HD66730 (LCD-I11/36)

(Dot-Matrix Liquid Crystal Display Controller/Driver
Supporting Japanese Kanji Display)

HITACHI

Description

The HD66730 is a dot-matrix liquid crystal display
controller (LCD) and driver LSl that displays
Japanese characters consisting of kanji, hiragana
and katakana according to the Japanese Industrial
Standard (JIS) Level-1 Kanji Set. The HD66730
incorporates the following five functions on a
single chip: (1) display control function for the dot
matrix LCD, (2) a display RAM to store character
codes, (3) ROM fonts to support kanji, (4) liquid
crystal driver, and (5) a booster to drive the LCD.
A 2-line 6-character kanji display can easily be
achieved by receiving character codes (2 bytes/
character) from the MPU.

The font ROM includes 2,965 kanji from the JIS
Level-1 Kanji Set, 524 JIS non-kanji characters,
and 128 haf-size alphanumeric characters and
symbols. Full-size fonts such as Japanese kanji and
half-size of fonts such as alphanumeric characters
can be displayed together.

In addition, display control equivalent to full bit
mapping can be performed through horizontal and
vertical dot-by-dot smooth scroll functions for each
display line. To help make systems more compact,
a threelline clock synchronous serial transfer
method is adopted in addition to an 8-bit bus for
interfacing with a microcomputer.

Features

» Dot-matrix liquid crystal display controller/
driver supporting the display of kanji according
to JIS Level-1 Kanji Set
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Preliminary

Large character generator ROM: 510 kbits

— Kanji according to JS Level-1 Kanji Set
(11 x 12 dots): 2,965-character font

— JS non-kanji (11 x 12 dots): 524-character
font

— Half-size alphanumeric characters and sym-
bols (5 x 12 dots): 128-character font

Display of 11 x 12 dots for full-size fonts
consisting of kanji and kana, 5 x 12 dots for
half-size fonts of alphanumeric characters and
symbolsin the same display

2-line 6-character full-size font display with a
single chip (1/27 duty)

Expansion driver interface: maximum 2-line 20-
character (or 4-line 10-character) display

Dot matrix font and 71 marks and icons (96 at
extension)

Various display control functions. horizontal
smooth scroll (in dot units), vertical smooth
scroll, white black inversion/blinking/white black
inversion blinking character display, cursor
display, display on/off

Display data RAM: 40 x 2 bytes (stores codes to
support 40 charactersin afull-size font)
Character generator RAM: 8 x 26 bytes (dis-
plays 8 characters of a 12 x 13 dot user font)
16-byte 96-segment RAM

Three-line clock synchronous serial bus, 8-bit
businterface

Built-in  doubleftriple liquid-crystal  voltage
booster circuit and built-in oscillator (operating
frequency can be adjusted through external
resistors)

Operating power supply voltage: 2.7V t0 5.5 V;
liquid crystal display voltage: 3.0V to 13.0V
QFP 1420-128 (0.5-mm pitch), bare-chip



HD66730

List1 Programmable Duty Cycles

Number of Display Characters in Full-Size Font
(Number of Segments/Marks)

Duty Drive Display Line
Setting 1-Chip Operation Extension Display Extension Drivers*  Setting

1/14 1-line 6 characters (71)  1-line 40 characters (96) 10 drivers 1line, 2 lines
1/27 2-line 6 characters (71)  2-line 20 characters (96) 5 drivers 2 lines, 4 lines
1/40 — 3-line 10 characters (96) 3 drivers 4 lines

1/53 — 4-line 10 characters (96) 3 drivers 4 lines

Note: Number of extension driver with 40 outputs (HD44100R)

Ordering Information

Type No. Package CGROM
HD66730A00FS FP-128 Japanese Kaniji standard
HCD66730A00 Chip
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Block Diagram
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Pin Arrangement
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The L ocation of Bonding Pads

HCD66730 ‘
DDLDDDD/\/DDDDD ooo
. ) |
g 41,2': 128 pin 99 pin / E Chip size (X x Y): 7.48 x 6.46 mm?
o i o Coordinate: Pad center
u] 3 O Origin: Chip center
g Type code 3 g Pad size (X x Y): 100 x 100 um?
i
B VR S )
|
[m] ! [m]
m] ! O
m] | O
m] ! O
g 35 pin 3 68 pin g
Sonoos00 ~_ ooomosodt
Ooooo0oood ~ - 00000000
;( (unit: pm)
Pin Coordinate Pin Coordinate Pin Coordinate
No. Function X Y No. Function X Y No. Function X Y
1 SEG34 —2602 3012 31 SEG64 —-3522 -2183 61 Cc2 1896 —2959
2 SEG35 —2984 3012 32 SEG65 -3522 -2364 62 C1 2057 —2959
3 SEG36 —-3263 3012 33 SEG66 —-3522 -2544 63 V50UT2 2219 2959
4 SEG37 —-3522 3012 34 SEG67 -3522 -2774 64 V50UT3 2478 —2959
5 SEG38 —3522 2782 35 SEG68 —-3522 -2984 65 V5 2782 —2984
6 SEG39 —3522 2582 36 SEG69 -3160 -2984 66 \Z 3016 —2984
7 SEG40 —3522 2341 37 SEG70 —-2860 -2984 67 V3 3253 2984
8 SEG41 —-3522 2161 38 SEG71 —2660 -2984 68 V2 3522 2984
9 SEG42 —3522 1981 39 Vee —2435 -2984 69 V1 3522 2806
10 SEG43 —-3522 1801 40 RESET* —2233 -2984 70 COM25/D 3522 2626
11 SEG44 —-3522 1621 41 OSC2 —2063 -2984 71 CcomM24 3522 2445
12 SEG45 —3522 1440 42 OSC1 —-1859 -2984 72 com23 3522 2265
13 SEG46 —-3522 1260 43 CL1 -1689 -2984 73 CcOomM22 3522 2085
14 SEG47 —-3522 1030 44 CL2 —-1519 -2984 74 CcomM21 3522 1855
15 SEG48 —-3522 800 45 SEGD —1349 -2984 75 COM20 3522 -1625
16 SEG49 —-3522 620 46 M -1179 -2984 76 COM19 3522 1444
17 SEG50 —3522 439 47 RW/SID —-975 2984 77 COoM18 3522 -1264
18 SEG51 —-3522 259 48 RS/CS* 771 -2984 78 com17 3522 -1084
19 SEG52 —-3522 79 49 E/SCLK -567 2984 79 COM16 3522 -854
20 SEG53 -3522 -101 50 IM -363 2984 80 COM15 3522 624
21 SEG54 —-3522 -281 51 DB0/SOD -146 -2984 81 CcOoM14 3522 443
22 SEG55 —3522 -462 52 DB1 71 —2984 82 COM13 3522 263
23 SEG56 —3522 -642 53 DB2 287 —2984 83 CcOoM12 3522 -83
24 SEG57 —-3522 -822 54 DB3 504 —2984 84 COM11 3522 97
25 SEG58 —-3522 -1002 55 DB4 721 —2984 85 COM10 3522 277
26 SEG59 —-3522 -1182 56 DB5 938 —2984 86 COM9 3522 458
27 SEG60 —-3522 -1363 57 DB6 1154  -2984 87 COM8 3522 638
28 SEG61 —3522 -1543 58 DB7 1371 2984 88 com7 3522 818
29 SEG62 —-3522 -1723 59 GND 1533 2984 89 COM6 3522 998
30 SEG63 —-3522 -1939 60 Vei 1730 -2959 90 COM5 3522 1178
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Pin Coordinate Pin Coordinate Pin Coordinate
No. Function X Y No. Function X Y No. Function X Y
91 COM4 3522 1409 104 SEG9 2152 3012 117 SEG22 -191 3012
92 COMS3 3522 1639 105 SEGI10 1972 3012 118 SEG23 -371 3012
93 COM2 3522 1819 106 SEG11 1791 3012 119 SEG24 -551 3012
94 COM1 3522 1999 107 SEG12 1611 3012 120 SEG25 —731 3012
95 COMS 3522 2179 108 SEG13 1431 3012 121 SEG26 -912 3012
96 SEG1 3522 2410 109 SEG14 1251 3012 122 SEG27 -1092 3012
97 SEG2 3522 2590 110 SEG15 1071 3012 123 SEG28 —1272 3012
98  SEG3 3522 2819 111 SEG16 890 3012 124 SEG29 -1452 3012
99 SEG4 3522 3012 112 SEG17 710 3012 125 SEG30 -1632 3012
100 SEG5 3222 3012 113 SEG18 530 3012 126 SEG31 -1813 3012
101 SEG6 2942 3012 114 SEG19 350 3012 127 SEG32 -1993 3012
102 SEG7 2662 3012 115 SEG20 170 3012 128 SEG33 -2173 3012
103 SEGS8 2332 3012 116 SEG21 -11 3012
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Pin Function

Tablel Pin Functional Description

Number Device
Signal  of Pins Ife] Interfaced with

Function

RESET* 1 I —

Acts as a reset input pin. The LSl is initialized during
low level. Refer to Reset Function.

IM 1 — Selects interface mode with the MPU;
Low: Serial mode
High: 8-bit bus mode

RS/CS* 1 MPU Selects registers during bus mode:
Low: Index register (write);

Status register (read)
High: Control register (write);
RAM data (read/write)
Acts as chip-select during serial mode:
Low: Select (access enable)
High: Not selected (access disable)

RW/SID 1 MPU Selects read/write during bus mode;
Low: Write
High: Read
Inputs serial data during serial mode.

E/SCLK 1 MPU Starts data read/write during bus mode;

Inputs (Receives) serial clock during serial mode.

DB;to 7 le] MPU Seven high-order bidirectional tristate data bus pins.

DB, Used for data transfer between the MPU and the
HD66730. DB7 can be used as a busy flag. Open these
pins during serial mode since these signals are not used.

DBO/ 1 I/O MPU The lowest bidirectional data bit (DB0) during bus mode.

SOD 10 Outputs (transmits) serial data during serial mode.

Open this pin if reading (transmission) is not performed.

SEG;to 71 (0] LCD Display data output signals for the segment extension

SEG7; driver.

CoMs 1 (0] LCD Acts as a common output signal for segment display.
Used to display icon and marks beside the character
display.

COM;to 24 (0] LCD Acts as common output signals for character display.

COMy, COM; 5 toCOM,, become non-selective waveforms when
the duty ratio is 1/14.

COMyy/ 1 (0] LCD/ Acts as common output signal (COM25) for character

COMD extension driver display when EXT2 bit is 0. Acts as a common extension

pulse signal (COMD) when EXT2 bit is 1.
The pin is grounded after RESET input is cleared.
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Table1 Pin Functional Description (cont)

Number Device

Signal  of Pins I/0 Interfaced with Function

CL1 1 (0] Extension driver ~ Outputs the latch pulse of segment extension driver.
Can also be used as a shift clock of common extension
driver. Enters tristate when both EXT1 and EXT2 are 0.

CL2 1 (0] Extension driver  Outputs shift clock of segment extension driver. Can also
be used as a common extension driver latch clock.
Enters tristate when both EXT1 and EXT2 are 0.

SEGD 1 (0] Extension driver ~ Outputs data of extension driver. Data after the 72nd dot
is output. Enters tristate when EXT1 bit is 0.

M 1 (0] Extension driver  Acts as an alternating current signal of extension driver.
Enters tristate when both EXT1 and EXT2 bits are 0.

V1itoV5 5 — Power supply Power supply for LCD drive
Vce — V5 =15V (max)

Vcc/GND 2 — Power supply Ve +2.7Vio +5.5V, GND: 0V

osci1 2 — Oscillation When crystal oscillation is performed, an external

0osc2 resistor/ resistor must be connected. When the pin input is an
clock external clock, it must be input to OSC1.

Vi 1 — Inputs voltage to the booster to generate the liquid

crystal display drive voltage.

Vci is reference voltage and power supply for the
booster.

Vci: 2.0Vt 5.0V < V.

V50UT2 1 (0] V5 pin/ Voltage input to the Vci pin is boosted twice and output.
booster When the voltage is boosted three times, a capacitor
capacitor with the same capacitance as that of C1-C2 should be

connected here.

V50UT3 1 (0] V5 pin Voltage input to the Vci pin is boosted three times and

output.

C1/C2 2 — Booster External capacitor should be connected here when
capacitor using the booster.
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Function Description
System Interface

The HD66730 has two system interfaces. a syn-
chronized seria one and an 8-bit bus. Both are
selected by the IM pin.

The HD66730 has five types of 8-hit registers: an
index register (IDR), status register (STR), various
control registers, RAM address register (RAR),
and RAM dataregister (RDR).

The index register (IDR) selects control registers,
the RAM address register (RAR) or the RAM data
register (RDR) for performing data transfer.

The status register (STR) indicates the internal
state of the system. Various control registers store
display control data here.

The RAM address register (RAR) stores the ad-
dress data of display data RAM (DD RAM), char-
acter generator RAM (CG RAM), and segment
RAM (SEG RAM).

The RAM data register (RDR) temporarily stores
data to be written into DD RAM, CG RAM, or
SEG RAM. Data written into the RDR from the
MPU is automatically written into DD RAM, CG
RAM, or SEG RAM by internal operations. The
RDR is also used for data storage when reading
data from DD RAM, CG RAM, or SEG RAM.
Here, when address information is written into the
RAR, data is read and then stored into the RDR
from DD RAM, CG RAM, or SEG RAM by
internal operations.

Data transfer between the MPU is then completed
when the MPU reads the RDR. After this read,
datain DD RAM, CG RAM, or SEG RAM stored
at the next address is sent to the RDR at the next
dataread from the MPU.

These registers can be selected by the register
select signal (RS) and the read/write signal (R/W)
in the 8-hit bus interface, and by the RS hit and
R/W bit of start-byte data in the synchronized
seria interface.

Busy Flag

When the busy flag is 1, the HD66730 is in
internal operation mode, and only the status
register (STR) can be accessed. The busy flag (BF)
is output from bit 7 (DB7). Access of other regis-
ters can be performed only after confirming that
the busy flag isO.

RAM Address Counter (RAR)

The RAM address counter (RAR) provides ad-
dresses for accessing DD RAM, CG RAM, or SEG
RAM. When an initial address value is written into
the RAM counter (RAR), the RAR is automatically
incremented or decremented by 1. Note that a
control register specifies which RAM (DD RAM,
CG RAM, SEG RAM) to select.

Table 2 Register Selection

RS RW Operation

0 0 IDR write

0 1 STR read

1 0 Control register write, RAM address register (RAR) write, and RAM data register
(RDR) write

1 1 RAM data register (RDR) read

HITACHI
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Display Data RAM (DD RAM)

Display data RAM (DD RAM) stores character
codes and display attribute codes for displaying
data.

A full-size font is displayed using two bytes, and a
half-size font is displayed using one byte. Since the
RAM capacity is 80 bytes, 40 full-size characters
or 80 half-size characters can be stored.

DD RAM displays only that data stored within the
range corresponding to the number of display
columns. Data stored outside the range is ignored.
Refer to Combined Display of Full-Size and Half-
Size characters for detaills on character codes
stored in DD RAM. The relationship between DD
RAM addresses and LCD display position depends
on the number of display lines (1 line/2 lines/4
lines).

Execution of the display-clear instruction writes
H'AO corresponding to the half-size character for
“space”’ throughout DD RAM.

Note: The HD66730 performs display by reading
character codes from the DD RAM accord-
ing to the number of display columns set by
the control register. In particular, reading
from the DD RAM begins at the position
corresponding to the rightmost character as
set by the maximum number of display
columns. This means that one byte of atwo-
byte full-size character code should not be
set in a position exceeding the maximum
number of display columns. For example,
do not write a full-size code (2 bytes) in the
12th and 13th byte when the display is set
for six characters.

* l-linedisplay (NL1/0 = 00)

80 bytes of consecutive addresses from H'00 to
H'4F are allocated for DD RAM addresses.
When there are fewer than 40 display characters
(at full size), only the number of display char-
acters specified by NC1/0 are displayed starting
from H'00 in the DD RAM. For example, 12
bytes of addresses from H'00 to H'OB are used
when a 6-character display (NCL1/0 = 00) is
performed using one HD66730; addresses from
H'0C on are ignored. In this case, do not write a
full-size code into bytes H'0OB and H'OC because
a half-size character may be displayed. See
figure 1 for a 1-line display.

e 2-linedisplay (NL1/0=01)

The first line in the DD RAM address is dis-
played for the 40 bytes of addresses from H'00
to H'27, and the second line is displayed for the
40 bytes of addresses from H'40 to H'67. When
there are fewer than 20 display characters (at full
size), only the number of display characters
specified by NC1/0 will be displayed starting
from the leftmost address of the DD RAM. For
example, 24 bytes of addresses from H'00 to
H'0OB and H'40 to H'4B are used when a 6-
character display (NC1/0 = 00) is performed
using one HD66730. Addresses from H'0OC and
H'4C on are ignored. See figure 2 for a 2-line

display.
* 4-linedisplay (NLY/0 = 11)

The first line in the DD RAM address is dis-
played from H'00 to H'13, the second line from
H'20 to H'33, the third line from H'40 to H'53,
and the fourth line from H'60 to H'73. For a
6-character display (NC1/0 = 00) (at full-size),
only 12 bytes from the leftmost address of DD
RAM are displayed. See figure 3 for a 4-line

display.
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6-character .+ 2 3 4 5 6 <—— Display position

display setting |oo‘01‘02‘03 ‘04‘05‘06 ‘ 07‘08‘ OQ‘OA‘OB| <—— DD RAM address
(NC1/0 = 00)

20-character L y 2 y s y 4 y 5 g 6 ‘""19 N 20 < Display position

1
display setting | oo 01‘ 02‘ 03‘04‘ 05‘ 06‘ 07‘08‘ OQ‘OA‘OB 24‘25‘ 26‘27| <—— DD RAM address

(NC1/0 = 01)

40-character .+ .2 38 4 5 6 ------oo-oo- 39 40 <—— Display position
display setting |00 01‘02‘03‘04‘05‘06‘07‘08‘09‘OA‘OB‘ ------------- ‘4C‘4D‘4E‘4F| <—— DD RAM address
(NC1/0 = 10)

Figurel 1-LineDisplay (NL1/0=00)

6-character
display setting
(NC]_/O = OO) 40| 41|42|43 |44 |45 |46 |47 |48 |49 |4A|4B| w-—— 2nd line DD RAM address

10-character
display setting
(NC]_/O = O]_) 40| 41|42 |43 |44|45| 46 |47|48| 49 |4A|4B|---|50 (51|52 |53 | 4—— 2nd line DD RAM address

1 2 3 4 5 6 <—— Display position

00|01|02|03 |04|05|06|07 08|09 |0A|0B|] <+—— 1st line DD RAM address

1 2 3 4 5 6 --- 9 10 <+ Display position

00|01|02|03|04|05|06|07|08| 09 0A|0B|---|10|11|12|13 | +«—— 1st line DD RAM address

1 2 3 4 5 6 cooeeommeeees 19 20 <«—— Display position
2.0-charact(=jr 00 |01(02|03 |04|05|06|07|08|09 [OA|OB|----cnummmom- 24|25 (26|27 «—— 1stline DD RAM address
display setting
(NCl/O = 10) 40 | 41|42 |43 | 44|45 |46 |47 |48 |49 |[4A|4B|- - o cccee oo 64|65 |66|67| --— 2nd |ine DD RAM address

Figure2 2-LineDisplay (NL1/0=01)

6-character
display setting
(NC]_/O = 00) 40|41|42| 43|44 |45| 46 |47|48| 49 |[4A|4B| «-— 3rd line DD RAM address

10-character
display setting
(NCl/O = 01) 40| 4142|4344 |45| 46 |47|48| 49 |4A|4B|4C|4D|4E| 4F |50 51|52 |53 | 4——— 3I’d |ine DD RAM address

1 2 3 4 5 6 -<—— Display position

00|01]02|03|04|05/ 06|07|08| 09 |0A|0B| w-—— 1st line DD RAM address

20(21|22|23|24|25|26|27|28|29|2A|2B| w-—— 2nd line DD RAM address

60|61|62| 63|64 |65|66|67|68| 69 |6A|6B| w4—— 4th line DD RAM address

1 2 3 4 5 6 7 8 9 10 <—— Display position

00| 01| 02| 03| 04| 05| 06 |07|08| 09 |OA|0B|OC|OD|OE|OF (10|11 12|13 | «—— 1st line DD RAM address

20| 21| 22| 23|24|25|26|27|28|29|2A|2B|2C|2D|2E|2F|30|31|32|33| @«—— 2nd line DD RAM address

60| 61| 62| 63|64|65| 66|67|68| 69 |6A|6B|6C|6D|6E|6F|70|71|72|73| €t— 4th line DD RAM address

Figure3 4-Line Display (NL1/0=11)
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Character Generator ROM for a Full-Size Font
(FCG ROM)

The character generator ROM for a full-size font
(FCG ROM) generates 3,840 11 x 12 dot full-size
character patterns from a 12-bit character code.
This includes 2,965 kanji according to the JIS
Level-1 Kanji Set and 524 J S non-kanji. Table 3
shows the relationship between character codes set
in DD RAM and full-size font patterns. Refer to
Combined Display of Full-Size and Half-Size
Characters for the relationship between J'S codes
and the character codes to be set in the DD RAM.

Character Generator ROM for a Half-Size Font
(HCG ROM)

The character generator ROM for a half-size font
(HCG ROM) generates 128 5 x 12 dot character
patterns from 7-bit character codes. A half-size
font (aphanumeric characters and symbols) can be
displayed together with a full-size font. Refer to
Combined Display of Full-Size and Half-Size
Charactersfor details.

Character Generator RAM (CG RAM)

The character generator RAM (CG RAM) allows
the user to display arbitrary full-size font patterns.
It can display 8 12 x 13 dot fonts.

This RAM can also display double-size characters
and figures by combining multiple CG RAM fonts.
Specify character codes from H'000 to H'007 in a
full size of character code when displaying font
patterns stored in the CG RAM.

Segment RAM (SEG RAM)

The segment RAM (SEG RAM) is used to control
icons and marks in segment units by the user pro-
gram. Bits in SEG RAM corresponding to seg-
ments to be displayed are directly set by the MPU,
regardless of the contents of DD RAM and CG
RAM. The SEG RAM s read and displayed when
the COMS output pin is selected.

Up to 71 icons can be displayed using a single
HD66730. Up to 96 icons can be displayed by
expanding the drivers on the segment side. SEG
RAM datais stored in eight bits. The lower six bits
control the display of each segment, and the upper
two bits control segment blinking.

Timing Generator

The timing generator generates timing signals for
the operation of internal circuits such as DD RAM,
FCG ROM, HCG ROM, CG RAM, and SEG
RAM. RAM read timing for display and internal
operation timing for MPU access are generated
separately to avoid interference. This prevents un-
desirable interferences, such as flickering, in areas
other than the display area when writing data to
DD RAM, for example.

The timing generator generates interface control
signals CL1, CL2, M, and COMD-output of exten-
sion drivers for a extension configuration.

Display Attribute Controller

The display attribute controller displays white/
black inverse, blinking, and white/black inverse
blinking for a full size font in FCG ROM accord-
ing to the attribute code set in the DD RAM. Refer
to Display Attribute Designation for details.

Fonts in CG RAM and bit patterns in SEG RAM
control display attributes using the upper two bits
(bits 7 and 6) in each display-pattern data.

Cursor Control Circuit

The cursor control circuit is used to produce a
cursor on a displayed character corresponding to
the DD RAM address set in the RAM address
counter (RAR). Cursors can be chosen from three
types. 12th raster-row cursor that is displayed only
on the 12th raster-row of each font; blink cursor
that periodically displays the whole font in black
and white and black inverted cursor that periodi-
caly displays the font in white and black (see
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figure 9). Note that when the RAM address counter
(RAR) is sdecting CG RAM or SEG RAM, a
cursor would be generated at that address, how-
ever, it does not have any meaning.

Note: Onedisplay line consists of 13 raster-rows.
Smooth Scroll Control Circuit

The smooth scroll control circuit is used to perform
a smooth-scroll in units of dots.

When the number of characters to be displayed is
greater than that possible at one time in the liquid
crystal module, this horizontal smooth scroll can
be used to display characters in an easy-to-read
manner for each line. Refer to Horizontal Smooth
Scroll for details for each line.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of
26 common signal drivers and 71 segment signal
drivers. When the liquid crystal driver duty ratio is
set by a program, the necessary common signa
drivers output drive waveforms and the remaining
common drivers output non-selected waveforms.
In addition, drivers can be expanded on the
common and segment sides through register
settings.

Display pattern data is sent serially through a 71-
bit shift register and latched when all needed data
has arrived. The latched data then enables the LCD
driver to generate drive waveform outputs. This
serial data is sent from the display pattern that
corresponds to the last address of the DD RAM
and is latched when the character pattern of the
display data corresponding to the first address
enters the internal shift register.

Booster

The booster outputs a voltage that is two or three
times higher than the reference voltage input from
pin Vci. Since the LCD voltage can be generated
from the LSl operation power supply, this circuit
can operate with a single power supply. Refer to
Power Supply for Liquid Crystal Display Drive for
details.

Oscillator

The HD66730 performs R-C oscillation by adding
asingle external oscillation resistor. The oscillation
frequency corresponding to display size and frame
frequency can be adjusted by changing the oscilla-
tion resistor. Refer to Oscillator for details.
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®| = IR RS |(oE e ] | R e g || e e | E R =R
dpeoik e BN | e | 2| | X R | | B | B | R | | | R | || 9] ] | B wE| | o) B | @ m
0| 8| 5| | 0| 22| SR | | IR ) B ) ak ) B | ] OR| | m| o) | B0 k) | | B | R| 2| | R &) i) h| R B E| i\ & S
E g HEE R | R R R R 2 | E R R R WE| | W |4k | 0| o | K =1k
8| B 8 B & || 2| R 5| K| 45 do| 88| k| B B BB X B W) 2 | | 9 8| @B | R 2| B R R | R
B H| =B S oo | RS 258|520 &) 0| o | ] iR | | 38| 0| 50| o | o | 28| B0 | | | B | BB | | R R | B X 52 | K| B | | S| R | | | | <
B K€ | B B B | B & 51| ) 15 i) 2| B K| 8| B 8| K| F| & ) 8| B| 2| 8 =] ) &) 8| E| M| ¥ 7| &) K& B ) e
LR 8| F| 8| R 1| 3| W 3| 500 00| 8| 20| 6| 13| E| ) | ) | 0| ) | | R | B | | B | % | 2| 4R BR| BB o5 | $k| x| 20| B uK) #R) 9| 4K
R | oR| | I | R | | | 5| 6 | | | | o | K| S0\ v | 1R ) HE| HE| D) ) e | BB | o ) BRI B | X B B ¥ K
W | | | | R4 | | 4 | | 2| 0 ) | | o M| | ) | 0 | || R | | | | 4R | K| ) 4R o K| BR | 4| K | e
T | | 5| R B 20| ) R N BRI B | IX | B | R R | P R 0| 4| o) M| B e | 7| ) BR| B RS B R B | R R o BE| |
B 2 o) 8 8 i Ry K 8| £ 2| 8 €8 2| 5| T | 1= 8] 5K 50 5| K 2 i L KR K S Bl =
#H | M ER| M| B GE| 0% k| ) 4R B B B B B ) R\ B 1| 8 7| B ) i) = | R | 2 B % 3k 1 ¥o| i =
=4 | BE| | &)= R S| ] E e BB ) R T e = R 3| ¥ £ R EaRad
=3 RIS REE MR | B R K| 2| X || B 2B o) & | &| &R T &= M F | | ok B R R
S B HE (W EX RS (R EmEs Rk & BT R £l B | =
WZS w| ol - <im | | = wl oo ) M| O A = ] 2| o) = O fx, =|w <| MmO &3}
WOO clicls| ol S Rl el Rl el et Rl Rl Rl Rl Bl Bl S I SN ~ ol mim| o o)
=l | | ] |

HD66730

Table3

HITACHI

596



HD66730

Relationship between Full-Size Character Code and Kanji (cont)

Table3
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Table3

Relationship between Full-Size Character Code and Kanji (cont)
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Relationship between Full-Size Character Code and Kanji (cont)

Table3
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Relationship between Full-Size Character Code and Non-K anji

0
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Upper/Lower
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89
C38
CH9
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51

HD66730

Table4
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B1
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Relationship between Half-Size Character Code and Character Pattern

(ROM Code: AQ0)

Table5
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Relationship between Character Codes
(DD RAM), CG RAM Addresses, and

Display Characters

(to the right, left, top, or bottom) without any

character spaces between them. Table 6 shows the

Full size character codes H'000 to H'007 can be

used to access 8 character patterns in the CG

correspondence between CG RAM addresses and

RAM. Since each character pattern can be
displayed up to 12 x 13 dots, CG RAM patterns

can be displayed immediately next to each other

full-size character codes for access of the CG

RAM by the MPU.

Relationship between Character Codes (DD RAM), CG RAM Addresses,

and Display Characters

Table 6
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Notes: 1.

CG RAM is selected when the upper 9 bits (C3 to C11) of the full size character codes are 0. In
this case, the lower 3 bits (CO to C2) of the character code correspond to bits 5 to 7 (A5 to A7)
(3 bits: 8 types) in the CG RAM address.

CG RAM address hits 1 to 4 (Al to A4) designate the character pattern line position. The 12th
line is the cursor position and its display is formed by a logical OR with the cursor.

CG RAM address 0 (A0) corresponds to the left-half and right-half of a full-size character
pattern.

The character data is stored with the rightmost character element in bit 0 (LSB), as shown in the
table above. Pattern produced by bits 0 to 5 is displayed and 13 raster-rows are displayed
together. Thus, an arbitrary character pattern consisting of 12 x 13 dots can be displayed.

A set bit in the CG RAM data corresponds to display selection, and 0 to non-selection.

The upper two bits (AA) of CG RAM data indicate the display attribute for the lower 6-bit
pattern. In this case, display attributes specified for the DD RAM during full-size character
display is disabled. When these upper two bits are 00, the CG RAM pattern is simply displayed
as set; when 01, the pattern reverses (black/white), when 10, the pattern blinks; and when 11,
the pattern reverses and blinks.
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Relationship between SEG RAM
Addresses and Display Patterns

SEG RAM data is displayed when the select level ~ scrall, it can be used to display icon and marks.
of the COMS pin is output. Since SEG RAM data  The following shows the relationship between SEG
does not depend on character code data in DD RAM addresses and segment output pins.

RAM, and does not undergo horizontal smooth

Table 7 Relationship between SEG RAM Addresses and Display Patterns

iggigw SEGRAM Data

As A, A; Ag | D; Dsg . Ds D, Ds D, D, Do

0 0 0 O | BL BO' SEGL SEG2 SEG3 SEG4 SEG5 SEG6
| 0 0 0 1| Bl BO | SEG7 SEG8 SEGY SEGIO SEGIl SEGI2
0 0 1 0 | Bl BO & SEG13 SEG14 SEG15 SEG16 SEG17 SEG18
0 0 1 1| BL BO ! SEGI19 SEG20 SEG21 SEG22 SEG23 SEG24
"’b"77if776776"’7éi77E;b"i"7ééééé77§Eééé{’7éééé?"é;ééééméféézfé"élééébﬁ
| 0 1 0 1] Bl BO , SEG31 SEG32 SEG33 SEG34 SEG35 SEG36
| 0 1 1 0| Bl BO | SEG37 SEG38 SEG39 SEG40 SEG41 SEG42
0 1 1 1] Bl BO; SEGA3 SEG44 SEGA45 SEG46 SEGA7 SEG48
1 0 0 0| BL BO | SEG49 SEG50 SEG51 SEG52 SEG53 SEG54
1 0 0 1| BL BO! SEG55 SEG56 SEG57 SEG58 SEG59 SEG60
1 0 1 0 | Bl BO K SEG6l SEG62 SEG63 SEG64 SEG65 SEG66
1 0 1 1 | Bl BO !l SEG67 SEG68 SEG69 SEG70 SEG71 SEG72
| 1 1 0 0| Bl BO| SEG73 SEG74 SEG75 SEG76 SEG77 SEG78
1 1 0 1 | BL BO| SEG79 SEG80 SEG81 SEG82 SEGS3 SEG84
1 1 1 0| Bl BO . SEGS85 SEGS86 SEGS87 SEGS88 SEGS89 SEGI0
1 1 1 1| BL BO! SEG91 SEG92 SEG93 SEG94 SEG95 SEGY96

Blinking control Pattern on/off

Notes: 1. SEGLI to SEG71 are pin numbers of the segment output driver of the HD66730. Pin SEG1 is
positioned on the left edge of the display. Segments from SEG72 on are displayed by extension
drivers. After SEG 96, display is performed from SEG1 again.

2. The lower six bits (DO to D5) indicate display on/off for of each segment. A bit setting of 1
selects display while 0 selects no display.

3. Pattern blinking of the lower six bits is controlled by the upper two bits (D6 and D7) of SEG
RAM data. When the upper two bits (BO and B1) are 10, segments whose corresponding bits in
the lower 6 bits are set to 1 will blink on the display. When the upper two bits (BO and B1) are
01, only the bit-5 pattern can blink. Do not attempt to set the upper two bits (BO and B1) to 11
(setting is prohibited).
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Register Functions
Outline

Data can be written from the MPU to the internal
control registers and internal  RAM of the
HD66730 via an 8-bit bus interface or a serid
interface. There are five types of internal control
registers, as follows (details are described later):

e Index register: Selects and designates which
control register the MPU isto access

» Statusregister: Indicatestheinterna state
 Control registers. Designates display control

* RAM address register: Sets an address for
accessing the various RAMs

* RAM data register: Receives and transmits data
to and from the various RAMs

Table 17 shows the instruction list and the number
of execution cycles of each instruction after per-
forming register setting. Instructions that perform
data transfer with the RAM data register tend to be
used the most. However, auto-incrementation by 1

(or auto decrementation by 1) of internal HD66730
RAM addresses after each data write can lighten
the program load on the MPU. Note that when an
instruction is being executed (internal operations
are being performed), only the busy flag in the
status register can be read.

Since the busy flag is 1 during execution, the MPU
should check this value before accessing a register.
When accessing a register without checking the
busy flag, an interval longer than the instruction
execution time is needed before the next access.
Refer to table 17 Instruction Registers, for instruc-
tion execution times.

When rewriting DD RAM, character display will
momentarily breakdown if the data (character
codes) that is being rewritten is also being read by
the system for display. For this reason, check the
display read line position (NF) and the display read
raster-row position (LF) in the status register (SR),
and rewrite a DD RAM line that is not being read
and displayed.
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Functional Description
Index Register (IR)

The index register (figure 4) designates control
registers (RO to R7), RAM address register (RAR:
R8), and RAM data register (RDR: R9). The regi-

ster number must be set between addresses 0000 to
1001 in binary digits. Note that if address 1111 is
set, the test register will be selected. Addresses
1010 to 1110 are ignored.

RIW RS DBy ---------

000|000

0 |ID3|ID2|ID1|1D0O

Figure4 Index Register
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Status Register (ST)

The status register (figure 5) includes the busy flag
(BF), display line bits (NF1/0), and display raster-
row bits (LFO to LF3). If BF is 1, an instruction is
being executed, and another instruction will not be
accepted during this time. Any attempt to write
datato aregister at thistimeisignored.

Rasters-rows are driven one at a time according to
specific timing to perform liquid crystal display.
Bits NF1 and NFO indicate display lines, and bits
LF3 to LFO indicate the raster-row in a line. If
character display degenerates when rewriting DD
RAM, rewrite only those display lines that are not
currently being read out by the system for display.
During segment display, the next state of the last
raster-row in the character display is read out.

Table 8 Display State According to NF1 and NFO
NF1 NFO Display State
00 0 Displaying the first line
0 1 Displaying the second line
0 Displaying the third line
1 1 Displaying the fourth line
Table9 Display State Accordingto LF3to LFO
LF3 LF2 LF1 LFO Display State
0 0 0 0 Displaying the first raster-row
0 0 0 1 Displaying the second raster-row
0 0 1 0 Displaying the third raster-row
0 0 1 1 Displaying the fourth raster-row
1 1 0 0 Displaying the 13th raster-row
R/W RS DBy ------m-mrmmmmmmomomomoooooes DBy
1 | 0 |BF|NF1|NFO| O |LF3|LF2|LF1|LFO

Figure5 StatusRegister
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Entry Mode Register (RO)

The entry mode register (figure 6) includes bits
I/D, RM1, and RMO.

[/D: Increments (I/D = 1) or decrements (I/D = 0)
the DD RAM address by 1 when a character code

is written into or read out from the DD RAM.
When the DD RAM address is incremented by 1,
the cursor or blinking will aso shift to the right.
This appliesto both CG RAM and SEG RAM.

RM1/0: Selects DD RAM, CG RAM, or SEG
RAM for access (table 10).

Table 10 RAM Selection by RM1and RMO

RM1 RMO Selected RAM

0 0/1 Display data RAM (DD RAM)

1 0 Character generator RAM (CG RAM)
1 1 Segment RAM (SEG RAM)

0 | I/D |RM1RMO

Figure6 Entry Mode Register
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Function Set Register (R1)

The function set register (figure 7) includes bits
BST, EXT2, EXT1, DT1, DTO, and DCL.

BST: When BST is 1, the booster starts to operate.
When the LCD voltage is external, set BST to O to
stop operation of the internal booster. In addition,
the consumption current can be suppressed by
stopping the booster when entering standby mode
without display.

EXT2/1: Extends the common driver and segment
driver. Set EXT2 to 1 to extend the driver to the
common side if the duty ratio is 1/40 or 1/53.
Extend the driver to the segment side by setting
EXT1 to 1 when displaying 7 or more digits (of
full size) in the horizontal direction. DD RAM
capacity is 80 bytes.

DT1/0: Selects the duty ratio of the LCD (table
11). Although this bit can be set separately from
the display line designation (NL1/0), the duty ratio
must be selected so that it will be smaller than the
number of display lines.

DCL: When DCL is 1, the display is cleared by
writing the code for half-size space (H'AOQ) into all
DD RAM addresses. Then H'00 is written into the
RAM address counter (RAR) and the DD RAM is

selected. The character code for character code
H'AO0 must be a blank pattern when rewriting HCG
ROM used for half-size characters.

Cursor Control Register (R2)

The cursor control register includes bits CHM, C,
CM1, and CMO.

CHM: When CHM is set to 1, DD RAM s
selected, the RAM address counter (RAR) is set to
0, and the cursor home instruction is executed. The
contents of DD RAM do not change. The cursor or
blinking moves to the left edge of the display (the
left edge of thefirst line if two lines are displayed).

C: When C = 1, cursor display is turned on. The
cursor is displayed at the position corresponding to
the count value of the RAM address counter
(RAR). To set data in the RAR, set the index
register (IDR) to 1000 to select it, and modify the
data in the RAR. Note that the RAM address
counter (RAR) automatically increments (decre-
ments) when the RAM is accessed, and the cursor
will move accordingly.

CM 1/0: Selects cursor display mode (table 12 and
figure 9). The blinking frequency (cycle) of the
blink cursor and the white/black inverted cursor
has 64 frames.

Table 11 Duty Drive Ratio

DT1 DTO Duty Drive Ratio

0 0 1/14 duty drive

0 1 1/27 duty drive

1 0 1/40 duty drive

1 1 1/53 duty drive

Table12 Cursor Mode Selection

CM1 CMO Selected Cursor Mode
0 12th raster-row cursor
1 Blink cursor
0/1 White/black inverted cursor
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0 | 1 | O BSTEXT2EXT1DT1/DTO| O |DCL

010,00 0|CHM C [CMI1CMO

Cursor

zZ
=
3
=3
=
[%)]
=2
QD
<
L]
x
Q
3
=2
@

>

Alternating
display

i) Blink display example

N

Alternating
display

iii) White/black inverted
display example

Figure9 Cursor Display Examples
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Display Control Register 1 (R3)

The display control register 1 (figure 10) includes
bits ST, DC, and DS.

ST: When ST is 1, the display control register 1
enters the standby mode. The internal operation
clock is divided into 32. Data cannot be displayed
on the LCD panel, however, the consumption
current can be suppressed during the standby
mode. Note that the register setting value and the
datainside the RAM are maintained.

DC: When DC is 1, the character display is turned
on.

DS: When DS is 1, the segment display is turned
on. Bit DS can selectively display marks.

Display Control Register 2 (R4)

NC1/0: Selects the display character in the hori-
zontal direction. When performing a horizonta
smooth scroll, set the number of display characters
larger than the actual number of liquid crystal drive
characters. When the frame frequency (cycle) is
stable, the operation frequency is proportional to
the display characters. Operation frequency must
be suppressed by setting the number of display
character as small as possible because the con-
sumption current is proportional to the operation
frequency. Refer to Oscillator for details.

N/L 1/0: Sets the number of display lines. Set the
number of display lines larger than the duty drive
ratio (DT1/0). Do not set 10 to these bits. Table 13
indicates the settings of the display lines.

Table 13 Display Control Register 2 Setting

Display Lines Display Characters: NC1/0

NL1/0 00 01 10

00 1-line 6 characters 1-line 20 characters 1-line 40 characters
01 2-line 6 characters 2-line 10 characters 2-line 20 characters
10 Setting is inhibited.

11 4-line 6 characters 4-line 10 characters 4-line 10 characters

0| 0 | ST | DC|DS

Figure10 Display Control Register 1

RIW RS DBy -----------

oj1,0]0/,0

NC1NCO| O |NL1|NLO

Figure1l Display Control Register 2
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Scroll Control Register 1 (R5)

The scroll control register 1 (figure 12) includes
bits SN1, SNO, SL3,SL2, SL1, and SLO.

SN1/0: Selects the starting line to be displayed.
When SN1/0 shows 00, display begins from the
first line. When SN1/0 shows 01, 10, 11, display
begins from the second, third, or fourth line,
respectively. Use these hits within the display line
setting (NL1/0). SN can be used to display a
smooth scroll and DD RAM memory bank
switching.

SLO to SL3: Selects the scroll starting raster-row
of the line set by the start display line (SL1/0).
When these bits show 0000, a display line starting
from the head raster-row (first raster-row) is
displayed and can be set to 1100 (13th raster-row)
showing the last raster-row. A vertical smooth
scroll can be performed by sequentialy incre-
menting the first raster-row. Refer to Vertical
Smooth Scroll for details. Note that bits SLO to
SL3 that are set to a value above 1100 will not
operate correctly.

Scroll Control Register 2 (R6)

The scroll control register 2 (figure 13) includes
bits PS1, PS0, SE4, SE3, SE2, and SE1.

PS1/0: Selects the partial smooth scroll mode.
When PS1/0 bits are 00, all characters scroll
horizontally across the display. When bits PS1/0
are 01, only the leftmost character is fixed and the
remaining characters perform horizontal smooth
scroll display. When bits PS1/0 are 10, the two
leftmost bits, and when 11, the three leftmost
characters are fixed and the remaining characters
perform horizontal smooth scroll Refer to Partial
Smooth Scroll for details.

SE1 to SE4: These hits enable a dot scroll in
display lines designated by scroll control register 3
(R7). When bit SE is 1, the first line is scrolled
according to scroll control register 3 (R7). When
SE2 is 1, the second line scrolls independently,
when SE3 is 1, the third line scrolls independently,
when SE4 is 1, the fourth line scrolls indepen-
dently. Scrolling multiple lines at the same time is
also possible.

0 |SL3|SL2|SL1|SLO

PSO|SE4|SE3|SE2|SE1

Figure13 Scroll Control Register 2
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Scroll Control Register 3 (R7)

The scroll control register 3 (figure 14) includes

bits SQ5, SQ4, SQ3, SQ2, SQ1, and SQO.

SQO to SQ5: These hits designate the number of
dots to be horizontally scrolled to the left on the
panel. Horizontal smooth scroll can be performed
for any number of dots between 1 and 48 inclusive
by using the non-display DD RAM area. When
these bits are 000000, scrolling is not performed.
When these bits are 110000, 48 dots are scrolled to
the left. If these bits are set to a value above
110000, 48 dots are till scrolled. Refer to Hori-
zontal Smooth Scroll for details.

RAM Address Register (R8)

The RAM address register (figurel5) initialy
contains the RAM address at which incrementa-
tion (decrementation) starts. RAM selection bits
(RML/0) in the entry mode register (RO) select
which RAM to access (DD RAM/CG RAM/SEG

RAM). When DD RAM (RM1/0 = 00) is selected,
address alocation differs according to the number
of display lines, but in all cases the most signifi-
cant bit (RA7) is ignored. During a 1-line display
(NL1/0 = 00), addresses H'00 to H'4F are allocated
to that line. During a 2-line display, addresses H'00
to H'27 are alocated to the first line, and addresses
H'40 to H'67 are alocated to the second line.
During a 4-line display, addresses H'00 to H'13 are
allocated to the first line, H'20 to H'33 to the
second , H'40 to H'53 to the third, and H'60 to H'73
to the fourth. Seetable 14.

When CG RAM (RM1/0 = 10) is selected, ad-
dresses H'00 to H'19 are alocated to the first
character and addresses H'20 to H'39 are allocated
to the second character, and so on (table 15). The
setting of addresses between characters (example:
H'1A to H'1F) isignored here. When SEG RAM is
selected (RM1/0 = 11), addresses H'0O to H'F are
allocated to the RAM and the upper four bits (R4
to R7) areignored (table 16).

SQ4/SQ3|SQ2/SQ1SQO

RA4|RA3|RA2|RA1RAO

Figure1l5 RAM Address Register
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Table 14 DD RAM Address Allocation
1-Line Display 2-Line Display 4-Line Display

Displayed Lines (NL1/0 = 00) (NL1/0 =01) (NL1/0 = 00)
First line H'00 to H'4F H'00 to H'27 H'00 to H'13
Second line — H'40 to H'67 H'20 to H'33
Third line — — H'40 to H'53
Fourth line — — H'60 to H'73
Table 15 CG RAM Address Allocation

Displayed Character CG RAM Address

First character H'00 to H'19
Second character H'20 to H'39
Third character H'40 to H'59
Fourth character H'60 to H'79
Fifth character H'80 to H'99
Sixth character H'AO to H'B9
Seventh character H'CO to H'D9
Eighth character H'EO to H'F9

Table 16

Displayed Segment

SEG RAM Address

SEG RAM Address Allocation

Displayed Segment

SEG RAM Address

SEG1 to SEG6 H'0 SEGA49 to SEG54 H'8
SEG7 to SEG12 H'1 SEG55 to SEG60 H'9
SEG13 to SEG18 H'2 SEG61 to SEG66 HA
SEG19 to SEG24 H'3 SEG67 to SEG72 H'B
SEG25 to SEG30 H'4 SEG73 to SEG78 H'C
SEG31 to SEG36 H'5 SEG79 to SEG84 H'D
SEG37 to SEG42 H'6 SEG85 to SEG90 HE
SEGA43 to SEG48 H'7 SEG91 to SEG96 H'F

Note: SEG72 to SEG96 are driven by extension drivers.
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RAM Data Register (R9)

This register (figure 16) stores 8-bit data that is
written to or read from the DD RAM, CG RAM, or
SEG RAM at the address indicated by the RAM
address counter (RAC). The RAM selection bit
(RM1/0) selects the RAM (DD RAM, CG RAM,
SEG RAM). After the said RAM is accessed,
RAM address is automatically incremented (decre-
mented) by 1 according to the I/D bit.

Note that RAM selection bits (RM1/0) and RAM
address register (R8) must be set before reading. If

not, the first data read is invalid. If read instruc-
tions continue to be executed, however, data will
be read correctly from the second read.

Test Register (RF)

Thisis atest register (figure 17) and must be set to
H'00 at all times. This register is automatically
cleared (H'00) by reset input; however, it must be
cleared by software after power-on if the reset pin
is not used.

RD4/RD3|RD2|RD1RDO

Figurel7 Test Register
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Table 17 Instruction Registers

Execution
Reg. Index Code Clock
No. (Hex) Register R/'W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
IR — Index 0 0 — — — — |ID3 ID2 ID1 IDO Designates the register 12
(IDR) number of the instruction
register to access.
ID = 0000: RO to 1001: R9
SR — Status 1 0 BF NF1 NFO — LF3 LF2 LF1 LFO Indicates the busy flag 0
(STR) (BF), display read line
position (NF1/0), display
read raster-row position
(NLO to NL3).
RO O Entry 0 1 0 0 0 0 0 I/ID RM1 RMO Designates RAM 12
mode address incrementation
(EMR) or decrementation (I/D)
and RAM selection
(RM1/0).
R1 1 Function 0 1 0 BST EXT2 EXT1 DT1 DT0 O DCL Clears display (DCL) DCL =1:
set and initializes the 492
(FSR) DDRAM address. Other: 12

Selects duty drive ratio
(DT1/0), enables extension
driver (EXT2/1) and sets
the booster operation on.

R2 2 Cursor O 1 0 0 0 0 CHM C CM1 CMO Designates cursor-on (C) 12

control and cursor display mode
(CCR) (CM1/0). Executes
cursor home (CHM)
instruction.
R3 3 Display O 1 0 0 0 0 0 ST DC DS Designates standby 12
control 1 mode (ST), character
(DCR1) display on (DC), and
segment display on (DS).
R4 4 Display 0 1 0 0 NC1 NCO 0 0 NL1 NLO Sets the number of 12
control 2 display characters
(DCR2) (NC1/0) and display lines
(NL1/0).
R5 5 Scroll 0 1 0 SN1 SNO 0 SL3 SL2 SL1 SLO Sets the display start 12
control 1 line (SN1/0) and start
(SCR1) raster-row (STO to ST3).
R6 6 Scroll 0 1 0 0 PS1 PSO SE4 SE3 SE2 SE1 Designates partial scroll 12
control 2 columns (PS1/0) and
(SCR2) scroll display line enable

(SE1 to SEA4).

R7 7 Scroll 0 1 0 0 SQ5 SQ4 SQ3 SQ2 SQ1 SQO Sets the number of dots 12
control 3 to be scrolled (SQRO to
(SCR3) SQRS5).
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Table 17 Instruction Registers (cont)
d Execution
Reg. Index Code Clock
No. (Hex) Register R/'W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle
R8 8 RAM 0 1 RA7 RA6 RA5 RA4 RA3 RA2 RAL1RAO Resets the address 12
address counter for DD RAM/CG
(RAR) RAM/SEG RAM. RAM is
selected by RM1/0.
R9 9 RAM 01 1 RD7 RD6 RD5 RD4 RD3 RD2 RD1RDO Writes or reads data to 12
data and from DD RAM/CG
(RDR) RAM/SEG RAM. RAM is
selected by RM1/0.
RF F Test 0 1 0 0 0 0 0 0 0 This is a test register. 12
(TSR) Set 00 in this register.

Note: The execution time depends on the input or oscillation frequency.

BF =1:
NF1/0:
LFO to LF3:
ID = 1:

=0:
RM1/0:

BST =1:
EXT2=1:
EXT1=1:
DT1/0:

DCL=1:
CHM =1:
C=1:
CM1/0:

ST=1:
DC=1:
DS =1:

Internal processing being performed

Position of display read line
Position of display read raster-row
Address increment

Address decrement

RAM selection (00/01: DD RAM.
(10: GG RAM, 11: SEG RAM)
Booster on

Common driver extension enable
Segment driver extension enable
Duty ratio (00: 1/14, 01: 1/27,

10: 1/40, 11: 1/53)

Executes display-clear instruction
Executes cursor-home instruction
Cursor on

Designates cursor mode

(00: 12th raster-row, 01: blinking,
10: white/black inverse)

Standby mode

Character display on

Segment display on

NC1/0:
NL1/0:

SN1/0:

SLO to SL3:

PS1/0:

SE1 to SE4:

SQO to SQ5:

RAO to RA7:
RDO to RD7:

HITACHI

Sets the number of display characters
(6 to 40 characters)

Sets the number of display lines
(00: 1 line, 01: 2 lines, 11: 4 lines)
Designates the line to start displaying
(00: first line, 01: second line,

10: third line, 11: fourth line)
Designates scroll starting raster-row
(0000: first raster-row, 1100: 13th
raster-row)

Designates partial scroll

(00: all columns scroll.

01: the leftmost column fixed,

10: the two leftmost columns fixed,
11: the three leftmost columns fixed)
Designates which line to scroll

(SE = 1: enables the first line to be
scrolled, etc.)

Number of dots to scroll

(O to 48 dots)

RAM address

RAM data
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Reset Function

The HD66730 is reset by setting the RESET pin to
low level. During reset, the system performs next-
control-register setting and executes instructions.
The busy flag (BF) therefore indicates a busy state
(BF = 1) at this time, which means that only the
index register and status register can be accessed.

Display clear (DD RAM reset) is performed auto-
matically by reset input. Since more than 500
clocks of execution cycles are needed to initiaize
the DD RAM, the reset period must be set to more
than this number. Note that if the reset input
conditions specified in Electrical Characteristics
are not satisfied, the HD66730 will not operate
correctly, and reset should be performed by
software.

Initialization of Instruction Register Function
1. Index Register: IR

The index register cannot be initialized by
reset. After reset release, the index register
must be set to access a control register.

2. Statusregister: SR
BF = 1: Busy state
3. Entry moderegister: RO

I/D = 1: +1 (incrementation)
RM1/0 = 00: DD RAM selection

4. Function set register: R1

BST = 0: Booster off

EXT2/1 = 11: Driver extension enable
DT1/0 = 11: 1/53 duty drive

DCL = 1. Display-clear execution

Note: At least 500 clock cycles of execution time
is needed to clear the DD RAM.

618

10.

11.

Cursor control register: R2

CHM = 1. Cursor home execution

C = 0: Cursor display off

CM1/0=00: 12th raster-row cursor display
mode

Display control register 1: R3

ST = 0: Standby mode clear
DC = 0: Character display off
DS = 0: Segment display off

Display control register 2: R4

NC2L/0 = 00: 6-column display mode
NL1/0 = 00: 1-line display mode

Scroll control register 1. R5

SN1/0=00: Starts displaying from the first
line.

SL3to SLO=0000: Starts displaying from
the first raster-row.

Scroll control register 2: R6

PS1/0 = 00: Partial scroll release

SE4 to SE1 = 0000: Disables dot scrolling for
al lines.

Scroll control register 3: R7

SQ5 to SQO = 000000: Number of dots to be
scrolled =0

RAM address register: R8

RAM address register is automatically incre-
mented during reset when display-clear is
executed. Note that after reset is released, this
register must be reset by software before
accessing RAM.
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Initial Setting of Pin Functions 3. Extension driver interface output

1. Bugseria interface

The input level of pin IM selects the 8-hit bus
or serial interface. For an 8-bit bus interface,
data is written into the index register or read
from the status register according to the level
of pin R/W. Note that pin RS must be held low
during this time. For serid interface, data is
written into the index register according to bit
R/W. Note that bit RS must be 0 during this
time. During reset, only the index register and
status register can be set and RAM cannot be
accessed.

LCD driver output

Since segment drivers (pins SEG1 to SEG71)
are in a display-off state during reset, they
output non-selective levels (V2/V3 level)
during reset. At this time, a 4-line 6-character
display alternates its current. Common drivers
(pins COM1 to COM24 and COMS) output
non-selective levels (VL/V4 level) during
reset, and alternate its current for a 4-line 6-
character display.

Note: Pins COM25/COMD are grounded (0V)

during reset. When pin COM25 is used
without expanding drivers to the common
side, display may be performed using the
liquid crystal drive voltage. In this case,
adjust the liquid crystal voltage during reset.

4,

Note: The potential of

Since bits EXT2/1 are 11 during reset, exten-
sion is performed to both segment side and
common side. Pin CL2 outputs the oscillation
(operation) frequency clock. Pins CL1 and M
output signals in a cycle corresponding to a
4-line 6-character display size. In addition,
pins SEGD and COM25/COMD output low
(ground level) since the display is turned off.

Booster output

The operation of the internal booster stops
because hit BST becomes 0 during reset.

pins V50UT2 and
V50UT3 increases by about +0.7 V with
respect to GND level when the booster
stops. When using external polarized capac-
itors, make sure that no reverse bias occurs.
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Interfacing to the MPU

The HD66730 enters 8-bit bus interface mode
when the IM pin is set high. The HD66730 can
interface with the MPU via an 1/O port. Use the
serial interface when there are restraints in the bus
wiring width.

Instruction is executed when data is written into
the control register. In this case, only the status
register can be read (busy check, etc.). In this case,
check the busy flag when accessing (polling), or
insert an interval considering the execution time

and perform the next access when the interna
process has completely finished. The instruction
execution time depends on the HD66730 operation
frequency. When using the internal oscillation cir-
cuit of the HD66730, the instruction time will
change as the oscillation frequency does. Figure 18
shows an example of an 8-bit data transfer timing
seguence. Figure 19 shows an example of interface
between HD66730 and 8-bit microcomputers.

RS \
/

RW

VA N AN N

Internal /

signal

Internal operation (busy)

\ /

DB7 Not
oot X0 X ey N[ feusN men/ X0 X

DBO
Control register write

Busy flag check

Busy flag check

Busy flag check

Index register write

Figure18 Exampleof an 8-bit Data Transfer Timing Sequence
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VMA
22

Al5
HD6800

A0
RIW
DO to D7

Y

Y

co

C1
H8/325 c2

AO to A7

8

a) Bus line interface

Y

b) 1/0O port interface

E
LCD-11/36

RS

RIW

DBO to DB7

E

RS

RW  LCD-11J6

DBO to DB7

Figure19 Exampleof Interfacing with 8-Bit Microcomputers
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Transferring Serial Data

The HD66730 enters seriad interface mode when
the IM pin is set low. A threeline clock-syn-
chronous transfer method is used. The HD66730
receives serial input data (SID) and transmits serial
output data (SOD) by synchronizing with atransfer
clock (SCLK) sent from the master side.

When the HD66730 interfaces with severa chips,
chip select pin (CS*) must be used. The transfer
clock (SCLK) input is activated by making chip
select (CS*) low. In addition, the transfer counter
of the HD66730 can be reset and seria transfer
synchronized by making chip select (CS*) high.
Here, since the data which was being sent at reset
is cleared, restart the transfer from the first bit of
this data. In a minimum system where a single
HD66730 interfaces to a single MPU, an interface
can be constructed from the transfer clock (SCLK)
and serial input data (SID). In this case, chip select
(CS*) should be fixed to low.

The transfer clock (SCLK) is independent of oper-
ational clock (CLK) of the HD66730. However,
when several instructions are continuously trans-

ferred, the instruction execution time determined
by the operational clock (CLK) (see Continuous
Transfer) must be considered since the HD66730
does not have an internal transmit/receive buffer.

Figure 20 shows the basic procedure for trans-
ferring serial data. To begin with, transfer the start
byte. By receiving five consecutive hits of 1 (syn-
chronizing bit string) at the beginning of the start
byte, the transfer counter of the HD66730 is reset
and serial transfer is synchronized. The 2 bits
following the synchronizing bit string (5 bits)
specify transfer direction (R/W bit) and register
select (RS bit). Be sure to transfer 0 in the 8th bit.

After receiving the start byte, instructions are
received and the datalbusy flag is transmitted.
When the transfer direction and register select
remain the same, data can be continuously trans-
mitted or received.

The transfer protocol is described in detail in the
following.
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a) Serial data input (receiving)

Cs*

—

(input)
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
SCLK
(input)
SID __
(input) 1 1 1 1 1 \RW/RS|O0[Dy}iD,fD,fDs{0 0 0 0 [D,)Ds D,\0O 0 0 ©
Synchronizing Lower Upper
bit string ’ ‘ data data ‘
ja—— Istbyte —— w«——— 2nd byte ————»|
Start byte Instruction

b) Serial data output (transmitting)

oy | /o
(npu)
(Sir']Dput) 1 1 1 1 1RW(RS\0 0 0 0 0 0 0 0 O /WW
coupuy L oo o1 oz R s s oo o

i sting e e~

Start byte Status/data read

Figure20 Basic Procedurefor Transferring Serial Data
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* Receiving (write)

After receiving the start synchronizing bit string,
the R/W bit (= 0), and the RS hit in the start
byte, an 8-bit instruction is received in 2 bytes:
the lower 4 hits of the instruction are placed in
the LSB of the first byte, and the higher 4 bits of
the instruction are placed in the LSB of the
second byte. Be sure to transfer 0 in the follow-
ing 4 bits of each byte. When instructions are
received with R/W bit and RS bit unchanged,
continuous transfer is possible (see Continuous
Transfer in the following).

» Transmitting (read)

After receiving the synchronizing bit string, the
R/W bit (= 0), and the RS hit in the start byte, 8-
bit read data is transmitted from pin SOD in the
same way as receiving. When read data is trans-
mitted with R/W bit and RS bit unchanged,
continuous transfer is possible (see Continuous
Transfer in the following).

The status register (SR) is read when the RS bit
is0. RAM dataisread out when the RS bit is set
to 1 after designating RAM data register (R9)
with the index register (IR). Bits RM1/0 of entry
mode register (RO) select the RAM. When read-
ing RAM data, an interval longer than the RAM
reading time must be taken after the start byte
has been accepted and before the first data has
been read out. During transmission (data out-
put), the SID input is continuously monitored
for a start synchronizing bit string (11111). Once

624

this has been detected, the R/W and RS bits are
received. Accordingly, 0 must aways be input to
SID when transmitting data continuously.

Continuous Transfer

When instructions are received with the R/W bit
and RS hit unchanged, continuous receive is
possible without inserting a start byte between
instructions.

After receiving the last bit (the 8th bit in the 2nd
byte) of an instruction, the system begins to
execute it. To execute the next instruction, the
instruction execution time of the HD66730 must
be considered. If the last hit (the 8th bit in the
2nd byte) of the next instruction is received
during execution of the previous instruction, the
instruction will be ignored.

In addition, if the next unit of datais read before
read execution of previous data is completed for
RAM data, normal data is not sent. To transfer
data normally, the busy flag must be checked.
However, if the amount of wiring used for trans-
mission needs to be reduced, or if the burden of
polling on the CPU needs to be lightened,
transfer can be performed without reading the
busy flag. In this case, insert a transfer wait
between instructions so that the current instruc-
tion has time to complete execution. Figure
21 shows the procedure for continuous data
transfer.
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i) Continuous data write by polling processing

SCLK
(input)
SID

(input)

SOD
(output)

Instruction (1)

1st byte | 2nd byte

if) Continuous data write by CPU wait insert

SCLK
(input)
SID

(input)

Start Start Instruction (2)
) byte | byte 1st byte [ 2nd byte

Busy
read

Instruction (1)

execution

time _ | Instruction waiting time (not busy state)

\
Wait Wait

Start

Instruction (1)

Instruction (2)

byte

1st byte [ 2nd byte

1st byte |

2nd byte

Instruction (3)

1st byte | 2nd byte

ii) Continuous data write by CPU wait insert

SCLK
(input)
SID
(input)
SOD
(output)

Wait

RAM data

read time (1)

Instruction (1)
execution time

Instruction (2)

execution time

Instruction (3)
execution time

Data
read (1)

i

Wait

RAM data
read time (2) ‘

Data
read (2)

RAM data
read time (3) ‘

Wait

Figure21 Procedurefor Continuous Data Transfer
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Combined Display of Full-Size and
Half-Size Characters

The HD66730 performs display from the left edge
of the display combining 12-dot full-size (character
size: 11 x 12 dots) and 6-dot half-size characters
(character size: 5 x 12 dots). There will be a one-
dot space between these fonts.

The most significant bit in the data (8 bits) in DD
RAM is alocated to the designation bit indicating
afull-size or half-size character. When thisMSB is
0, the full-size character is selected, and when 1,
the half-size character is selected.

When the full-size character is selected, 2 bytes of
DD RAM are linked and used as a 16-bit code
(figure 22). In this case, the lower byte is written
into the smaller DD RAM address. 12 hits of this
16-bit code are used as character codes. Up to 4096
character codes can be specified. In addition, two
of the remaining four bits can be allocated to a
display-attribute code and can designate white/
black inverted display for individual characters

(refer to Display Attribute Designation). Table 18
shows the relationship between the 16-bit desig-
nated JIS code and the HD66730 12-bit character
code. 8-hit data designating half-size characters are
used as an 8-bit code (figure 23). Specificadly, 7
bits of the 8-bit half-size characters become the
character codes, so that a total of 128 characters
can be displayed (aphanumeric characters and
symbols can be displayed as half-size characters).

User fonts can be displayed using the CG RAM.
Special symbols not included in the internal CG
ROM or the JIS Level-2 Kanji Set can be dis
played as needed. Since the display font size of the
CG RAM is 12 x 13 dots, CG RAM fonts can be
displayed to the right, left, top or bottom, in order
to be used to display double-size characters or
graphics. Note that the display-attribute code
(AL/AQ) designation that is to be written into the
DD RAM isignored when the CG RAM isused. In
this case, bits 6 and 7 in the CG RAM are used for
display-attribute-code designation. Refer to CG
RAM for details.

Table 18

« JIS first byte code: bl to b7 (7 bits)
« JIS second byte code: al to a7 (7 bits)
e CG RAM address for user fonts: u0 to u2 (3 bits)

Relationship between JIS Codes and HD66730 Character Codes

Character Code Arrangement of HD66730

JIS b7 b6 b5 Cl1 C1I0 C9 C8 C7 C6 C5 C4 C3 C2 C1 cCo
Non-kanji 0 1 0 ar a6 b3 b2 bl O 0 a5 a4 a3 a2 al
Level 1 kanji 0 b7 b6 b3 b2 bl a7 a6 a5 a4 a3 a2 al
Level 1 kanji 1 0 0 b7 b6 b3 b2 bl a7 a6 a5 a4 a3 a2 al
User font - - = 0 0 O 0 0 O 0 0 O u2 ul uo

L Upper byte J | B Lower byte ]
626
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Full-size character format

0 A1 [Ap| O |Cq3|Cqo| Cg | Cg

Upper byte
i Display attribute code: A;/Aq (2 bit
Display Upper character code isplay attribute code: Ay/Ag (2 bits)
attribute MSB  LSB _
code Character code: Cq4 to Cq (12 bits)
C7|Ce|Cs|Cqa|C3 Cy|Cy|Co Lowerbyte

Lower character code

Figure22 Full-Size Character Codes

Half-size character format

1/Cg|Cs|Cq|Cs/Cy|CqlCo

Character code

MSB LSB
Character code: Cg to Cq (7 bits)

Figure23 Half-Size Character Codes
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An example of displaying full-size and half-size
characterstogether is described here.

Full-size character display conforms to JS (16
bits). Perform code conversion (16 bits - 12 bits)
according to the relationship between the 16-bit
JIS code and the HD66730 12-bit character code
and write two-byte character data to the DD RAM
(write the lower byte to the smaler DD RAM

address). The example is shown in table 19. When
displaying a half-size character, refer to table 5 the
HD66730 Half-size Font List and write one-byte
character data into the DD RAM. The example is
shown in table 20.

Figure 24 shows how to set data to the DD RAM
when performing a 2-line display and figure 25
shows the resulting liquid crystal display.

Table 19 Example of Full-Size Font Conversion
JIS Code Character Code
Displayed Character (First/Second Byte) (C11to CO)
H 45/6C (Hex) AEC (Hex)
= 35/7E (Hex) 2FE (Hex)
R 45/54 (Hex) AD4 (Hex)
AN 3E/2E (Hex) 72E (Hex)
ura 4AJ3F (Hex) D3F (Hex)
T 3B/54 (Hex) 5D4 (Hex)
PN 4B/5C (Hex) DDC (Hex)
i1 44/2E (Hex) A2C (Hex)
D 24/4E (Hex) AOE (Hex)

Table 20 Example of Half-Size Font Code

Display Character

Character Code (CO to C11)

1 31 (Hex)
2 32 (Hex)
0 30 (Hex)
, 2C (Hex)
M 4D (Hex)
C 43 (Hex)
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0: Full-size designation
1: Half-size designation

1110 | 0111 | 1111 | 1101 | 0100 | 0101

0000 | 1101 | 0000 | 0010 | 0000 | 0011 | OO0O | 1101 | 0000

00 (Hex) 01 (Hex) 02 (Hex) 03 (Hex) 04 (Hex) 05 (Hex) 06 (Hex) 07 (Hex) 08 (Hex) 09 (Hex) 0A (Hex) 0B (Hex)

Address

1110 | 0000 | 1111

1100 | 1010 | 1110 | 0010 | 0100 | 1010

1st-line
data

VAN

#R

40 (Hex) 41 (Hex) 42 (Hex) 43 (Hex) 44 (Hex) 45 (Hex) 46 (Hex) 47 (Hex) 48 (Hex) 49 (Hex) 4A (Hex) 4B (Hex)

1101 | 1110 | 1010 | 0001 | 1110 | 1010 | 0010 | 0000 | 1100 | 1101 | OO11

1100

Address

2nd-line | 1101 | 0000 | 0010 | 0000 | 1011 | 0000 | 0000 | 1011 | 1011 | 1010 | 1100 | 1100

data

Figure24 Exampleof DD RAM Character Code (2-Line Display M ode)

rTomTA

TATrATT T g T
[ u

L]
IR IR PO R ]

[}
.,

mTATr g
L]

rT
[a

o
[
bt
B R

e
u
-

FTOTTASEATT T
-4
+a-

R

ST TT AT T oIgT
[ ]
(R

g
[ ]
R .

coroodM oy Ccoocooorgcoo AN, EEW_ &, EE__ _EEN

AT rTom TS
.

e

T g

[ ]
T
44

T
L1

Figure25 Exampleof Liquid Crystal Display
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Display Attribute Designation

The HD66730 allocates 12 bits of the full-size 16-
bit code character to an abbreviated character code
and 2 hits to a display-attribute code (figure 26).
White/black inverted display, blinking display, and
white/black inverted blinking display can be
designated for each full-size character (table 21).
Display attribute control is performed for a12 x 13
dot matrix unit that includes a 11 x 12 dot full-size

character and a column of dots to the right and a
row of dots to the bottom (figure 27). The blinking
cycle for blinking display and white/black inverted
blinking display is 64 frames. Blinking display is
performed by changing the display pattern every
32 frames. Since the 8-bit code designated for half-
size characters cannot accommodate a display attri-
bute, they will aways be displayed normally.

Table 21 Display Attribute Designation
Al A0 Display State
0 0 Normal display
0 1 White/black inverted display
1 0 Blinking display
1 1 White/black inverted blinking display
O |Ar|Ag| 0 |Cy1|Cy0| Cq | Cg
Attribute Upper character
code code
C;1Cs|Cs5|Cyq|C3|Cy|Cq|Cy
Lower character code
Figure26 Full-Size Code Format
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a) Example of normal display

IR
] [ [
| ml [ ] [ [ [em e
| (e [
| [ (e | [
][] (o] o
ENEEEEEEEEEE]]
[ (W[ W o]
[ _|ml [ | e
W[ (e [
| | | | [me (e
[l EeEnnnaE

3

o

0

o [eoNe)

e =

=88

S

5 S
oo
- O
D
— -
=
<
X o
Dd
a8

b) Example of white/black inverted display

ANEEEEEEEEEE.
EEEEEEEEE .
EOROOOOC0 e
[ [ ] i o ] [ |

EOECOECECOD NN
]l ] el (] ] [ |
| [ e | e [ ]
EEEEEEEEE =N

1100 | 1010
*

White/black inverted display

DD RAM | 1110 | 0010

code

¢) Example of blinking display

Alternates display
by 32 frames

ANEEEEEEEEEE]
[ [W( (W[ |
ORCOEOECOEEoo00
ORCECECECOEC00
| | | | [me (]
[l EnEnnnnN

Blink display
T\

1110 | 0100
1100 | 1010

DD RAM
code

d) Example of white/black inverted blinking display

ENEEEEEEEEEEE
o 1 [ (0[] (mf[]
EUROUOUONED N
(] ol [wf [ e [ [ |
([ [l (ol (il [ [ [ |
| (] Il [ m( ] [ ][]
O o _|
| (ol ol [ o [ /]
(|l [wf (mimmf [ [ [ |

EEEEEEEEE NN

Alternates display
by 32 frames

ENEEEEEEEEER]]
[ (W[ (o[ [on] _[o[om[o[om(om
[ [l (wn( [l [ [se(m(m(m]
[ ([ ([ | (wf (s
il i | [ ]| [ (w0
OR0000000OmOd

1010

White/black inverted
blinking display
—

1100

DD RAM | 1110 | 0110

code

Figure 27 Setting Codesin the DD RAM and Display Examples
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Horizontal Smooth Scroll

Data shown on the display can be scrolled horizon-
taly to the left for a specified number of dots
(figure 28). The number of dots are set in scroll
control register 3 (SCR3: R7), and the display lines
to be scrolled are designated by the display line
enable bits (SEV/SE2/SE3/SE4) in scroll control
register 2 (SCR2: R6). Because the number of dots
that can be set for scrolling here is 48, scrolling for
more than this number can be achieved by shifting
to the left by four characters of character code data
in DD RAM for the scroll display line in question,
rewriting the characters, and then scrolling again.
When rewriting DD RAM while displaying char-
acters, however, character output will momentarily
breakdown, and the display may flicker. In this
case, first check which display lines are currently
being displayed by referring to NF1/0 (line 1 to the
line 4) and display raster-rows LFO to LF3 (raster-
row 1 to raster-row 13) in the status register, and

then rewrite a DD RAM line that is not being
displayed. Keep in mind that scroll display line
enable bits (SE1 to SE4) can be used to designate
those display lines for which horizontal smooth
scroll is desired.

In partial scroll, one to three leftmost characters on
the display as specified by the partial scroll bits
(PS1/0) of the scroll control register 2 (SCR: R6)
are fixed and the remaining characters undergo a
smooth scroll to perform partial smooth scroll.

When performing horizontal smooth scroll, the
number of characters to be displayed (NC1/0: R4)
must be at least 4 characters more than the number
of characters actually displayed on the liquid
crystal display. For example, set 10 or more
display characters (NC1/0) for a single-chip 6-
character display.
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Performs no shift
e SCR3 =“00" (Hex)

Shifts to the left by
one dot

« SCR3="01" (Hex)

Shifts to the left by
two dots

« SCR3 ="02" (Hex)

Shifts to the left by
ten dots

« SCR3 = “0A” (Hex)

Shifts to the left by
48 dots

« SCR3 = “30” (Hex)

ooooomoooooooo
L]

DDDD DO 000000000 0000000000 ERCO0O0000E00 000
ENEENEEECOEN | ]

HEEEOCO0O00C0RCO0 000000000 RO0 000 000 OO0 BO0 000
O] 101 OO0 OO0 MO0 Cro0 e C] mC0 MO0 OO O S S e
H MO DD 000000 MO0 000000 RO 0 MO0 EO0 000 000 MO0 000

OmooComd OOOONEEEEERCO NN CNONCOCECOCOROO0ORCO00SO Ol NEE EEE REECOCE OO0 800 Om0
COCEENEN OO00OO0ROO00O000CEOCR OO 0CE OCE OO0 RO0 OmO OO0 000 RO0 000 0O OO0 E00 Omo0
ooomCm
OOROOM DDDDDIDDDDDDDDDDDIDDDDDDDIDDDIDDD-D
EEROOON
Ooooom DDDDDDDDDDDIDDDDDDDDDDDIDDDDD
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HEN O
oog O
HER O
ooy O
HER OOEOO 0000 O
oomgd OO0 0OmO 0000 O
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| jmimim} DDDDDDDDDDIDDDDDDD-DDDIDDIIDD
OoOoORO000000000MEO0O00000 -DIDDDDDDDDD-IDDDDDDDDDDDIDDDDDDDDDDDIDDDDDD

DDDD-DDDDD-DDDDD-DDDID-DDDDD-D
OOO0OmMO0O0COMO 000 REERCEDOCOR OO0 Dm0 DOm0 OO 000 000 D0 OO0 OO0 Nl EEE EEE 000

DDDDDDDIDDDDDDDDIDDDDDDDDDDDDDDIDDDDDDDII IDDDDDDDIDDDDDDDDDDDIDDD
ECEEEEENEEEERCOEE DDDDDDDDDDIDDDDDDDDDDD
oooogogoood DDDDIDDD
mmunl I {111 Inmml] | IDIDDIDDDDDDDIDDDDDDDDIDDIDDIDDDDDDDDIDDDDDDDDDDDIDDD
OoOoomO0000mO000 00 00 mOm 000 Ol
O0ooOomOo0000
OoOONEEEE
ooooooomod
oooomoom
ooomood
EORO000
oooooom
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'
CONEEEEEEEEOOO0000R00000 000000 800000000 000 00000000000
ooooOmo0o00g oo0
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OOoOmOmOmO00000 RO OO0 O
OoooomO000000 000000000 0000000
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00000m0000000m 00000 0m0 000000 80000000 000 MO0 EO0 OO0 000 MO0 OO Ol e EEE OO0 e00
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Figure28 Exampleof Horizontal Smooth Scroll Display
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Examples of Register Setting

R/W RS DB7DB6 DB5 DB4 DB3 DB2 DB1 DBO

1{ofofofojofofofaf1]o]

2{of1]ofofof1]ofof1]o]

s|ojojofofojojofafafa]

4aloj1]ofofofojofofof1]
| CPU Wait |

5 0[1][1]ofofofofof1]o]
| CPU Wait |

6of1[1]ofofofofof1]1]

| CPU Wait |

s1jol1|1]|of1]1]0o]o]o]0]

Index register set (R6 designation)

Enables scroll (scrolls only the second line)

Index register set (R7 designation)

Shifts the second line to the left by one dot

Shifts the second line to the left by two dots

Shifts the second line to the left by three dots

Shifts the second line to the left by 48 dots*

Note: The number of dots that can be specified for scrolling is 48. Scrolling for more than this
number can be achieved by rewriting DD RAM data and scrolling again from dot 0.
Note that the number of characters shown on the LCD and the number of scroll characters
must be less than the number of maximum display characters (1-line display mode:
40 characters, 2-line display mode: 20 characters, 4-line display mode: 10 characters).
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Figure29 Example of Executing Smooth Scroall to the Left
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R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 |O | 0 | O| 0 | 0 | 0 | 0 | 1 | 1 | 0 | Index register set (R6 designation)

2 | 0 | 1 | 0 | 0 | 0 | 1 | 0 | 0 | 1 | 0 | Enables scroll (scrolls only the second line)

3 |O | 0 | O| 0 | 0 | 0 | 0 | 1 | 1 | 1 | Index register set (R7 designation)

4 |O | 1 | 1 | 0 | 1 | 1| 0 | 0 | 0 | 0 | Shifts the second line to the left by 48 dots*

| CPU Wait |

5 |0 | 1 | 1 | 0 | 1 | 0| 1 | 1 | 1 | 1 | Shifts the second line to the left by 47 dots

| CPU Wait |

49| 0 | 1 | 1| 1 | 0 | 0| 0 | 0 | 0 | 1 | Shifts the second line to the left by one dot

| CPU Wait |

sifjo|1]|1]|ofo]ofofofo|o] Performnoshit

Note: The number of dots that can be specified for scrolling is 48. Rewrite 48 dots (4 characters)
of data inside the DD RAM and shift them to the right before scrolling. Scrolling for more
than this number can be achieved by rewriting the data of DD RAM and begin scrolling
from dot 48 again. Note that the number of characters shown on the LCD and the number
of scroll characters must be less than the number of maximum display characters (1-line
display mode: 40 characters, 2-line display mode: 20 characters, 4-line display mode:

10 characters).

Figure30 Example of Executing Smooth Scroll to the Right
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Partial Smooth Scroll

Partial smooth scroll displays one to three leftmost
characters as fixed while the remaining ones
undergo a horizontal smooth scroll in the left and
right direction. Specifically, the number of leftmost
characters to be fixed is specified by the partia
scroll bits (PSL/0) in the scroll control register 2
(SCR2: R6). For example, when bits PS1/0 are 10,
the two leftmost characters are fixed; when 11, the
three leftmost characters are fixed.

Although half-size characters can be displayed in a
fixed display area, they must be displayed in even-
numbered groups of two, four or six characters.
Figure 31 shows an example of smooth scroll per-
formed in a display when bits PS1/0 are set to 10.
The two leftmost characters (/3T ) are displayed
as fixed, and the remaining four characters undergo
a smooth scroll.

OOCORCOORCO0C00ONEEERODOOERECO0DO00COR0O0 000000000 000000 Ooooooooooooomoooon
[ [ EEEEN
Perf hift HisP550EE0REE380
Ps1/0+ 10 eLcenoacoa
: B OOOROOROOONOO0RD
* SCR3 ="00" (Hex) OoOmOOm00Oe000mO
DoomOEC00ON0O00n
OEECO00000N00000
000000000omo00000
OOoOooo0Omm 00000
0ooooomooonog
Oooooomooodog
i FHABHARAAEHAR
Shifts to the left by Hoogeoeongaay
one dot OoomoOEoCEo00
oomooomooomog
« PS1/0 = “10” O OOMO0OROOONO0
SCR3 =*01" (H DR E R . wa(alnmial el
- (Hex) OoONORCOOmO00 Ooooogmgoooog
OOooOommO00O00
OoooO000000mo000000
EEEEOOO0000ORMOO00000
. DOCEO000000mMO0000000
Shifts to the left by Bl imaleia I (aial{aal [ alaln
two dots DOE0C0CONOONMOOmO000
OOCNOCNO0ONODONOON
« PS1/0 = “10” [ OOCNOCNCO0NO0ON000
0 000 OO 000 OO0 MO0 DDDIDIDDDDIDDDDIDD
* SCR3 ="02" (Hex) | JONOO0OmOC000COmO0 M OO0 mCO N DOCEOOONO0Omo0 ] ] OmO000000
B-a0HEERs 5o RmE 5 0a 05 a0 tHE a0 Mmm O wt D0 @00 O MmO me D Om om0 B B00000 50 moBBE6H
OOECOEEEEEEECOECOC0OEOCO0ORCO0 000 ROO0 000000 0CERO00 0000 CEEEE OO 000 000000000000
o (] | oo o o OOoo00OmooooodCm
L[y ] | [ [ ] | mn| Ooo000omdo0a0aad
- i Zines raneses
Shifts to the left by CoComnoo0om oo infn"|nfa uisr {uinnisfl
three dots mjmfmf DOOm0o000 OOOmOONCON00000
0 O O M N O OO OOmCOCONOCONCOONE
¢ PS1/0 =“10” oo mOooo0oog min]_m{minl [nin/s] [wn{Ei)
- SCR3="03" (Hex) SElal walEfalea (A NOrOoOEOO0ROAnn
L [my_In| [ mimimin] (m) | mimn{nin [ninEinanE
CO0O0OEN0000000 DO0COOER00000000
)
I
i
T~ o o OOE0COO0C0O0N
o o o] | DOm00000000
Shifts to the leftb LR SR e RABRHERAHA
16IdStOt € lett by DOmCCOmO0000
ots S Sl e
 PSuo=0 e
¢ SCR3 ="“0A” (Hex) OOmC0000000
BOOC0OO000000OmMO0000000
OONCEE ENEERCDNC0OR0 00000000 0CORM0 000000 N ORO0 000 00000NE0 0000000
)
I
i
ECOm00 Mo 000 M e Coe e 0o Coon) DOON0C0CC0CENEENEENECO0000
Oooomoo DOOmO00000000000m0000000000
Shifistothe eftby | ERERA : R A AR A e
ftstothe leftby | gm0 mOCONOCNO00O0OOmMONOR00000000
32 dots (o] /i HOOROOmJoogoooomggoodonmm
OOomoCm OOOMO00ONO0OEEE EEEEEECOORO0
*« PS1/0 =“10" Oom OO0 Ty o o
A [mm| jm/min] mimn (ninmin] [min{nmE (sininesn ()
¢ SCR3 ="20" (Hex) | OOWOOD DOOmO00000000000m0000000m00
OCm Ooio OOoOmO0000000000m0000000m00
OOnCOmn ODOmERO00000000000m0000000000
Figure31 Exampleof Partial Smooth Scroll Display
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Vertical Smooth Scroll

Vertical smooth scroll up and down can be per-
formed by setting the number of display lines
(NLL/O: R4) to a value greater than the actual
number of liquid crystal display lines, which can
be set by the duty drive ratio (DT1/0: R1) to 1/14
(2-line display), 1/27 (2-line display), /40 (3-line
display), or 1/53 (4-line display). The display line
setting (NL1/0: R4), which controls the display,
can select 1-line display mode, 2-line display
mode, or 4-line display mode.

For example, to perform normal vertica smooth
scroll for a 3-line liquid crystal display with a duty
ratio of 1/40, set the number of display lines
(NL1/0: R4) to 4 lines. Note that if vertical smooth
scroll is performed when the number of actual
liquid display lines is the same as the number of
set display lines, the display line that has scrolled

out of the display will appear again from the
bottom (or the top) (this function is called lap-
around). In a 4-line crystal liquid display, only the
lap-around function can be performed. Vertica
smooth scroll is controlled by incrementing or
decrementing the display line (SN1/0), which
indicates which line to start from, and the display
raster-row (SLO to SL3). For example, when per-
forming smooth scroll up, the display raster-row
(SLO to SL3) is incremented from 0000 to 1100 in
order to scroll 12 raster-rows. Moreover, by
incrementing the display line (SN1/0) and then
incrementing the display raster-row from 0000 to
1100 again, a total of 25 raster-rows can be
scrolled. Since the DD RAM is only 80 bytes, its
data must be rewritten when performing conti-
nuous scroll exceeding this capacity.
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Performs no scroll
* SN1/0 = “00”
* SL3to 0 =“0000"

1-line scroll

* SN1/0 =“00"

* SL3to 0 =*“0001"
2-line scroll

* SN1/0 =“00”

e SL3to 0 ="0010"
7-line scroll

* SN1/0 =“00"

* SL3to 0="0111"

12-line scroll
* SN1/0 =“00"
e SL3to 0 ="1100"
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OOoo0o000000000oo0id0odoodd00000000000000000000000000000000000000000000400
ONEROO00ORCOONRERCOOREN 00000000 MERO0ONEEEE OO 0000000800000 MO0 000 OO0 000000
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Figure 32 Example of Vertical Smooth Scroll Display
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Examples of Register Setting (2-Line Liquid Crystal Drive: DT1/0 =01,
4-Line Display Mode: NL1/0 = 11)

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

1/ofofofoflofofof[2]o]1]| mndexregisterset (RS designation)
2|0|1|0|0|0|0|0|0|0|1|Scrol_lson_eraster-rowup o
(Begins display from the second raster-row of the first line)
\ CPU Wait \
Scrolls t ter-
3 | 0 | L | 0 | Y | Y | 0 | Y | s | ! | 0 | (gégir?sgi(;pr)zsyefic:;vzf;?hird raster-row of the first line)
| CPU Wait |
Scrolls th ter-
4 | 0 | 1 | 0 | v | Y | 0 | 0 | 0 | 1 | - | (;égi:s dri:SI;?/Sfr?)rn“ll’cmjfli)%rth raster-row of the first line)
\ CPU_Wait \
: Scrolls 12 raster-
13| 0 | ! | 0 | 0 | 0 | 0 | ! | ! | 0 | 0 | (Bct;gi:s disr;;l;;rrgr\;vihiplﬁh raster-row of the first line)
| CPU Wait |
Scrolls 13 raster-
14| 0 | ! | 0 | 0 | ! | 0 | 0 | 0 | 0 | 0 | (E(:ergi:s dierfasrfrr(?rﬁlihuepﬁrst raster-row of the second line
\ CPU Wait \ and displays the second and third lines)
: Scrolls 25 raster-
26 | 0 | L | 0 | 2 | ! | 0 | ! | = | 0 | 0 | (Iifégi:s disr;;j;rroor\;lvihl;plsth raster-row of the second line)
\ CPU Wait \
27 | 0 | 1 | 0| 1| 0 | 0 | 0 | 0 | 0 | 0 | Scrolls 26 raster-rows up

(Begins display from the first raster-row of the third line
\ CPU Wait \ and displays the third and fourth lines)

Note: The DD RAM has 80 bytes. For a 4-line display mode, a 4-line 10-character/line display can
therefore be performed. Although the line and raster-row for scrolling can be designated as desired,
the first raster-row of the first line will be displayed after displaying raster-row 13 of line 4.

Figure 33 Example of Performing Smooth Scroll Up
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R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1{ofofojofojofofrfof1]
2{of1]ofafafofa]a]ofo]
\ CPU Wait \
sfofafofafajofafofafa]
| CPU Wait |
alofs]ofafafofafof1]o]
\ CPU Wait \
1jofl1]of1]1|o][o]o]o]o0]
| CPU_Wait |
15/0[/1|of1]ofof1][1]0]0]
\ CPU Wait \
27/0fl1]ofl1]o|o]o]o]o]o0]

Index register set (R5 designation)

Scrolls one raster-row down
(Begins display from the 13th raster-row of the fourth line)

Scrolls two raster-rows down
(Begins display from the 12th raster-row of the fourth line)

Scrolls three raster-rows down
(Begins display from the 11th raster-row of the fourth line)
Scrolls 13 raster-rows down

(Begins display from the first raster-row of the fourth line)

Scrolls 14 raster-rows down
(Begins display from the third raster-row of the 13th line)

Scrolls 26 raster-rows down
(Begins display from the third raster-row of the first line)

Note: The DD RAM has 80 bytes. For a 4-line display mode, a 4-line 10-character/line display can
therefore be performed. Although the line and raster-row for scrolling can be designated as
desired, the first raster-row of the first line will be displayed after displaying raster-row 13 of line 4.

640

Figure 34 Example of Performing Smooth Scroll Down
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Extension Driver LS| Interface

The HD66730 can interface with extension drivers ~ booster of the HD66730 can also be used as the
using extension driver interface signals CL1, CL2, driver power supply of extension drivers, the
D, and M output from the HD66730, increasing the  output voltage drop of the booster increases as the
number of display characters (figure 35). Although  load of the booster increases.

the liquid crystal driver voltage that drives the

a) Single-chip operation b) Using extension driver

2-line/6-character
display

SEG1 to SEG72

HD66730

2-line/9-character display
SEG1 to

HD44100R
D SEG1

to
cL2
a1 SEG36

Extension driver

HD66730 COM1 to
COM25

SEG1 to SEG72

Figure35 HD66730 and Extension Driver LS| Connection
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Relationship between the Display
Position at Extension Display and the
Display Data RAM (DD RAM) Address

During 1-line display mode, up to 40 characters  display, up to 20 characters can be displayed by
can be displayed by using extension drivers. Inthis  using extension drivers. DD RAM addresses H'00
case, DD RAM addresses H'00 to H'4F are  to H'27 are allocated to the first line and H'40 to
allocated to each display position. During 2-line  H'67 to the second. See figure 36.

1 234567 8 910111213141516171819202122232425 26272829 3031323334353637383940«¢— Display
position

00(02]04|06|08 [OA|OC|0E|10(12|14|16|18 |1A[1C|1E|20|22| 24 |26|28|2A|2C|2E|30(32|34|36 |38 |3A| 3C|3E|40| 42 |44 46|48 |4A|4C 4E<7 DD RAM
01/03|05|07|09|0B|0OD|0F|11{13|15|17|19|1B|1D|1F |21|23|25|27|29|2B|2D|2F|31(33|35|37 |39 3B| 3D|3F|41| 43 |45|47 |49 |4B|4D|4F

address
[}
LCD-11/1J6 HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R HD44100R
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11

1234567 89101112131415161718 1920 €4—— Display position

00 (02|04 |06|08|0A|0C|0E|10 (12|14 |16 (18 |1A|1C|1E|20(22 |24 |26

Firstline 157103/ 05|07| 09| |ob|oF | 12|13 15|17 |18 [1B | 1D[1F| 21| 23| 25|27

DD RAM address

Second line 40(42|44|46|48|4A[4C|4E| 50(52|54|56 |58|5A|5C|5E| 60|62 |64 (66
41|43|45|47|49|4B|4D|4F| 51|53|55|57 |59|5B|5D|5F| 61|63 |65(67

pu—
LCD-11/36 HD44100R HD44100R HD44100R HD44100R HD44100R
No.1 No.2 No.3 No.4 No.5

Figure36 Relationship between the Display Position at Extension Display and
the Display Data RAM (DD RAM) Address
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Interfacing with the Liquid Crystal

Panel _ . :
acters per line. In addition, bits NL1/0 sets the

By connecting the HD66730 to extension drivers, ~ number of display lines during display read con-
the display can be expanded up to a 1-line/40-char-  trol. Table 22 shows the relationship between the
acter, 2-line/20-character, or a 4-line/10-character ~ Number of characters actually displayed on the
display configuration. Bits DT1/0 set the duty  liquid crystal panel and the corresponding number
drive ratio and bits NC1/0 set the number of char-  Of extension drivers needed.

Table 22 Relationship between the Number of Liquid Crystal Display Charactersand
Extension Drivers

Number of Display Characters per Line

Display 6 10 12 16 20 40 Duty
Lines Characters Characters Characters Characters Characters Characters Drive
1 line (0/0) (2/0) (2/0) (3/0) (5/0) (112/0) 1/14
2 lines (0/0) (2/0) (2/0) (3/0) (5/0) Display 1/27
disabled
3 lines (0/1) (2/1) Display Display Display Display 1/40
disabled disabled disabled disabled
4 lines (0/1) (2/11) Display Display Display Display 1/53

disabled disabled disabled disabled

Notes: 1. Numbers in parentheses = (humber of extension segment drivers/number of common drivers)

2. This is an example when using the HD44100R (40 output extension drivers), and when Nh
represents display characters and Nd extension driver outputs, the number of extension drivers
needed can generally be calculated as follows:
[Number of extension drivers] = (12 * Nh — 71 — 1)/Nd] t

3. The right-edge segment (space between characters) is not displayed in 6-character or
16-character display.

4. Horizontal smooth scroll cannot be performed during an 1-line/40-character, 2-line/20-character,
3-line/10-character, or 4-line/10-character display.
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Example of Interfacing with a 1-Line Display Panel

LCD-11/1J6

COM1
COM2

COM12
COMS I SRR

SEG1 é
SEG2

SEG12

SEG71

Note: The rightmost dot-column space of the 6th character cannot be displayed.

Figure 37 Exampleof 1-Line/6-Character + 71-Segment Display (Using 1/14 Duty)

LCD-111J6 1 e 6 7 12

CcomM1
com2

90000 O

Com12
COMS =

SEG1
SEG2

SEG12

SEG71

COM14
COom15

COoMm25

Notes: 1. The rightmost dot-column space of the 6th character cannot be displayed.
2. The above figure shows how a liquid crystal panel can be arranged into a 1-line/
12-character display while operating the HD66730 in 2-line/6-character display mode.
Although the duty ratio becomes high, extension drivers will not be needed. COM13 for
spaces between display lines will not be needed.

Figure38 Exampleof 1-Line/12-Character + 71-Segment Display (Using 1/27 Duty)
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Example of Interfacing with a 2-Line Display Panel

LCD-II/J6

CcoM1
COM2

COM12
COM13

Notes: 1. The rightmost dot-column space of the 6th character cannot be displayed.
2. When performing vertical smooth scroll, or displaying double-size characters or
graphic figures by the CG RAM, COM13 can be used for spaces between lines.
Display can be performed continuously vertically.

Figure 39 Exampleof 2-Line/6-Character + 71-Segment Display (Using 1/27 Duty)
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LCD-1I1J6

COM1

Ccom2

CcoM12
COM13

COM14

COM25

A

COMs =

SEG1
SEG2

SE5312
SEG71

Y1
Y2
Extension |
driver '
HD44100R
Y7
@ .

Y40

Y1

Y2
Extension
driver .
HD44100R "
@

Y32

Note: COM13 is used for the space between the first line and the second line.

Figure40 Exampleof 2-Line/12-Character + 96-Segment Display (Using /27 Duty)
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LCD-II/J6

COM1
COM2

COM12
COM13
COM14

COM24

COMS

SEG1
SEG2

Expansion
driver
HD44100R

Y14
Y15

Y27

Notes: 1. The rightmost dot-column space of the 6th character cannot be displayed.

Common driver
output for the
display of the
fourth line

2. When performing vertical smooth scroll, or displaying double-size characters or graphic figures by the
CG RAM, COM13 is used for spaces between lines. Display can be performed continuously vertically.

3. HD44100 output usage: Y1 = 12th raster-row of the second line, Y2 = space between lines, Y3 to Y4 =
third-line characters, Y15 = space between lines, Y16 to Y27 = fourth-line characters

Figure4l Exampleof 3-Line/6-Character + 71-Segment Display (Using 1/40 Duty)
(Example of 4-Line/6-Character + 71-Segment Display (Using /53 Duty))

HITACHI
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Oscillator

Figure 42 shows the optimal value of the oscilla=  of display characters (NC1/0) in the HD66730.
tion frequency or the externa clock frequency @ The oscillation frequency or the external clock
depends on the duty drive ratio setting (DT1/0),  frequency must be adjusted according to the frame
number of display lines (NL1/0), and the number  frequency of theliquid crystal drive.

1) When an external clock is used 2) When an internal oscillator is used

Clock

OSsC1 Z 0OSsC1
Rf 0OSscC2

HD66730 HD66730

Note: The oscillator frequency can be adjusted by an oscillator resistor (Rf). Refer to Electrical
Characteristics for the relationship between the oscillator resistor (Rf) and the oscillator
frequency. If Rf is increased or power supply voltage is decreased, the oscillator frequency
decreases.

Figure42 Oscillator Connections
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Relationship between the Oscillation Frequency
and theLiquid Crystal Display Frame
Frequency

Figures 43 to 46 and tables 23 to 26 show the
oscillation frequency and the external clock fre-
guency for various registor settings when the frame
frequency is 80 Hz.

1-line selection period

T2 s e e a1 2 | s e 1] e

Vee I

V1

Com1

V4

V5 j L
| 1 frame - 1 frame -

(Number of dots per screen) (Number of dots per screen)

Figure43 FrameFrequency (1/14 Duty Cycle)
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Table 23 1/14 Duty Drive

Number of Display Lines: 1-Line Display

(NL1/0 Set Value): (00)

Number of display characters 6 characters 20 characters 40 characters
(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 240 dots 480 dots
Number of dots per screen (kHz) 1008 dots 3360 dots 6720 dots
Oscillation frequency (kHz)* 80 270 540

Number of Display Lines: 2-line Display

(NL1/0 Set Value): (01)

Number of display characters 6 characters 20 characters 40 characters
(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 120 dots 240 dots
Number of dots per screen (kHz) 1008 dots 1680 dots 3360 dots
Oscillation frequency (kHz)* 80 270 540

Number of Display Lines: 4-Line Display

(NL1/0 Set Value):

Number of display characters

6 characters

10 characters

(NC1/0 set value) (00) (01)
1-line selection period (dot) 72 dots 120 dots
Number of dots per screen (kHz) 1008 dots 1680 dots
Oscillation frequency (kHz)* 80 270

Note: * The frequencies in table 23 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that a optimum frame frequency can be obtained.
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1/27 Duty Cycle (DT1/0 =01: 2-Line Drive)

1-line selection period

12‘3‘4‘ --------- ‘26‘27‘1 2‘3‘ --------- ‘26‘27‘
Vee I
Vi
coM1
V4
\ 1 frame 4‘ 1 frame \
(Number of dots per screen) (Number of dots per screen)

Figure44 Frame Frequency (1/27 Duty Cycle)

Table 24 1/27 Duty Drive

Number of Display Lines: 2-Line Display

(NL1/0 Set Value): (01)

Number of display characters 6 characters 10 characters 20 characters
(NC1/0 set value) (00) (01) (11)

1-line selection period (dot) 72 dots 120 dots 240 dots
Number of dots per screen (kHz) 1944 dots 3240 dots 6480 dots
Oscillation frequency (kHz)* 155 260 520
Number of Display Lines: 4-Line Display

(NL1/0 Set Value): (11)

Number of display characters 6 characters 10 characters

(NC1/0 set value) (00) (01)

1-line selection period (dot) 72 dots 120 dots

Number of dots per screen (kHz) 1944 dots 3240 dots

Oscillation frequency (kHz)* 155 260

Note: * The frequencies in table 24 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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1/40 Duty Cycle (DT1/0 = 10: 3-Line Drive)

1-line selection period

=
‘1 2‘3‘4‘ --------- ‘39‘40‘1 2‘3‘ --------- ‘39‘40‘

Vee I

Vi

com1l

V4

V5 j L
| 1 frame - 1 frame -

(Number of dots per screen) (Number of dots per screen)

Figure45 Frame Frequency (1/40 Duty Cycle)

Table 25 1/40 Duty Drive

Number of Display Lines: 4-Line Display

(NL1/0 set value): (12)

Number of display characters 6 characters 10 characters
(NC1/0 set value) (00) (01)

1-line selection period (dot) 72 dots 120 dots
Number of dots per screen (kHz) 2880 dots 4800 dots
Oscillation frequency (kHz)* 230 385

Note: * The frequencies in table 25 are examples when the frame frequency is set to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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1/53 Duty Cycle (DT1/0 = 11: 4-Line Drive)

1-line selection period

1234 5258/ 12|38 52| 53]

Vee I

V1

COM1

V4

vs | L
-~ dframe—— »le———— 1 frame |

(Number of dots per screen) (Number of dots per screen)

Figure46 Frame Frequency (1/53 Duty Cycle)

Table 26 1/53 Duty Drive

Number of Display Lines: 4-line Display (11)

(NL1/0 Setting Value): (00) (01)

Number of display characters 6 characters 10 characters
(NC1/0 setting value) (00) (01)

1-line selection period (dot) 72 dots 120 dots
Number of dots per screen (kHz) 3816 dots 6360 dots
Oscillation frequency (kHz)* 305 510

Note: * The frequencies in table 26 are examples when the frame frequency was is to 80 Hz. Adjust the
oscillation frequency so that an optimum frame frequency can be obtained.
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Power Supply for Liquid Crystal
Display Drive

The HD66730 incorporates a booster for raising
the LCD voltage two or three times that of the
reference voltage input below V¢ (figure 47).
A two or three times boosted voltage can be ob-
tained by externaly attaching two or three 1-uF
capacitors.

If the LCD pandl is large and needs a large amount
of drive current, the values of bleeder resistors that
generate the V1 to V5 potential are made smaller.
However, the load current in the booster and the
voltage drop increases in this case.

We recommend setting the resistance value of each
bleeder larger than 4.7 kW and to hold down the
DC load current to 0.4 mA if using a booster
circuit. An external power supply should supply
LCD voltage if the DC load current exceeds 0.7
mA (figure 48). Refer to Electrical Characteristics
showing the relationship between the load current
and booster voltage output. Table 27 shows the
duty factor and bleeder resistor value for power
supply for liquid crystal display drive.

Table 27 Duty Factor and Bleeder Resistor Value for Power Supply for Liquid Crystal
Display Drive

Item Data
Drive lines (DT1/0 setting value) 1 2 3 4
Duty factor 1/14 1/27 1/40 1/53
Bias 1/4.7 1/6.2 1/7.3 1/8.3
Bleeder resistance value R1 R R R R

RO R*0.7 R*2.2 R*3.3 R*4.3

Note: * R changes depending on the size of a liquid crystal panel. Normally, R must be 5 kQ to 10 kQ.
Adjust R to the optimum value with the consumption current and display picture quality.

Vee Vee
R
V1
R
V2
RO va
V4
V5
VR
Vee

Figure47 Example of Power Supply for Liquid Crystal Display Drive
(with External Power Supply)
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(Double boosting) (Triple boosting)
VCC VCC
; Vee ; Vee
Thermistor Vei R1 Thermistor Vai R1
V1 V1
GND 2 R1 GND va R1
GND = GND —
I |c RO r|c RO
OLWF F |5, V3 ) 0.1WF = s V3 )
va V4
V50UT2 R1 J_f V50UT2 R1
— V50UT3 V5 0.1 pF T+ Vv50UT3 V5
1pF T 1pF =,
=~ GND = GND

Notes: 1. The reference voltage input (Vci) must be set below the power supply (Vcc)-

2. Current that flows into reference voltage input (Vci) is 2-3 times larger than the load current
flowing through bleeder resistors. Note that a reference voltage drop occurs due to the
current flowing into the Vci input when a reference voltage (Vci) is generated by resistor
division.

3. The amount of output voltage (V50UT2/V50UT3) drop of a booster circuit also increases
as the load current flowing through bleeder resistors increases. Thus, set the bleeder
resistance as large as possible (4.7 kW or greater) without affecting display picture quality.

4. Adjust the reference voltage input (Vci) according to the fluctuation of booster
characteristics because the output voltage (V50UT2/V50UT3) drop depends on the load
current, operation temperature, operation frequency, capacitance of external capacitors,
and manufacturing tolerance. Refer to Electrical Characteristics for details.

5. Adjust the reference voltage input (Vci) so that the output voltage (V50UT2/V50UT3)
after boosting will not exceed the absolute maximum rating of liquid crystal power supply
voltage (15 V).

6. Make sure that you connect polarized capacitors correctly.

Figure48 Example of Power Supply for Liquid Crystal Display Drive (with Internal Booster)
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Absolute Maximum Ratings*

Item Symbol Value Unit Notes
Power supply voltage (1) Vee -0.3t0 +7.0 \Y, 1
Power supply voltage (2) Vee—-V5 -0.3t0 +17.0 \% 1,2
Input voltage Vi —0.3t0 Ve +0.3 \Y 1
Operating temperature Topr —20to +75 °C 3
Storage temperature Tstg -55to +125 °C 4

Note: * If the LSl is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LSI will

malfunction and cause poor reliability.

656
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DC Characteristics (Vcc =27V 1055V, T=-20t0 +75°C"3)

Item Symbol Min Typ Max Unit  Test Condition Notes
Input hlgh Voltage (1) V|H1 O‘7VCC — VCC \% 56
(except OSC1)
Input low voltage (1) Vi1 -0.3 — 0.2Vee V Vec=27t03.0V 56
(except OSC1) 03 — 06 V. Vec=30t045V
Input high voltage (2) Vi, 0.7Vege — Vee \ 15
(0scy)
Input low voltage (2) VL2 — — 0.2Vee V 15
(0scy)
Output high voltage (1) Von1 0.75Vee — — \% —loy =0.1 mA 7
(DO-D7)
Output low voltage (1) Vg1 — — 0.2Vee V loL = 0.1 mA 7
(DO-D7)
Output high voltage (2) Vopo 0.8Vee — — \Y —loy =0.04 mA 8
(except DO-D7)
Output low voltage (2) Vg2 — — 0.2Vee V loL =0.04 mA 8
(except DO-D7)
Driver ON resistance  Rcom — — 20 kQ +ld = 0.05 mA, 13
(COM) VLCD =4V
Driver ON resistance Rsec — — 30 kQ +ld = 0.05 mA, 13
(SEG) VLCD =4V
I/O leakage current I -1 — 1 pA VN =0to Ve 9
Pull-up MOS current =y 5 50 120 MA Vec =3V
(RESET* pin) Vin=0V
Power supply current  Icc — 0.15 0.30 mA R; oscillation, 10, 14
external clock
VCC =3 V, fosc =270 kHz
LCD voltage Vicp 3.0 — 15.0 \ Vcc—V5, 1/4.7 bias 16
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Booster Characteristics

Item Symbol  Min Typ Max Unit  Test Condition Notes*
Output voltage Vyp2 7.5 8.7 — \Y Vee =V =4.5Y, 18
(V50UT2 pin) lo =0.25 mA,

C=1uF

fosc =270 kHZ,

T,=25°C
Output voltage Vups 7.0 7.7 — \Y Vee =V =27V, 18
(V50UTS pin) lo =0.25 mA,

C=1uF

fosc =270 kHZ,

T,=25°C
Input voltage Vi 2.0 — 5.0 \Y 18, 19
AC Characteristics(Vcc=2.7V 1055V, T, =-20to +75°C"3)
Clock Characteristics (Ve =27V to 5.5V, T,=-20to +75°C*3)
Item Symbol Min  Typ Max Unit Test Condition Notes*
External External clock frequency fep 80 270 700 kHz 11
clock External clock duty Duty 45 50 55 %
operation

External clock rise time ticp — — 0.2 us
External clock fall time trcp — — 0.2 us

Rs Clock oscillation frequency fogc 180 240 300 kHz Rf=75KkQ, 12
oscillation Ve =3V
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System Interface Timing Characteristics (1) (Vcc =27V 045V,
T,=-20t0 +75°C*3)

Bus Write Operation

Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time teyce 1000 — — ns Figure 49
Enable pulse width (high level) PWEen 450 — —

Enable rise/fall time ter et — — 25

Address set-up time (RS, RIW t0 E) tag 0(T.B.D.) — —

Address hold time tan 0(T.B.D.) — —

Data set-up time tbsw 195 — —

Data hold time ty 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time teyce 1000 — — ns Figure 50
Enable pulse width (high level) PWegy 450 — —

Enable rise/fall time tep tes — — 25

Address set-up time (RS, RIW t0 E) tag 0(T.B.D.) — —

Address hold time taH 0(T.B.D.) — —

Data delay time tbpR — — 360

Data hold time tDHR 5 — —

Serial Interface Operation

Item Symbol Min Typ Max Unit Test Condition
Serial clock cycle time tscyc 1 — 20 ps Figure 51
Serial clock (high level width) tscH 400 — — ns

Serial clock (low level width) tscL 400 — —

Serial clock rise/fall time tser tscf — — 50

Chip select set-up time tcsu 60 — —

Chip select hold time tcH 20 — —

Serial input data set-up time tsisu 200 — —

Serial input data hold time tsin 200 — —

Serial output data delay time tsop — — 360

Serial output data hold time tsoH 5 — —
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System Interface Timing Characteristics (2) (Vcc =45V 055V,
T,=-20t0 +75°C*3)

Bus Write Operation

Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time teyce 500 — — ns Figure 49
Enable pulse width (high level) PWEen 230 — —

Enable rise/fall time ter et — — 20

Address set-up time (RS, RIW t0 E) tag 40 — —

Address hold time tan 10 — —

Data set-up time tbsw 80 — —

Data hold time ty 10 — —

Bus Read Operation

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time teyce 500 — — ns Figure 50
Enable pulse width (high level) PWegy 230 — —

Enable rise/fall time tep tes — — 20

Address set-up time (RS, RIW t0 E) tag 40 — —

Address hold time tan 10 — —

Data delay time tbpR — — 160

Data hold time tDHR 5 — —

Serial Interface Sequence

Item Symbol Min Typ Max Unit Test Condition
Serial clock cycle time tscyc 0.5 — 20 ps Figure 51
Serial clock (high level width) tscH 200 — — ns

Serial clock (low level width) tscL 200 — —

Serial clock rise/fall time tser tscf — — 50

Chip select set-up time tcsu 60 — —

Chip select hold time tcH 20 — —

Serial input data set-up time tsisu 100 — —

Serial input data hold time tsin 100 — —

Serial output data delay time tsop — — 160

Serial output data hold time tsoH 5 — —
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Segment Extension Signal Timing Characteristics(Vgc =27V t055YV,
T,=-20t0 +75°C*3)

Item Symbol Min Typ Max Unit Test Condition
Clock pulse width High level tcwH 800 — — ns Figure 52
Low level towL 800 — —
Clock set-up time tesu 500 — —
Data set-up time tsu 300 — —
Data hold time toH 300 — —
M delay time tom -1000 — 1000
COMD set-up time thsu 300
Clock rise/fall time COMD tepn — — 700
Pins except  tyo — — 200
COMD

Reset Timing Characteristics(Voc=2.7V t05.5V, T, =-20to +75°C"3)

Iltem Symbol Min Typ Max Unit Test Condition

Reset low-level width trES 10 — — ms Figure 53

Power Supply Conditions (Vcc =27V 1055V, T,=-20to +75°C*3)

Item Symbol Min Typ Max Unit Test Condition
Power supply rise time trec 0.1 — 10 ms Figure 54
Power supply off time torr 1 — —
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Electrical Characteristics Notes

1. All voltage values are referred to GND =0 V. If the LSl is used above the absolute maximum ratings, it
may become permanently damaged. Using the LSI within the electrical characteristic is strongly
recommended to ensure normal operation. If these electrical characteristic are exceeded, the LS| may
malfunction or exhibit poor reliability.

2. Vgc2V12V22V32V42V5 must be maintained.

3. For die products, specified up to 75°C.

4. For die products, specified by the die shipment specification.

5. The following four circuits are 1/O pin configurations except for liquid crystal display output.

Input pin Input pin Output pin
Pin: E/SCLK, RS/CS*, RW/SID, IM, Pins: RESET* Pins: CL1, CL2, M, SEGD
Vee Vee Vee Vee
PMOS 5‘—{ Q PMOS ﬁ PMOS PMOS
o
(Pull-up MOS) L{
NMOS NMOS NMOS
I/0 Pin
Pins: DBO/SOD to DB7
Vee Vee
T (Input circuit)
(Pull-up MOS) PMOS PMOS
«{ E] r‘ I Input enable
i
o
R E wos
VCC
L{ ~—s NMOS
PMOS }_Gi— Output enable
Data
NMOS FM
(Output circuit: tristate)

6. Applies to input pins and I/O pins, excluding the OSC1 pin.

7. Applies to I/O pins.

8. Applies to output pins.

9. Current flowing through pull-up MOSs, excluding output drive MOSs.
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10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input level
must be fixed high or low.

11. Applies only to external clock operation.

Oscillator

Open —

Th Tl
e E—

OSC1

0.7 Vee

05 VCC -]
0sc2 0.3 Voo [

trcp tfcp
Duty = _Th 100%
Th + Tl

12. Applies only to the internal oscillator operation using oscillation resistor Ry.

fosc (kHz)

g

500

400

300

240
200

100

0OscC1
0sC2

Referential data

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

VCC =5V VCC =3V
500
\ 400 \
~N
\ T
< 300
typ. 2 \ )
7777777777 ,‘_3 24om~~m\typ
3 200 ~_
! I
i ~—
! 100
50 91100 150 50 75 100 150
Rt (kQ) Rt (kQ)
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13. RCOM is the resistance between the power supply pins (Vcc, V1, V4, V5) and each common signal pin
(COMO to COM25).

RSEG is the resistance between the power supply pins (Vcc, V2, V3, V5) and each segment signal pin
(SEG1 to SEG71).

14. The following graphs show the relationship between operation frequency and current consumption
(referential data).

VCC =5V Vcc =3V
1.8 0.9
1.6 0.8
1.4 0.7
1.2 0.6
< 10 < o5
é 0.8 typ. g/ 0.4
Q )
© 06 S 03 typ. _
04 02 (Normal display
R - R - oot mode
0.2 /;/ 0.1 / )
— | — |
0.0 : 0.0 ‘
0 100 200 300 400 500 0 100 200 300 400 500
fosc or pr (kHZ) fOSC or pr (kHZ)

15. Applies to the OSC1 pin.

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

17. The TEST pin must be fixed to ground, and the IM pin must also be connected to V¢ or ground.

18. Booster characteristics test circuits are shown below.

(Double boosting) (Triple boosting)
T . T .
vl i
Vee Vi Rload Vee Vi Rload
Io ¢ lo
C1 j: L # C1 j: L
col T* col T*
V50UT2 V50UT2——
T T
V50UT3|— V50UT3 T >
1pF
GND GND I+
L T —-

19. Vci £ V¢ must be maintained.
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Load Circuits

AC Characteristics Test Load Circuits

Data bus: DBO to DB7, SOD Segment extension signals: CL1, CL2, SEGD,
M, COM
Test Test
point l point l
50 pF 30 pF

||}—|

L
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Timing Characteristics

Vim1 N ><
RS V||_]_ VILl
. las _ | taH _
RIW N Vil Y Vi
o PWey S taH _
— -l
\Y ViH1
E IHL IHL /
/| Vi Vi \ Vil
ter — - th
e B
. Vin1
DBO to DB7 Valid data Vit
- tevee _
Figure49 BusWrite Operation
ViH1 Vi1 ><
RS Vil Vil
_ tas _ » tAH _
RIW /1 Vi Vinr N
» PWey S tan |
— - - gy
V V
E Vi / IH1 IH1 \ Vit (s
ter — | |
tppr tpHR
V . V
DBO to DB7 vors Valid data Vour
B tevee o
Figure50 BusRead Operation
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B tscyc N
CSs* Vil Vi
tesu ten
tscr tscH SCf  tscL D ——
—
Vi1 ViH1
SCLK \Y /
Vil et
tsisu tsiH
R —
SID Vi Vini
N ILL
tsop tson
(-~
VoH1 >< VoH1
SOD @ oL1 Vou1
Figure51 Serial Interface Timing
™ tet
Vorz /£ Voo
CL1 OH2 VoLz
_tewH
|towH |
STV
\Y/
cL2 VoLa /1 VoH2 N
- tcsu . tewL
— - <—tct
VoH2
SEGD >< vor
tpH
— - ktSU
M
VoL2
tpsu > tom
A/
COMD OH2

Figure52 Interface Timing with Extension Driver
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tRES

*
RESET ViLy Vil

Figure53 Reset Timing

2.7VI4.5V*2
0.2V 0.2V
B torr * _

to|:|: >1ms

0.1 ms<t.,<10ms

Notes: 1. topr cOmpensates for the power oscillation period caused by momentary power supply
oscillations.

2. Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation.

Figure54 Power Supply Sequemce
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