Operation of Read/Write Mode 3
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Ogscillation Circuit

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

1) External clock mode 2) External resistor oscillation mode
The oscillator frequency can be
0sC1 adjusted by oscillator resistor (Rf).
Clock —A\— OSC1 If Rf is increased or power supply
(100 kHz) Rf voltage is decreased, the
oscillation frequency decreases.
0sc2 For the relationship between Rf
Dumping HD66753 HD66753 resistor value and oscillation
resistance frequency, see the Electric
(2kQ) Characteristics Notes section.

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 03H 1/6 71Hz 1408
1/40 04H 1/7 71Hz 1400
1/48 05H 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 O0AH 1/10 71Hz 1408
1/96 0BH 1/10 69 Hz 1440
1/104 0CH 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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1.2 .3 . 4 .. 131, 132, 1. 2 . 3 . 131, 132.

Vi1 : : : : : : : i
v2 T ‘ ‘ ‘ ‘ ‘ ‘
COM1 : ‘ ‘ ‘ ‘ ‘ ‘ : : ; ; ;
V5 —q 3 3 3 3 3 3 ‘ 3 3 3 3 —
GND ‘ : : : : : : : : : : : :
V1
V2
COoM2
- V5
— GND
v Vi1
V2
COM131
V5
GND ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Vi : : : : : ‘ ‘ ‘ ‘ ‘ ‘ L
va : : : : : : : : : : :
COoM132 : : : : : : :
V5 : : : . . : f
GND

€ 1frame —————————————— €€ 1 frame ——————>

Figure33 LCD Drive Output Waveform (B-pattern AC Drive with /132 Multiplexing Duty Ratio)
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n-raster-row Reversed AC Drive

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

1 frame 1 frame

A
v
A
‘V

1/2|3|4|5/6|7|8]9|10{11/12{13| """ 79|80 1 |2|3|4|5|6|7|8|9|10{11[12/13| " [79/80 1| 2|3

B-pattern
waveform drive
- 1/80 duty

—_—t
—_—

C-pattern

\
waveform drive
- 1/80 duty

- 11-raster-row
reversal _
- Without EORs

C-pattern A\ \ \

waveform drive |
- 1/80 duty
- 11-raster-row

reversal
- With EORs

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

Figure 34 Example of an AC Signal under n-raster-row Reversed AC Drive
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Liquid Crystal Display Voltage Generator

When External Power Supply and Internal Operational Amplifiersare Used

To supply LCD drive voltage directly from the external 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. Since the VLREF input is the 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, potential difference betweenV .. and V1 must be 0.1V or higher, and that between V4 and
GND must be 1.4 V or higher. Place a capacitor of about 0.47 puF (B characteristics) between each internal
operational amplifier (V1OUT to V50UT outputs) and GND and stabilize the output level of the
operational amplifier. Adjust the capacitance value of the stabilized capacitor after the LCD panel has been
mounted and the screen quality has been confirmed.
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Vips

PS1-0 = "10"

ViRer HD66753

2 01pF J(+) VR
(B characteristics) T N

GND = ViouT o1 V1

V20UT >4 V2 - SEG1-SEG168

V30UT >4 V3
LCD
Roé driver
™>-4-{va
v4ouT iay LSy COM1-COM132

*2 0.47 yF (%) R é Ve
(B characteristics) V50UT 1

3
GND GND

P —

p—i |
._'I
|
p—i |

GNDe

Vci
Ci+
C1-
C2+
C2-
C3+
C3- Step-up
Ca+ circuit
C4-

C5+

C6+
Cé6-

VLOUT

Notes: 1. Adjust the capacitance value of the capacitor after the LCD panel has been mounted.
2. Use the capacitors with breakdown voltages equal to or higher than the VLPS voltage
for connecting to VIOUT through V50UT. Determine the capacitor breakdown voltages
by checking VLPS voltage fluctuation.

Figure35 External Power Supply Circuit for LCD Drive Voltage Generation
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When an Internal Booster and Internal Operational Amplifiersare Used

To supply LCD drive voltage using the internal step-up circuit, circuits should be connected as shown in
figure 36. Generate a higher voltage (VLPS) of theinternal operational amplifier than the output voltage
(V1REF) 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 internal bleeder-resistors, which generate different liquid-crystal drive voltages. Thus,
potential difference between V . and V1 must be 0.1V or higher, and that between V4 and GND must be
1.4V or higher. Place a capacitor of about 0.47 pF (B characteristics) between each internal operational
amplifier (V10UT to V50UT outputs) and GND and stabilize the output level of the operational amplifier.
Adjust the capacitance value of the stabilized capacitor after the LCD panel has been mounted and the
screen quality has been confirmed.
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Vips
PS1-0 ="00"
VREG
1
LCD drive
vV voltage regulator HD66753
1REF]
|EON
*5 0.1 pF |_(+) VLRed]
B characteristics)l VR
GND = V10UT ; Vi
R
V20UT LT V2 - SEG1-SEG168
RS
V30UT ' EEj_ V3
LCD
Ro ? driver
*5,%8,*9 V40UT ' ; v4 g COM1-COM132
0.47 yF ()
(B characteristics) R
V50UT V5
r o 4 T R%
GND GND GND
Vi Vei
7 12 uF (9 Cl+
(B characteristics) T Ci-
7 12 4F (4)f Ca+
(B characteristics) T. C2-
"6 1-2 F () Ca+
(B characteristics) T C3-
712 pF (1) Ca+ Step-up
(B characteristics) T. C4- circuit
T 12 pF () Co+
(B characteristics) T C5-
6 12 pF (+) C+
g 1-2pF [® | (B characteristics) T C6-
(B characteristics) T
__I_GND VLOUT

Notes: 1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not
exceed the absolute maximum rating for the liquid-crystal power supply voltage (20.5 V).

. Vci is both a reference voltage and power supply for the step-up circuit; obtain sufficient current.

. Polarized capacitors must be connected correctly.

Circuits for temperature compensation should be based on the sample circuits in figures 37 and 38.

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

. The breakdown voltages of the capacitors connected to C3+/C3- and C6+/C6- should be three times or
higher than the Vci voltage.

7. The breakdown voltages of the capacitors connected to C1+/C1-, C2+/C2-, C4+/C4-, and C5+/C5-
should be equal to or higher than the Vci voltage.

. The breakdown voltages of the capacitors connected to VLOUT and V1OUT through V50UT should be
n times or higher than the Vci voltage (n: step-up magnification).

. Determine thebreakdown voltages of the capacitors used in 6 to 8 above by checking Vci voltage
fluctuation.

oA ®N

®

©

Figure 36 Internal Step-up Circuit for LCD Drive Voltage Generation
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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 athermistor, or by controlling the reference
output voltage of the LCD drive voltage regulator (V1REF pin).

Vcce
§__L VREG PS1-0 ="00"
Thermistor % Tr 1
LCD drive
GND—= V1REF voltage regulator HD66753
ON
*5 0.1 uF l(+) VLREF
(B characteristics) VR
L '—r|t>-[— V1
GND = V10UT
R
V20UT v et SEG1-SEG168
R
V30UT ' E[>[ Vs
LCD
Ro ? driver
V4OUT —r[>-r V4 e COM1-COM132
R
V50UT ' Hb‘[— Vs
"3
GND GND
Figure 37 Temperature Compensation Circuits (1)

HITACHI
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PS1 _0 - II01 n
VREG 44—
LCD drive HD66753
vigeg | |Vvoltage regulator
! T
& 0.1 uF |
4 _TT_ /OFF
Thermistor Tr VLREF
VR?Y
= "—rj> V1
GND V10OUT im
(or Vee) R }
V20UT e 3 SEG1-SEG168
RS
V30UT E[>T' V3
LCD
Ro 2 driver
VAOUT —— > V4 et COM1-COM132
RS
V50UT | _[|>-r— V5
"3
GND l GND

Figure 38 Temperature Compensation Circuits (2)
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Picture quality provision in case of high-load display

The HD66753 is an 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 almost completely white, the white sections may
appear dark.

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

(1) After the change in the VAOUT/V3O0UT level is verified, insert about 1 MQ between V40UT and
GND or VLPS and V30OUT and then adjust the screen quality (see the following figures). By inserting
resistance, the current consumption increases as much as the boosting factor of the resistance 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 potential differences between
V40UT and GND or VLPS and V30OUT are sufficient.

VLPS -?-
—dEJ{}D”"e’ V40UT

von -QE | ;E‘uﬁ;’m IC % Ru4
source

1
GNDJT

Figure39 Countermeasurefor V4OUT Output

Rv3

—|E @ . DIEIVSOUT

GND

Figure40 Countermeasurefor V3OUT Output

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

Instruction bits (BT1/0 bits) can optionally select the step-up factor of the internal 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 ci-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 n times or more the Vci-GND voltage to VLOUT (n: step-up factor) (see figure 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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i) Maximum seven-times step-up

Vei
Cl+
C1-
C2+
C2-
C3+
C3-
Ca+
C4-
C5+
C5-
C6+
C6-

VLOUT

Vei 00—
THF ()
(B Charac-
teristics)
1uF (+)J_
(B Charac-
teristics) L
1 uF (+)L_
(B Charac- T
teristics)
1pF
(B Charac- T
teristics)
1pF () —
(B Charac-
teristics) j—
1pF
(B Charac-
teristics) T—
1 uF (+)
(B Charac-
teristics) -l-—
GND

iii) Maximum five-times step-up

Vi o—

1 uF (+)L_
(B Charac- T

teristics)

1pF
(B Charac-
teristics)

1pF  ©®

(B Charac-
teristics) T
1pyF )

o '—

(B Charac-
teristics) ]
1pF ©®

Vci

C1+
C1-
C2+
C2-
C3+
C3-
Ca+
C4-
C5+
C5-
C6+
Ce-

VLOUT

(B Charac-
teristics) o
1pF 4

(B Charac-

teristics) T
1uF (+)

(B Charac-

teristics) J_:

GND

i) Maximum six-times step-up

Vci o— Vi

1 “F (+) Cil+
(B Charac-
teristics) T C1-
1TyF @ C2+
(B Charac-
teristics) T— C2-
1uF ) C3+
(B Charac- T
teristics) C3-

1 pF ("’)h c4
(B Charac- I C4:'-

teristics)
1 pF (+)J__ C5+
(B Charac- I cs.

teristics)

oL cer
(B Charac T Cé-

teristics)
ToF @) VLOUT
(B Charac-
teristics) -I—
GND

iv) Maximum three-times step-up

Vci ¥——— Vi
— Ci1+
— Ci-
1pF W— coy
(B Charac-
teristics) T— Ca2-
1TpF ) C3+
(B Charac-
teristics) T— cs
— C4+
— C4-
1 pF (+)J__ C5+
(B Charac-
teristics) jE— C5-
1uF ) C6+
(B Charac-
teristics) T Ce-
THF ) VLOUT
(B Charac-
teristics) -I—
GND

Figure4l Step-up Circuit Output Factor Switching
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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
Vcc islow 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. In this 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 Vci 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 absolute maximum ratings (20.5 V).

HD66753
Regulator 20V vee  Logic circuit
(1)
1L 1pF
2a6tt3ry — | Cl+ Jl:(+) (B Charac-
. Regulator 220V Vel Ci- teristics)
@ co+ 1+ 1 HF
T (B Charac-
| C2- teristics)
L C3+ 1(+) (18“;]
= _ . . arac-
GND Step-up circuit T teristics)
Ca+ (+) 1HF
———— VLPS (=15.4V) (B Charac-
A C4- teristics)
------ - = C5+ (+) THF
22Vx7=154V] | o - + (B Charac-
C5- teristics)
""" C6+ J_{+) 1 uF
T (B Charac-
______ B Cé- teristics)
> SEG1-SEG 168
...... .. * vLPS  LCD driver -
1pF 14 > COM1-COM132
(B Charac- T _
teristics) GF\ID GND
| Vci(= 2.2V) J__
Tf " Vee (= 20V) GND

— GND (= 0V)

Note: In practice, the LCD drive current lowers
the voltage in the step-up output voltage.

Figure42 Usage Example of Step-up Circuit at Vci > Vcce
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Precautions when 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 is atransition period before the voltage from VLOUT stabilizes. When VLOUT is
used asthe VLPS, the boosting factor is changed by switching the BT bit, and the supply voltage for the
VLPSis changed, adirect current may be applied to the LCD display if the display is on during the
transition period.

When the output voltage of the VLOUT pin is 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-crystal drive voltage (potential
difference between V .. and V1) through the CT bits of the contrast adjustment register (electron volume
function). The value of avariable resistor between V ... and V1 (VR) can be precisely adjusted in a0.05 x
R unit within arange from 0.05 x R through 6.40 x R, where R is a reference 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 ..and V1is0.1V or higher and that
between V4 and GND is 1.4V or higher when liquid-crystal drives, particularly when the VR is small.

HD66753

VLREF
[ S

V4
V5
GND

GND

Figure43 Contrast Adjuster
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Table 25

Contrast Adjustment Bits(CT) and Variable Resistor Values

CT Set Value

Variable Resistor

Potential Difference

Display Color

CT6 CTs CT4 CT3 CT2 CT1 cTo | Value (VR) between V1 and GND
0 0 0 0 0 0 O 6.40 xR (Small (Weak)
0 0 0 0 0 0 1 6.35 xR
0 0 0 0 0 1 0 6.30 x R A A
0 0 0 0 0 1 1 6.25 x R : :
0 0 0 0 1 0 0 6.20 xR
0 0 0 0 1 0 1 6.15 x R : :
0 0 0 0 1 1 0 6.10 xR
0 0 0 0 1 1 1 6.05 x R : :
0 0 0 1.0 00 6.00 x R
0 0 0 1 0 0 1 5.95 x R : :
o o0 1 0 1 0 5.90 xR
0 0 0 1 0 1 5.85 x R
0 0 0 1 1 0 0O 5.80 x R : :
0 1 1 1 1 1 1 3.25 x R
1 0 0 0 0 0 O 3.20 xR : :
1 1 0 0 0 0 1 3.15 xR
1 00 0 0 1 0 3.10 xR : :
1 0 0 0 0 1 1 3.05 x R
1 0 0 0 1 0 © 3.00 x R
i 0 0 0 1 0 A 2.95 xR : :
1 00 0 1 1 0 2.90 xR
10 0 0 1 1 2.85 x R : :
1 0 0 1 0 0 0 2.80 x R
1 0 1 1 0 0 1 2.75x R : :
1 1.1 1.1 0 0 0.20 x R
11 1 1 1 0 1 0.15x R v v
11 1 1 1 1 0 0.10x R
1 1 1 1 1 1 1 0.05x R (Large) (Bright)
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Table26  Contrast Adjustment per BiasDrive Voltage
Bias LCD Drive Voltage: VDR Contrast Adjustment Range
: ;;l?s‘t’;‘;it"gfgg: :0.775 x (VLREF-GND) < VDR < 0.995 X (VLREF-GND)
1/11
' 11 xR y - Limit of potential . 2XR__ WIREF-GND)> 14V
c?rliz:l/z 11 xR+ VR X (VLREF-GND) difference between V4and GND ~ 11 xR + VR ( )2 1.4
i ) VR
- Limit if potential s - X(VLREF-GND) > 0.1 [V
difference between VLPS and V1 ~ 11 xR+ VR ( ) vl
/ - ';;l?sfr:‘;t"fa“nagg: :0.757 x (VLREF-GND) <VDR< 0.995 x (VLREF-GND)
110
bias | 1OXR (VLREF-GND) | - Limit of potential . 2XR _ (VLRer-GND)> 1.4 V]
drive 10X R + VR difference between V4 and GND ~ 10 x R + VR
Lo . VR
- Limit if potential - —————— X (VLREF-GND) > 0.1 [V
difference between VLps and Vi ~ 10X R+ VR v
" - :;l?sfrﬁ;i t"r";;aggee :0.737 x (VLREF-GND) <VDR< 0.994 x (VLREF-GND)
; 9xR - Limit of potential .——2XB__ (i Rer-GND)> 1.4 [V
dbrlslse 9xR+ VR x (VLREF-GND) difference between V4 and GND ~ 9 X R + VR ( )2 141
. ) VR
- Limit if potential . —— — X (VLREF-GND) > 0.1 [V
difference between VLps and Vi~ 9 X R + VR ( ) M
y - ;gj[?sfr:‘;t"gfgg: :0.714 x (VLREF-GND) <VDR< 0.993 X (VLREF-GND)
8
bias |—°XB  x (Virer-GND) | -Limitof potential . 2XR__ (VIREF-GND) > 1.4 V]
drive 8xR+VR difference between V4and GND = 8 xR+ VR
Lo . VR
- Limit if potential . ————— X(VLREF-GND) > 0.1 [V
difference between VLPS and V1 8xR+VR M
;ges‘t’;‘;t"gfggj £ 0.686 x (VLREF-GND) <VDR< 0.993 x (VLREF-GND)
1/7
) 7xR - Limit of potential . 2XR__y (VIRer-GND)>
;’rl:/se 7xR+VR X (VLREF-GND) difference between V4 and GND ~ 7 xR+ VR ( )2 1.41V]
Lo - VR
- Limit if potential : ————— X (VLREF-GND) > 0.1 [V
difference between VLPs and V1 = 7 X R+ VR ¢ ) vl
/ ;ggsfr:‘;it"ggg: £ 0.652 x (VLREF-GND) <VDR< 0.992 x (VLREF-GND)
1/6
bias | —0XP __ x(Vimer-GND)| - Limit of potential —2XR__ (ViREF-GND) > 1.4[V]
drive 6 xR + VR difference between V4 and GND ~ 6 Xx R + VR
- Limit if potential . VR X (VLREF-GND) > 0.1 [V]
difference between VLPS and V1 6 xR+ VR
: ;;l?sfrﬂ;it"gfgg: :0.610 x (VLREF-GND ) <VDR < 0.990 X (VLREF-GND)
t:i;ss 5xR % (VLREF-GND)| ~ Limit of potential . 2xR (VLREF-GND )>1.4 [V]
drive 5xR+ VR difference between V4and GND = 5x R+ VR
- Limit if potential . VR VLREF-GND ) > 0.1 [V
difference between VLPS and V1~ 5 xR+ VR ( ) vl
» - ';gjl?sfr::‘;t"gfggj :0.556 x (VLREF-GND) <VDR < 0.988 X (VLREF-GND)
bias | XP (VLREF-GND) | - Limit of potential . __2xR (VLREF-GND) > 1.4 [V]
drive 4xR+VR difference between V4and GND ~ 4 X R+ VR
Lo . VR
- Limit if potential — ~
dilfr;:relnzz ebgtlvaveen VipsandVvi = 4XR+VR X (VLRer-GND) 2 01 [V]
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Liquid-crystal-display Drive-bias Selector

An optimum liquid-crystal-display bias value can be selected using the BS2-0 bits, according to the liquid
crystal drive duty ratio setting (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 calculated using the following expression isalogical 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 bits).

Optimum bias value for 1/N duty ratio drive voltage = l\,_;
N +1

Table27  Optimum Drive Bias Values

LCD drive 1/132 1/128 1/120 1/112 1/104 1/96 1/88 1/80 1/72 1/64 1/32 1/24 1/16
duty ratio

(NL4-Oset  10H OFH OEH ODH 0CH OBH OAH 09H 08H O07H O03H 02H O1H
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 set 000 000 000 000 000 001 001 001 010 010 101 101 110
value)
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iii) 1/ 9 bias
(BS2D0 = 010)
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vi) 1/ 4 bias
(BS2b0 = 111)
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GND
GND
iv) 1/ 8 bias
(BS2D0 = 011)

VLREF
VR
V1
R
V2
R
V3
3R
V4
R
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R
GND
GND
v) 1/7 bias
(BS2D0 = 100)

Note: R = Reference resistor

Figure44 Liquid Crystal Display Drive Bias Circuit
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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: always unlit, weak middle level, bright middle level, and alwayslit. Inthe middle-level grayscale
display, the GSL1-0 and GSH1-0 bits can select the grayscale level, respectively.

The frame rate 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
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LSB MSB LSB MSB
pgo pB15 DBO DB15
|o|o 1|o|o 1|1|1 1|1|o 1|1|o o|o| |o|o 0 o|1 0 1|o 0 1|o 1 1|1 1 1| ---------------
\ CGRAM
|
Grayscale

control circuit

LCD panel display

Figure45 Four-grayscale M onochrome Display
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Window Cursor Display Function

The HD66753 displays the window cursor by specifying awindow area. The horizontal display position of
the window cursor is specified with the horizontal cursor position register (HS6-0 to HE6-0), and the
vertical display position is specified with the vertical cursor position register (V S6-0 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 setting is VS6-0 = VE6-0 = 00H, a
cursor 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 displays in each window cursor:

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

H5|+1 HE|+1 HE=+1 HE|+1

“HuiEm |

“LCDast |2|LCDaAs
Ba423051111 @edZaes1 111

Figure46 WhiteBlink Cursor Display
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Figure49 Black-and-white Reversed Blink Cursor Displa
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Rever sed Display Function

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

| Tunll Bk S B A1y

HYTAGHT TTD Seni

| ganductor—pxi=x

EP::’ :|: DEE‘?TE
TEL:0423-25-111)

_ REW=1 (Reversed display)

HETACAT LTD Seril

_

O

Figure50 Reversed Display
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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 is lowered by
L CD-driving duty setting (NL4-0), thus reducing LCD-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 bitis1. 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

Egﬂlig‘?--l S R d1nb %

1st screen:
7-line driving

Alvays appiving
non-selection

o gCeT ldth {FRIY H™
. 18:18 = ,: 17line driving

COMaZ —3 g

Alwvays apphing
non-selection
level

+ Diriving duty: ML ="00010" {1/24 duty)
+ 15t screen setting: 551710 ="00"H, SE1710="08"H
+2nd screen setting: 8527¥20="18"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) to
(SE2+1)

Non-selection level driving for 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 COM 132) pins output the GND level,
resulting in no display. If the AP1-0 bits in the power control register are set to 00 in the sleep mode, the
LCD drive power supply can be turned off, reducing the total current consumption of the LCD module.

Table30 Comparison of Sleep Mode and Standby Mode

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

R-C oscillation circuit Operates normally Operation stopped
Standby Mode

Setting the standby mode bit (STB) to 1 puts the 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 sleep mode. Specifically, all the SEG (SEG1 to SEG168) and
COM (COM1 to 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 bit to 0.

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

Set standby mode: STB = 1

C Standby mode )

Issue the start-oscillation instruction

Wait at least 10 ms

Cancel standby mode: STB =0

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

Figure52 Procedurefor Setting and Canceling Standby Mode
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Absolute Maximum Ratings

Item Symbol Unit Value Notes*
Power supply voltage (1) V. Y, -0.3t0 +4.6 1,2
Power supply voltage (2) V,.,— GND \% -0.3t0 +20.5 1,3
Input voltage Vit \ —-0.3t0V_+0.3 1
Operating temperature Topr °C —40 to +85 1,4
Storage temperature Tstg °C -55to +110 1,5

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

VCC > GND must be maintained.

VLPS > GND must be maintained.

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

This temperature specifications apply to the TCP package.

a b wn
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DC Characteristics (V.. = 1.7t03.6 V, Ta=—-40to +85°C*")

Item Symbol Min Typ Max Unit Test Condition Notes
Input high voltage V. 0.7V, — Ve \ 2,3
Input low voltage V, -0.3 — 015V, V V =17t024V 2,3
-0.3 — 015V, V V. =24t036V 2,3
Output high voltage (1) V,, 0.75V, — — \% lon =—0.1 mA 2
(DBO0-15 and SDA pins)
Output low voltage (1) V,, — — 02V, V V. =17t024YV, 2
(DBO0-15 and SDA pins) lo, = 0.1 mA
— — 015V, V V_ =24t036V, 2
l,,=0.1mA
Driver ON resistance R, — 3 10 kQ #ld =0.05 mA, 4
(COM pins) V=10V
Driver ON resistance R, — 3 10 kQ #Id =0.05 mA, 4
(SEG pins) Vs =10V
I/0 leakage current I -1 — 1 MA  Vin=0toV_
Current consumption lop — 100 150 MA  R-C oscillation, 6,7
during normal operation V=3V, Ta=25°C,f
(V.. — GND) =100 kHz (1/132 duty),
RAM write: checker
pattern
Current consumption ler — 0.1 5 MA V=3V, Ta=25°C 6,7
during standby mode
(V.. — GND)
LCD drive power supply | . — 40 60 MA V =3V,V =15V,1/117
current (V,,, — GND) bias,
Ta=25°C, f,,. =100
kHz, amount of fixed
current in the operational
amplifier: small
LCD drive voltage Vies 5.0 — 19.5 \Y 8
(Vs — GND)
VREG input voltage Vies — 1.3 2.5 \% VREG external input
(VREG pin) (PS1-0=10), Ta=25°C
V1REF output voltage V.. — 13.0 — V. VREG=13YV,
(V1REF pin) Ta =25 °C, 11 times of

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

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 \Y 7.6 8.0 8.1 \Y V=Vci=27V, 11

upP3
step-up output
voltage (VLOUT
pin)

I, =30 pA, C = 1 jF,
f..c = 100 kHz, Ta = 25°C

Five-times step- 13.3 135 V. =VCi=27V, 11
up output voltage I, =30 pA, C=1yF,

(VLOUT pin) fosc = 100 kHz, Ta = 25°C
Six-times step-up 16.0 16.2 V. =VCi=27V, 11
output voltage I, =30 pA, C=1pF,

(VLOUT pin) fosc =100 kHz, Ta = 25°C
Seven-times 18.7 18.9 V=Vci=27V, 11
step-up output I, =30 pA, C =1 pF,

voltage (VLOUT foee = 100 kHz, Ta = 25°C

pin)

Use range of s Vce — 195 \ For three- to seven-times 11

step-up

\%
step-up output \%
voltages \

Vv

Note: For the numbered notes, refer to the Electrical Characteristics Notes section following these tables.
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AC Characterigtics (V.. =1.7t03.6 V, Ta=-40to +85°C*")

Clock Characteristics (V.. =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 ps 9

time

External clock fall tfcp — — 0.2 ps 9

time

R-C oscillation clock  f_ 80 100 120 kHz Rf =220 kQ, 10
V=3V

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

68-system Bus Interface Timing Characteristics

(Vec=17t024V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write t_,.. 600 — — ns Figure 60
Read t_.. 800 — —

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

Enable low-level pulse width Write PW, 300 — — ns Figure 60
Read PW_, 400 — —

Enable rise/fall time te, tg — — 25 ns Figure 60

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

Address hold time Lo 20 — — ns Figure 60

Write data setup time toswe 60 — — ns Figure 60

Write data hold time te 20 — — ns Figure 60

Read data delay time toore — — 300 ns Figure 60

Read data hold time topre 5 — — ns Figure 60
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(Vcc=241t03.6V)

Item Symbol Min Typ Max Unit Test Condition

Enable cycle time Write t_,.. 380 — — ns Figure 60
Read t_.. 500 — —

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

Enable low-level pulse width Write PW_, 150 — — ns Figure 60
Read PW, 200 — —

Enable rise/fall time t, by — — 25 ns Figure 60

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

Address hold time Lo 20 — — ns Figure 60

Write data setup time toswe 60 — — ns Figure 60

Write data hold time te 20 — — ns Figure 60

Read data delay time toore — — 200 ns Figure 60

Read data hold time topre 5 — — ns Figure 60

HITACHI
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80-system Bus I nterface Timing Characteristics

(Vec=1.7t024V)

Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write t_., 600 — — ns Figure 61
Read t. . 800 — — ns Figure 61
Write low-level pulse width PW, 120 — — ns Figure 61
Read low-level pulse width PW, 350 — — ns Figure 61
Write high-level pulse width PW,, 300 — — ns Figure 61
Read high-level pulse width PW,, 400 — — ns Figure 61
Write/Read rise/fall time tre s wer — — 25 ns Figure 61
Setup time (RS to CS*, WR*, RD*) te 50 — — ns Figure 61
Address hold time t 20 — — ns Figure 61
Write data setup time tosw 60 — — ns Figure 61
Write data hold time t, 20 — — ns Figure 61
Read data delay time toor — — 300 ns Figure 61
Read data hold time o 5 — — ns Figure 61
(Vecc=241t03.6V)
Item Symbol Min Typ Max  Unit  Test Condition
Bus cycle time Write t., 380 — — ns Figure 61
Read t_ . 500 — — ns Figure 61
Write low-level pulse width PW, 70 — — ns Figure 61
Read low-level pulse width PW, 250 — — ns Figure 61
Write high-level pulse width PW,, 150 — — ns Figure 61
Read high-level pulse width PW,. 200 — — ns Figure 61
Write/Read rise/fall time L — 25 ns Figure 61
Setup time (RS to CS*, WR*, RD*) te 50 — — ns Figure 61
Address hold time t 20 — — ns Figure 61
Write data setup time tosw 60 — — ns Figure 61
Write data hold time t, 20 — — ns Figure 61
Read data delay time toor — — 200 ns Figure 61
Read data hold time tom 5 — — ns Figure 61
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Clock-synchronized Serial Interface Timing Characteristics

(Vec=1.7t024V)

Item Symbol Min Typ Max  Unit  Test Condition
Serial clock cycle time Write (receive) t. 100 — 2000 ns Figure 62
Read (send) t... 250 — 2000 ns Figure 62
Serial clock high-level width ~ Write (receive) t_, 40 — — ns Figure 62
Read (send) t, 120 — — ns Figure 62
Serial clock low-level width  Write (receive) t. 40 — — ns Figure 62
Read (send) t. 120 — — ns Figure 62
Serial clock rise/fall time te te, — — 20 ns Figure 62
Chip-select setup time tesy 20 — — ns Figure 62
Chip-select hold time te, 60 — — ns Figure 62
Serial input data setup time (9 30 — — ns Figure 62
Serial input data hold time te 30 — — ns Figure 62
Serial output data delay time teeo — — 200 ns Figure 62
Serial output data hold time toey 5 — — ns Figure 62
(Vecc=241t03.6V)
Item Symbol Min Typ Max  Unit  Test Condition
Serial clock cycle time Write (receive) t... 100 — 2000 ns Figure 62
Read (send) t.. 250 — 2000 ns Figure 62
Serial clock high-level width ~ Write (receive) t, 40 — — ns Figure 62
Read (send) t., 120 — — ns Figure 62
Serial clock low-level width  Write (receive) t. 40 — — ns Figure 62
Read (send) t. 120 — — ns Figure 62
Serial clock rise/fall time to te, — — 20 ns Figure 62
Chip-select setup time tesy 20 — — ns Figure 62
Chip-select hold time te, 60 — — ns Figure 62
Serial input data setup time (9 30 — — ns Figure 62
Serial input data hold time to 30 — — ns Figure 62
Serial output data delay time teeo — — 200 ns Figure 62
Serial output data hold time tocn 5 — — ns Figure 62
Reset Timing Char acteristics (V.. =1.7t03.6 V)
Item Symbol Min Typ Max Unit Test Condition
Reset low-level width toes 1 — — ms Figure 63
Reset rise time T ces — — 10 us 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/O pin configurations (figure 53).

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

PMOS PMOS

- .
E

NMOS NMOS

GND

Pins: DB15 to DBO, RW/RD/SDA

PMOS

Vce
=S
Ve (Tri-state output circuit)

< Output enable
PMOS ( . < Output data

NMOS

PMOS
(Input circuit)

GND

Figure53 1/0O Pin Configuration
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. The TEST pin must be grounded and the IM /0 and OPOFF pins must be grounded or connected to
Vcc.

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

. This excludes the current flowing through output drive MOSs.

. This excludes 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 left floating.

. The following shows the rel ationship between the operation frequency (fosc) and current consumption
(Icc) (figure 54).

Vee=3.0V Vec =3.0V, fosc = 100 kHz

100 Display on (typ.) 80

80 60
£ S 7 g —

L . =
/ .
40 T 20
4/ : Sleep (typ.)
0 4T | i Standby (typ.) 0
20 40 60 80 100 120 11.0 13.0 15.0 17.0
R-C oscillation frequencies: fosc (kHz) LCD drive voltage: VLCD (V)

Figure54 Relationship between the Operation Frequency and Current Consumption

. Each COM and SEG output voltage iswithin +0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5)
when thereis no load.

. Appliesto the external clock input (figure 55).

< Th > Tl
2kQ
7V
Oscillator ——AAA,—] 0sC1 0-7Vee
0.5Vee Duty = x 100%
0.3Vce Th+TI
Open — OSC2 —
g
trep ticp

Figure55 External Clock Supply

Rev. 1.0, Jan. 2003, page 91 of 102
HITACHI




HD66753

10. Appliesto theinternal oscillator operations using external oscillation resistor Rf (figure 56 and table

31).

0OSCH1
Rf %
0ScC2

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

Figure56 Internal Oscillation

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

External R-C Oscillation Frequency: fosc

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

300 kQ 65 kHz 73 kHz 80 kHz 83 kHz

330 kQ 60 kHz 68 kHz 74 kHz 77 kHz

360 kQ 55 kHz 62 kHz 68 kHz 71 kHz

390 kQ 52 kHz 58 kHz 64 kHz 66 kHz

430 kQ 48 kHz 53 kHz 58 kHz 60 kHz

470 kQ 44 kHz 48 kHz 52 kHz 54 kHz

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

(5 to 7-times step-up)

f —

Vce Vci

ci+[——t
ci-—

+
C2+—at | oF
C2- -

C3+f—t 1uF
c3- —T

C4+—~ 1 F

+
C5+—t 1 F
c5- —

C6+f—t
ce- ——T

VLOUT :’T>
GND  VicD +

T I

Figure57 Step-up Characteristics Test Circuit
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(i) Relation between the obtained voltage and input voltage

Six-times step-up

18.0 /typ'-
S ~
o 15.0 P
o
> 120 g
9.0
15 20 25 30
Vi (V)

Vci = Ve, fosc = 100 kHz, Ta = 25°C, DC1 to 0= 00

(i) Relation between the obtained voltage and temperature

Six-times step-up

20.0 |
typ.
. 18.0
b
£ 16.0
)
S
14.0
-60 220 0 20 60 100
Ta ('C)

Vci =Vcec =2.7 V, fosc = 100 kHz, lo = 30 pA,
DC1 to 0= 00

VUP7 (V)

VUP7 (V)

Seven-times step-up

I
typ. |
18.0 —
13.0
8.0
1.5 2.0 25 3.0
Vci (V)

Vci = Ve, fosc = 100 kHz, Ta =25°C, DC1 to 0 = 00

Seven-times step-up

21.0
typ.
19.0
17.0
60 -20 0 20 60 100

Ta (C)

Vci =Vcec =2.7 V, fosc = 100 kHz, lo = 30 pA,
DC1to0=00

Figure58 Step-up
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(iii) Relation between the obtained voltage and capacity

Six-times step-up

18.0
typ.
17.0 yp
>
& 16.0
)
>
15.0
140755 1.0 15

C (WF)

Vci=Vce =2.7 V, fosc = 100 kHz, lo = 30 pA,
DC1to 0=00

(iv) Relation between the obtained voltage and current

Six-times step-up

16.4

16.2 =
16.0
15.8
15.6
15.4
15.2

~— typ.

VUP6 (V)

0 10 20 30 40 50
lo (uA)

Vci=Vce =27V, fosc = 100 kHz, Ta = 25°C,
DC1to 0 =00

Seven-times step-up

20.0

typ.

19.0

18.0

VUP7 (V)

17.0

16.0 05

1.0
C (uF)

1.5

Vci=Vce =2.7 V, fosc = 100 kHz, lo = 30 pA,

DC1to 0=00

Seven-times step-up

19.2

19.0

typ.

18.8

18.6

18.4
18.2

VUP7 (V)

18.0

0 10 20 30

lo (uA)

40

50

Vci=Vee =27V, fosc = 100 kHz, Ta = 25°C,

DC1 to 0 =00

Figure58 Step-up (cont)

AC Characteristics Test Load Circuits

Data bus: DB15 to DBO

Test Point O

ol
1

Figure59 Load Circuit
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Timing Characteristics

68-system Bus Operation

VIH
VIL

<_tAHE4J

- VIH
L VIL

o

PWEeL

VIL

tcvce

B

2

T

T
P re et e i d
'

.
s
Sl
PN
o
Sl
PN
.
-1
T
s
N
s
N

'« t DHRE

AN

—> |[€—

l«—— PWEH

VIHA
VIL

F VIH

ter

<

tEs

tDSWE ! |«—tHE

! A

RN
LI--Ic~
I-Iss
RN
S3=-lc
11238
AN
S3--I5
NI
<IN
NI
NN
~SIos

X

RS
R/W

CS*

= RTIN
f \_\ fv Y S E
7 = / SRS =)
< > RIS =
+ / SRR

fio-t3s
-l
1387
L1o-i3s
TN
el
BRI
M
INARENN

~3z=its
~oT-32
<3=-0~
LITIles
-l
NN
PN
RN
NARREY

R3z-i3s
NSRS
s oosl

1Ialls
s osIls
S3=-lc
1.8
RN
NI
NAEIRERY
NN
NI
NN
NI
<IN
NI
NN
NI
NN
NN

NN
AN
NN
~2oe 33
- ISt

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

Figure 60 68-system Bus Timing
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80-system Bus Operation

VIL
<— t AH —>I

VIH

VI
VI

VIH

p

74

/

le— PWLW, PWLR—| |e— PWHW PWHR ]

VIH
VIL )

tcyew, tever

tosw -/ [«—tH

l<tDDR>

X

RS

CS*

RD*

WR*

-

= AN
T > islins
= 4 RRIORN
> T
Pa PREREN
A 7 R
(7)) — = SEISE N
< S c PN
+— = RN
— NN
PEFND
# PN
PEFND
PN
PEFND
PN
PEFND
PN
PEFND
PN
PEFND
NN
IIIIIII
PPN
PO

NI
SeIIs 3z
NEIIOAN
,uuu:.uu
33-2054
NOISEH

soosl
320
III.IIIN

RATINE

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

Figure 61 80-system BusTiming
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Clock-synchronized Serial Operation

Start: S End: P
., VIH rm—
CS VIL VI
tCSu
- tCH —>»
SCL VIH
VIL
VIHA 4
SDA Input data Input data >/
| VIL VIL
tSOD tSOH
o — <<
VOH1 VOH1
SDA Output data XOutput data y
VOL1 VOL1 4

Figure62 Clock-synchronized Serial Interface Timing

Reset Operation

tREs >l

A

RESET* .

Figure63 Reset Timing

Rev. 1.0, Jan. 2003, page 97 of 102
HITACHI




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 materials to be used, confirm the conditions by
using your own system.

Power-on Sequence

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

Y

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

Y

Wait for 10 ms or longer (oscillation stabilization time)

Y

Issue LCD power instruction

Y Y

Wait for 10-150 ms or longer | Note: Depends on the external
Issue use-state instruction (op-amplifier output capacitance of V1OUT to V50UT.
stabilization time)

Y Y

Turned on display: D =1

Figure 64 Power-on Sequence
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Power voltage: Vcc

RESET

Oscillation state

Signal-input
instruction issued

Vce
GND — v Power-on reset time: 1 ms

< -]
Vce
GND

Eennniinn
< >
Oscillation stabilization time: 10 ms

Vcc
GND

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

Figure65 Power-on Timing

HITACHI
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Power -off Sequence

Normal state

Abnormal state

Turn off display: D=0

Y

Issue LCD power instruction

Y

Turn off power voltages Vcc and Vi

To the power-on sequence

Turn off power voltages Vcc and Vi

Y

RESET = "Low"

Y

Driver SEG/COM output: GND

To the power-on sequence

Rev. 1.0, Jan. 2003, page 100 of 102
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\Power is turned off.

i RESET is input as soon as possible.

Vee — |
Power voltage: Vcc
GND
Vee —
RESET
GND
V10OUT
Driver
SEG/COM
output GND

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

Figure 67 Power-off Timing
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Cautions

1.

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

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

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

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

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor
products.
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