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Description

The HD66717 dot-matrix liquid crystal display controller and driver LS| displays alphanumerics, katakana,
hiragana, and symbols. It can be configured to drive a dot-matrix liquid crystal display under the control of
an 12C bus, a clock-synchronized serial, or a 4- or 8-bit microprocessor. A single HD66717 is capable of
displaying a maximum of four 12-character lines, 40 segments, and 10 annunciators. The HD66717
incorporates all the functions required for driving a dot-matrix liquid crystal display such as display RAM,
character generator, and liquid crystal drivers, and a booster for LCD power supply.

The HD66717 provides various functions to reduce the power consumption of an LCD system such as low-
voltage operation of 2.4V or less, a booster for generating a maximum of triple LCD drive voltage from
the supplied voltage, and voltage-followers for decreasing the direct current flow in the LCD drive bleeder-
resistors. Combining these hardware functions with software functions such as standby and sleep modes
allows a fine power control. The HD66717, with the above functions, is suitable for any portable battery-
driven product requiring long-term driving capabilities and small size.

Features

* 5 x 8-dot matrix LCD drive
» Four 12-character lines, 40 segments, and 10 annunciators
» Low-power operation support:

O 2.4to05.5V (low voltage)

O Double or triple booster for liquid crystal drive voltage

O Electron volume function and voltage-followers for decreasing the direct current flow in the LCD
drive bleeder-resistors

O Standby mode and sleep mode

O Displays up to 10 static annunciators
» 12C bus or clock-synchronized serial interface; 4- or 8-bit parallel businterface
* 60 x 8-bit display data RAM (60 characters max)
e 9,600-bit character generator ROM

O 240 characters (5 x 8 dots)
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e 32 x 5-hit character generator RAM
O 4 characters (5 x 8 dots)
e 8 x 5-hit segment RAM
O 40 segment-icons and marks max
e 60-segment x 34-common liquid crystal display driver
» Programmable display sizes and duty ratios (see List1)
» Vertica smooth scroll
» Double-height display
e Widerange of instruction functions:

O Display clear, display on/off, icon and mark control, character blink, white-black inverting blinking
cursor, icon and mark blink, cursor home, cursor on/off, white-black inverting raster-row

* Hardware reset
» Internal oscillation with an external resistor
* Widerange of LCD drive voltages
0 3.0V to13.0V
» Slim chip with/without bump (for COB) and tape carrier package (TCP)

List1 Programmable Display Sizesand Duty Ratios

Oscillation Current Multi-plexed-Drive  Static-Drive
Display Size Duty Ratio Frequency Consumption Segments Annunciators
1line x 12 1/10 40 kHz 8 UA 40 10
characters
2 lines x 12 1/18 80 kHz 15 yA 40 10
characters
3lines x 12 1/26 120 kHz 23 pA 40 10
characters
4 lines x 12 1/34 160 kHz 30 pA 40 10
characters

Note: Current consumption excludes that for LCD power supply source; V.. = 3V.
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Ordering I nformation

Type Name External Dimension  Special spec. Internal Font
HD66717A03TAO TCP-153 Japanese and European fonts
HD66717A03TALL TCP-149 1/4 bias driving
HD66717A03TA2L TCP-149 1/6 bias driving
HCD66717A03 Bare chip
HCD66717A03BP Au-bumped chip
HD66717LA03TAO TCP-153 Built-in Low power op-

amp.
HCD66717LA03 Bare chip Built-in Low power op-

amp.
HCD66717LA03BP Au-bumped chip Built-in Low power op-

amp.
HD66717A13TAOL TCP-153 Up-side-down pattern of AO3
HCD66717A13BP Au-bumped chip
HCD66717LA13BP  Au-bumped chip Built-in Low power op-

amp.
HD66717A02TAOL TCP-153 European font
HCD66717A02 Bare chip (ROM code : A02)
HCD66717A02BP Au-bumped chip
HD66717A12TAOL TCP-153 Up-side-down pattern of A0O2
HCD66717A12BP Au-bumped chip
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LCD-1l Family Comparison

LCD-lI
Item (HD44780U) HD66702R HD66710 HD66712U
Power supply voltage 2.7V to 5.5V 5V + 10% (standard) 2.7V to 5.5V 2.7V to 5.5V
2.7V to 5.5V
(low voltage)
Liquid crystal drive 3.0to 11.0V 3.0V to 8.3V 3.0to 13.0V 2.7to 11.0V

voltage

Maximum display -
characters per chip

8 characters x
2 lines

20 characters x
2 lines

16 characters x
2 lines/

8 characters x
4 lines

24 characters x
2 lines/
12 characters x
4 lines

Segment display

None

None

40

60 (extended to 80)

Display duty ratio

1/8, 1/11, and
1/16

1/8, 1/11, and
1/16

1/17 and 1/33

1/17 and 1/33

CGROM 9,920 bits 7,200 bits 9,600 bits 9,600 bits
(208 5-x-8 dot (160 5-x-7 dot (240 5-x-8 dot (240 5-x-8 dot
characters and characters and characters) characters)
32 5-x-10 dot 32 5-x-10 dot
characters) characters)

CGRAM 64 bytes 64 bytes 64 bytes 64 bytes

DDRAM 80 bytes 80 bytes 80 bytes 80 bytes

SEGRAM None None 8 bytes 16 bytes

Segment signals 40 100 40 60

Common signals 16 16 33 34

Liquid crystal drive A B B B

waveform

Clock source

External resistor
or external clock

External resistor
or external clock

External resistor
or external clock

External resistor
or external clock

Rf oscillation frequency

270 kHz + 30%

320 kHz + 30%

270 kHz = 30%

270 kHz + 30%

Liquid crystal voltage
booster circuit

None

None

Double or triple
booster circuit

Double or triple
booster circuit

Liquid crystal drive None None None None
operational amplifier

Bleeder-resistor for liquid External External External External
crystal drive

Liquid crystal contrast None None None None
adjuster

Key scan circuit None None None None
Extension driver control Independent Independent Used in common Independent

signal control signal control signal with a driver control signal
output pin
Reset function Internal reset Internal reset Internal reset Internal reset
circuit circuit circuit circuit or reset input
Horizontal smooth scroll  Impossible Impossible Dot unit Dot unit and
line unit
Vertical smooth scroll Impossible Impossible Impossible Impossible
Number of displayed lines 1 or 2 lor2 1,2,0r4 1,2,0r4
Low power control None None Low power mode Low power mode
Bus interface 4 or 8 bits 4 or 8 bits 4 or 8 bits Serial, 4, or 8 bits

Package

80-pin QFP1420
80-pin TQFP1414
80-pin bare chip

144-pin FQFP2020

144-pin bare chip

100-pin QFP1420

100-pin TQFP1414

100-pin bare chip

128-pin TCP
128-pin bare chip
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LCD-1l Family Comparison (cont)

Item HD66720 HD66717 HD66727
Power supply voltage 2.7V to 5.5V 2.4V to 5.5V 2.4V to0 5.5V
Liquid crystal drive 3.0to 11.0V 3.0to 13.0V 3.0to 13.0V

voltage

Maximum display

10 characters x

12 characters x

12 characters x

characters per chip 1 line/ 1 line/2 lines/3 lines/4 lines 1 line/2 lines/3 lines/4 lines
8 characters x
2 lines
Segment display 42 (extended to 80) 40 (and 10 annunciators) 40 (and 12 annunciators)
Display duty ratio 1/9 and 1/17 1/10, 1/18, 1/26, and 1/34 1/10, 1/18, 1/26, and 1/34
CGROM 9,600 bits 9,600 bits 11,520 bits
(240 5-x-8 dot (240 5-x-8 dot (240 6-x-8 dot
characters) characters) characters)
CGRAM 64 bytes 32 bytes 32 bytes
DDRAM 40 bytes 60 bytes 60 bytes
SEGRAM 16 bytes 8 bytes 8 bytes
Segment signals 42 60 60
Common signals 17 34 34
Liquid crystal drive B B B

waveform

Clock source

External resistor
or external clock

External resistor
or external clock

External resistor
or external clock

Rf oscillation frequency

160 kHz = 30%

1-line mode: 40 kHz + 30%
2-line mode: 80 kHz + 30%
3-line mode: 120 kHz £ 30%
4-line mode: 160 kHz + 30%

1-line mode: 40 kHz + 30%
2-line mode: 80 kHz + 30%
3-line mode: 120 kHz + 30%
4-line mode: 160 kHz + 30%

Liquid crystal voltage
booster circuit

Double or triple
booster circuit

Double or triple
booster circuit

Double or triple
booster circuit

Liquid crystal drive None Built-in for each V1 to V5 Built-in for each V1 to V5
operational amplifier
Bleeder-resistor for liquid External Internal 1/4 and 1/6 bias Internal 1/4 and 1/6 bias
crystal drive resistors resistors
Liquid crystal contrast None Incorporated Incorporated
adjuster
Key scan circuit 5 x 6 = 30 keys None 4 x 8 = 32 keys
Extension driver control Independent None None
signal control signal
Reset function Internal reset Reset input Reset input
circuit or reset input
Horizontal smooth scroll Dot unit and Impossible Impossible
line unit
Vertical smooth scroll Impossible Dot (raster-row) unit Dot (raster-row) unit
Number of displayed lines 1 or 2 1,2,3,0r4d 1,2,3,0r4
Low power control Low power mode and sleep Standby mode and Standby mode and
mode sleep mode sleep mode

Bus interface

Serial

I2C, serial, 4, or 8 bits

I>C or clock-synchronized serial

Package

100-pin QFP1420
100-pin TQFP1414
100-pin bare chip

Slim chip with/without bumps
TCP

Slim chip with/without bumps
TCP
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HD66717 Block Diagram
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HD66717 Pin Arrangement
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TCP Dimensions (T

AO)

NC

Vee
V1OUT s
V20UT s
V3QUT mmmmm
VAQUT ms
V5QUT e
VREFP mms
VREF s
VREFM s

V50UT2 memmmmm
C1

C2 m—

Vi m—
GND m—
—

I/O, Power supply

CcC

0.50P x (44-1)
=21.50mm

OPOFF ms
RW/SDA s
DBO/IDO
DBL/ID1 me—
DB2/ID2 me—
DB3/ID3 m—
DB4/ID4 e
DB5/ID5 mem—

O

LT/.99AH

0.50mm
pitch

-

IHOVL1IH

Sennna

[%]e]
o

[N NN N

fox}
o

0.22 mm
pitch

‘ LCD Driver Outputs

0.22P x (109-1)
=23.76 mm
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>
o
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a
o
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TCP Dimensions (TA1, TA2)

1/0, Power Supply

I
0.65P x

=24.70mm

EXM /™
SFT /3

(39-1) IM1 /3
IMO —3
OPOFF —3
TEST —3
RESET* —3
RS/CS* =3
E/SCL —3
RW/SDA ——3
DB0/ID0 =—=0
DB1/ID1 ===
DB2/ID2 =—=3
DB3/ID3 =—=
DB4/ID4 =—m,
DB5/ID5 =——==3

LT/99AH

O

IHOVL1IH

Dumm: N
Dumm¥ A
COMS1
COM32

com17
Dumm:
SEG6

- 0.24mm
~ pitch

e

LCD Driver Outputs

0.24P x (110-1)
=26.16mm

Note : TAL: V2 and V3 pins are short-circuited (1/4 bias driving)
TA2: V2 and V3 pins are open (1/6 bias driving)
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Pin Functions

Tablel Pin Functional Description

Number Device
Signal of Pins 1/O  Interfaced with Function

IM1, IMO 2 | V. or GND Selects interface mode with the MPU:
IM1, IMO = GND, GND: I°C bus mode (receive)
IM1, IMO = GND, V,: Clock-synchronized serial mode
(receive)
IM1, IMO = V., GND: 8-bit bus mode
IM1, IMO =V, V¢c: 4-bit bus mode

RS/CS* 1 | MPU Selects the HD66717 during clock-synchronized serial
mode:
Low: HD66717 is selected and can be accessed
High: HD66717 is not selected and cannot be accessed
Selects the registers during 4- or 8-bit bus mode:
Low: Instruction register (write); busy flag and address
counter (read)
High: Data registers (write/read)
Must be grounded when I°C bus mode

RW/SDA 1 /0,1 MPU Inputs serial (receive) data and outputs the acknowledge bit
during I°C bus mode; Inputs serial (receive) data during
clock-synchronous serial mode; selects read/write during 4-
or 8-bit bus mode:
Low: Write
High: Read

E/SCL 1 | MPU Inputs serial clock pulses during 1°C bus mode and clock-
synchronized serial mode; enables data read/write during 4-
or 8-bit bus mode

DB?7, 4 I, /O MPU Inputs the HD66717's identification code (ID5, 1D4) during
DBS6, I°C bus mode and clock-synchronized serial mode;must be
DB5/ID5 fixed to high or low (DB7 and DBE6...).
DB4/1D4 Four high-order bidirectional data bus pins for tristate data
transfer during 8-bit bus mode.
Bidirectional data bus pins during 4-bit bus mode.

DB3/ID3, 4 I, /O MPU Inputs the HD66717's identification code (ID3 to ID0)
DB2/ID2, during I°C bus mode and clock-synchronized serial mode;
DB1/ID1, must be fixed to high or low.
DBO0/IDO, Four low-order bidirectional data bus pins for tristate data
transfer during 8-bit bus mode.
Must be left disconnected during 4-bit bus mode since they
are not used.

COMS1, 2 @) LCD Common output signals for segment icon display.
COMS2

HITACHI
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Tablel Pin Functional Description (cont)
Number Device

Signal of Pins 1/O Interfaced with Function

COM1to 32 (@) LCD Common output signals for character display: COML1 to

COM32 COMS8 for the first line, COM9 to COM16 for the second
line, COM17 to COM24 for the third line, and COM25 to
COM32 for the fourth line. All the unused pins output
deselection waveforms. During sleep mode (SLP= 1) or
standby mode (STB = 1), all pins output V. level.

SEG1 to 60 o LCD Segment output signals for segment icon display and

SEG60 character display. During sleep mode (SLP = 1) or standby
mode (STB = 1), all pins output V. level.

ACOM 1 @) LCD Common output signal for annunciator display; can drive
display statically between V.. and AGND levels; outputs V.
level while annunciator display is turned off (DA = 0).

ASEG1lto 10 @) LCD Segment output signals for annunciator display; can drive

ASEG10 display statically between V.. and AGND levels; output V.
level while annunciator display is turned off (DA = 0).

V2/V3 2 | Open or V2/V3 are voltage levels for the internal operational

Short-circuited  amplifiers; can drive LCD with 1/4 bias when V2 and V3 are

short-circuited and with 1/6 bias when they are left
disconnected.

V10OUTto 5 lorO — Used for output from the internal operational amplifiers

V50UT when they are used (OPOFF = GND); when amplifiers'
driving capability is insufficient, attach a capacitor to
stabilize the output. Especially these capacitors for V1IOUT
and V40OUT must be attached in 1/26 duty and 1/34 duty.
When the amplifiers are not used (OPOFF = V_.); V1to V5
voltages can be supplied to these pins externally.

VREFP, 3 | Open or Adjusts the driving capability of the internal operational

VREF, Short-circuited  amplifiers according to the LCD power supply voltage.

VREFM LCD Power Supply Pin Settings VREF,
Voltage (Voc—Vee) VREFP, and VREFM
V=Vt 3V-5V Only VREF and VREFP shorted
VeVt 4V-6V All pins open
V=Vt 5V-8V All pins shorted
V=Vt 7V or more Only VREF and VREFM shorted

Vee 2 — Power supply GND power supply for LCD drive
Vee—Vee = 13V max.

V/GND 10 — Power supply Vi +2.4V to +5.5V, GND (logic): OV

AGND 2 — Power supply Low level power supply for annunciator display; can adjust
contrast of annunciators; AGND = GND.

oscC1/ 2 — Oscillation For R-C oscillation, connect an external resistor

osc2 resistor/clock For external clock supply, input clock pulses to OSC1.

12
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Tablel Pin Functional Description (cont)
Number Device

Signal of Pins 1/O Interfaced with Function

Vi 2 | Power supply Inputs a reference voltage and supplies power to the
booster; generates the liquid crystal display drive voltage
from the operating voltage.

V50UT2 1 @) Ve pin/ Booster Voltage input to the Vci pin is boosted twice and output.

capacitance When the voltage is boosted three times, the same
capacitance as that of C1-C2 should be connected here.

V50UT3 1 (@) Ve pin Voltage input to the Vci pin is boosted three times and
output.

c1l/c2 2 — Booster External capacitance should be connected here when using

capacitance the booster.

RESET* 1 I — Reset pin. Initializes the LSI when low.

EXM 1 | MPU External alternating signal used for annunciator display
during standby mode. If annunciator display is not used,
EXM must be fixed to V.. or GND.

SFT 1 | Ve or GND Selects the SEG output pin arrangement: when SFT =
GND, SEG1 is connected to the far left of the LCD panel
and when SFT =V, SEG60 is connected to the far left of
the LCD panel

OPOFF 1 | V.. or GND Turns the internal operational amplifier off when OPOFF =
Ve, and turns it on when OPOFF = GND. If the amplifier is
turned off (OPOFF = V), V1 to V5 must be supplied to the
V10UT to V50UT pins.

TEST 1 | GND Test pin. Must be grounded.

HITACHI
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Block Function Description

System Interface

The HD66717 has four types of system interfaces: 12C bus, clock-synchronized serial, 4-bit bus, and 8-bit
bus. The interface mode is selected by the IM1 and IMO pins.

The HD66717 has two 8-bit registers: an instruction register (IR) and a dataregister (DR).

The IR stores instruction codes, such as display clear, return home, and display control, and address
information for the display data RAM (DDRAM), the character generator RAM (CGRAM), and the
segment RAM (SEGRAM). The IR can only be written to by MPU and cannot be read from.

The DR temporarily stores data to be written into DDRAM, CGRAM, SEGRAM, or annunciator. Data
written into the DR from the MPU is automatically written into DDRAM, CGRAM, SEGRAM, or
annunciator by an internal operation. The DR is also used for data storage when reading data from
DDRAM, CGRAM, or SEGRAM. When address information is written into the IR, data is read and then
stored into the DR from DDRAM, CGRAM, or SEGRAM by an internal operation. Data transfer between
the MPU is then completed when the MPU reads the DR. After the read, datain DDRAM, CGRAM, or
SEGRAM at the next addressis sent to the DR for the next read from the MPU.

These two registers can be selected by the register select (RS) signal in the 4/8-bit bus interface, and by the
RS it in I12C bus or clock-synchronized serial interface (Table 2).

Busy Flag (BF)

When the busy flag is 1, the HD66717 isin the internal operation mode, and the next instruction will not be
accepted. When RS = low and R/W = high in 4/8-bit bus mode (Table 2), the busy flag is output from DB?7.
The next instruction must be written after ensuring that the busy flag is 0. The busy flag cannot be read in
I12C bus mode or clock-synchronized serial mode; data must be transferred in appropriate timing
considering instruction execution times.

Address Counter (AC)

The address counter (AC) assigns addresses to DDRAM, CGRAM, or SEGRAM. When the address set
instruction is written into the IR, the address information is sent from the IR to the AC. Selection of
DDRAM, CGRAM, and SEGRAM is aso determined concurrently by the instruction.

After writing into (reading from) DDRAM, CGRAM, or SEGRAM, the AC is automatically incremented
by 1 (or decremented by 1). The AC contents are then output to DBO to DB6 when RS = low and R/W =
high in 4/8-bit bus mode (Table 2).

HITACHI
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Table2 Register Selection
RS R/W Operation
0 0 IR write as an internal operation (display clear, etc.)
1 Read busy flag (DB7) read and address counter (DBO to DB6) (4/8-bit bus interface)
0
1 0 DR write as an internal operation (DR to DDRAM, CGRAM, SEGRAM, or annunciator)
1 DR read as an internal operation (DDRAM, CGRAM, or SEGRAM to DR)

(4/8-bit bus interface)

Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its capacity is60 x 8
bits, or 60 characters, which is equivalent to an area of 12 characters x 5 lines. Any number of display lines
(LCD drive duty ratio) from 1 to 4 can be selected by software. Here, assignment of DDRAM addresses is
the same for all display modes (Table 3). The line to be displayed at the top of the display (display-start
line) can also be selected by register settings. See Table 4.

Address
counter

(AC)

MSB

LSB

AC6

ACS5|AC4| AC3

AC2

ACl ACO

Example : DDRAM address 4A

1

0

0

1

0

1

Figurel AddressCounter and DDRAM Address

Table3 DDRAM Addresses and Display Positions
Display 1st 2nd  3rd 4th 5th 6th 7th 8th 9th 10th  11th  12th
Line Char. Char. Char. Char. Char. Char. Char. Char. Char. Char. Char. Char.
1st 00 01 02 03 04 05 06 07 08 09 0A 0B
2nd 10 11 12 13 14 15 16 17 18 19 1A 1B
3rd 20 21 22 23 24 25 26 27 28 29 2A 2B
4th 30 31 32 33 34 35 36 37 38 39 3A 3B
5th 40 41 42 43 44 45 46 47 48 49 4A 4B
Note: Char. indicates character position.

HITACHI
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Table4 Display-Line Modes, Display-Start Line, and DDRAM Addresses

Display-Start Lines

Display- Duty 1st Line 2nd Line 3rd Line 4th Line 5th Line
Line Mode Ratio Common Pins (SN=000) (SN=001) (SN=010) (SN=011) (SN =100)
1-line 1/10 COM1-COM8  00H-OBH 10H-1BH  20H-2BH  30H-3BH  40H-4BH
(NL = 00)
2-line 1/18 COM1-COM8  O00H-OBH 10H-1BH  20H-2BH  30H-3BH  40H-4BH
(NL = 01) COM9-COM16 10H-1BH 20H-2BH  30H-3BH  40H-4BH  00H-0BH
3-line 1/26 COM1-COM8  00H-OBH 10H-1BH  20H-2BH  30H-3BH  40H-4BH
(NL =10) COM9-COM16 10H-1BH 20H-2BH  30H-3BH  40H-4BH  00H-0BH
COM17-COM24 20H-2BH 30H-3BH  40H-4BH  00H-OBH  10H-1BH
4-line 1/34 COM1-COM8  00H-OBH 10H-1BH  20H-2BH  30H-3BH  40H-4BH
(NL = 11) COM9-COM16 10H-1BH 20H-2BH  30H-3BH  40H-4BH  00H-0BH

COM17-COM24 20H-2BH 30H-3BH  40H-4BH 00H-0BH 10H-1BH
COM25-COM32 30H-3BH 40H-4BH 00H-0BH 10H-1BH 20H-2BH

Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8-dot character patterns from 8-bit character codes (Table 5). It
can generate 240 5 x 8-dot character patterns. User-defined character patterns are also available using a
mask-programmed ROM (see the Modifying Character Patterns section.)

Character Generator RAM (CGRAM)

The character generator RAM of 32 x 5 bits allows the user to redefine the character patterns for user fonts.
In the case of 5 x 8-dot characters, up to four fonts may be redefined.

Write the character codes at addresses O0OH to 03H into DDRAM to display the character patterns stored in
CGRAM.

Segment RAM (SEGRAM)

The segment RAM is used to enable control of segments such as an icon and a mark by the user program.
Segments and characters are driven by a multiplexing drive method.

SEGRAM has a capacity of 8 x 5 bits, for controlling the display of a maximum of 40 icons and marks.
While COMS1 and COM S2 outputs are being selected, SEGRAM is read and segments (icons and marks)
are displayed by a multiplexing drive method (20 segments each during COM S1 and COM S2 selection).

Bitsin SEGRAM corresponding to segments to be displayed are directly set by the MPU, regardless of the
contents of DDRAM and CGRAM.

HITACHI
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Timing Generation Cir cuit

The timing generation circuit generates timing signals for the operation of internal circuits such as
DDRAM, CGROM, CGRAM, and SEGRAM. RAM read timing for display and internal operation timing
by MPU access are generated separately to avoid interfering with each other. Therefore, when writing data
to DDRAM, for example, there will be no undesirable interferences, such as flickering, in areas other than
the display area.

Cursor/Blink Control Circuit

The cursor/blink (or white-black inversion) control is used to produce a cursor or a flashing area on the
display at a position corresponding to the location stored in the address counter (AC).

For example (Figure 2), when the address counter is 08H, a cursor is displayed at a position corresponding
to DDRAM address (08)H.

Multiplexing Liquid Crystal Display Driver Circuit

The multiplexing liquid crystal display driver circuit consists of 34 common signal drivers (COM1 to
COM32, COMS1, COMS2) and 60 segment signal drivers (SEG1 to SEG60). When the number of lines
are selected by a program, the required common signal drivers automatically output drive waveforms,
while the other common signal drivers continue to output desel ection waveforms.

Character pattern data is sent serially through a 60-bit shift register and latched when all needed data has
arrived. The latched data then enables the segment signal drivers to generate drive waveform outputs.

The shift direction of 60-bit data can be selected by the SFT pin; select the direction appropriate to the
device mounting configuration.

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

Annunciator Driver Circuit

The static annunciator drivers, which are specially used for displaying icons and marks, consists of 1
common signal driver (ACOM) and 10 segment signal drivers (ASEG1 to ASEG10). Since this driver
circuit operates at the logic operating voltage (V ..—AGND), the LCD drive power supply circuit is not
necessary, and low-power consumption can be achieved. It is suitable for mark indication during system
standby because of its drive capability during standby and sleep modes. When multiplexing drive is not
used, or during standby or sleep mode, all common and segment signal drivers output the V . level, halting

display.
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Booster

The booster doubles or triples a voltage input to the Vci pin. With this function, both the internal logic units
and LCD drivers can be controlled with a single power supply.

Oscillator

The HD66717 can provide R-C oscillation simply by adding an external oscillation resistor between the
OSC1 and OSC2 pins. The appropriate oscillation frequency for operating voltage, display size, and frame
frequency can be obtained by adjusting the external-resistor value. Clock pulses can also be supplied
externally. Since R-C oscillation is halted during standby mode, current consumption can be reduced.

V-Pin Voltage-Followers

A voltage-follower for each voltage level (V1 to V5) reduces current consumption by the LCD drive power
supply circuit. No external resistors are required because of the internal bleeder-resistor, which generates
different levels of LCD drive voltage. The voltage-followers can be turned off while multiplexing drive is
not being used.

Contrast-Adjuster

The contrast-adjuster can adjust LCD contrast by varying LCD drive voltage by software. This function is
suitable for selecting appropriate brightness of the LCD or for temperature compensation.

1 2 3 4 5 6 7 8 9 10 11 12 %Displayposition
[00] 01| 02]03[04]05]|06[07[08[09[0A]0B| € DDRAM address

I

Cursor position

Note: The cursor/blink or white-black inversion control is
also active when the address counter indicates the
CGRAM or SEGRAM. However, it has no effect on the
display.

Figure2 Cursor Position and DDRAM Address
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Tableb Relation between Character Codes and Character Patterns (ROM code : A02)

Lower—""¢¢ | 0000 | 0001 1001

bits
CG

RAM
xxxx0000
L_(1)

CG

RAM
xxxx0001
L2 |-

CG

RAM
xxxx0010
L_(3).

CG
RAM

xxxx0011

L4

CG

RAM
xxxx0100
L_(8)_

CG

RAM
xxxx0101
L_(6)_|

CG
RAM
xxxx0110
L(7)_
CG
RAM
xxxx0111
L_(8)
CG
xxxx1000 | RAM
L (1)
CG
xxxx1001 | RAM
1.2
CG
xxxx1010 | RAM
L_(3)_
CG
xxxx1011 | RAM
L_(4)
CG
xxxx1100 | RAM -
,,(5),, (1111 n .
CG I_. -
xxxx1101 | RAM |
| _(6) | mmmmn_
CG u
RAM
xXxx1110 5 .E :| o .
CG

XxXxx1111 RAM
L_(8)_
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Table6 Relation between Character Codes and Character Patterns (ROM code: A03)

ppppp

its | 0000 [ 0001 | 0010 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

i
$700 8| €
I (=
1l
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X

s AEADTLES

X0 0101 R(:Aj;/l !.::; z’; 5 E i..j i?.,':‘ !..'; ':::.:; '

o0 00 00 LJ
Wmmﬁghpnfng"
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X0 0111 | RAm i-..; g Suoed|§ ¢ §37
€] o°0°| ooe°(%e%e°| °3° o
00 o LJ e
cG °®
xxxx 1000 | raM |®, !
00000 °,

N
o
3

(D) |eeeee| o |‘ece’|S $|S $[S Sle” "e| “eee |
000 LJ 000 [ ] [N ]
cG i ! % |3 }: ’ i ) 000
1001 ()
] B B A R

XXXX ce .. o ° c }‘ ...“.: . ...:. .d. "
SRS S P T ==

r..' (]
CG “ ..
xxxx 1011 | ram g o

p )

..
cG .l..i ... o L .. ..
Xxxx 1100 | RAM .’ 0. :gf: l
@ o ®e |Se00e

o o o o
. . o |eo o
CG )0 ()
o B T T L
2 °

o O oo
cG LX) () () )
xxxx 1110 | raM 0:0: :o .o.; o e ;0“ ooo!o 000
@ | ®° 8 | i ° i i

000 _| 000
CG (059 O ¢ o00 ° !3
xxxx 1111 | RAM .... .. .. ! ! .*“.
@ [*° |[° ° se’| ©
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Table7 Relation between Character Codes and Character Patterns (ROM code: A13)

Upper]
t_f:wef bis | 0000| 0001 0010{ 0011 {0100/0101(0110] 0111 [ 1000 1001| 1010|1011 1100 1101 | 1110 | 1111
its
xxxx 0000
xxxx 0001
xxxx 0010
xxxx 0011
xxxx 0100
xxxx 0101
xxxx 0110
xxxx 0111
xxxx 1000
xxxx 1001
xxxx 1010
ce B Gl S IS el P N T O P e TR
xxxx 1011| RAM 3 o Jo® $ 2% o $ (33 ®leele| ¢ 8 (8 $ 8o oo
[ ] “i“ e L) ] e o [ ] o0 [ 1] L[] o 0 |oeeee|e L) 00000
(D |3e00e] 2| 0.8 0800 18 | %e | ee | ° | |°8°18 %0000 ...
ce bR I ad I T ol IR Il I I O S S LS IR I
xxxx 1100 | RAM e oo 8 8 3 (o800 [03ee8(ee $ Sle 833 °(3°%°3
1) H % 38| o H % [ S [} 0000 |S000d| %0° [*0°°°
(S PO9S § S o |8 . fo" el o8 [ 8 | %% [ % | 00 _|o000%0ceet S ...
Xxxx 1101
xxxx 1110
Xxxx 1111 s H
Seoe’ |00’ | 1 |.°_] _s00_|_ _ee| ___ [ ____J_ " o __[ o o oseee

Note : This A13 font pattern is an upside-down pattern of AO3.
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Modifying Character Patterns

ok~ w DN PRE

22

Character pattern development procedure

The following operations correspond to the numberslisted in Figure 3:

Determine the correspondence between character codes and character patterns.
Create alisting indicating the correspondence between EPROM addresses and data.
Program the character patternsinto an EPROM.

Send the EPROM to Hitachi.

Computer processing of the EPROM is performed at Hitachi to create a character pattern listing, which
is sent to the user.

If there are no problems within the character pattern listing, atrial LS| is created at Hitachi and samples
are sent to the user for evaluation. When it is confirmed by the user that the character patterns are
correctly written, mass production of the LS| will proceed at Hitachi.
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Hitachi User
- Start
Computer Determine
processing character patterns

Create character @
pattern listing

Evaluate
character
patterns

Art work

Masking

Trial

Sample

Sample
evaluation

No

}47

Create EPROM
address data listing

Write EPROM

EPROM - Hitachi

Mass
production

Figure3 Character Pattern Development Procedure
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Programming Character Patterns

This section explains the correspondence between addresses and data used to program character patternsin
EPROM.

* Programming to EPROM

The HD66717 character generator ROM can generate 240 5 x 8-dot character patterns. Table 8 shows
correspondence between the EPROM address data and the character pattern.

Handling Unused Char acter Patterns

1. EPROM data outside the character pattern area: Thisisignored by the character generator ROM for
display operation so any datais acceptable.
2. EPROM datain CGRAM area: Alwaysfill with zeros.

3. Treatment of unused user patternsin the HD66717 EPROM: According to the user application, these
are handled in either of two ways:

a. When unused character patterns are not programmed: If an unused character code is written into
DDRAM, dl itsdots are lit, because the EPROM isfilled with 1s after it is erased.

b. When unused character patterns are programmed as 0s: Nothing is displayed even if unused
character codes are written into DDRAM. (Thisis equivalent to a space.)

Table8 Example of Correspondence between EPROM Address Data and Character Pattern

(5 % 8 Dots)
EPROM Address MSB Data LSB
A1l A10A9 A8 A7 A6 A5 A4 §A3§ A2 Al AD 0403020100
0 1 01 100 1.0 0 0 0 oo of1
10 0 0 1 1/0 0 0|1
0l 0 1 0 100 01
101 0 1 1 ol 10|10
0l 1 0 0 0 0f1{0 0
103 1 0 1 0 0|1/0 ©
0l 11 0 0o o0llo0 o0
o 11 1 0 00 0O
VANNAN
Character code “0” Line position

Notes: 1. EPROM addresses All to A4 correspond to a character code.

2. EPROM addresses A2 to A0 specify the line position of the character pattern. EPROM address
A3 should be set to 0.

3. EPROM data 04 to OO0 correspond to character pattern data.
4. Areas which are lit (indicated by shading) are stored as 1, and unlit areas as 0.

5. The eighth raster-row is also stored in the CGROM, and should also be programmed. If the
eighth raster-row is used for a cursor, this data should all be set to zero.

6. EPROM data bits O7 to O5 are invalid. 0 should be written in all bits.
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Table9
(CGRAM Data)

Character code (DDRAM data) CGRAM address MSB CGRAM data sB
D7 D6 D5 D4 D3 D2 D1 DO | A4 A3§A2 Al AO O7OGOS§O403OZOlOO
000 0 * * 0O0 [0 0:!0 0 O0/]=*=*=* 1[1]0oo0o0f1
0 0 1 (Don‘tcare)f 1/0 0 01
0 1 0 ' 11/0 0 01
01 1 - ol1]ol1]o
1 0 0 0 o0|100
1 0 1 0 o0|100
1 1 0 00100
r1o1 1 10 0 00O
0000 * * 1 1|1 1:00 0 **=* [1]0o0o0]L
0 0 1 |(Don'tcare)! [1/0 0 0|1
0 1 0 1110 0 01
0 1 1 - olllol 1o
1 0 0 00100
1 0 1 0 0|1 00
r1o1 00 0 0l1]0 0
P11 1 10 00 0O

Notes: 1.
(2 bits: 4 types).

Example of Relationships between Character Code (DDRAM) and Character Pattern

Character
pattern

1)

Character
pattern

(4)

The lower 2 bits of the character code correspond to the upper two bits of the CGRAM address

2. CGRAM address bits 0 to 2 designate the character pattern raster-row position. The 8th raster-

row is the cursor position and its display is formed by a logical OR with the cursor.

3. The upper three bits of the CGRAM data are invalid; use the lower five bits.
4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected.

Bits 3 and 2 of the character code are invalid (*). Therefore, for example, the character codes
(O0)H and (08)H correspond to the same CGRAM address.

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

* Indicates no effect.
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Table1l0  Correspondence between Segment Display SEGRAM Addresses (ASEG) and Driver

Signals
ASEG Address Segment Signals Common
MSB LSB D7 D6 D5 D4 D3 D2 D1 DO Signal
1 0 0 0 * * * SEG1, SEG2, SEGS, SEG4, SEGS5, COMS1
SEG21, SEG22, SEG23, SEG24, SEG25,
SEG41 SEG42 SEG43 SEG44 SEG45
1 0 0 1 * * * SEG6, SEG7, SEG8, SEG9, SEG10, COMS1
SEG26, SEG27, SEG28, SEG29, SEG30,
SEG46 SEG47 SEG48 SEG49 SEG50
1 0 1 0 * * * SEG11, SEG12, SEGI13, SEGI14, SEG15, COMS1
SEG31, SEG32, SEG33, SEG34, SEG35,
SEG51 SEG52 SEG53 SEG54 SEG55
1 0 1 1 * * * SEG16, SEG17, SEG18, SEG19, SEG20, COMS1
SEG36, SEG37, SEG38, SEG39, SEG40,
SEG56 SEG57 SEG58 SEG59 SEG60
1 1 0 0 * * * SEG1, SEG2, SEG3, SEG4, SEG5, COMS2
SEG21, SEG22, SEG23, SEG24, SEG25,
SEG41 SEG42 SEG43 SEG44 SEGA45
1 1 0 1 * * * SEG6, SEG7, SEG8, SEG9, SEG10, COMS2
SEG26, SEG27, SEG28, SEG29, SEG30,
SEG46 SEG47 SEG48 SEG49 SEG50
1 1 1 0 * * * SEG11, SEG12, SEG13, SEG14, SEG15, COMS2
SEG31, SEG32, SEG33, SEG34, SEG35,
SEG51 SEG52 SEG53 SEG54 SEG55
1 1 1 1 * * * SEG16, SEG17, SEG18, SEG19, SEG20, COMS2

SEG36, SEG37, SEGS38, SEG39, SEGA40,
SEG56 SEG57 SEGS58 SEG59 SEG60

Notes: 1. When the SFT pin is grounded, the SEG1 pin output is connected to the far left of the LCD
panel, and when the SFT pin is high, the SEG60 pin output is connected to the far left.
2. SEGL1 to SEG20 data is identical to SEG21 to SEG40 and SEG41 to SEG60 data.
3. The lower five bits (D4 to DO) of SEGRAM data determine on or off display of each segment. A
segment is selected (turned on) when the corresponding data is 1, and is deselected (turned off)
when the corresponding data is 0. The upper three bits (D7 to D5) are invalid.
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Table11

Correspondence between Annunciator Display Addresses (AAN) and Driver Signals

Annunciator Segment Signals

AAN Address Common

MSB LSB D7 D6 D5 D4 D3 D2 D1 DO Signal

0 0 0 0 ASEG1 ASEG1 ASEG2 ASEG2 ASEG3 ASEG3 ASEG4 ASEG4 ACOM
Blink Data Blink Data Blink Data Blink Data

0 0 0 1 ASEG5 ASEG5 ASEG6 ASEG6 ASEG7 ASEG7 ASEG8 ASEG8 ACOM
Blink Data Blink Data Blink Data Blink Data

0 0 1 0 ASEG9 ASEGY9 ASEG10 ASEG10 — — — — ACOM
Blink Data Blink Data * * * *

Notes: 1. The annunciator is turned on when the corresponding even bit (data) is 1, and is turned off when

0.

The turned-on annunciator blinks when the corresponding odd bit (blink) is 1. Blinking is provided
by repeatedly turning on the annunciator for 32 frames and then turning it off for the next 32
frames.
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I nstructions

Outline

Only the instruction register (IR) and the data register (DR) of the HD66717 can be controlled by the MPU.
Before starting internal operation of the HD66717, control information is temporarily stored in these
registers to alow interfacing with various peripheral control devices or MPUs which operate at different
speeds. The internal operation of the HD66717 is determined by signals sent from the MPU. These signals,
which include register selection (RS), read/write (R/W), and the data bus (DBO to DB7), make up the
HD®66717 instructions (Table 18). There are four categories of instructions that:

e Control display

» Control power management

e Setinternal RAM addresses

» Perform data transfer with internal RAM

Normally, instructions that perform data transfer with internal RAM are used the most. However, auto-
incrementation by 1 (or auto-decrementation by 1) of internal HD66717 RAM addresses after each data
write can lighten the program load of the MPU.

While an instruction is being executed for internal operation, or during reset, no instruction other than the
busy flag/address read instruction can be executed.

Because the busy flag is set to 1 while an instruction is being executed, check it to make sureit is O before
sending another instruction from the MPU. If an instruction is sent without checking the busy flag, the time
between the first instruction issue and next instruction issue must be longer than the instruction execution
time itself. Refer to Table 16 for the list of each instruction execution cycles (clock pulses). The execution
time depends on the operating clock frequency (oscillation frequency).
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I nstruction Description

Status Read

The status read instruction (Figure 4) reads the busy flag (BF) indicating that the system is now internally
operating on a previously received instruction. If BF is 1, the internal operation is in progress. The next
instruction will not be accepted until BF is reset to 0. Check the BF status before the next write operation.
At the same time, the value of the address counter in binary AAAAAAA isread out. This address counter
is used by both CGRAM, DDRAM, and SEGRAM addresses, and its value is determined by the previous
instruction.

Clear Display

The clear display instruction (Figure 5) writes space code (20)H (character pattern for character code (20)H
must be a blank pattern) into all DDRAM addresses. It then sets DDRAM address 0 into the address
counter. It also sets1/D to 1 (increment mode) in entry mode.

RS RIW DB7 «---------ommooooooo e DBO

Lofsferfajajafajalajal

Figure4 StatusRead Instruction

RSR/MWDB7 --------------mmmmmmem - DBO
[sTolslolole o s olx]

Figure5 Clear Display Instruction
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Return Home

The return home instruction (Figure 6) sets DDRAM address 0 into the address counter. The DDRAM
contents do not change.The cursor or blinking goes to the top Ieft of the display.

Start Oscillator

The start oscillator instruction (Figure 7) re-starts the oscillator from a halt state in standby mode. After
issuing this instruction, wait at least 10 ms for oscillation to become stable before issuing the next
instruction. (Refer to the Standby Mode section.)

Entry Mode
The entry mode instruction (Figure 8) includes the 1/D and OSC hits.

I/D: Increments (I/D = 1) or decrements (I/D = 0) the DDRAM address by 1 when a character code is
written into or read from DDRAM.The cursor or blinking moves to the right when incremented by 1 and to
the left when decremented by 1. The same applies to writing and reading of CGRAM and SEGRAM.

OSC: Divides the external clock frequency by four (OSC = 1) using the resulting clock as an internal
operating clock. The execution time for this instruction and subsequent ones is therefore quadrupled. The
execution time of clearing this bit (OSC = 0) is also quadrupled. (For application of thisinstruction, refer to
the Partial-Display-Off Function section.)

RSRWDB7 —----------mmmmmmme - DBO
loJofofofofofofofi]o]

Figure6 Return Homelnstruction

RSR/WDB7 777777777777777777777777777 DBO
[oTolololo oo o ]

Figure7 Start Oscillator Instruction
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Cursor Control
The cursor control (Figure 9) includes the B/W, C, and B hits.

B/W: When B/W is 1, the character at the cursor position is cyclically (every 32 frames) displayed with
black-white inversion.

C: Thecursor isdisplayed on the 8th raster-row when C is 1. The cursor is displayed using 5 dotsin the 8th
raster-row for 5 x 8-dot character font.

B: The character indicated by the cursor blinks when B is 1. The blinking is displayed as switching
between all black dots and displayed characters every 32 frames. The cursor and blinking can be set to
display simultaneously. When LC and B = 1, the blinking is displayed as switching between all white dots
and displayed characters.

Figure 10 shows cursor control examples.

RSRWDB7 —---------ommmmmmme oo - DBO
[o]o]ofofo]o]of1[upfosc

Figure8 Entry Modelnstruction

RSR/WDB7 ~--------mmmmmmmeeo e DRO
[ofo]ofofo]o]1[ew|c]|s]

Figure9 Cursor Control Instruction
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Display On/Off Control
The display on/off control instruction (Figure 11) includes DC, DS, and LC bits.

DC: The character display is on when DC is 1 and off when DC is 0. When off, the display dataremainsin
DDRAM, and can be displayed instantly by setting DC to 1.

DS: When DS = 1, segment display for icons and marksthat is controlled by the multiplexing drive method
isturned on and when DS = 0, it is turned off.

When both DC and DS = 0, multiplexing drive is halted, setting the outputs from SEG1 to SEG60, COM1
to COM32, and COMS1 and COMS2 to V . level to turn off the display. This can suppress current for
LCD charging or discharging due to LCD driving operations.

LC: When LC = 1, a cursor attribute is assigned to the line that contains the address counter (AC) value.
Cursor mode can be selected with the B/W, C, and B bits. Refer to the Line-Cursor Display section.

<>

Alternating display
(every 32 frames)

i) White-black inverting display example

<2

Alternating
display | NS

i) 8th raster-row i) Blink display example
cursor display

Figure10 Cursor Control Examples

RSRM DB7 ~----------mmmmmmmmmmme- DBO
|0|0|0|0|0|1|0|DC|DS|LC|

Figure1l Display On/Off Instruction
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Power Control
The cursor control instruction (Figure 12) includes the AMP, SLP, and STB hits.

AMP: When AMP = 1, each voltage-follower for V1 to V5 pins and the booster are turned on. When
AMP = 0, current consumption can be reduced while character or segment display controlled by the
multiplexing drive method is not being used.

SLP: When SLP = 1, the HD66717 enters sleep mode, where all the internal operations are halted except
for annunciator display function and the R-C oscillator, thus reducing current consumption. Refer to the
Sleep Mode section. Only the following instructions can be executed during sleep mode.

Annunciator address set (AAN)
Annunciator datawrite

Annunciator display on or off (DA =1 or 0)
Voltage-follower on or off (AMP =1 or 0)
Standby mode set (STB = 1)

Sleep mode cancel (SLP = 0)

-0 a0 o

During sleep mode, other RAM data and instructions cannot be updated but they are retained.

STB: When STB = 1, the HD66717 enters standby mode, where the device completely stops, halting all the
internal operations including the internal R-C oscillator and no external clock pulses are supplied.
However, annunciator display alone is available when the alternating signal for annunciator-driving signals
is supplied to the EXM pin. When the annunciator display is not needed, make sure to turn off display (DA
=0). Refer to the Standby Mode section. Only the following instructions can be executed during standby
mode.

Annunciator address set (AAN)
Annunciator data write

Annunciator display on or off (DA =1 or 0)
Voltage-follower on or off (AMP =1 or 0)
Start oscillator

Standby mode cancel (STB =0)

D a0 oW

During standby mode, RAM data and other instructions may be lost; they must be set again after standby
mode is cancelled.

RSRWDB7 —~---------mmmmmmmm e DBO
[o]ofo]ofo]1]1]amAsLp[sTs|

Figure12 Power Control Instruction
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Display Control
The display control instruction (Figure 13) includes the NL and DL bits.

NL 1, NLO: Designates the number of display lines. This value determines the LCD drive multiplexing duty
ratio (Table 12). The address assignment is the same for all display line modes.

DL 3-DL 1: Doublesthe height of characters on a specified line. The first, second, or third lineis doubled in
height when DL1, DL2, or DL3 = 1, respectively. Two lines can be simultaneously doubled in a 4-line
display. Refer to the Double-Height Display section.

RSRMWDB7 oo DBO

[o] o] of of1|niniofpLsfpLefpLy

Figure 13 Display Control Instruction

Table12 NL Bitsand Display Lines

NL1 NLO Number of Display Lines LCD Drive Multiplexing Duty Ratio
0 0 1 1/10
0 1 2 1/18
1 0 3 1/26
1 1 4 1/34
HITACHI
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Contrast Control
The contrast control instruction (Figure 14) includes the SN and CT bits.

SN2: Combined with the SN1 and SNO bits described in the Scroll Control section to select the first line to
be scrolled (display-start line).

CT3-CTO0: Controls the LCD drive voltage (potential difference between V. and V5) to adjust contrast
(Figure 15 and Table 13). Refer to the Contrast Adjuster section.

RS R/ DB7 -~ DBO

[o]ofo] 1] o[sngcTs|cTe|cTafcTol

Figure14 Contrast Control Instruction

HD66717
Vee
V1 R%
NEEE=]
va | R
va | R % [h
-
o Vee |

Figure1l5 Contrast Adjuster
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Scroll Control
The scroll control instruction (Figure 16) includes the SN and SL bits.

SN1, SNO: Combined with the SN2 bit described in the Contrast Control section to select the top line to be
displayed (display-start line) through the data output from the COM1 pin (Table 14). After first five lines
are displayed from the top line, the cycleis repeated and scrolling continues.

Table13 CT Bitsand Variable Resistor Value of Contrast Adjuster

CT3 CT2 CT1 CTO Variable Resistor Value (VR)

6.4 xR

6.0xR

56 xR

52xR

48xR

44xR

40xR

3.6 xR

3.2xR

28xR

24xR

20xR

16xR

1.2xR

0.8xR

RrlRrlkr|lRr|lRr|rPr|r|r|lojlOo|o|o|o|o|o|o
Prlr|lr|lr|lo|lo|lo|lo|lr|r|kr|r|lo|jo|o|o
Rr|lr|lo|lo|r|lr|lo|lo|rRr|r|lo|o|r|rRr|o|O
r|lo|lr|o|lr|lo|r|o|lr|Oo|rR|o|r|o|r|O

0.4xR

RSR/WDB7 -------mmmmmmmmemeeo DBO
[oJof o] 1] 1 [sngsngsio[sL]sLo]

Figure16 Scroll Control Instruction
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SL2-SL0: Selects the top raster-row to be displayed (display-start raster-row) in the display-start line
specified by SN2 to SNO. Any raster-row from the first to eighth can be selected (Table 15). This function
is used to perform vertical smooth scroll together with SN2 to SNO. Refer to the Vertica Smooth Scroll
section.

Table14 SN Bitsand Display-Start Lines

SN2 SN1 SNO Display-Start Line

0 0 1st line
0 2nd line
0 1 0 3rd line
0 1 1 4th line
1 0/1 0/1 5th line

Tablel5 SN Bitsand Display-Start Raster-Rows

SL2 SN1 SLO Display-Start Raster-Row

1st raster-row

2nd raster-row

3rd raster-row

4th raster-row

5th raster-row

6th raster-row

7th raster-row

Pl PO O|O|O
PP OO, |, |O|O
PO/, | Ol | O|FL,|O

8th raster-row
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Annunciator/SEGRAM Addr ess Set
The annunciator/SEGRAM address set instruction (Figure 17) includes the DA and A bits.

DA: Turns annunciator display on or off. When DA = 1, annunciator display is turned on and driven
statically. When DA = 0, annunciator display is turned off with ASEG1 to ASEG10 and ACOM pins held
toVc level.

The internal operating clock supply is halted during standby mode; make sure to turn off display (DA =0)
if the external alternating signal is not supplied. Refer to the Segment Display and Annunciator Display
section and the Standby Mode section.

AAAA: Used for setting the SEGRAM address in the address counter (AC) or for setting an annunciator
address. The SEGRAM addresses range from 1000H to 1111H (8 addresses), while the annunciator
addresses range from 0000H to 0010H (3 addresses).

The annunciator address is directly set without using the address counter, and consequently must be
updated for each access. The annunciator address can be set even during sleep and standby modes.

Once the SEGRAM address is set, data in the SEGRAM can be accessed consecutively since the address
counter is automatically incremented or decremented by one according to the I/D bit setting after each
access. The SEGRAM address cannot be set during sleep or standby mode.

RS R/MW DB7 —----------mmmmmmmmmm oo DBO
olo i olo[oAlAlATALA]

Figure17 Annunciator/SEGRAM Address Set Instruction
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CGRAM Address Set
The CGRAM address set instruction (Figure 18) includes the A bits.

AAAAA: Used for setting the CGRAM address in the address counter (AC). The CGRAM addresses range
from O0H to 1FH (32 addresses) (Table 16).

Once the CGRAM address is set, data in the CGRAM can be accessed consecutively since the address
counter is automatically incremented or decremented according to the 1/D bit setting after each access. The
CGRAM address cannot be set during sleep or standby mode.

RS RW DB7  ------=--ssemmmmmenonoees DBO

[ofofafofsajajajajaj

Figure18 CGRAM Address Set Instruction

Tablel6 CGRAM Addresses and Character Codes

Displayed Character CGRAM Address Character Codes
1st character OO0H to 07H 00H
2nd character 08H to OFH 01H
3rd character 10H to 17H 02H
4th character 18H to 1FH 03H
HITACHI
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DDRAM Address Set
The DDRAM address set instruction (Figure 19) includes the A bits.

AAAAAAA: Used for setting the DDRAM address in the address counter (AC). The DDRAM addresses
range from OOH to 4BH (60 addresses) (Table 17).

Once the DDRAM address is set, data in the DDRAM can be accessed consecutively since the address
counter is automatically incremented or decremented according to the I/D bit setting after each access.
Here, invalid addresses are automatically skipped. The DDRAM address cannot be set during sleep or
standby mode.

RSRWDB7 ---------—mmmmme - DBO
|0|0|1|1|0|0|0|0|A|A|Upperbits

[ofo]1|afa]alaf[Aa]Aa]A] Lowerbis

Figure19 DDRAM Address Set Instruction

Table17 DDRAM Addresses and Invalid Addresses

Displayed Line DDRAM Address Invalid Addresses

1stline 0O0H to OBH OCH to OFH

2nd line 10H to 1BH 1CH to 1FH

3rd line 20H to 2BH 2CH to 2FH

4th line 30H to 3BH 3CH to 3FH

5th line 40H to 4BH 4CH and subsequent addresses
HITACHI
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Write Datato RAM

The write datato RAM instruction (Figure 20) writes 8-bit data to annunciator or DDRAM, or lower 5-bit
data to SEGRAM or CGRAM that is selected by the previous specification of the address set instruction
(annunciator/SEGRAM address set, CGRAM address set, or DDRAM address set).

After awrite, the address is automatically incremented or decremented by 1 according to the I/D bit setting
in the entry mode instruction.

The annunciator address is not automatically updated; it must be specifically updated to write data to a
different address. During sleep and standby modes, DDRAM, CGRAM, or SEGRAM cannot be accessed.

Read Data from RAM

The read data from RAM instruction (Figure 21), reads 8-bit data from DDRAM, or 5-bit binary data from
CGRAM or SEGRAM that is selected by the previous specification of the address set instruction
(SEGRAM address set, CGRAM address set, or DDRAM address set). The unused upper three hits of
CGRAM or SEGRAM data are read as 000; annunciator data cannot be read. If no address is specified by
the address set instruction just before this instruction, the first data read will be invalid. When executing
seria read instructions, the next address is normally read from the next address.

After aread, the address is automatically incremented or decremented by 1 according to the I/D bit setting
in the entry mode instruction.

Table 18 lists the above instructions.

RSR/WDB7 ------mmmmmmmomommooe e DBO

[t]ojo|pfpfofofofo]o]

Figure20 WriteDatato RAM Instruction

RS RIW DB7  -----------=-=-====-mmooo DBO

[t]sfo]ofofojofo]ojo]

Figure21 Read Datafrom RAM Instruction
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Table18 Instruction List
Code Execution
Instruction No. R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle *!
Status SR 1 0 BF AC AC AC AC AC AC AC Readsbusyflag (BF), 0
which indicates internal
operations are being
performed, and reads
address counter (AC).
Clear CL O 0 0 0 0 0 0 0 0 1 Clears entire display and 310
display sets DDRAM address 0 in
address counter.
Return CH 0 0 0 0 0 0 0 0 1 0 Sets DDRAM address 0 in 10
home address counter.
Start 0os 0 0 0 0 0 0 0 0 1 1 Starts oscillation during —
oscillator standby mode.
Entry EM O 0 0 0 0 0 0 1 I/ID OSC Sets address update 10
mode set direction after RAM access
(I/D), and system clock
division (OSC).
Cursor CR O 0 0 0 0 0 1 B/W C B Sets black-white inverting 10
control cursor (B/W), 8th raster-
row cursor (C), and blink
cursor (B).
Display DO O 0 0 0 0 1 0 DC DS LC  Sets character display 10
on/off on/off (DC), segment
control display on/off (DS), and
line-cursor on/off (LC).
Power PW 0 0 0 0 0 1 1 AMP SLP STB Turns on voltage-follower 10
control and booster (AMP), and
sets sleep mode (SLP)
and standby mode (STB).
Display DC O 0 0 0 1 NL1 NLO DL3 DL2 DL1 Setsthe number of display 10
control lines (NL) and the line to
be doubled in height.
Contrast CN O 0 0 1 0 SN2 CT3 CT2 CT1 CTO Setsthe display-startline 10
control (SN2) and contrast-
adjusting value (CT).
Scroll SC ©0 0 0 1 1 SN1 SNO SL2 SL1 SLO Sets the display-startline 10
control (SN) and display-start
raster-row (SL).
Annunciator AS 0 0 1 0 0 DA AAN/ AAN/ AAN/ AAN/ Turns on annunciator 10
/SEGRAM Ageas Asecr Asecr Asego display and sets
address set annunciator/SEGRAM
address.
CGRAM CA O 0 1 0 1 Accs Accs Acsz Acci Acso  Sets the initial CGRAM 10
address set address to the address
counter.
DDRAM DA 0 0 1 1 0 0 0 0 Aops Apps  Sets the initial higher 10
address set DDRAM address to the
(upper bits) address counter.
DDRAM DA O 0 1 1 1 Aoos Apps Aoz Appr Appe  Sets the initial lower 10
address set DDRAM address to the
(lower bits) address counter.
HITACHI
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Table18 Instruction List (cont)

Code Execution
Instruction No. R/W RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description Cycle *!
Writedata WD 0 1 Write data Writes data to DDRAM, 10
to RAM CGRAM, SEGRAM, or
annunciator.

Readdata RD 1 1 Real data Reads data from DDRAM, 10
from RAM CGRAM, or SEGRAM.

BF =1: Internally operating AC: Address counter

I/ID  =1: Increment I/ID =0: Decrement

OSC =1: System clock divided by four

B/W =1: Black-white inverting cursor on C =1: 8th raster-row cursor on

B =1: Blink cursor on

D =1: Display on

DC =1: Characterdisplay on DS =1: Segmentdisplay on

LC =1: Line containing AC given cursor attribute

AMP =1: Voltage-follower and booster on SLP =1: Sleep mode

STB =1: Standby mode
NL1,NLO:  Number of display lines [00: lline (1/10 duty ratio), 01: 2 lines (1/18 duty ratio),
10: 3 lines (1/26 duty ratio),11:4 lines (1/34 duty ratio)]
DL3-DL1: Double-height lines (DL1 = 1: 1st line, DL2 = 1: 2nd line, DL3 = 1: 3rd line)
CT3-CTO: Contrast adjustment
SN2 —-SNO: Display-start line (000: 1st line, 001: 2nd line, 010: 3rd line, 011: 4th line, 100: 5th line)
SL2 — SLO: Display-start raster-row (000: 1st raster-row... 111: 8th raster-row)
DA =1: Annunciator display on
AAN/Ag; = 0000—-0010: Annunciator address AAN/Ag; =1000-1111: SEGRAM address
ACG4-ACGO: CGRAM address (00000-11111)
ADD6-ADDO0: DDRAM address (0000000-1001011)

Note: 1. Represented by the number of operating clock pulses; the execution time depends on the
supplied clock frequency or the internal oscillation frequency.
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Reset Function

Initializing by Internal Reset Circuit

The HD66717 is internally initialized by RESET input. During reset, the system executes the instructions
as described below. Here, the busy flag (BF) therefore indicates a busy state (BF = 1), accepting no
instruction or RAM data access from the MPU. Here, reset input must be held at least 10 ms.

After releasing power-on reset, clear display instruction is operated, so wait for 1,000 clock-cycles or more.
Make sure to reset the HD66717 immediately after power-on reset in 12C bus mode.

1. Instruction set initialization
a. Clear display:
Writes 20H to DDRAM after releasing reset
b. Return home
Sets the address counter (AC) to O0H to select the DDRAM
c. Start oscillator
d. Entry mode
I/D = 1: Increment by 1
OSC = 0: Clock frequency not divided
e. Cursor control
B/W = 0: White-black inverting cursor off
C = 0: 8th raster-row cursor off
B = 0: Blink cursor off
f. Display on/off control
DC = 0: Character display off
DS = 0: Segment display off
LC = 0: Line-cursor off
g. Power control
AMP =0: LCD power supply off
SLP = 0: Sleep mode off
STB = 0: Standby mode off
h. Display control
NL1, NLO = 11: 4-line display (1/34 multiplexing duty ratio)
DL3-DL1 = 000: Double-height display off
i. Contrast adjust
CT = 0000: Wesk contrast
j. Scroll control
SN2-SNO = 000: First line displayed at the top
SL2-SL.0 = 000: First raster-row displayed at the top of thefirst line
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k. Annunciator control

DA = 0: Annunciator display off
2. RAM datainitiaization

a. DDRAM
All addresses are initialized to 20H by the clear display instruction

b. CGRAM/SEGRAM
Not automatically initialized by reset input; must be initialized by software while display is off (DC
and DS=0)

c. Annunciator data
Not automatically initialized by reset input; must be initialized by software while display is off
(DA=0)

3. Output pininitialization

a. LCD driver output pins (SEG/COM, ASEG/ACOM): Outputs V . level

b. Booster output pins (V50UT2 and V50UT3): Outputs GND level

c. Oscillator output pin (OSC2): Outputs oscillation signal
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Transferring Serial Data

I2C Bus Interface

Grounding the IM1 and IMO pins (interface mode pins) allows serial data transfer conforming to the 12C
bus interface over the serial data line (SDA) and serial transfer clock line (SCL). Here, the HD66717
operates in an exclusive-receive slave mode.

The HD66717 initiates serial datatransfer by transferring the first byte when ahigh SCL level at the falling
edge of the SDA input is sampled; it ends serial data transfer when a high SCL level at the rising edge of
the SDA input is sampled.

The HD66717 is selected when the higher six bits of the 7-bit slave address in the first byte transferred
from the master device match the 6-bit device identification code assigned to the HD66717. The HD66717,
when selected, receives the subsequent data strings. Any identification code can be assigned by the
DB5/ID5 to DBO/IDO pins; select an appropriate code that is not assigned to any other slave device. The
higher four bits (ID5 to 1D2) of this identification code is recommended as 0111. Two different slave
addresses must be assigned to a single HD66717 because the least significant bit (LSB) of the slave address
isused as aregister select bit (RS): when RS =0, an instruction can be issued and when RS = 1, data can be
written to a RAM. The eighth bit of the first byte (R/W bit) must be 0 since the HD66717 exclusively
receives data.

The ninth bit of the first byte is a receive-data acknowledge bit (ACK). When the received slave address
matches the device ID code, the HD66717 pulls down the ACK bit to a low level. Therefore, the ACK
output buffer is an open-drain structure, only allowing low-level output. However, the ACK bit is
undetermined immediately after power-on; make sure to initialize the LS| using the RESET* input.

After identifying the address in the first byte, the HD66717 receives the subsequent data as an HD66717
instruction or as RAM data. Having received 8-bit data normally, the HD66717 pulls down the ninth bit
(ACK) to alow level. Therefore, if the ACK is not returned, the data must be transferred again. Multiple
bytes of data can be consecutively transferred until the transfer-end condition is satisfied. Here, when the
serial data transfer rate is longer than that of the HD66717 instruction execution cycle, effective data
transfer is possible without retransmission (see Table 18, Instruction List). Note that the display-clear
instruction alone requires longer execution time than the others.

Table 19 illustrates the first bytes of 12C bus interface data and Figure 22 shows the 1°C bus interface timing
sequence .
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Table19  First Bytesof 12C BusInterface Data

Transferred Bit String

First Byte S Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8 Bit 9
I°C bus system Transfer I2C slave address R/W ACK
start— pg A5 A4 A3 A2 Al AO
HD66717 Transfer Device ID code RS 0 ACK
st ps p4 D3 D2 D1 IDO
0 1 1 1
Transfer start Transfer end

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
SCL
(input)

0) (1) (@) (v MSB MSB

mput) \_ .@@ﬁ@ RS\"0* AC@D6XD5 D4XD3ID1XDO\Acle7lD6HD4XD3 DZXDl@CK [
@vice ID code RS| |—'<— 1st instruction —P'—ld— 2nd |nstruct|on—>|7‘
*
\ n

Slave address \ Acknowledge Acknowledge /

Acknowledge

1st byte Instructions

a) Basic data transfer (receive) timing

123456 789 101112131415161718192021 222324252627 282930313233 343536

SCL
(input)

SDA A A A A

. S 1st byte C Instruction 1 C Instruction 2 C Instrucation 3 C
(input) K K K K

Start Instruction 1 execution | |Instruction 2 execution End
time >I time >I
—

b) Consecutive data transfer timing

Note: Transfer the instruction 2 ACK after instruction 1 has been executed.

Figure22 12C BusInterface Timing Sequence
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Clock-Synchronized Serial Interface

Setting the IM1 and IMO pins (interface mode pins) to the GND and high levels, respectively, allows
standard clock-synchronized serial data transfer, using the chip select (CS*), SDA, and SCL lines. Here,
the HD66717 exclusively receives data.

The HD66717 initiates serial data transfer by transferring the start byte at the falling edge of the CS* input.
It ends seria datatransfer at the rising edge of the CS* input.

The HD66717 is selected when the 6-bit chip address in the start byte transferred from the transmitting
device matches the 6-bit (device) identification code assigned to the HD66717. The HD66717, when
selected, receives the subsequent data strings. Any identification code can be assigned by the DB5/ID5 to
DBO/IDO pins. Two different chip addresses must be assigned to a single HD66717 because the seventh bit
of the start byte is used as aregister select bit (RS): when RS = 0, an instruction can be issued and when RS
= 1, data can be written to a RAM. The eighth bit of the start byte must be O.

After receiving the start byte, the HD66717 receives the subsequent data as an HD66717 instruction or as
RAM data. Data is transferred with the MSB first. To transfer data consecutively, adjust the data transfer
rate so that the HD66717 can complete the current instruction before the eighth bit of the next instruction is
transferred. See Table 18, Instruction List. If the next instruction is received during execution of the
previous instruction, the next instruction will be ignored. Note that the display-clear instruction alone
requires longer execution time than the others.

Figure 23 shows the clock-synchronised serial interface timing sequence.
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Transfer start

CSs*
(Input)

SCL
(Input)

SDA
(Input)

cs*
(Input)
SCL
(Input)

SDA
(Input)

l

Transfer end

/

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Device —>| RS | |<—lst instruction—>|<—2nd instruction

ID code

Start byte

Instruction

(a) Basic data transfer (receive) timing

123 456 78 9 10111213 141516 17 18 192021 222324

2526 27 28 29 30 31 32

1st byte Instruction 1

Instruction 2

Instruction 3

time

Instruction 1 execution

Instruction 2 execution

time

(b) Consecutive data transfer timing

Note: Adjust the transfer rate so that the HD66717 can complete instruction 1 before the 8th bit of
instruction 2 is transferred.

Figure23 Clock-Synchronized Serial I nterface Timing Sequence
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Transferring Parallel Data

Interface with an 8-Bit M PU

Eight-bit data can be transferred in parallel by setting the IM1 and IMO pins to the V. and GND levels,
respectively (Figure 24). The HD66717 can interface directly with an 8-bit bus synchronized with the E
clock, or with an 8-bit MCU through an 1/0 port (Figure 25). When the number of 1/O lines or chip
packaging sizeis limited, a4-bit bus interface or even seria datatransfer should be used.

RS

- / \
=/ N/ S S S
. , Internal operation \ /
Internal signal

o7 YKo XY vss U oo U Do AUHIX ===

Instruction write

Busy flag check| Busy flag check| Busy flag check| Instruction write

Figure24 8-Bit Parallel Data Transfer Timing Sequence

I/O port interface

Co > £
c1 »| RS
H8/325 2 »|rRW HD66717
8

AO - A7 |-——F—p{ DBO - DB7

Figure25 8-Bit MPU Interface
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Interface with a 4-Bit MPU

Four-bit data can be transferred in parallel by setting both the IM1 and IMO pins to the V. level (Figure
26). Four-bit data representing higher or lower bits of 8-bit instructions or 8-bit RAM data can be
transferred in that order.

The HD66717 can forcibly reset the counter that counts the number of higher and lower 4-bit data transfers
in a4-bit bus interface. This function, called transfer-syncronization, can be performed by writing a special
instruction containing 0000 four consecutive times after return home (Figure 27). For example, when a data
transfer sequence becomes disordered due to noise or some undesired factor, this function resets the
counter and thus enables resuming data transfer from the higher 4 bits. Using this function at specified
intervals prevents display-system crash.

This transfer-synchronization must be performed after power-on reset.

RS

R/W / Internal operation \
D AVAEN AV AT AWAWAWAS
Internal signal —/ \ /

Not
DB7 //////@ IR3 Busy\ AC3 Busy | AC3 D7 D3

Instruction write ‘ Busy flag check ‘ Busy flag check ‘ Instruction write

Figure26 4-Bit Parallel Data Transfer Timing Sequence
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= 1\ /
RIW _\

AUy AU ANy AUARA

_ 0000 0000 0000 0000 Higher Lower
) NN/ N ) N/ ./ S/
(1) ©) @3) @) +

(4-bit data transfer synchronized)

RW RS DB7 DB6 DB5 DB4
[oJojojojojo]

| wait 10 clock cycles |

|O|O|O O|1|0|Returnhome

| wait 10 clock cycles |

|O|O|O 0|0|0|lst

| wait 10 clock cycles |

|O|0|O 0|0|0|2nd

| wait 10 clock cycles |

|O|O|O 0|0|0|3rd

| wait 10 clock cycles |

|0|0|0 0|O|O|4th

| wait 10 clock cycles |

Figure27 4-Bit Data Transfer Synchronization
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Ogscillator Circuit

The HD66717 can either be supplied with operating clock pulses externally (external clock mode) or
oscillate using an internal R-C oscillator and an external oscillator-resistor (internal oscillation mode), as
shown in Figure 28. An appropriate oscillator-resistor must be used to obtain the optimum clock frequency
according to the number of display lines (Table 20). Instruction execution times change in proportion to the
operating clock frequency or R-C oscillation frequency; MPU data transfer rate must be appropriately
adjusted (see Table 18, Instruction List). Figure 29 shows a sample LCD drive output waveform, where 4-
lines are displayed with 1/34 multiplexing duty ratio.

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

Clock

0OSC1 0OSC1 The oscillator frequency can be
Rfé 0sC2 adjusted by oscillator resistance
(Rf). If Rf is increased or power
supply voltage is decreased, the
HD66717 HD66717 oscillator frequency decreases.

Figure28 Oscillator Circuit
Table20  Oscillation Frequency and LCD Frame Frequency

1-Line Display 2-Line Display 3-Line Display 4-Line Display

Item NL1, NLO=00 NL1,NLO=01 NL1,NLO=10 NL1,NLO=11

Multiplexing duty ratio 1/10 1/18 1/26 1/34

Oscillator resistance (R) V..=3V 620 kQ 300 kQ 200 kQ 150 kQ

CR oscillator frequency 40 kHz 85 kHz 120 kHz 160 kHz

Frame frequency 67 Hz 79 Hz 77 Hz 78Hz
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1-line selection period

<>

1412413 1i4

33 |

3401

L3

illllllllllli 33 i 34

Vee

V1
COM1

V5

V4jE

Vee

Vi

Com2
V4

V5

Vee

Vi
COMS2

V4

V5

Vec=—t
V1 j

COMS1

V4

V5

~<——— 1 frame

1 frame ———— >

Figure29 LCD Drive Output Waveform Example (4-line display with 1/34 multiplexing duty ratio)
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Power Supply for Liquid Crystal Display Drive

When External Power Supply and Internal Operational Amplifiersare Used

To supply LCD drive voltage directly from the external power supply without using the internal booster,
circuits should be connected as shown in Figure 30. Here, contrast can be adjusted through the CT bits of
the contrast-control instruction.

The HD66717 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal drive
voltages. Thus, potential differences between V. and V1 and between V - and V5 must be 0.4V or greater.
Note that the OPOFF pin must be grounded when using the operational amplifiers.

OPOFF = GND
v HD66717
VCC CC -
V1 e SEG1-SEG60
_w| R v2
R d LD
multiplexing
R driver
= S [ COM1-COM32
R va B
R === COMS1-COMS2
V5
VR
VEE
Ve o————EE [t ASEG1-ASEG10
EE LCD static
AGND i
J_ driver ; ACOM
GND
a) 3- or 4-line display with 1/6 bias
OPOFF = GND
HD66717
VCC
VCC R
i—rgr_’ Vi et SEG1-SEGE0
v2| R v2
Short-circuited R \'E_' muI;;Exing
va| R V3 driver
= » et COM1-COM16
R s g COMS1-COMS2
VR
VEE
Ve o————EE LCD static == ASEG1-ASEG10
driver
jiND > ACOM
GND

b) 1- or 2-line display with 1/4 bias

Note: 1. Potential differences between V¢ and V1 and between V5 and Vgg must be 0.4V or greater,
particularly for low-duty drive such as 1-line display.
2. When the internal operational amplifiers cannot fully drive the LCD panel used, an appropriate capacitor
must be inserted between each output of VIOUT to V50UT and V¢ to stabilize the
operational amplifier output.

Figure 30 External Power Supply Circuit Examplefor LCD Drive Voltage Generation
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When an Internal Booster and I nternal Operational Amplifiersare Used

To supply LCD drive voltage using the internal booster, circuits should be connected as shown in Figure
31. Here, contrast can be adjusted through the CT bits of the contrast-control instruction. Temperature can
be compensated either through the CT bits or by controlling the reference voltage for the booster (Vci pin)
using athermistor.

Note that Vci is both a reference voltage and power supply for the booster; the reference voltage must
therefore be adjusted using an emitter-follower or a similar element so that sufficient current can be
supplied. In this case, Vci must be equal to or smaller than the V . level.

The HD66717 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal drive
voltages. Thus, potential differences between V. and V1 and between V - and V5 must be 0.4V or greater.
Note that the OPOFF pin must be grounded when using the operational amplifiers.

a) Double boosting b) Triple boosting
OPOFF = GND OPOF = GND
| |
y ve| HD66717 y v HD66717
cc cc
Short-circuitedi Short-circuitedi
for 1-or 2-line ; for 1-or 2-line :
display I VK display [ <)
Vee Vee
Vci Vci
c1 c1
047 pF L 0.47 uF J'cz
to 1 pF L C2 tolpF+T
Booster V50UT2 Booster
V50UT2 I
0.47 uF T F 0.47 pF
to 1l pF T+ vsouTs = toluF
= GND
GND V50UT3
_-T_;r
GND

Note: 1. The reference voltage input (Vci) must be adjusted so that the output voltage after boosting will not exceed
the absolute maximum rating of the liquid-crystal power supply voltage (15V). Particularly, Vci must be

5V or less for triple boosting.

Vci is both a reference voltage and power supply for the booster; connect it to V¢ directly or combine it with
a transistor so that sufficient current can be obtained.

Vci must be smaller than V.

To operate the voltage-follower correctly, potential differences between V¢ and V1 and between V5 and
Vee must be 0.4V or greater, particularly for low-duty drive such as 1-line display.

Polarized capacitors must be connected correclty.

Circuits for temperature compensation should be designed based on the sample circuit shown in Figure 32.

N

> w

oo

Figure31 Internal Power Supply Circuit Examplefor LCD Drive Voltage Generation
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HD66717
Vee Vee
Thermistor Tr Vel
GND L—

Figure32 Temperature Compensation Circuit Example
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The HD66717's internal operational amplifiers have a reduced drive current to save current consumption;
when the internal operational amplifiers cannot fully drive the LCD panel used, an appropriate capacitors
must be inserted between each output of V1OUT to V50UT and V . to stabilize the operational amplifier
output (Figure 33). Especially, the capacitors for V1OUT and VAOUT must be inserted when 1/26 duty or
1/34 duty drives.

TheL version (HD66717L) saves the driving current.

OPOFF = GND
0.1 pF to 0.5 pF*
HD66717
Vee Ve
ERERI RS | Ve
T Miout raght
_____ v2| RS
T V20UT V2 g SEG1-SEG60
' R LCD
H i multiplexing
_____ V3 R | vl driver
V30UT 2 g COM1-COM32
R
VAOUT _r[>'t‘ V4 > COMS1-COMS?2
RS
V50UT D vs
4
Ve
\/ci
Cl
0.47 uF T
toluF JC2
V50UT2 Booster
. 0.47 pF
—= tolpF
D
V50UT3
T+ O047WF
= tolpF
GND

Note : The capacitors for VIOUT and V4OUT must be inserted when 1/26 duty or 1/34 duty drives.

Figure33 Operational Amplifier Output Stabilization Circuit Example
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When 1/10, 1/18-duty drive (1 When 1/26, 1/34-duty drive (3

LCD driving current (2™ line, 2 lines) lines, 4 lines)

When I <15 pA Capacitors for VIOUT to V50UT  Capacitors for VIOUT to V50UT
must be inserted. must be inserted.

When 15 pA < | <40 pA Capacitors for VIOUT and V40OUT Capacitors for VIOUT and V40OUT
must be inserted. must be inserted.

When I =40 pA

Capacitors for VIOUT and V40UT And additional capacitors for other
may be inserted after confirming the VnOUTs may be inserted after
display quality. confirming the display quality.

Notes: 1. These relationships between LCD driving current (Ic) and the external capacitors are applied to
designing LCM, but they cannot guarantee the practical display quality. This display quality
depends on LCD panel size and LCD material used, and it must be checked and confirmed with

your LCD panel.

2. These LCD driving currents (I..) depend on the LCD driving voltage between V.. and V., and
setting of VREF, VREFP and VREFP pins.

3. Especially the capacitors for VIOUT and V4OUT are most efficient for display quality.

4. This condition is an example when the frame frequency is 60Hz to 100Hz. If higher frame
frequency is used, these external capacitors should be enhanced to prevent the cross-talk.
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When an Internal Booster and External Bleeder-Resistors are Used

When the internal operational amplifiers cannot fully drive the LCD panel used, V1 to V5 voltages can be
supplied through external bleeder-resistors (Figure 34). Here, the OPOFF pin must be set to the V . level to
turn off the internal operational amplifiers. Since the internal contrast adjuster is disabled in this case,
contrast must be adjusted externally. Double- and triple-boosters can be used as they are.

OPOFIF = VCC

HD66717

Vceo Veg
R % V10UT vi

V2

2
F% V30UT V3
2

V4

\ci
C1

0.47 pF
tolpF JJc2

V50UT2 Booster

1 0.47 pF
Nk, to 1 pF
D
V50UT3

L 047 yF
1% to1pF
GND

Note: 1. Resistance of each external bleeder resistor should be 5 kQ to 15 kQ.

2. The bias current value for driving liquid-crystals can be varied by adjusting
the resistance (2R) between the V20UT and V3OUT pins.

3. The internal contrast-adjuster is disabled; contrast must be adjusted either
by controlling the external variable resistor between Vgg and V50UT or Vci for the booster.

4. Vci is both a reference voltage and power supply for the booster; connect it to V¢ directly
or combine it with a transistor so that sufficient current can be obtained.

5. Vci must be smaller than V¢c.

Figure 34 External Bleeder-Resistor Examplefor LCD Drive Voltage Generation Power Supply
Circuit
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Contrast Adjuster

Multiplexing Drive System

Contrast for an LCD controlled by the multiplexing drive method can be adjusted by varying the liquid-
crystal drive voltage (potential difference between V - and V5) through the CT bits of the contrast control
instruction (electron volume function). See Figure 35 and Table 20. The value of a variable resistor (VR)
can be adjusted within the range from 0.4R through 6.4R, where R is a reference resistance obtained by
dividing the total resistance between V. and V5.

The HD66717 incorporates a voltage-follower operational amplifier for each of V1 to V5 to reduce current
flowing through the internal bleeder-resistors, which generate different levels of liquid-crystal drive
voltages. Thus, potential differences between V. and V1 and between V - and V5 must be 0.4V or gresater.
Note that the OPOFF pin must be grounded when using the operational amplifiers.

* 1/6 bias (V2 and V3 pins|eft open)
O LCD drivevoltage VLCD: 6R X% (V. — Ve)/(6R + VR) (VR = avalue within the range from 0.4R
to 6.4R)
O VLCD adjustable range: 0.484 x (V. —Vge) < VLCD £0.938 % (Vo — Vi)
O Potential difference between V. and V1. R x (Vo —V)/(6R + VR) = 0.4 (V)
O Potential difference between V5 and V. VR X (Vo —V)/(6R + VR) =2 0.4 (V)
e 1/4bias (V2 and V3 pins short-circuited)

0 LCD drivevoltage VLCD: 4R x (V. — Ve)/(AR + VR) (VR = avalue within the range from 0.4R
t0 6.4R)

O VLCD adjustable range: 0.385 % (Ve —Vee) < VLCD < 0.909 % (Ve — Vi)
O Potential difference between Vcand V1: R x (Vo —V)/(AR + VR) 2 0.4 (V)
O Potential difference between V5 and Ve VR X (Ve — Vee)/ (AR + VR) 2 0.4 (V)

Static Drive System

Contrast for a statically-driven LCD, that is, annunciator display, can be adjusted through the AGND pin.
The annunciators are driven statically by the potential difference between V . and AGND. The AGND pin
level must be equal to or greater than the GND level.
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v HD66717
o—=C4 » Vce
:
V1
v éTZr
P RS 2TV2
iva| R
R \/3
RS T4
\/5
VR
OVEE

Figure35 Contrast Adjuster

Table21  Contrast-Adjust Bits (CT) and Variable Resistor Values

CT Register
CT3 CT2 CT1 CTO Variable Resistor Value (VR)
0 0 0 0 6.4R
0 0 0 1 6.0R
0 0 1 0 56 R
0 0 1 1 52R
0 1 0 0 48R
0 1 0 1 44R
0 1 1 0 40R
0 1 1 1 36R
1 0 0 0 3.2R
1 0 0 1 28R
1 0 1 0 24R
1 0 1 1 20R
1 1 0 0 16R
1 1 0 1 1.2R
1 1 1 0 0.8R
1 1 1 1 04R
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LCD ModuleInterface

Segment data output pins SEG1 to SEG60 can be connected either from left to right or right to left of an
LCD panel according to the SFT pin level. When the SFT pinis grounded, SEG1 is connected to the far left
of the panel, and when it is at the V. level, SEG60 is connected to the far left. Either connection mode can
be selected according to the LCD module layout and routing on a printed-circuit board. Figures 36 shows
two examples.
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a) 12-character x 3-line display (SEG line above the panel : SFT = GND)

SEG60
SEG59-2
SEG1

COMS1
CcomM1

15 come

GND

COM9

COM16

HD66717

com17

COomM24

COMS2

ACOM
ASEG1-

ASEG10

b) 12-character x 4-line display (SEG line below the panel : SFT = V¢)

ASEG1-

ASEG10

ACOM

Vee

t COMS1
-

CcoM1

n
el

COM8

COM9

COM16

HD66717

CcOoM17

COomM24

COM25

COoM32

COMS2—

SEG60 ——
SEG59-2
SEG1

Figure36 LCD Module Interface Examples
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Segment Display and Annunciator Display

The HD66717 provides both segment display, which is driven by the multiplexing method, and annunciator
display, which is driven statically. Annunciator display is driven at a logic operating voltage (V¢ —
AGND) and is thus also available while the LCD drive power supply is turned off. Accordingly,
annunciator display is suitable for displaying marks during system standby, when it is desirable to reduce
current consumption. It is available in sleep mode, where internal multiplexing operations for character or
segment display are halted. If an alternating signal is supplied to the EXM pin, it is also available in
standby mode, where the internal R-C oscillator is halted. Here, AGND must be equal to or above the GND
level.

Note that annunciator display cannot share character display drivers SEG and COM but require special
drivers ASEG and ACOM that require long routing.

Tables 22 to 24 illustrates segment display and annunciator display.

Table22  Comparison between Segment Display and Annunciator Display

Item Segment Display Annunciator Display
Number of driven elements 20 each by COMS1 and COMS2 10
Blinking Impossible Possible
Segment drivers SEG1-SEG60 ASEG1-ASEG10
(shared with character display) (independent of character display)
Common drivers COMS1, COMS2 ACOM
LCD power supply Ve.—V5 V.. —AGND
(LCD power supply necessary) (LCD power supply unnecessary)
Normal mode display Display possible together with Display possible by static drive
character display by multiplexing drive
Sleep mode display Impossible Possible by static drive
(SEG and COM output V)
Standby mode display Impossible Possible by supplying alternating
(without oscillation) (SEG and COM output V) signal to the EXM pin
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Table23  Correspondence between Segment Display SEGRAM Addresses (ASEG) and Driver
Signals

ASEG Address Segment Signals

Common

MSB LSB  Signal Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

COMS1 SEG1/21/41  SEG2/22/42  SEG3/23/43  SEGA4/24/44  SEG5/25/45

COMS1 SEGG6/26/46  SEG7/27/A7  SEGS8/28/48 SEG9/29/49  SEG10/30/50

COMS1 SEG11/31/51 SEG12/32/52 SEG13/33/53 SEG14/34/54 SEG15/35/55

COMS1 SEG16/36/56 SEG17/37/57 SEG18/38/58 SEG19/39/59 SEG20/40/60

COMS2 SEG1/21/41  SEG2/22/42  SEG3/23/43 SEG4/24/44  SEG5/25/45

COMS2 SEG6/26/46  SEG7/27/47  SEGS8/28/48 SEG9/29/49  SEG10/30/50

COMS2 SEG11/31/51 SEG12/32/52 SEG13/33/53 SEG14/34/54 SEG15/35/55

N N S e
PP, |, |O| O O|O
r|lo|r| Ol |O|r|O

|, O|O|lFrR | |O| O

COMS2 SEG16/36/56 SEG17/37/57 SEG18/38/58 SEG19/39/59 SEG20/40/60

Table24  Correspondence between Annunciator Display Addresses (AAN) and Driver Signals

AAN Address Segment Signals

Common
MSB LSB Signal Bits 7,6 Bits 5, 4 Bits 3, 2 Bits 1,0
0 0 0 0 ACOM ASEG1 ASEG2 ASEG3 ASEG4
0 0 0 1 ACOM ASEG5 ASEG6 ASEG7 ASEGS8
0 0 1 0 ACOM ASEG9 ASEG10 — —

Note: The annunciator is turned on when the corresponding even bit (bit 6, 4, 2, or 0) is 1, and the turned-
on annunciator blinks when the corresponding odd bit (bit 7, 5, 3, or 1) is 1.
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Annunciator Drive

Figure 37 shows annunciator drive output waveforms in two modes.

i) Normal mode and sleep mode

Ellll>
Ve level . Ve level
ACOM AGND level
Ve level Ve level
ASEG1 AGND level Display off
Ve level Ve level :
ASEG2 AGND level Display on
: 1 frame .
i) Standby mode (without oscillation)
, 1 frame ,
Ve level Ve level
EXM
(Input) AGND level
Ve level Ve level
ACOM AGND level
Ve level Ve level
ASEG1 AGND level Display off
: Ve level :
ASEG2 AGND level AGND level Display on

Note: If annunciator display is unnecessary during standby mode, make sure to fix the EXM pin to the V¢ or GND level
and set the annunciator display ON bit (DA) to 0. This will prevent dark display and liquid-cell deterioration due to

DC bias application on liquid crystal cells.

Figure37 Annunciator Drive Output Waveforms
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Vertical Smooth Scroll

The HD66717 can scroll in the vertical direction in units of raster-rows. This function is achieved by
writing character codes into the DDRAM area that is not being used for display. In other words, since the
DDRAM corresponds to a 5-line x 12-character display, one of the lines can be used to achieve continuous
smooth vertical scroll even in a 4-line display. Here, after the fifth line is displayed, the first line is
displayed again. Specificaly, this function is controlled by incrementing or decrementing the value in the
scroll-start line bits (SL2 to SLO) and scroll-start raster-row bits (SN2 to SNO) by 1. For example, to
smoothly scroll up, first set SN2 to SNO to 000, and increment SL2 to SLO by 1 from 000 to 111 to scroll
seven raster-rows. Then increment SN2 to SNO to 001, and again increment SL2 to SLO by 1 from 000 to
111. To start displaying and scrolling from the first raster-row of the second line, update the first line of
DDRAM data as desired during its non-display period.

Figure 38 shows an example of vertical smooth scrolling and Figure 39 shows an example of setting
instructions for vertically scrolling upward in a4-line display (NL1 and NLO = 11).
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Set initial data to all DDRAM addresses I

1) Not scrolled

- SN2-0 = 000
- SL2-0 = 000

2) 1 raster-row scrolled
up

- SL2-0 =001

3) 2 raster-row scrolled
up

- SL2-0 =010

4) 3 raster-row scrolled
up

-SL2-0 =011

5) 4 raster-row scrolled
up

-SL2-0 =100

6) 5 raster-row scrolled
up

-SL2-0 =101

7) 6 raster-row scrolled
up

- SL2-0=110

8) 7 raster-row scrolled
up

-SL2-0=111

HITACHI LTD.
B423-25-1111
LCD Contrall
et Driver

HLITHCHL LD,
Bd23-25-1111
LCD Controll
et Driver_

HALIH-HAL LIL'
B425-253-1111
LCD Controll
g Driver

ALIH-AL LIl

B423-25-1111
LCD Controll
et Driver

W w LIRSS

TIL Il il i Fe

Bg23-25-1111
LCD Contiaoll

et~ Driver
S M7 7

(RN R Sy Ty |

B42T-25-1111
LCD Controll

et~ Driver
% HREERT 7

B423-25-1111
LCD Controll
et Driver
v HDRRTFIT

B423-25-1111
LCD Controll
et Driver
> HDEEFLY

9) 8 raster-row scrolled
up

- SN2-0 = 001

- SL2-0 = 000

B42E-25-1111
LCD Contrall
et Drivet
wr HDeaeFLY

Update the first line

of DDRAM data I

10) 9 raster-row scrolled
up

- SL2-0 =001

M lA=20=1111
LED Contioll
er Driver
¥ HDEEFLT

11) 10 raster-row scrolled
up

- SL2-0 =010

W= =L L L
LED Contioll
et Drivet
}E HDQE?;?

12) 11 raster-row scrolled
up

-SL2-0=011

[ Ly e N bl I Y Y
LED Comntrall
er [river

13) 12 raster-row scrolled
up

- SL2-0 =100

LCD Controll
et Drivet
r HDEEFLY

klma o Phma i =

14) 13 raster-row scrolled
up

-SL2-0=101

[ I A

LCD Control 1
e Driuver
= HDEEFLT

M Maiea

15) 14 raster-row scrolled
up

-SL2-0=110

LCD Cortraoll
er [river
»» HDEEFLT

Hell Neudre

16) 15 raster-row scrolled
up

-SL2-0=111

LED Contioll
e [river
wr HDEEFLY
Hew Deuvice

HITACHI
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C Scroll up display )

R/W RS DB7DB6 DB5 DB4 DB3 DB2 DB1 DBO
Lofofofof[1]o] et | sne=o
[ o] ofof 1] 2] ofo]o]o]o] sni0=00andsL2-sLo=000
(1st raster-row of 1st line displayed at the top)

| Set initial character codes of 5 lines to all DDRAM addresses“

g (i

|0|0|0|1|1|0|0|0|0|1| Scroll up 1 raster-row

| CPU Wait (2nd raster-row of 1st line displayed at the top)
| 0|0|0|l|1|0|0|0|1|0| Scroll up 2 raster-rows

| CPU Wait | (3rd raster-row of 1st line displayed at the top)
| 0|0|0|1|1|o|o|0|1|1| Scroll up 3 raster-rows

| CPU Wait | (4th raster-row of 1st line displayed at the top)
| 0|0|0|l|1|0|0|1|0|0| Scroll up 4 raster-rows

| CPU Wait | (5th raster-row of 1st line displayed at the top))
| 0|0|0|l|1|_0|0|1|1|1| Scroll up 7 raster-rows

| CPU Wait | (8th raster-row of 1st line displayed at the top)
| O|0|0|1|1|o|1|0|0|0| Scroll up 8 raster-rows

| CPU Wait | (1st raster-row of 2nd line displayed at the top)

| Update 1st-line (address O0H to 1BH) character codes in DDRAM || (While 1st I|r1e Is not bglng @splayed but
2nd to 5th lines are being displayed)

| 0|O|0|1|1|o|1|0|0|1| Scroll up 9 raster-rows
| CPU Wait | (2nd raster-row of 2nd line displayed at the top)

| 0|0|O|1|1|0|1|1|1|1| Scroll up 15 raster-rows

| CPU Wait | (8th raster-row of 2nd line displayed at the top)
| 0|O|0|1|1|1|0|0|0|0| Scroll up 16 raster-rows

| CPU Wait | (1st raster-row of 3rd line displayed at the top)

| Update 2nd-line (address 10H to 1BH) character codes in DDRAM

I (While 2nd line is not being displayed but
1st and 3rd to 5th lines are being displayed)

| 0|0|0|1|1|1|o|0|0|1| Scroll up 17 raster-rows
| CPU Wait | (2nd raster-row of 3rd line displayed at the top)

Figure39 Exampleof Setting Instructionsfor Vertical Smooth Scroll
(4-linedisplay (NL1and NLO=11))
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Line-Cursor Display

The HD66717 can assign a cursor attribute to an entire line corresponding to the address counter value by
setting the LC bit to 1 (Table 25). One of three line-cursor modes can be selected: a black-white inverting
blink cursor (B/W = 1), an underline cursor (C = 1), and a blink cursor (B = 1). The blink cycle for a black-
white inverting blink cursor and for a blink cursor is 32 frames. These line-cursors are suitable for
highlighting an index and/or marker, and for indicating an item in amenu with a cursor or an underline.

Figures 40 to 42 show three line-cursor examples.

Table25  Address Counter Valueand Line-Cursor

Address Counter Value (AC) Selected Line for Line-Cursor

OO0H to OBH Entire 1st line (12 digits)

10H to 1BH Entire 2nd line (12 digits)

20H to 2BH Entire 3rd line (12 digits)

30H to 3BH Entire 4th line (12 digits)

40H to 4BH Entire 5th line (12 digits)
HITACHI
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Figure40 Example of Black-White Inverting Blink Cursor (LC =1; B/W =1)

HITACHI

OROO0OE mO0ON0 EOO00O8 OO000 00000 ORCO00 00000 00000 0omoo
OmROO00 mO0CE EO000 CEEEC] SCOEEC EEEOCD SOEE0 CEEEC 0OR00

] OO ONCO0 ENOOE mO00CE OOm0O0
EHODOOOD E00CE R0000 E000E RO000E ONC00 E0000 E00CE OOmo0




HD66717

EOOON 00000 WOl OmO0 OmMO00 00000 OOmO0 00000 00000 00000
ENCEE OOO0O0] mO o o o 00000 00000 00000 00000
EOEOE OO000 m0 HEOO lllI:lI:I I:Illll:l OEEO0 00000 00000 00ood
ECONON OO0O00 M Omo0 Om H mOO0 OOmO0 00000 00000 00000
EOOON OOO00] WO OoEo0 Om |:||:| I:III OOmO00 00000 00000 00000
[ mimim | (W n m] (mimi DIEIDI lI:II:II:Il oomgn 00000 oooad ooooo
EOOON COMEOC EO EERD OO W O CONEND 00000 00000 00000
00000 00000 OOl oooo |:||:||:||:||:| |:||:||:||:||:| 00000 00000 00000 00000
OOmO0 OmOO0 oM m] | Jufimin] | siun] uw 00000 NEEEE OO0000 OmME00

OEm0O0 OOmO0 =0 HOOE COmOCOE OO000 0O 00000 OOmO0 00000 oOmoO
OOom0o0 OOOmc) =0 EHOO0O CEOO0 Om oo 0O 00000 OOEO0 Cle et 000 E 00
OOmO0 OOOOE m0 HOO EERCO OOmO0 B OOO00 OOm00 mOOCOE OOmo0
OOomO0 OOOmcC | 000 OmoOoO0 OOomoo 00000 OONO0 EEEEE 0Om0O0

[mm] wm}
g | | |m]

Ooooo 0000 00000 00000 00000

EIDEIEI BBDEIEI DEIEIEIEI ooooa

0O ooooo 0 00000
EIDEIEI oooao DEIEIDEI 00000
0000 00000 00000 0o0000
ERO0 00000 00000 0oood

EOEEROOO OO0 EIEIEI EIEI O

EmO0 00000 00000 00000
Ooood 0000 oo 00000 00000
EEEEE COmOO0 0000 00000 mO0Cm 00000
I:II:IDII:I I:IDII:ID oo oooo
mO0 000 EERC 0000
ooom 0000
EEEE 0000
OO0 Ooog
EEEO 0000
ENER ENER

Figure4l Exampleof UnderlineCursor (LC=1;C=1)
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Figure42 Exampleof Blink Cursor (LC
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Double-Height Display

The HD66717 can double the height of any desired line from the first to third lines. A line can be selected
by the DL3 to DL1 bits as listed in Table 26. All the standard font characters stored in the CGROM and
CGRAM can be doubled in height, providing an easy-to-see display. Note that there should be no space
between lines for double-height display (Figure 43).

Table26  Double-Height Display Specifications
2-Line Display 3-Line Display 4-Line Display
DL3 DL2 DL1 (NL1,NLO=01) (NL1, NLO = 10) (NL1, NLO =11)
0 0 0 1st & 2nd lines: normal 1st to 3rd lines: normal 1st to 4th lines: normal
0 0 1 1st line: double-height 1st line: double-height 1st line: double-height
2nd line: normal 2nd & 3rd lines: normal
0 1 0 Disabled 2nd line: double-height 2nd line: double-height
1st line: normal 1st & 3rd lines: normal
0 1 1 1st line: double-height Disabled 1st & 2nd lines: double-height
1 0 0 1st & 2nd lines: normal Disabled 3rd line: double-height
1st & 2nd lines: normal
1 0 1 1st line: double-height 1st line: double-height Disabled
2nd line: normal
1 1 0 Disabled 2nd line: double-height Disabled
1st line: normal
1 1 1 1st line: double-height Disabled 1st & 2nd lines: double-height
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:1)

0, DL2

i) 3-line display example (DL1
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Figure43 Double-Height Display Examples
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Partial-Display-Off Function

The HD66717 can program the number of display lines (NL1 and NLO bits), divide the internal operating
frequency by four (OSC bit), and adjust the display contrast (CT bit). Combining these functions, the
HD66717 can turn off the second and/or subsequent lines, displaying only the charactersin the first line to
reduce interna current consumption (partial -display-off function). This function is suitable for calendar or
time display, which needs to be continuous during system standby with minimal current consumption.
Here, the second to fourth non-displayed lines are constantly driven by the deselection level voltage, thus
turning off the LCD for the lines.

Note that internal clock frequency is reduced to a quarter, quadrupling execution time of each instruction;
MPU datatransfer rate must be appropriately adjusted.

Table 27 lists partial-display-off function specifications and Figure 44 shows a sample display using the
partial-display-off function.

Table27  Partial Display Off Function

Function Item Normal 4-Line Display Partially-Off Display
Character display 1st to 4th lines displayed Only 1st line displayed
Segment display Possible Possible

Annunciator display Possible Possible

R-C oscillation frequency 160 kHz 160 kHz

Internal operating frequency 160 kHz (OSC =0) 40 kHz (OSC =1)

LCD single-line drive frequency 2.7 kHz (1/34 duty ratio) 0.7 kHz (1/10 duty ratio)
Frame frequency 78 Hz 66 Hz

Note: Select an optimum LCD drive voltage (between V. and V5) for the multiplexing duty ratio used,
using a reference voltage input pin (Vci) for the booster or the contrast-adjust bits (CT) .
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Figure44 Example of Partially-Off Display (date and timeindicated)
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Sleep Mode

Setting the sleep mode bit (SLP) to 1 puts the HD66717 in sleep mode, where the device halts all the
internal display operations except for annunciator display operations, thus reducing current consumption.
Specifically, character and segment displays, which are controlled by the multiplexing drive method, are
completely halted. Here, al the SEG (SEG1 to SEG60) and COM (COM 1 to COM34) pins output the V ¢
level, resulting in no display. If the AMP bit is set to 0 in sleep mode, the LCD drive power supply can be
turned off, reducing the total current consumption of the LCD module.

Annunciators can be normally displayed in sleep mode. Since they are driven at logic operating power
supply voltage (V. — AGND), they are available even if the LCD power supply is turned off (AMP = 0).
This function allows time and alarm marker indication during system standby with reduced current
consumption.

During sleep mode, no instructions can be accepted for character/segment display and neither DDRAM,
CGRAM, nor SEGRAM can be accessed.

Table 28 compares the functions of sleep mode and standby mode.

Table28  Comparison of Sleep Mode and Standby Mode

Function Item Sleep Mode (SLP =1) Standby Mode (STB = 1)
Character display Turned off Turned off
Segment display Turned off Turned off
Annunciator display Can be turned on Can be turned on when an alternating
signal is supplied to the EXM pin
R-C oscillation Normally operates Halted
HITACHI
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Standby Mode

Setting the standby mode bit (STB) to 1 puts the HD66717 in standby mode, where the device stops
completely, halting all internal operations including the R-C oscillator, thus further reducing current
consumption compared to that in sleep mode. Specifically, character and segment displays, which are
controlled by the multiplexing drive method, are completely halted. Here, al the SEG (SEG1 to SEG60)
and COM (COM4 to COM34) pins output the V c level, resulting in no display. If the AMP bitissetto 0
in standby mode, the LCD drive power supply can be turned off.

Annunciators can be displayed simply by supplying an approximately 40-Hz alternating signal for the LCD
drive signals to the EXM pin externally. If annunciator display is unnecessary during standby mode, the
EXM pin must be fixed to the V. or GND level and the annunciator display-on bit (DA) set to O.

During standby mode, no instructions can be accepted other than those for annunciator display and the
start-oscillator instruction. To cancel standby mode, issue the start-oscillator instruction to stabilize R-C
oscillation before setting the STB bit to O.

Figure 45 shows the procedure for setting and cancelling standby mode.

Turn off the LCD power supply: AMP =0

Set standby mode: STB =1

( | Supply an external alternating signal to the EXM pin |>

] ] ] ] Only for annunciator display;
Standby mode (only annunciator display is available) set the DA bit to 0 when

annunciator display is not necessary.

Issue the start-oscillator instruction

Wait at least 10 ms

Cancel standby mode: STB =0

Turn on the LCD drive power supply: AMP = 1

Figure45 Procedurefor Setting and Cancelling Standby Mode
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Absolute Maximum Ratings*

Item Symbol Unit Value Notes
Power supply voltage (1) V¢ \% -0.3t0 +7.0 1
Power supply voltage (2) Vo~V \% -0.3to +15.0 1,2
Input voltage Vit \Y -0.3to V. +0.3 1
Operating temperature Topr °C —-30to +75

Storage temperature Tyq °C -551t0 +110 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 LS| will
malfunction and cause poor reliability.
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DC Characteristics (V.. = 2.4V to 5.5V, T, =-30to +75°C*?)

Item Symbol Min Typ Max Unit Test Condition Notes*
Input high voltage VIH 0.7Vee — Ve \Y 6
Input low voltage VIL -0.3 — 0.15V.. V Voo =2.41t0 3.0V 6
-0.3 — 0.6 \Y, Ve =3.0t0 5.5V
Output high voltage (1) VOH1 0.75V,. — — \% loy =—0.1 mA
(DBO-DB7 pins)
Output low voltage (1) VOL1 — — 0.2V, V lo, =0.1 mA
(DBO-DBY pins)
Output low voltage (2) VOL2 — — 0.2V, V Ve = 2.4 10 4.5V 7
(SDA pin) lop = 0.4 mA
— — 0.4 \Y, Ve =4.5t05.5V
lo. =1.0 MA
Driver ON resistance Ry, — 2 20 kQ *ld = 0.05 mA (COM) 8
(COM pins) VLCD =4V
Driver ON resistance R — 2 30 kQ +ld = 0.05 mA (SEG) 8
(SEG pins) VLCD =4V
I/O leakage current I, -1 — 1 HA Vy=0to V. 9
Pull-up MOS current  —Ip 10 50 120 A Ve =3V
(RESET* pin) Vin = 0V
Current consumption |, — 30 60 HA R; oscillation, 10, 11
during normal external clock,
operation (V..—GND) Ve = 3V, fose = 160 kHz,
1/34 duty
Current consumption  Ig — 25 — HA R; oscillation, 10, 11
during sleep mode external clock,
(V.c—GND) Vee = 3V, fose = 160 kHz
Current consumption I — 0.1 5 HA No R;oscillation, 10,11
during standby mode Ve =3V, Ta=25°C
(Vcc—GND)
LCD power supply lee — 25 60 HA Vee—Vee = 8V,
current (Vec—Vee) fosc = 160 kHz
VREF-VREFM: short-
circuited
LCD voltage with VLCD1 3.0 — 13.0 \% V2-V3 short-circuited 12
1/4 bias (Vee—Vee)
LCD voltage with VLCD2 3.0 — 13.0 \% VV2-V3 open 12

1/6 bias (Voc—Vee)

Note: *
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Booster Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*
Output voltage VUP2 8.0 8.8 — \Y, V. =Vci=4.5YV, 15
(V50UT2 pin) l,=0.1mA, C=1yF,

fosc = 160 kHz, T, = 25°C
Output voltage VUP3 7.0 7.9 — Y, V. =Vei =27V, 15
(V50UT3 pin) l,=0.1mA, C=1pF,

fosc= 160 kHz, T, = 25°C
Input voltage VCi 1.0 — 5.0 \Y, Vei < Ve 15

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. = 2.4V to 5.5V, T, =-30to +75°C*?)

Clock Characteristics (V- = 2.4V t0 5.5V)

Item Symbol Min Typ Max Unit Test Condition Notes*
External External clock frequency 20 160 350 kHz 13
clock  Eyternal clock duty ratio  Duty 45 50 55 %
operation —

External clock rise time o — — 0.2 ps

External clock fall time ep — — 0.2 Hs
R, Clock oscillation frequency foqc 120 160 200 kHz R; =150 kQ, 14
oscillation Vee =3V
Note: * Refer to the Electrical Characteristics Notes section following these tables.

Read & Write BusInterface Timing Characteristics with Read Operation (V. = 2.4V to 4.5V)

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time teyee 1000 — — ns Figures 52
Enable pulse width (high level) PW.,, 450 — — and 53

Enable rise/fall time e e — — 25

Address set-up time (RS, R/W to E) tas 60 — —

Address hold time tan 20 — —

Data set-up time tosw 195 — —

Data hold time ty, 30 — —

Read data delay time toor — — 400 ns Figure 53

Read data hold time tonr 5 — —

Read & Write BusInterface Timing Characteristics with Read Operation (V. = 4.5V to 5.5V)

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time tevee 500 — — ns Figures 52
and 53
Enable pulse width (high level) PW,, 230 — —
Enable rise/fall time te e — — 20
Address set-up time (RS, R/W to E) tas 40 — —
Address hold time tan 30 — —
Data set-up time tosw 80 — —
Data hold time ty 30 — —
Read data delay time toor — — 200 ns Figure 53
Read data hold time tonr 5 — —
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Write Bus I nterface Timing Char acteristics without Read Operation (V. = 2.4V t0 5.5V)

Item Symbol Min Typ Max Unit Test Condition
Enable cycle time tevee 500 — — ns Figure 52
Enable pulse width  V..=2.41t03.0V P, 200 — —
(*High” level) Vo=30t055V P, 150  — —
Enable rise/fall time te, te — — 20
Address set-up time (RS, R/W to E) tas 60 — —
Address hold time tan 20 — —
Data set-up time tosw 140 — —
Data hold time t,, 30 — —
Clock-Synchronized Serial Interface Operation (V. = 2.4V t0 5.5V)
Item Symbol Min Typ Max Unit Test Condition
Serial clock cycle time tseve 1 — 20 us Figure 54
Serial clock high-level width tecn 400 — — ns
Serial clock low-level width tscL 400 — —
Serial clock rise/fall time toer tser — — 50
Chip select set-up time tesu 60 — —
Chip select hold time ten 200 — —
Serial input data set-up time tsisu 200 — —
Serial input data hold time tom 200 — —
1°C bus Interface Operation (V . = 2.4V to 4.5V)
Item Symbol Min Typ Max Unit Test Condition
SCL clock cycle time tscL 2 — 20 ps Figure 55
SCL clock high-level width tscn 500 — — ns
SCL clock low-level width tscLL 1000 — —
SCL/SDA riseffall time ts, ts — — 300
Bus free time taur 140 — —
Start hold time toran 500 — —
Retransmit start set-up time toras 500 — —
Stop set-up time tsros 500 — —
SDA data set-up time tspas 140 — —
SDA data hold time tspan 0 — —
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12C bus Interface Operation (V. = 4.5V t0 5.5V)

Item Symbol Min Typ Max Unit Test Condition

SCL clock cycle time tecL 2 — 20 ps Figure 55

SCL clock high-level width tsen 500 — — ns

SCL clock low-level width tect 1000 — —

SCL/SDA riseffall time ton tg — — 300

Bus free time teur 100 — —

Start hold time toran 500 — —

Retransmit start set-up time teras 500 — —

Stop set-up time tsros 500 — —

SDA data set-up time tepas 100 — —

SDA data hold time tepan 0 — —

Reset Timing (V- =24V t055V)

Item Symbol Min Typ Max Unit Test Condition

Reset low-level width tres 10 — — ms Figure 56
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86



HD66717

Electrical Characteristics Notes

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

Vee2V12V22V32V42V5> Ve must be maintained.

For die products, specified at 75°C.

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

The following four circuits are I/O pin configurations except for liquid crystal display output (Figure
46).

a bk~ w DN

Pins: E/SCL, RS/CS*, Pins: RESET* Pins: RW/SDA
0SC1, IM1/0, SFT, TEST
OPOFF
Vee Vee Vee Vee
PMOS
PMOS 7;‘@ 1—“? PMOS (pull-down MOS) 1—‘@ PMOS
NMOS
NMOS (pull-up MOS) \—{ NMOS }—L \—‘ NMOS
ACK
GND GND GND GND

Pins: DB7-DB0/IDO

Vee Vee
(Input circuit)

(pull-up MOS) PMOS PMOS

-I } < Input enable
PMOS
<

m : Input enable

Vec  (Tri-state output circuit)

NMOS
PMOS »— < Output enable
GND — Output data
NMO \\TOQ—w
GND

Figure46 1/0O Pin Configurations
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6. The TEST pin must be grounded and the ID5to IDO, IM1, IMO, SFT, EXM, and OPOFF pins must be
grounded or connected to V .

7. Appliesto the ACK bit for I°C businterface.

8. Appliesto resistor values (RCOM) between power supply pinsV ., V10OUT, V40OUT, V50UT and
common signal pins (COM1 to COM32, COMS1, and COMS2), and resistor values (RSEG) between
power supply pins V., V20UT, V30UT, V50UT and segment signal pins (SEG1 to SEGE0).

9. Thisexcludes the current flowing through pull-up MOSs and output drive MOSs.

10. This excludes the current flowing through the input/output units. The input level must be fixed high or
low because through current increasesif the CMOS input is left floating.

11. The following shows the relationship between the operation frequency (fosc) and current consumption
(Icc) (Figure 47). The HD66717 isanormal current-consumption version, and the HD66717L is alow
current-consumption version in the LCD power supply.

1
Display on (typ.)

/al eep (typ.)

Standpy (typ.)

Vce =3V
1/34
40 duty—
gj./2t6 A
uty |y
230 118 | 4
2 duty—¥ A
0 20 *é/]{O \* // H
O uty v/
10 !
//
/ .
0 T
0 50 100 150 200 250

CR oscillator frequency

i) HD66717 (Standard Version)
Vce =3V
VREF':VREI—lP Sho:rt-circuzited I ‘

VREF left disconnected
‘ . VREF=VREFP=VRERM

80

‘_ Short-circuited

—~ 60 .
gl Wy
w40 / / /]
= L/ VREF-VREFM
_________ A R, Su— E— Short-circuited
w1/ p
24 -

0

3 4 5 6 7 8 9 10 11

Liquid crystal drive voltage : VLCD (V)

i) HD66717L (Low-Current-Consumption Version)

Vce =3V
~~
P
3 40 F-mmm e
w VREF=VREFP VREF=VREFP=VRERM
[} Short-circuited VREF— Short-circuited —

pen-circuited | |

I
VREF-VREFM
Short-circuited

VAV v V4.

10

8
NS

0

LCD Drive Current :

3 4 5 6 7 8 9 10 11
Liguid crystal drive voltage : Vcc—Vee (V)

Figure47 Relationship between the Operation Frequency and Current Consumption

12. Each COM and SEG output voltage is within £0.15V of the LCD voltage (V ., V1, V2, V3, V4, V5)
when thereis no load.
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13. Appliesto the external clock input (Figure 48).

Oscillator —

Open—

0OsC1

0sC2

0.7Vee
0.5Vee
0.3Vee

y Duty = X 100%

Th+TI

—
trep ticp

Figure48 External Clock Supply

14. Appliesto the internal oscillator operations using oscillation resistor R; (Figure 49).

Ry

:

0OSC1 Since the oscillation frequency varies depending on the OSC1 and
OSC2 pin capacitance, the wiring length to these pins should be

0SC?2 minimized.

Referential data

200 |
160 \\
150 ; 3
’E‘ : \\
~ \
~ 100 : \\
8 : L Vee=5V (typ.)
; Vee=3V (typ) [—~F—
50 : —
0 5
100 200 300 400 500 600 700 800
Rt (kQ)

Figure49 Internal Oscillation
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15. Booster characteristics test circuits are shown in Figure 50.

( Double boosting )

F

Vee

o
o T3

V50UT2

( Triple boosting )

F

1uF
+
'LlpF
I

V50UT3—

VEe
GND
L

4

Vee Vi
C1l ]
1pF
col—T+
V50UT2
1 o
I+
V50UT3 >
- 1pF
I+
GND VEe
L

90

Figure50 Booster
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Referential data

VUP2 = Vee— VBOUT2  VUP3 = Ve — V50UT3

(i) Relationship between the obtained voltage and input voltage

Double boosting Triple boosting
11 15 )
10 oP- 14 P
13
9 12 v
g O S /
o [
g 6 / % 9 7
S 8
5 7
4 6
2.0 3.0 4.0 5.0 20 3.0 4.0 50
Vci (V) Vei (V)
Vi = Ve, fop = 160kHz, Ta = 25°C Vei = Vcc, fep = 160kHz, Ta = 25°C

(i) Relationship between the obtained voltage and temperature

Double boosting Triple boosting

9.5 8.5
9.0
: typ. 8.0 j | typ.
S 85 : < 3
< | = 75 ‘
o | Y |
) : ‘
. ; 2 ‘
> 80 ; S 70 ]
75 ! 65
-60 20 0 20 60 100 60 20 0 20 60 100
Ta(°C) Ta(°C)
Vei = Ve = 4.5V, Ry = 180kQ, Vei = Ve = 2.7V, Ry = 150kQ,
lo=0.1mA lo = 0.1mA
(iii) Relationship between the obtained voltage and capacitance
0.0 Double boosting Triple boosting
’ typ. 8.0 typ.
8.5
75
S S
g 80 £ 7.0
2 s
7.5 6.5
70 95 1.0 15 6.0 55 1.0 15
C (uF) C (uF)
Vci = Ve = 4.5V, Ry = 180kQ, Vei = Vee = 2.7V, R = 150kQ,
lo= 0.1mA lo=0.1mA

Figure50 Booster (cont)
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(iv) Relationship between the obtained voltage and the load current.

Double boosting Triple boosting
9.0 8.0
8.57\ 701
80 6.0
> : — !
NEA typ. < 50p typ.
o ! o :
g 7.0 ! g 4.0 :
6.5 3.0
6.0" 20"
0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 15 2.0
Io (MA) lo (MA)
Vi = Ve = 4.5V, Rf = 180 kQ Vci =V = 2.7V, Rf = 150 kQ
Ta = 25°C Ta=25°C

Figure50 Booster (cont)

Load Circuits

AC Characteristics Test Load Circuits

Data bus : SDA

Test Pointo

50 pF —

Figure51 Load Circuit
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Timing Characteristics

RS

R/W A\

><*VIH
CVIL

VIR
VIL

A

N _VIL

+ VIL

PWEH

ZZVIH
VIL -

VIH*X
VL

A

- DB7

A VIL
ter tef
tpsw tH
—DB7 VIL VIL
tevee
Figure52 BusWrite Operation
XLVIH VIH
RS L VIL VIL
< AS S LA
i/ N
RIW / VIH VIH \
< PWen - | ta -
4 ) /
E VIL 7/ VIH VIH x(VIL 7~ VIL
> < Er ey <
tpbr
DBO VOH1
VOL1

i

Figure53 BusRead Operation
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Start: S End: P
*
€S VIL
tscyc
tsch _tser  towe tcH
VIH VIH - VIH
SCL VIL
tsiH
VIH
SDA Valid data Valid data
L VIL
Figure54 Clock-Synchronized Serial Interface Timing
Stop: P Start:S Restart : Sr
VIH A viH VIHYL \viH
SDA
- ViU - VIL
;BU%
tsTAH B tstas tsTops |
XYvw L Mvw [T VIH [vin
scL S
VILp v/ VILJ
tst ||tscLL

94

Figure55 12C BusInterface Timing
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trRES

*
RESET VIL VIL

Figure56 Reset Timing
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Cautions

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

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

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

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

. Thisproduct is not designed to be radiation resistant.

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

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