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Revision History

NT7607 Specification Revision History
Version Content Date
1.0 Released Oct 2006
2.0 Add ROM code table of D0O6. Dec 2006
2006/12/07 3 Ver2.0
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Features

W Single-chip LCD controller / driver
- 26 common outputs
- 80 segment outputs
B Applicable display panel
- 2-line x 16 characters + 80 icons (1/17 duty)
- 3-line x 16 characters + 80 icons (1/25 duty)
W5 x 7 character format plus cursor; 5 x 8 for user defined symbols
B Character Generator ROM (CGROM)
- 10,240 bits (256 characters x 5 x 8 dots)
- Custom CGROM is also available
B Character Generator RAM (CGRAM): 320 bits (8 characters x 5 x 8 dots)
W Display Data RAM (DDRAM): 512 bits (16 characters x 4 lines x 8)
B Segment Icon Ram (ICONRAM): 80 bits (80 icons)
W Versatile functions provided on chip: Return home, Display control, Power save, Power control, etc.
B COM / SEG bi-directional (4-type LCD application available)
B On-chip oscillator requires no external components (external clock also possible)
W 2X / 3X DC-DC converter generation of LCD supply voltage
B Voltage regulator with electronic volume for contrast control (32 steps)
W \oltage follower & bias circuit
W Very low current consumption (VDD, VDD2 = 3.0 V):
- Sleep mode: <5 pA
- Normal mode: < 80 YA
B Power supply voltage: VDD=1.8~3.6V, VDD2 = 2.4~3.6V
W Display supply voltage range (VLCD =V0 - VSS): VLCD=4.0:t0-7.0.V
W 80/ 67 Hz frequency selection of frame rate
B No busy check or.no-execution waiting time
W 4-bit or 8-bit parallel.bus: 6800 and 8080
W Serial-interface: 3-wire / 4-wire SPI
B CMOS process
B Available-in COG form

General Description

The NT7607 is a low power CMOS LCD controller and driver designed to drive a dot matrix LCD display
of 2-line or 3-line by 16 characters with 5 x 8-dot format. All necessary functions for the display are
provided in a single chip, including on-chip generation of LCD bias voltages, resulting in a minimum of
external components and lower system current consumption. The NT7607 interfaces to most
micro-controllers via a 4-bit / 8-bit parallel bus or via the 3SPI / 4SPI serial interface. The chip contains a

character generator and displays alphanumeric character.
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— CL

SEG1 SEG80 COMS1 COM1 COM24 COMS2
A A A A A A
LCD Poyver.SuppIy LCD Driver >
Circuit > Voltage Segment Driver p»| Common Driver
CAP1+ = Selector
CAP1- < Voltage Converter y
CAP2+ < 1 i
CAP2- <
VouT . > 80 bits Latch Circuit 25 bits Shift Register
e < > Voltage Regulator f A
VR >
IRS > 80 bits Shift Register
f Timing Generator
Vi < . Voltage Follower
V2 « ‘ &_ . A
V3 « _| Bias Resistor
V4 < >
C86 - 78£> - Instruction Oscillator
N Instruction Decoder
fcs i Register t
RS Istaerr?gitle (IR) Address Counter
/WR (RIW > AC
RD EE) ) | 4-bit/8-bit ( Y )
g 781’ Data 7 4
Register +p Diplay Data RAM
DR DDRAM
D7 (Sl) “+—1=* Serial ER) 5 1, (512 bits)
| | 'nterface |- | Data Output
D6 (SCL)-+—— Register | ¥YY 8 >
(OR) 5] 54 8
D5~D4 < >
Input buffer v¢ v ; v ¢ v
D3-DO <« _ con Character Character Cursor
P/S —— RAM Generator Generator and
PI (ICONRAM) RAM ROM Blink
—> 80 bits (CGRAM) (CGROM) controller
/IRES 320 bits 10240 bits
VDD — 5 5
vss D A | 4 y y
VDD2 =t |
VSS2 — Segment Data Converter
* F
TEST DIRS
2006/12/07 6

Ver 2.0

With respect to the information represented in this document, Novatek makes no warranty, expressed or implied, including the warranties of merchantability, fitness
for a particular purpose, non-infringement, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any such information.



e
@ NGVATEK NT7607

Pad Descriptions

Power Supply

Pad No. | Designation | I/O Description
25, 26 VDD P | 1.8 ~ 3.6 V power supply input for digital circuit
30, 31 VSS P | Digital ground
L5, ;321 66, VDD O | 1.8~ 3.6V power supply output for pad option
3,8, 63, 69 VSS O | Ground output for pad option
27~29 VvDD2 P | 2.4~ 3.6V power supply input for analog circuit
32~34 VSS2 P | Analog ground
LCD driver supply voltages. The voltage determined by.LCD cell
is impedance-converted by a resistive driver or.an operation
amplifier for application. Voltages should be‘the following
43, 44 VO relationship: VO > V1 >V2 > V3 > V4>VSS2
41 42 V1 When the on-chip operating, powercircuit.is on, the following
' voltages are given to V1to V4 by the-on-chip power circuit.
39, 40 V2 P | Voltage selection'is performed by the Set L.CD Bias instruction.
V3
37,38 LCD bias Vi V2 V3 V4
35, 36 V4
1/4 bias 3/4 VO 2/4 VO 1/4 V0
1/5 bias 4/5 V0 3/5V0 2/5V0 1/5V0

LCD Driver Supply

Pad No.” | Designation | I/O Description
55~57 CAP1- O | Capacitor 1- pad for internal DC/DC voltage converter
58~60 CAP1+ O | Capacitor 1+ pad for internal DC/DC voltage converter

49~51 CAP2- O | Capacitor 2- pad for internal DC/DC voltage converter
52~54 CAP2+ O | Capacitor 2+ pad for internal DC/DC voltage converter
46~48 VOUT I/O | DC/DC voltage converter output.
Voltage adjustment pad. Applies voltage between VO and VSS
45 VR | : e )
using a resistive divider.
2006/12/07 7 Ver 2.0
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System Bus Connection Pads

Pad No. |Designation | I/O Description

This terminal selects the resistors for the VO voltage level adjustment.
IRS = “H", Use the internal resistors

62 IRS || IRS =“L”, Do not use the internal resistors

The VO voltage level is regulated by an external resistive voltage divider
attached to the VR terminal.

External clock input.

It must be fixed to “H” or “L” when the internal oscillation circuit is used.
In case of the external clock mode, CL is used as the clock and OS bit
should be OFF.

Interface data length selection pin for parallel data input
68 PI I | PI="L" 4-bit data input mode.
Pl = “H": 8-bit data input mode.

65 CL I

This is the MPU interface switch terminal.
70 C86 [ C86 = “L": 8080 Series MPU interface.
C86 = “H": 6800 Series MPU interface.

This is the parallel data input/serial data input-switch terminal.

P/S =*“L": Serial data input.

P/S = “H": Parallel-4-bit /-8-bit data-input.

When P/S =£L"/D0 to D5 are'HZ. DO.to D5 may-be “H™>or “L" /RD (E)
and 'WR (R/W) are fixed to either*H” or “L": With serial data input, RAM
display data reading is not supported:

67 P/S I

SEG direction selection input
64 DIRS | \DIRS =“L"; SEG1, SEG2, = SEG79, SEG80
DIRS = “H":"SEG80,SEG79, - SEG2, SEG1

This\is the\chip select signal.
7 ICS I | When/CS = "“L", then the chip select becomes active, and
data/instruction 1/O is enabled

When /RES is set to “L”", the settings are initialized.

71 /RES ! The reset operation is performed by the /RES signal level.

When connected to an 8080 Series MPU, it is low active. This pad is
/ connected to the /RD signal of the 8080 MPU, and the NT7607 data
6 RD | bus is in an output status when this signal is “L".

E
5 When connected to a 6800 Series MPU, this is active HIGH. This is
used as an enable clock input of the 6800 series MPU.

When connected to an 8080 Series MPU, this is low active. This
terminal connects to the 8080 Series MPU /WR signal. The signals on
AWR the data bus are latched at the rising edge of the /WR signal.

4 (RIW) | | When connected to a 6800 Series MPU: This is the read/write control
signal input terminal.

R/W = “L": Write.

R/W = “H": Read.
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System Bus Connection Pads (continued)

Pad No. Designation| I/O Description

Register selects signal input.

2 RS | | RS ="L": selects the instruction register

RS = “H": selects the data register

When 8-bit bus mode (P/S = “H” and Pl = “H"), DO ~ D7 are used as

bi-directional data bus that connects to an 8-bit MPU data bus.

When 4-bit bus mode (P/S = “H” and Pl = “L”), D4 ~ D7 are used as
24~17 DO ~ D3 bi-directional data bus that connects to a 4bit MPU data bus. And in
16~13 D4 ~ D5 o, this case DO ~ D3 pins are not used and must always be fixed “H” or
11,12 D6 (SCL) “L.

9,10 D7 (SI) When the serial interface is selected (P/S = “L"), then D7 serves as

the serial data input terminal (SI) and D6 serves as the serial clock
input terminal (SCL). At this time, DO to D5 are must always be fixed
“H” or “L". When the chip select is inactive, DO to D7 are.setito HZ.

System Bus Connection

Pad No. Designation| I/O Description
89~168 | SEG1 ~80 | O | Segment signal output for LCD display
1;2:?23 COM1 ~24 | O | Common signal output for LCD display.
74 171 COMS1, o Common signal,output for icon displgy o
! COMS2 COMS1 and-COMS2 are the same signal, but name is different.
Dummy Pads
Pad No. |Designation . 1/O Description
87 Dummyl >
88 Dummy?2 X
169 Dummy3 - | Dummy pads. No connection for user.
170 Dummy4 -
184 Dummy5 -
Test Pad
Pad No. Designation| I/O Description
73 TEST | | Test pad. No connection for user.
2006/12/07 9 Ver 2.0
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Functional Descriptions

Microprocessor Interface

NT7607 has two kinds of interface type with MPU: parallel mode, serial mode. Parallel or serial mode is
selected by P/S pad. In parallel mode, 4-bit data bus or 8-bit data bus is selected by PI pad, and 6800 or
8080 MPU mode is selected by C86 pad.

Interface type selection

The NT7607 can transfer data via 4-bit bi-directional data bus (D7 to D4) / 8-bit bi-directional data bus
(D7 to DO) or via serial data input (SI).
When high or low is selected for the parity of P/S pad, either 4-bit/ 8-bit parallel data input or serial data
input can be selected. When serial data input is selected, the RAM data cannot be read out.

Table 1. Parallel or Serial MPU Interface according to P/S

p/s [cs6 | PI Type ics | rs |/ (Fé[)) (Q’VAE) D7 | D6 | D5, D4 |D3 to DO
L L - 3-wire SPI ICS - - - S| |SCL - -
H - 4-wire SPI ICS RS - - SI_|SCL 5 -
L L | 8080 series 4-bit | /CS RS /RD | WR D7 to D4 -
H L H | 8080 series 8-hit | /CS RS /IRD | Y"WR D7 to DO
H L | 6800 series 4-bit | /CS RS E R/W D7 to-D4 -
H H | 6800 series 8-bit | /CS RS E RW D7 to DO

Note: “-“ must always be fixed “H”/or “L".
Parallel Input (P/S is high)
When the NT7607)selects parallel input (P/S = high),“the 4-bit or 8-bit parallel input mode can be
selected by causing the Pl'pad to go-high-or-low.

When the NT7607 selects parallel input (P/S = high), the 8080 series microprocessor or 6800 series
microprocessor can be selected by causing the C86 pad to go high or low.
The NTF7607 identifies the data bus signal according to RS, /RD (E) and /WR (R/W) signals.

Table 2. Parallel Interface Read/Write Status

C86 1 0
Control | 6800 processor | 8080 processor Function

RS E R/W /IRD /WR
0 1 1 0 1 Reads status
0 1 0 1 0 Writes instruction data
1 1 1 0 1 Reads display data
1 1 0 1 0 Writes display data

2006/12/07 10 Ver 2.0
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Serial Interface (P/S is low)

When the serial interface has been selected (P/S = “L") then when the chip is in active state (/CS = “L”")
the serial data input (SI) and the serial clock input (SCL) can be received. The serial data is read from
the serial data input pin in the rising edge of the serial clocks D7, D6 through DO, in this order.

At the rising edge of the 8th serial clock, the serial data (D7 — D0) is converted into 8 bit bus mode data.
The RS input of the DR/IR selection is latched in the rising edge of eighth serial clock (SCL) for the
processing.

/ICS \
sior) __ /////X o7 Xos X s X pa X p3 X o2 X b1 X po X b7 X b6 X b5 X
e EakakakaEalnisRaRaRaRal

RS

Figure 1. Diagram of 4-wire Serial Data Transfer

ICS \

siony  /////X rs X b7 X6 X b5 X o4 X ps Xp2. ‘X o1 X 0o X Rs X D7><:
SCL (D6)

Figure 2. Diagram-of . 3-wire Serial Data Transfer

Note:

1..When the chip’is not active; the shift registers and the counter is reset to their initial states.

2. Reading is not pessible while in serial interface mode.

3. Caution is required-on the-SCL signal when it comes to line-end reflections and external noise.
We recommend the operation be rechecked on the actual equipment.

Chip Select Inputs

The NT7607 has one chip select pads. /CS can interface to a microprocessor when /CS is low . When
this pads are set to high, DO to D7 are high impedance and RS, /RD (E), /IWR (R/W) inputs are disabled.

2006/12/07 11 Ver 2.0
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Registers

The NT7607 has three 8-bit registers, an Instruction Register (IR), and Data Register (DR) and an
output data register (OR).

During writing operation, the Register Select signal (RS) determines which register will be accessed.
The instruction registers stores instruction codes and address information for the Display Data RAM
(DDRAM), Character Generator RAM (CGRAM) and Segment Icon RAM (ICONRAM).

During reading operation, output data register (OR) is used. The output data register temporarily stores
data to be read from the DDRAM, CGRAM and ICONRAM and one of these RAM are selected by RAM
address setting instruction. After RAM address setting, first reading is a dummy cycle in 8-bit bus mode.
The valid data comes from second reading. In 4-bit bus mode, after RAM address setting, first and
second reading is dummy cycles. The valid data comes from third reading. The dummy read make the
address counter (AC) increased by 1.So it is recommended to set address again before writing, The
instruction read cycle is not supported and it is regarded as a no operation cycle.

In 4-bit bus mode, it is needed to transfer 4-bit data (through D7~ D4) by two times .The high order bits
(for 8-bit mode D7~D4) are written before the low order bits (for 8-bit mode D3~DO0) in-write and low
order bits (for 8-bit mode D3~DO0) are read before the high order bits (8-bit mode'\ D3~D0), in-read
transaction. The DO~D3 pins are fixed “H” or “L” in this 4-bits bus mode. After /RES resets; NT7607
considers first 4-bit data from MPU as high order bits.

Pl

ces /
s\
RS /

RIW / \
A GV AR vy A A
R7~00_/////1/X_ NI L/ TIX XL Kwa XL XL/

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 3. Diagram of 8-bit Parallel Bus Mode Data Transfer (6800 MPU Mode)
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RS /
e T\ N a—
JRD S\ S
o7-00_///////X X////X/////////XTX// s N //LIK XL/

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 4. Diagram of 8-bit Parallel Bus Mode Data Transfer (8080 MPU Mode)

Pl

C86

ICS

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 5. Diagram of 4-bit Parallel Bus Mode Data Transfer (6800 MPU Mode)

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 6. Diagram of 4-bit Parallel Bus Mode Data Transfer (8080 MPU Mode)
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Address Counter (AC)

The address counter assigns addresses to the DDRAM CGRAM and ICONRAM for reading and writing
and is set by the instructions ‘CGRAM address set’, ‘DDRAM address set’ and ICONRAM address set'.
After a read/write operation, the address counter is automatically incremented by 1.

The address counter content are only one and stores the address among DDRAM / CGRAM /
ICONRAM.

Display Data RAM (DDRAM)

The DDRAM stores up to 64 characters of display data represented by 8-bit character codes. DDRAM
address is set in the address counter (AC) as a hexadecimal number.
1st Character 16rn Character

COM1 ~ COMS8 |OO|01|02|03|04|05|06|O7|08|09|OA|OB|OC|OD|OE|OF|

COM9~COM16|10|11|12|13|14|15|16|17|18| 19|1A|lB|1C|1D|1E|1F|

Hidden Line |20|21|22|23|24|25|26|27|28| 29|2A|ZB|ZC|2D|2E|2F|
Hidden Line 30|31|32|33|34|35|36|37|38|39|3A|SB|SC|3D|3E|3F
SEG1 SEGS80

(1) 2-Line. mode DDRAM Address

1st Character 16ry Character

COM1 ~COM8|00|01|02|03|O4|05|06|07|08|O9|OA|OB|OC|OD|OE|OF|

COM9 ~COM16| 10|11|12|13|14|15|16|17|18| 19|1A|1B|1C|1D|1E|1F|

COM17~COM24| 20|21|22|23|24|25|26|27|28|29|2A|2B|2C|2D|2E|2F|

Hidden Line 30|31|32|33|34|35|36|37|38|39|3A|33|3C|3D|3E|3F
b A

A

SEG1 ) SEG80
(2) 3-Line mode DDRAM Address

Figure 7. DDRAM Address

Character Generator ROM (CGROM)

The Character Generator ROM generates 256 character patterns in a 5 x 8-dot format from 8-bit
character codes. The CG bit of the instruction table selects the 8 characters (OOH ~ 07H) of CGROM or
CGRAM. Table 3 shows the character set that is currently implemented.

User can define self-CGROM through changing MASK ROM.
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Character Generator RAM (CGRAM)

CGRAM has up to 5 x 8 dot 8 characters. By writing font data to CGRAM, use defined character can be
used. CGRAM can be written regardless of CG bit.

Table 4. Relationship between CGRAM addresses data and display patterns

Character codes DD / CGRAM address CGRAM data (example)

(DDRAM data) Pattern
Higher Or.der Lower | Higher Or_der Lower Character Character No.
bits bits patterns code

D7 D6 D5 D4 D3 D2 DI DO|A6 A5 A4 A3 A2 Al ADJ4 3 2 1 04 3 2 1 0
0 0 0 0 0 0 0 OfJ]1 o o 0O 0 O O 0 1 0 1 O
0 0 1 1 0 1 0 1
0 1 0 0 1 0 1 0
(00H) 0 1 1 1 0o 1 o 1 |[Pattern
1 0 0 0 1 0 1 0 0
1 0 1 1 0 1 0 1
1 1 0 0 1 0 1 O
11 1 1 0 1 0 1
0o 0o 0 0 0 0 0 1[]1 o o 1 0 0 O 0 0 0 0 O
0 0 1 1 1 1 1 1
0 1 0 0 0 0 0 O
(01H) 0o 1 1 1 1 1 1 1 |Pattern
1 0 0 0 0 0 0 O 1
1 0 1 1 1 11 1
1 1 0 0 0°0\ 0.0
11 1 10 101 \1
0o 0 0 0 0 0O 1 O]1 0o 1 O0 0 O O 0, 1.0 “1 0
0 0 1 0\\1 0 1 0
0 1 0 01 0 I\0
(02H) 0 1 1 o 10 1.0 |Pattern
1 0~ 0 0.7 0.1 "0 2
UL\ 0))1-0 1 ©
1 1,0 0<1\\01 0
11 v 0 10 1 0
0o 0 0 0 0 O 1 1] 1 _o//1 1 jj0—0 O 0 1 1 1 0
0 0 1 1.0 1 0 1
0 1\ 0 1 1 0 1 1
(03H) 01\ 1 1 0o 1 o 1 |[Pattern
1  0,\\0 0 1 1 1 0 3
1.0 1 1 1 1 1 1
11 o0 11 1 1 1
11 1 1 1 1 1 1
0 \0.0..0. 0 1 o0.0]1, 2,0 0 0 0 O 1 1 0 1 1
0 0 1 1. 0 0 0 1
0 1 0 0 0 0 0 O
(04H) 0 1 1 1 0 o o 1 |[Pattern
1 0 0 1 1 0 1 1 4
1 0 1 11 1 1 1
1 1 0 11 1 1 1
11 1 1 1 1 1 1
0 0 0 0 0 1 0 1]1 12 o 1 o0 0 O 1 1 1 1 1
0o 0 1 1 1 1 1 1
0 1 0 0 0 0 0 O
(05H) 0 1 1 o o o o o |Pattern
1 0 0 11 1 1 1 5
1 0 1 1 1 1 1 1
1 1 0 0 0 0 0 O
11 1 0 0 0 0 0
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Table 4. Relationship between CGRAM addresses data and display patterns (Continued)

Character 83355 (DDRAM DD / CGRAM address CGRAM data (example)

. Order . Order Character Character Pattern
Higher . Lower | Higher . Lower No.
bits bits patterns code

D7 D6 D5 D4 D3 D2 DI DO|A6 A5 A4 A3 A2 Al A0O|[4 3 2 1 0|4 3 2 1 0
0o 0 0o 0 0 1 1 of1 1 1 0 0 O O 0 0 1 1 0
0o o0 1 0 0 1 1 0
0 1 0 0 0 1 1 0
(06H) 0 1 1 o o 1 1 o |Pattern
1 0 0 0 0 1 1 0 6
1 0 1 0 0 1 1 0
1 1 0 0 0 1 1 0
11 1 0 0 1 1 0
o o o o 0 1 1 1]1 1 1 1 0 o0 O 0 0 0 0 O
0o 0 1 10 0 0 1
0 1 o0 [ 1 1 0 1 1
(07H) 0o 1 1 1 0 o o 1 |Pattern
1 0 0 0 0 0 0 O 7
1 0 1 1 0 0 001
1 1 0 ‘ 110 1-1
11 1 N 174 1.1 1

Segment ICON RAM (ICONRAM)

The ICONRAM has segment control data and segment pattern'data. COMS1 and COMS2 are the same
signals, but the name is different. The number of icons is 80.

.__.,_Avl" ‘EE—LF COMS 1
SIESI== L JE=IEsiEs
S B HE
Eges -EEI:E]E]
HE S N
EBES -EEI:E]E]
e B
RS -E]E]E]:—
COMS 2 % B V—EEI—?—I;
n n 00 o0 Heowow oy
Figure 8. Relationship between ICONRAM and Icon Display
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Table 5. Relationship between ICONRAM addresses data and display patterns

ICONRAM address ICONRAM Bits
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
00H i i i S1 | s2 | s3 | s4a | s5
01H i i i S6 | s7 | s8 | s9 | si0
OEH - - - | s71 | s72 | s73 | s7a | s75
OFH - - - | s76 | s77 | s78 | s79 | s80
Note: “-” Don'’t care.
Oscillator

The on-chip oscillator provides the clock signal for the display system. No external components are
required and the CL pad must be connected to “H” or “L” when the internal oscillation circuit is used.
In case of the external clock mode, CL is used as the clock and OS bit should be OFF.

Frame frequency (Frame Frequency Select Bit OFF)
® 1/17 Duty (2-line mode)

le— 1-line selection period
1 2| ----- |16|17|1|2| ----- |16|17|1|2| ----- |16|17|1|2| ----- |16|17|
VO
Vi
COM1
V4
VSS
L 1 Frame 1 Frame

N
>

|
Figure 9. 2-Line Mode Frame Frequency

1-line Selection Period= 16 clocks

One Frame = 16 x'17 x46.0 us =12.5 ms (1 Clock = 46.0us at Fosc = 21.76 KHz)

Frame Frequency = 1/12.5ms = 80 Hz
®  1/25 Duty (3-line mode)

NP
b

le«— 1-line selection period
1 2| ------------------- |24|25|l|2| -------------------- |24|25|1|2| ----------------
VO
V1
com1
V4
VSS
L, 1 Frame L 1 Frame N

N T "l
Figure 10. 3-Line Mode Frame Frequency
1-line Selection Period = 16 clocks

One Frame =16 x 25x 31.25 us=12.5 ms (1 Clock = 31.25us at Fosc = 32 KHz)
Frame Frequency =1/12.5 ms =80 Hz
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Sleep mode (Power Save Bit ON, Oscillation Bit OFF)

NT7607 provides with sleep mode for saving power consumption during standby period.

To enter the sleep mode, the power circuit and oscillation circuit should be turned off by using the power
save instruction and the power control instruction. This mode helps to save power consumption by
reducing current to reset level.

| 1. Display control: D = OFF | | 1. Power save: PS = OFF; OS = ON |
v v

| 2. Power save: PS =ON; 0OS = OFF | | 2. Power control: VC & VR & VF=ON |
v

| 3. Power control: VC & VR & VF = OFF | | Waiting for 20ms or more |
v v

| Enter the Sleep Mode | | 3. Display control: D = ON |

v

| Sleep Mode Released |

Figure 11. Sleep Mode Set or Release by Instructions

1. Liquid Crystal Display Output
COM1 ~ COM24, COMS1, COMS2: VSS level. SEG1 ~SEGB80:VSS level
2. Data written in DDRAM, CGRAM, ICONRAM and registers are remained-as previous value.
3. Operation mode is retained the same as it was prior to execution, of the 'sleep mode.
All internal circuits are stopped.
4. Power Circuit and-Oscillation Circuit.

The build-in power. supply-circuit and/oscillation-circuit are turned off by power save instruction and
power-control instruction.

LCD:common and segment drivers

The NT7607 contains-26 common and 80 segment drivers, which connect the appropriate LCD bias
voltages in sequence to the display in accordance with the data to be displayed. COMS1 and COMS2
drive the icon common. The bias voltages and the timing are selected automatically when the number of
lines in the display is selected.

Table 6. SEG Data Shift Direction

DIRS pad SEG data shift direction
L SEG1, SEG2, SEGS3, -+ , SEG78, SEG79, SEG80
H SEG80, SEG79, SEGT78, «----+-we , SEG3, SEG2, SEG1
2006/12/07 20 Ver 2.0
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Table 7. COM Data Shift Direction

Line mode S COM data shift direction

0 (left) COM1, COM2, -revevennnes , COM16, COMS1 (COMS2)
2-Line mode

1 (right) COMS1 (COMS2), COM16, ---wweeeernnees , COM2, COM1

0 (left) COM1, COM2, --reveeennnns , COM24, COMS1 (COMS2)
3-Line mode

1 (right) COMSL1 (COMS2), COM24, «-weeveeeennns , COM2, COM1

LCD supply voltage generator

The power supply circuits are low-power consumption power supply circuits that generate the voltage
levels required for the liquid crystal drivers. They comprise DC-DC converter circuits, voltage regulator
circuits, and voltage follower circuits. The power supply circuits can turn the Booster circuits, the voltage
regulator circuits, and the voltage follower circuits ON or OFF independently through the use of the
Power Control Set instruction. Consequently, it is possible to make an external-power supply and the
internal power supply function somewhat in parallel. Table 8 shows the Power, Cantrol, Set Instruction

3-bit data control function, and Table 9 shows reference combinations.

Table 8. The Control Details of Each Bit of the' Power Control Set Instruction

Status
Item 113 1” 113 OH
VC: DC-DC converter(V/C)circuit control bit ON OFF
VR: Voltage regulator circuit (V/R) control-bit ON OFF
VFE: Voltage follower circuit (V/F) control bit ON OFF

Table 9. LCD Power Supply Combinations

supply is used

Voltage \Voltage \oltage External sﬁgug
Use Settings VC VR VE|converter regulator follower : 9
L A oo voltage input | system
circuit circuit circuit .
terminal
Only the internal power
supply is used 1 1 1 ON ON ON VDD2 Used
Only the V regulator
circuit and the V/F circuitf 0 1 1 OFF ON ON VOUT, VDD2 Open
are used
Ssngﬁthe VIFcireutis 15 9 1| oFF OFF ON VO, VDD2 Open
Only the external power | ;5 | o OFF OFF |VOtoV4,vDD2| Open

*The “step-up system terminals” refer CAP1+, CAP1-, CAP2+ and CAP2-.

*While other combinations, not shown above, are also possible, these combinations are not
recommended because they have no practical use.

2006/12/07
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The Voltage DC-DC Converter Circuits

Using the step-up voltage circuits equipped within the NT7607 chips it is possible to product 2X, 3X
Step-up of the VDD2 - VSS voltage levels. Vour is generated from the voltage converter. And this
conversion voltage is used in the build-in Voltage Regulator circuit. Figure 12 shows the application

circuit of 2-time and 3-time DC-DC converter.

NT7607

VDD2

CAP1+
L

CAP1-
CAP2+

CAP2-

Vout

2-time DC-DC convert
voltage circuit

Vour =2 x VDD2=6V -3

|

VDD2=3V

Vss =0V L—

2-time DC-DC convert voltage
relationships

VDD2
T NT7607
VDD2
) CAP1+
|
]
+

L]
T+ | caps-
[ one
T+ |

CAP2-

Vour

3-time DC-DC convert
voltage circuit

Vour =3 x VDD2=9V AR

VDD2=3V L
Vss =0V
3<time DC-DC convert voltage
relationships

Figure 12.-Voltage DC-DC Conyerter Circuit and Output
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The Voltage regulator circuit

The step-up voltage generated at Vour outputs the liquid crystal driver voltage VO through the voltage
regulator circuit. Because the NT7607 chips have an internal high-accuracy fixed voltage power supply
with a 32-level electronic volume function and external resistors for the VO voltage regulator.

Moreover, the internal VREF of voltage regulator has the temperature compensation function, and the
temperature coefficient is about 0.0%/°C.

Using External Resistors to Adjust VO Voltage Regulator

Through the use of the VO voltage regulator external resistors and the electronic volume function the
liquid crystal power supply voltage VO can be controlled (with adding two external resistors: Ra and Rb),
making it possible to adjust the liquid crystal display brightness. The VO voltage can be calculated using
equation A-1 over the range where VO < VOUT.

VO = ( 1+Rb/Ra)*Vev = ( 1+Rb/Ra )* (1-a/150)*VREF (Equation A-1)

Rb

VR

]_ VO
] Irs

Ra

7777777~ GND
Figure 13. Voltage Regulator and Electronic Contrast Control Circuit

VREF is the IC internal fixed voltage supply, and its voltage at Ta = 25°C is as shown in Table 10.
Table 10. Voltage VREF Selection

Equipment Type g?;éirgilt Units VREF
Internal power Supply -0.05 %/°'C 2.0V

o is set to 1 level of 32 possible levels by the electronic volume function depending on the data set in the
5-bit electronic volume register. Table 11 shows the value for a. depending on the electronic volume
register settings. Rb/Ra is the VO voltage regulator internal resistor ratio, and can be set to 4 different

2006/12/07 23 Ver2.0
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levels through the VO voltage regulator internal resistor ratio set command. The (1+Rb/Ra) ratio
assumes the values shown in Table 12 depending on the 2bit data settings in the VO voltage regulator
internal resistor ratio register.

Table 11. Electronic Contrast Control

D7 D6 D5 D4 D3 D2 D1 DO o Vo Contrast
- - - 0 0 0 0 0 0 (default) Maximum High
- - - 0 0 0 0 1 1 :
- - - 0 0 0 1 0 2
- - - 1 1 1 1 0 30
- - - 1 1 1 1 1 31 Minimum Low

Note: “-” Don’t care.

V0 voltage regulator internal resistance ratio register value and (1+ Rb/Ra) ratio'(Reference value)
Table 12. Rb/Ra ratio

Register RR[1:0] Equipment T%/Sr?itl?:/(y'(l)'/lzgr]mal Gradient
D7 D6 D5 D4 D3 D2 D1 DO -0.05
0 1 1 0 0 0 0 0 2.5
0 1 1 0 0 0 0 1 2.9 (default)
0 1 1 0 0 0 1 0 3.2
0 1 1 0 0 0 1 1 3.5

The VO voltage as a-function of the VO voltage ‘regulator internal resistor ratio register and the electronic
volume register:
Note:'When selecting external Rb/Ra resistors, Ra+Rb should be greater than 1.5M.

Figure 14..The Contrast Curve of VO Voltage with internal resistors

8.00
7.00
6.00
500 000090900000 2 —— 1 |—®—00(@25)
— v —0—6
s vvvvvvvveAA¢¢¢¢¢¢4MFm+01(2.9)
S 4.00
> 10 (3.2)
3.00 11 (3.5)
2.00
1.00
0.00
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Electronic Volume
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Setup example: When selecting Ta = 25°C and VO = 5V for an NT7607 model on which internal resistor
is used. The equation A-1, the following setup is enabled.

Table 13. Example of VO Voltage Adjust

Register
Contents
D7 |D6 | D5 |D4 | D3 | D2 | D1 | DO
Internal Rb/Ra ratio 0 1 1 0 0 0 0
Electronic Volume 0 0 0 1 0 1 0

® When the VO voltage regulator internal resistors or the electronic volume function is used, it is
necessary to at least set the voltage regulator circuit and the voltage follower circuit to an operating
mode using the power control set commands. Moreover, it is necessary to provide a voltage from
VOUT when the Booster circuit is OFF.

® The VR terminal is enabled only when the VO voltage regulator internal resistors are not used (i.e.
the IRS terminal = “L"). When the VO voltage regulator internal resistors are used (i.e. when the IRS
terminal = “H”), then the VR terminal is left open.

® Because the input impedance of the VR terminal is high, it is necessary to take into consideration
short leads, shield cables, etc. to handle noise.

The Liquid Crystal Voltage Generator circuit (Volatage Follower & Bias)

The VO voltage is produced by a resistive voltage divider within the‘IC, and:can be produced at the V1,
V2, V3, and V4 voltage levels required for liquid crystal driving. Moreover,-when the voltage follower
changes the impedance, it provides V1, V2, V3, and V4 to the liquid crystal drive circuit. 1/4 bias or 1/5
bias for NT7607 can be selected by instruction.

2006/12/07 25 Ver2.0
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Reference power supply circuit for driving LCD panel

VDD2 VDD?2
T NT7607 T NT7607
VDD Value Of External Capacitor VDD Value Of External Capacitor
c1 CL—{CAP1+ Item Value Unit gﬁsr Item Value Unit
— CAP1- :
=C1 CAP2+ C1l 0.1~4.7 CAP2+ Cc2 0.1~4.7 uF
== | uF CAP2-
= [ c2 | 01~47 vouT
VOUT
External VR
Power
MRS Supply
VO o—l C2 VO
V1 "_"gi V1
V2 S V2
Ve "_"—22 V3
V4 t+HE—{va
VSS?2 VSS2
Vv

Figure 15. When using all LCD power circuits Figure 17.When only-using voltage follower
(VC, VR, VF = 111, IRS=VDD) (VC, VR, VF = 001)
VDD2

NT7607
VDD2
NT7607 = VbD

—l—— VDD Value Of External Capacitor CAP1+
CAP1+ . CAP1-
CAP1- Item Value Unit CAP2+
CAP2+ C2 0.1~<47 ukF CAP2-
External CAP2-
Power |
Supply vout vouT
VR
VR
VO
External V1
VO Power V2
Vi Supply V3
V2 V4
V3
v VSS2
VSS2
\Y
Figure 16. When not using voltage booster Figure 18. When not using internal LCD
circuits (VC, VR, VF = 011, IRS=VSS) power supply circuits
(VC, VR, VF = 000)
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Power-on reset and Initial State

The NT7607 must be reset externally by /RES pin when power is turned on. The external reset is low
active. After the reset the chip has the state shown in Table 14.

Table 14. State after reset

Function Control bit Remarks
state
D=0 Display off
Display control set C=0 Cursor off

B=0 Cursor character blink off
0OS =0 | Oscillator off

PS=0 | Power save off
VC =0 | Voltage DC-DC converter OFF
Power control set VR =0 | Voltage regulator OFF
VF =0 | Voltage follower OFF

N=0 2-line display

Power save set

Function set S=0 COM left shift

CG =0 |CGRAM s not used. CGROM is used.
Return home - Address counter (AC) = 00H
VO Regulator Internal Resistor Ratio Set |RR [1:0]=01| Internal resistor ratio (1+Rb/Ra) ='2.9
Electronic contrast control register - 10H=(0,0,0,0,0)
Frame Frequency Select FS=0 Frame Frequency = 80Hz

NT7607.considers the first 4-bit data from
MPU as the high order bits.

Note: If initialization is not«done by /RES pin at application, unknown condition might result.

In case of 4-bit mode -
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Hex
02h to 03h
Hex
08h to OBh

DO
DO
DH1

D1
DH2

D1
Double height mode instruction field selects double height-line type.

D2
D2

D3
D3

D4
D4

D5

the Data Register (DR) and output Data Register (OR) can be directly
D5

2) 3-line mode:COM1 ~ COMS is normal;, COM9' ~ COM24 is a double

height.
11:.normal display

D6

D6
01: COM1 ~ COM16 is a double height, COM17 ~ COM24 is normal

00: normal display (default)
10:1) 2-line mode: normal display

D7
D7

RS
RS

DDRAM address is set to 00H from AC and the cursor returns to O0H position. The contents of

DDRAM are not changed

Return home instruction field makes cursor return home.

00000000 00000000 00000000 000000000 00000000

00000000 00000000 00000000

00000000 Oem00omo 00000000
00000000 mOONORO0 00000000

0
a
000000000 00000000
a

00000000 Ummooomg
000000000 RO00OE0OE0o0

0oooooog 000o0oooo 0000000000000000 E00OEmRoo0
0oooooog 000o0oooo 0000000000000000 mOomooog
00000000 00000000 0000000000000000 EEEEEEED
E000000 MOO000RO0 00000000 0000080
0 E00ONO0R0 00000000 000080
0 0000000 000080
E000RERD 0000000 E00E00R0
B0000000 0000000 ]
OENEER00 000o0omo
0 000000m0
0 oooooomd
0
0
0 000ooomo
mmmmmmmw 0000oomg
E00RO0R0
OROROOR0
OONEERO0
ER000000
Oomoooo0
E000RERD
B0000000 OumEERC0
0 00000000000000 OERgOoORn
0 Do0ooooooood

m0000000
B0000000

EERERERD

EREREOO0

0oooooao

0000000000000000
il m mmmmmmmm 0000000000000000
a a 0 0000000000000000
] ] 0 0000000000000000 0omooond
n 10 00000000 ooo 000000000 ENENEEED
0 00 OERgoomo L1 18] on _fuiu}
[l [l oon 200000m0
H H 0oo E00000m0
H H 0og E00000m0
0 0 [ ||}
| go o
[ ] 100
[ 1oy |
[ ] | (o |
0 oo m
B0000000 0 0o o
10000000 0 0o o
0 0o o
0 0o o
u} 0o o
0 0o o
| |
[ ] [ ]
] ]
[ | [ |

Figure 19. 3-Line Normal Mode Display (DH2, DH1 = 00)
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{ NGVATEK
When DH2 DH1

registers, to allow interfacing to various types of MPU that operates at different speeds or to allow

interface to peripheral control ICs.

controlled by the MPU. Before internal operation, control information is stored temporarily in these
Instruction set

Only the Instruction Register (IR)
2. Double Height Mode

1. Return Home

Commands

01)
Ver 2.0

28

Figure 20. COM1 ~ COM16 is a Double Height Line, COM17 ~ COM24 is Normal (DH2, DH1
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Figure 21. COM1 ~ COM8 is Normal, COM9 ~ COM24 is a Double Height Line (DH2, DH1 = 10)
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Figure 22. 2-Line Normal Mode Display (DH2, DH1 = 00)
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Figure 23. COM1 ~ COM16 is a Double Height Line (DH2, DH1 =,01)
3. Power Save Set

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 0 1 1 0S PS . |0Ch to OFh

Power save instruction field is used to control the oscillator and setor to-reset the power save
mode.
OS: oscillator ON/OFF control bit
When OS = “L”;oscillator is turned OFF (default)
When OS= “H”;oscillator is turned ON.
PS: power save ON/OFF control bit
When PS = “L": power-save is-turned-OFF (default).
WhenPS = “H”: power save isturned ON.
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4. Function Set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 1 0 N S CG 10hto 17h

N: display line mode instruction field selects 2-line or 3-line display mode
When N = “L": 2-line display mode (default)
When N = “H": 3-line display mode

S: data shift direction of common, S sets the shift direction of common display data
When S =“L”, COM left shift (default)
When S = “H", COM right shift (Refer to Table 7)

CG: CGRAM enable bit
When CG = “L", CGRAM is disable. CGROM (00H~07H) can be accessed and additional
current consumption is saved by using this mode (default). (OOH~07H = CGROM font display)
When CG = “H”", CGRAM can be accessed and you can use this RAM for eight special
character area. (00OH~07H = CGRAM font display)

5. Line Shift Mode

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 1 1 0 LLS2 LS1 {18hto 1Bh
Line shift mode instruction field selects the DDRAM to be displayed in-the first line:
When LS2, LS1 =00: DDRAM line 1 shows at the first\line of LCD’(default)-
01: DDRAM line 2 shows-at.thefirst line of LCD.
10: DDRAM line 3 shows at the first'line of LCD.
11: DDRAM line 4 shows at the first line of LCD.
LCD LCD LCD LCD
DDRAM Linel DDRAM Line2 DDRAM Line3 DDRAM Line4
| ( 00H~OFH) | | ( 10H~1FH) | | ( 20H~2FH) | | (30H~3FH) |
| DDRAM Line2 | | DDRAM Line3 | | DDRAM Line4 | | DDRAM Linel |
( 10H~1FH) ( 20H~2FH) ( 30H~3FH) ( 00H~OFH)
DDRAM Line3 DDRAM Line4 DDRAM Linel DDRAM Line2
| ( 20H~2FH) | | ( 30H~3FH) | | ( 00H~OFH) | | ( 10H~1FH) |
DDRAM Line4 DDRAM Linel DDRAM Line2 DDRAM Line3
| ( 30H~3FH) | | ( 00H~OFH) | | ( 10H~1FH) | | (20H~2FH) |
LS2, S1 =00 LS2,LS1 =01 LS2,LS1 =10 LS2,LS1=11
Figure 24. 2-Line Shift Mode Display at 2 Line LCD
LCD LCD LCD LCD
DDRAM Linel DDRAM Line2 DDRAM Line3 DDRAM Line4
| ( 00H~OFH) | | ( 10H~1FH) | | ( 20H~2FH) | | ( 30H~3FH) |
| DDRAM Line2 | | DDRAM Line3 | | DDRAM Line4 | | DDRAM Linel |
( 10H~1FH) ( 20H~2FH) ( 30H~3FH) ( 00H~OFH)
DDRAM Line3 DDRAM Line4 DDRAM Linel DDRAM Line2
( 20H~2FH) ( 30H~3FH) ( 00H~OFH) ( 10H~1FH)
| DDRAM Line4 | | DDRAM Linel | | DDRAM Line2 | | DDRAM Line3 |
( 30H~3FH) ( 00H~OFH) ( 10H~1FH) (20H~2FH)
LS2,LS1 =00 LS2,LS1 =01 LS2,LS1 =10 LS2,LS1=11
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6. Bias Control

RS D7 D6 D5 D4 D3 D2 D1 DO Hex

0 0 0 0 1 1 1 - BS |1Chto 1Fh

Bias Control instruction field sets LCD bias voltages generated internally.
BS: The bit is used when the internal voltage follower is ON

When BS = “L": 1/5 bias (default)

When BS = “H": 1/4 bias (V2 = V3)

7. Power Control Set

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 0 0 VC VR VF |20hto 27h

Power Control instruction field sets voltage converter / regulator / follower ON / OFF.
VC: voltage converter circuit control bit
When VC = “L": voltage booster is turned OFF (default)
When VC = “H": voltage booster is turned ON
VR: voltage regulator circuit control bit
When VR = “L": voltage regulator is turned OFF (default)
When VR = “H": voltage regulator is turned ON
VF: voltage follower circuit control bit
When VF = “L": voltage follower is turned OFF (default)
When VF = “H": voltage follower-ON
Note: The oscillation circuit must be turned-on‘for the voltage converter circuit to be active.
8. Display Control

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 0 1 C B D 28h to 2Fh

Display control instruction field controls cursor /blink/display ON/OFF.

C: cursor ON /OFF control bit
When C ="L”, cursor is disappeared in current display (default).
When C =*H", cursor is turned ON.

B: cursor blink ON/OFF control bit
When C = “H” and B = “H", NT7607 make LCD alternate between inverting display character
and normal display character at the cursor position with about a half second.
On the contrary, if C = “L", only a normal character is displayed regardless of “B” flag.
When B = “L”", blink is OFF (default).

D: display ON/OFF control bit
When D = “L", Display is turned OFF. But display data are remained in DDRAM (default).
When D = “H”, Entire display in turned ON.
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Table 15. Cursor Attributes

C B Display State
COmmmO] OmmEC EEEEE EEEEE
EOOOm mOOOm o o o
[ = [ EEEEE ST 1
OmmmO] OmmEc o o o
Ooooom —P  Oooom EemEm ———» mEEEm
EOOOm EOOOE o o o
COmmmO] OEmEC EEEEE EEEEE
o o EEEEE EOmCm OmCmO

1 1

Blinking || Cemmo EOOOm EEEEN o o
[ - | OmmEC o EEEEE

Mode [ COmmEm [ [ [ ] o [
OmmmO] EOCOE o EEEEE
O0om P pmEm mmmmm P 0o
EOCOOm OEEEC o EEEEE
OmmmO] EOCOm EEEEE o
EEEEN o [ OmCmO ECOmOm

0 1
Ommmc] OmmEC EEEEE EEEEN
EOOOm EOOm 5 e
[ = [ [ EEEEE ST 111
OmmmO] OmmmEc R o
Ooooom —  Oooom EEEEE —» @EEEEE
EOOOm EOOOE R o
COmmmO] OEmEC EEEEE EEEEE
o o [ [ ECOmCE ECOmCE

9. \DD/CG RAM Address Set

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 1 AC6 AC5 AC4 AC3 AC2 AC1 ACO |80hto FFh

DD/CG RAM Address set instruction fields DDRAM/CGRAM address

Before writing / reading data into /from RAM, set address by RAM Address Set Instruction. Next
when data are written / read in succession. The address is automatically increased by 1. For
accessing DD/ CGRAM, the DD/CGRAM Address Set Instruction should be set before. After
accessing 7FH, the address of AC is O0H.
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The address range are 0O0H ~ 7FH.

Address| 0 |1 [ 2|3 |4[5]6|7 8|9 |A|B|C|DJ|E]|F
OOH DDRAM line 1(00H ~ OFH)
10H DDRAM line 2(10H ~ 1FH)
20H DDRAM line 3(20H ~ 2FH)
30H DDRAM line 4(30H ~ 3FH)
40H CGRAM (pattern 0) CGRAM (pattern 1)
50H CGRAM (pattern 2) CGRAM (pattern 3)
60H CGRAM (pattern 4) CGRAM (pattern 5)
70H CGRAM (pattern 6) CGRAM (pattern 7)
10. ICONRAM Address Set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 1 0 A4 IA3 IA2 A1 IAO |40h to 5Fh

ICONRAM Address Set instruction fields ICONRAM / Registers address.

Before writing / reading data into /from ICON RAM, set the address by ICONRAM Address Set

Instruction. Next when data are written / read in succession. The address:is\automatically increased

by 1. For accessing ICONRAM, the ICONRAM Address Set-Instruction'should be set before. After

accessing OFH, the address of ICONRAM address is 00H.The ICONRAM address'range are 00H ~

1FH.

The 5 icons at a time can blink, if C and B hits-of the display instructions are enabled. The blink

attributes of ICON are same as the cursor blink.

Address| 0 |1 |2 34 |5f6 |7 [8]@]Al/B[Cc|D|E]|F
OOH ICONRAM (00OH, ~.0FH)

10H EV|TE Reserved

EV: electronic volume register-(10H) ~-default (00000)
TE: testregister (Do not use)(11H)

11. Write Data
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
1 D7 D6 D5 D4 D3 D2 D1 DO XX

The instruction field makes NT7607 write binary 8-bit data to DDRAM/CGRAM/ICONRAM or
register. The RAM address to be written into is determined by previous DD/CGRAM Address Set
instruction. After writing operation, the address is automatically increased by 1.

12. Read Data

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
1 D7 D6 D5 D4 D3 D2 D1 DO XX

DDRAM/CGRAM/ICONRAM data read instruction.

Each RAM is selected by address set instruction. And then you can read the RAM data. You can get
correct RAM data from second read transaction. The first read data after setting RAM address is
dummy data; so the correct RAM data come from the second read transaction. After reading
operation, the address is increase by 1 automatically.
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13. NOP

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 0 0 0 0 0 00h
Non-Operation Instruction
14. V0 Regulator Internal Resistor Ratio Set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex

0 0 1 1 0 0 0 RR1 RRO | 60h to 63h

This command sets the VO voltage regulator internal resistor ratio. For details, see explanation
under “LCD supply voltage generator”.

Table 16. Rb/Ra Ratio

RR1 RRO (1+Rb/Ra) Ratio
0 0 2.5
0 1 2.9 (default)
1 0 3.2
1 1 35
15. Frame Frequency Select
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 1 1 0 1 0 0 FS | 68hto 69h
FS Frame Frequency
0 80Hz (Default)
1 67Hz
16. Test Instruction
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 1 * * * * 30h to 3Fh

This is the dedicate IC chip test instruction. It must not be used for normal operation.
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Table 17. Instruction Table

Code
Instruction Function
RS |[D7 D6 D5 D4 D3 D2 D1 DO |Hex

02h | DDRAM address is set to 00h from AC and
Return Home 0 0 0 0 0 0 0 1 - to | the cursor returns to 00h position.
03h | The contents of DDRAM are not changed

Double height mode

DH2 DH1 =

00: normal display (default)

01: COM1 ~ COM16 is a double height.

; 08h .
Double Height 0 0 0 0 0 1 0 DH2 DH1l| to . COMl? ~ CQM24 is no_rmal
Mode 0Bh 10: 1) 2-line mode: normal display

2) 3-line mode:
COM1 ~ COM8 is normal and
COM9 ~ COM24 is a double height.
11:  normal display

Power save/oscillation circuit ON/OFF
oCh | OS = 0: oscillator OFF (default)
Power Save 0 0 0 O 0 1 1 O0S PS| to |OS=1: oscilatorON

OFh | pS = 0 power save OFF (default)
PS=1: power'save ON

Display line mode

N\=0: 2-line display mode (default)
N = 1: 3-line"display'mode

Shifting direction of COM

10h S=0: 1) 2-line mode: COM1 ~ COM16

. (default)
t
Function Set 0 0 0 0 1 0 N S CG 1?h 2) 3-line mode: COM1 ~ COM24
S =1: 1) 2-line mode: COM16 ~ COM1
2) 3-line mode: COM24 ~ COM1
Select CGRAM or CGROM
CG = 0: CGROM (default)
CG =1: CGRAM
Determination of the DDRAM line, which is
displayed at the first line at LCD.
LS2, LS1 = 00: DDRAM line 1 shows at
18h (default) the first line of LCD.
Line Shift Mode 0olo 0 0 1 1 o0 LS2LSl| to |L5%LS1=01:DDRAMIne2 shows atthe
1Bh first line of LCD.

LS2, LS1 = 10: DDRAM line 3 shows at the
first line of LCD.

LS2, LS1 = 11: DDRAM line 4 shows at the
first line of LCD.

1Ch | Determination of Bias
Bias Control 0 0 0 0 1 1 1 - BS | to |BS=0:1/5 bias (default)
1Fh | BS = 1: 1/4 bias
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Table 17. Instruction Table (continued)

. Code .
Instruction Function
RS | D7 D6 D5 D4 D3 D2 D1 DO |Hex

LCD power control

VC = 0: voltage converter OFF (default)
20h | VC = 1: voltage converter ON

Power Control 0 0 0 1 0 0 VC VR VF | to | VR =0:voltage regulator OFF (default)
27h | VR = 1: voltage regulator ON

VF = 0: voltage follower OFF (default)
VF = 1: voltage follower ON

Cursor/ blink /display ON/OFF

28h
. C = 0: cursor OFF (default) 1: cursor ON
Display Control op°o ot o e B Dt | B=0: bink OFF (default) Liblink ON
D = 0: display OFF (default) 1:display ON
80h
DD/CGRAM DDRAM/CGRAM Range:
Address Set 0 1 ACE ACS AC4 AC3 ACZ ACL ACO Ftl(:)h DDRAM 00h~3FH, CGRAM 40h~7FH

ICONRAM address; electronic-volume and
40h | test byte address

0 0 1 0 IA4 IA3 1A2 1Al 1AO0 | to Range: ICONRAM 00H~0FH

5Fh {~EV.10H (Electronic volume byte)

TE 11H (Test byte)

ICONRAM Address
Set

Write Data 1 |D7 D6 D5 D4 D3 D2 D1 DO |[-XX\| Write DDRAM/CGRAM/ICONRAM

Read DDRAM/CGRAM/ICONRAM or

Read Data 1 |D7 D6 D5 D4 .D3. D2 D1 DO | XX .
register data
NOP 0 0 0 0 0 0 0 0 0~~1~00h-}-Nan-operation Instruction
VO Regulator 60h
Internal Resistor 0 0 1 1 0 0 0 RR1 RRO:-to Select internal resistor ratio Rb/Ra mode
Ratio Set 63h
Frame Frequenc 68h
“ y 0 0 1 1 0 1 0 0 FS | to | Selectthe frame frequency
Select
69h
30h
Test Instruction 0 0 0 1 1 * * * * to Don’t use this Instruction
3Fh

Note:1. “-” Don’t care; “* "Don’t use.
1. Instruction execution time depends on the internal process time of NT7607; therefore it is
necessary to provide a time larger than one MPU interface cycle time (Tcyc) between executions
of two successive instructions.
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Instruction Description (for reference only)

2. Initialization

| Vop-Vss Power On |

Note:
¢ At command 5 and 6, the internal RAM should be
| Keep/RES Pin="L" | cleared.
¢ To clear DDRAM, set address at 00H (first DDRAM)
and then write 20H (space character code) 64
When the power is stable, times.
release the reset state (/RES Pin="H"). To clear CGRAM, set address at 40H (first
¢ CGRAM) and then write 00H (NULL data) 64
— times.
Waiting for 10 us or more. | To clear ICONRAM, set address at 00H (first
¢ ICONRAM) and then write 00H (NULL data) 16
times.
Instruction Input
1. Function set: N, S, CG
2. Electronic volume register setup:
ICONRAM 10H
3. Power save: PS = OFF; OS = ON
4. Power control: VC & VR & VF = ON
Waiting for 20 ms or more.
Instrucion Input
5. RAM address set ¢
Instrucion Input
6. Data writing ( RAM clear ):
DDRAM = 20H,
CG/ICONRAM = 00H
y
Instrucion Input
5. Display control: D = ON
End of Initialization
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3. Recommendation of Power On/Off Sequence

Power On Sequence Power Off Sequence
( Power On ) ( Operation Command Input )
Voltage Converter On | Display Off |

[VC,VR,VF=1,0,0]

v

vy Waiting for 21ms Voltage Regulator Off
[VC, VR, VF=1,0,1]

Voltage Regulator On
[VC,VR,VF=1,1,0]

* Waiting for 250ms

v  Waiting for 21ms Voltage Follower Off
[VC,VR,VF=1,0,0]

Voltage Follower On
[VC,VR,VF=1,1,1]

{ Waiting for =1ms

$ Voltage Converter Off
( Operation Command Input ) [VC,VR,VF=0,0,0]
$ Waiting fori=1ms
( Operation Command Input )
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NT7607
Absolute Maximum Rating
DC Supply Voltage (VDD, VDD2)......iiviiiiiiici i iie i e e e e =003V O +4.0V
DC Supply Voltage (VLCD, VOUT ) ..ttt e e e et e e e e -0.3V to +12.0V
Input Voltage (Vin) ... e e e ettt e et ettt e e e e e e, =003V tO VDD

ieenenn. -40°C to +85°C
-55°C to +125°C

Operating Ambient TEMPEIAtUIE .......ccouieiiieie it e e e et e e e e e ean e
StOrage TEMPEIATUIE ... ..i ittt e et e et e et e e e e et e et et e e et e ee

*Comments

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to this device. These are stress
ratings only. Functional operation of this device under these or any other conditions above those indicated in the operational
sections of this specification is not implied or intended. Exposure to the absolute maximum rating conditions for extended periods
may affect device reliability.

Electrical Characteristics

DC Characteristics (VSS=0V, VDD =1.8~3.6V, VDD2=2.4~3.6V, Ta=-40~85°C unless.otherwise 'specified)

Symbol Parameter Min. Typ. Max. [Unit Condition
VDD |Operating Voltage 1.8 - 3.6 \%
VDD2 |Operating Voltage 2.4 - 3.6 V
Converter output = <
VOUT voltage 6.0 - 10.8 V | Ta=25°C,C=1uyF
viLcp | Yoltage regulator | i 700 | v |vicp=Vo-vss
operation voltage
Dvnamic current Display operation, Internal resistor,
IDD1 y : . - 80 MA [VLCD = 6V, without load. No access
consumption T
from MPU.
IDD2 [PYynamic current - 5 500 | pA | Access operation from MPU.
consumption 2 (Fcyc = 200KHZ)
Sleep mode
ISP “[current - - 5 HA | During power save mode, Ta = 25°C
consumption
VIHC1 High-level input 0.7xvDD - VDD Vv VDD=2.4~3.6V RS, DO ~ D7, /RD
voltage 0.8xVDD - VDD VDD=1.8~2.4V | (E), /IWR (R/W), /CS,
VILC1 Low-level input VSS - | 0.3xvDD v vDD=2.4~3.6Vv |CL, C86, PI/S, PI,
voltage VSS - [ o0.2xvDD VDD=1.8-2.4v ||RSandDIRS.
viHcz |Mlahvlevelinpit o g,vpp | - | voD | v
L Ig ot /RES pin is schmitt input.
viLc2 | -ow-levelinpu VSS - |0.2xvDD | Vv
voltage
High-level output _ N
VOHC voltage VDD-04| - - V | IOH =-1mA (DO ~ D7)
voLc |Low -level output : - |vss+04| v |IOL=1mA (D0~ D7)
voltage
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DC Characteristics (continued)

Symbol Parameter Min. Typ. Max. |Unit Condition
ILI Lteférifakage -1.0 - 1.0 | pA mNR:(F\z//\?v?, ?(r:\sl,sgL(,RCSéél,?l[D)/g,El)lis,
DIRS and /RES)
IHZ |HZ leakage current | -3.0 - 3.0 A mg@g;?]ie[_)o ~ D7 are n high
RON1 |COM driver ON i i 5 | KQ |10 =450 A
RON2 rse'igtgﬂ‘égr ON - - 10 | KQ | 10 = 50 pA
FFR1 ;g(?uz;ir;i 77 80 83 | Hz | FS=0, TA = 25°C
FFR2 ]Erg(?u;i?‘; 64 67 70 | Hz | Fs=1, TA= 25°C

Notes: Voltages VO=V1=V2=V3=V4=VSS2 must always be satisfied.
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AC Characteristics
1. System Buses Read/Write Characteristics (for 8080 Series MPU)

H  Write timing
RS, /CS P 4
Jsut, PN
RO/
< Twi <B Tw >
—» [— TR
IWR
Te — e Tsu2 TH2
DO ~ D7 4 Valid Data<_’}><
. Tcye R
(VDD = 2.4~ 3.6V, Ta =-40 ~ 85°C)
Symbol Parameter Min. | Typ.+Max. | Unit Condition
Tceve | /WR cycle time 240 - - ns
Tr, TF | Pulse rise / fall time - ; 15 ns
TwH /WR high pulse-width 100 - - ns
Tw /WR low pulse ‘'width 90 > F ns
Tsu1 RS and /CS setup time - - ns
ThH1 RS and /CS:hold time - - ns
Tsu2 Data setup-time 40 - - ns
Th2 Data hold time 10 - - ns
(vDD = 1.8 ~ 2.4V, Ta = -40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve | /WR cycle time 400 - - ns
Tr, TF | Pulse rise / fall time - - 15 ns
TwH /WR high pulse width 120 - - ns
Tw /WR low pulse width 150 - - ns
Tsu1 RS and /CS setup time 0 - - ns
TH1 RS and /CS hold time 0 - - ns
Tsu2 Data setup time 80 - - ns
Th2 Data hold time 30 - - ns
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B Read timing

RS, /CS X X

Tsui . :THl N
/WR /
< Twi »| le TwH >
l— TR
N
/IRD N N\
To ToH
Te —¥ [&—>
DO ~ D7 >4( Valid Data L(
- Tcve \

(VDD =2.4~ 3.6V, Ta = -40 ~ 85°C)

Symbol Parameter Min. | Typs|\Max: | 'Unit Condition
Teve | /RD cycle time 240 - - ns
Tr, T | Pulse rise / fall time - - 15 ns
Tw /RD high pulse width 60 ” - ns
Twi /RD low pulse width 120 - - ns
Tsu RS.and /CS setup time 0] - - ns
Tha RS and /CS hold time 0 - - ns
To Data output delay'time | 50 - 140 ns
ToH Data output hold time 5 - 50 ns

(VDD = 1.8 ~ 2.4V, Ta = -40 ~ 85°C)

Symbol Parameter Min. | Typ. | Max. | Unit Condition
Tcve | /RD cycle time 400 - - ns
Tr, T | Pulse rise / fall time - - 25 ns
TwH /RD high pulse width 150 - - ns
Tw /RD low pulse width 120 - - ns
Tsu RS and /CS setup time 0 - - ns
ThH1 RS and /CS hold time 0 - - ns
To Data output delay time | 50 - 240 | ns
ToH Data output hold time 10 - 100 ns
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2. System Buses Read/Write Characteristics (for 6800 Series MPU)
H  Write timing

% N
RS, /ICS X X
:Tsu1 > :THlt
R/W N\ Vv
L TwH . L TwL N
—> [— TF
N /
E A \\
T —» Tsu2 TH2
DO ~ D7 Valid Data
-~ Teve \

(VDD = 2.4 ~ 3.6V, Ta'= -40 ~ 85°C)

Symbol Parameter Min. | Typ.| Max. [ \Unit Condition
Teve | E cycle time 240 - - ns
Tr, TF | Pulse rise / fall-time - - 15 ns
Twh E high-pulse width 90 ‘ - ns
Twe E low pulse width 100 5 - ns
Tsu1 RSand /CS setup time 0 - - ns
Th1 RS and./CS hold time 0 - - ns
Tsu2 Data setuptime 40 - - ns
Th2 Data hold time 10 - - ns

(VDD = 1.8 ~ 2.4V, Ta = -40 ~ 85°C)

Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve | E cycle time 400 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH E high pulse width 150 - - ns
Twi E low pulse width 120 - - ns
Tsu1 RS and /CS setup time 0 - - ns
Th1 RS and /CS hold time 0 - - ns
Tsu2 Data setup time 80 - - ns
Th2 Data hold time 30 - - ns
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NT7607
B Read timing
RS, /ICS X X
_Tsu _TH
R/W A N
< T »| e Tw >
«— Tr
e L \ .
Th —» To ToH
DO ~ D7 q Valid Data L(
p Teyc \
(VDD =24~ 3.6 V, Ta = -40 ~ 85°C)
Symbol Parameter Min. | Typ-|\Max. | Unit Condition
Teve E cycle time 240 - - ns
Tr, T | Pulse rise / fall time - - 15 ns
Tw E high pulse width 120 . - ns
Twi E low pulse width 60 - - ns
Tsu RS.and /CS setup time - - ns
TH RS and /CS hold time - - ns
To Data output delay'time | 50 - 140 ns
ToH Data output hold time 5 - 50 ns
(vDD = 1.8 ~ 2.4V, Ta = -40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve E cycle time 400 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH E high pulse width 150 - - ns
Tw E low pulse width 120 - - ns
Tsu RS and /CS setup time 0 - - ns
TH RS and /CS hold time 0 - - ns
To Data output delay time | 50 - 240 ns
ToH Data output hold time 10 - 100 ns
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3. Serial Interface Timing

Tsut | | Teve . Tm do
/ICS ) i |
Tw Tw
TR —¥
ScCL N\ _____\\______
Tr Tsuz | | T2
RS
Tsusz | |THs
SI I
(VDD =24~ 3.6V, Ta=-40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max:~ Unit Condition
Tcve | SCL clock cycle time 300 = X ns
Tr, TF | Pulse rise / fall time - - 15 ns
SCL clock width
™ | (high to low) QY- NS
Tsu1 /CS setup-time 60 - - ns
Th1 /CS hold time 150 - - ns
Tsu2 RS data setup time 75 - - ns
Tho2 RS data hold time 60 - - ns
Tsus S| data'setup time 75 - - ns
Ths S| data hold time 75 - - ns
(vDD = 1.8 ~ 2.4V, Ta =-40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve SCL clock cycle time 400 - - ns
Tr, T | Pulse rise / fall time - - 25 ns
SCL clock width
™ | (high to low) 160 | - - | s
Tsu1 /CS setup time 80 - - ns
Th1 /CS hold time 200 - - ns
Tsu2 RS data setup time 100 - - ns
Th2 RS data hold time 80 - - ns
Tsus Sl data setup time 100 - - ns
Ths Sl data hold time 100 - - ns
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4. Reset Timing

Vob
TrRES
. Trw N
IRES
(vDD =1.8~ 3.6V, Ta=-40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition
TreES Reset start time 50 - - ns
, 5 - - VDD=2.4~3.6V
Trw Reset low pulse width ps
10 - - VDD=1.8~2.4V
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NT7607
Microprocessor Interface (for reference only)
1. 8080-series microprocessors
VDD
vCC o s VoD
Alto A7 —P
——p /CS
/IORQ |— Decoder C86
MPU NT7607
TIrT
VSS
DO to D7 |« p| DO to D7
IRD » /RD VRO
IWR P /WR
P/S
IRES [« T P /RES o)
GND VSS
IRESET
V
T
Figure 26
2. 6800-series microprocessors
oo
\Yele; | ks VDD
VDD
Alto A15|—p
——p /CS
VMA —» Decoder C86——|_
MPU NT7607
DO to D7 [« »| DO to D7
E » £ VDD
RIW > R/W
P/S
IRES [« T »| /RES -
GND Vss
IRESET
VSS
T
Figure 27
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Application Information for LCD panel (for reference only)
1. IC Bumper Face Down and Lower View (S bit ='0", DIRS ='0’)

com20 SSSSsSsss S's s\s s coms2
com1g EEEEEETEE E\E E E E comz4
comis G G GGGGGG G G.G .G.C comz23
ggmg 123456738 777 7.8 ggmﬁ
6 7.8 9 0
com? Com16
‘ come COM15 ;
| COMs com14 i
! CoM4 Com13 }
N Gl A\
i
Com Face Down COM10 '
CoMS1 comy
T L [ 1 [ ki
2. IC Bumper Face Down and-Upper View (S bit="1’, DIRS ='1’)
como coms1
com1o comL
! coML1 IC Bumper Ccom2 |
| com12 coms |
| CoM13 Face Down Com4 i
i comi4 coms i
comis come ;
com16 com?
com21 S ssss s coms
Comaz EEEEEE s sss s comL?
Coma3 GGGGG G EEEEE comis
com24 8 777 77 G GGG G com19
coms2 0 9 8 7 65 5 4.3 2 1 CoM20

0

FTD!_\FTF‘H_H_\FT
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3. IC Bumper Face Up and Lower View (S bit ='0’, DIRS ='1)

o o o6 ¢ 6 6oé P

== I” S

[m| [EEj|

[m| [ERj|
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[m| [EEj|

[m| [
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= == ==

= =t [

[

m
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e =
VFQIH{
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SSSSSsSss s S S-8.S S| _COM20
com24 E EE EE E E E E E° E“EWE E COM19
ggmgg G GGGGGGG GG GG G 66 ggmg
AR
CoM16 comr
COM15 COMé6 P

| I
B R
: comi2 IC Bumper com3 ]
i COM11 COoM2 \
Ccom10 Face Up COM1
COM9 COMS1
H H _— 1 _— )
4. 1C Bumper Face Up-and Upper View (S bit =’1";.DIRS =."0))
COMS1 COM9
CoM1 COM10
Ccom2 IC Bumper COM11
com3 com12
Ccoma Face Up Ccom13
COMS COM14
COM6. COM15
COM7. COM16
coMm8 s S ssss com1
Comiz \S\S S Sis.S/s s s E EEEEE Comz2
Coms EE EEEEEEEG G GGG G Com23
COoMm19 6 G GGG GG G G 1 77 7 7 8 Ccom24
COM20 1 2 3 4 5 6 7 8 9 0 6 7 8 9 0 COMS2
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a [EnjuE|
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a 0
a mn|
==t =il
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= ==
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I
|
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Application Information for Pin Connection to MPU (for reference only)
1. 8-bit 8080 MPU Mode:

IRS=VDD: Internal resistors

DIRS=VSS: SEG DIR from SEG1 to SEG80

98..88...88
SEG80
SEG79
vbD SEGT78
A0 RS SEG77
vss SEG76
/WR WR SEGT75
VDD SEG74
IRD IRD SEG73
ICcs ICcs SEG72
Vss SEG71
D7 D7 SEG70
D6 D6 SEG69
D5 D5 SEG68
D4 D4
D3 D3
D2 D2
D1 D1
DO DO
VDD VDD
VSS vsS
VSS 2
Vss V3
VSS V2
Vss Vi
Vss Vo
VR
VDD vouT
|:|Cl —— car2
' cAp2+
|:|Cl b—— cap-
1 CAP1+
VDD
IRS :l
vss
DIRS:|
ct SEG8
vbb § SEG7
PIS SEG6
P! SEG5
vss :l SEG4
cee SEG3
IRES IRES SEG2
vbb SEG1
2= 2~ 3
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2. 4-bit 8080 MPU Mode:

IRS=VDD: Internal resistors
DIRS=VSS: SEG DIR from SEG1 to SEGS80

2006/12/07

A0

/RD
ICs

D7
D6
D5
D4

VDD
VSS
VSS
Vss
VSS
VSS
VSS

VDD

IRES

6NOD
0TNOD
9TINOD
TZNOD
7ZNOD
ZSINOD

VDD
RS
VSS
IWR
VDD
IRD
ICs
VSS
D7

D6

D5

D4

D3

D2

D1

DO
VDD
VSS
A\

V3

V2

A%

VO

VR
VOuUT
CAP2-
CAP2+
CAP1-
CAP1+

VSS
C86
/IRES
VDD

1S3l
TSWOD
TNOD
'

1
8NOD
LTNOD
0ZNOD

SEG80
SEG79
SEG78
SEG77
SEG76
SEG75
SEG74
SEG73
SEG72
SEG71
SEG70
SEG69
SEG68

SEG8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
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3. 8-bit 6800 MPU Mode:
IRS=VDD: Internal resistors

DIRS=VSS: SEG DIR from SEG1 to SEG80

A0

R/W

ICS

D7
D6
D5
D4
D3
D2
D1
DO
VDD
VSS
VSs
EN
Vss
VSS
VSS

VDD

/IRES
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60D
0TWNOD
9TINOD
TZWNOD

VDD
RS
VSS
/WR
VDD
/IRD
ICs
VSS
D7

D6

D5

D4

D3

D2

D1

DO
VDD
VSS
V4

V3

V2

Vi

4

VR
VOUT
CAP2-
CAP2+
CAP1-
CAP1+

VDD
P/S
Pl
VSS
C86
/IRES
VDD

NN

Qo Q
moQ -0
n == <
—l&»—\ ®

LTNOD

¥2ZNOD

ZSNOD

0ZNOD

SEG80
SEG79
SEG78
SEG77
SEG76
SEG75
SEG74
SEG73
SEG72
SEG71
SEG70
SEG69
SEG68

SEG8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
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4. 4-bit 6800 MPU Mode:
IRS=VDD: Internal resistors
DIRS=VSS: SEG DIR from SEG1 to SEGS80

60 Q0 QQq
88--8-- 88
sE R R@
SEG80
SEG79
vbD SEGT8
A0 RS SEG77
Vss SEG76
RIW WR SEGTS
VDD SEG74
E /RD SEG73
ics Ics SEGT2
vss SEG71
D7 D7 SEG70
D6 D6 SEG69
D5 D5 SEG68
D4 D4
D3
D2
D1
Do
VDD vDD
Vss vss
VSs V4
Vss V3
Vss V2
Vss V1
Vss Vo
VR
VDD vouT
|:|Cl —— car2
| cap2+
|:|°1 —— caPL-
| caP1+
VDD
IRS :l
Vss :l
DIRS
ct SEG8
VDD 3 SEG7
PIS SEG6
P! :I SEGS
vss SEG4
ce6 SEG3
RES /RE8:| .
Vb SEGL
- @8 =5 B
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5. 3SPI Serial Mode:
IRS=VDD: Internal resistors
DIRS=VSS: SEG DIR from SEG1 to SEGS80

s &R RQ
SEG80
SEG79
vbD SEGT78
RS :l SEG77
VSS SEG76
IWR ——— SEG75
VDD ——@ SEG74
/JRD ————— SEG73
ICcs ICS SEG72
Vss SEG71
S| D7 SEG70
scL D6 SEG69
D5 SEG68
D4
D3
D2
D1
DO
VDD vDD
VSS Vss
VSs =] \Z
vss =] v3
VsS =2l V2
Vss <2l Vi
VSS &2y} Vo
VR
VDD S vout
|:|°1 — cap2
| CAP2+
|:|C1 b— caPi-
1 CAP1+
VDD
IRS :l
Vss
DIRS:|
et :l SEG8
VDb SEG7
PIs SEG6
P SEG5
vss § SEG4
ce6 SEG3
IRES IRES SEG2
vbD SEG1
488 ...88..8
952 38 B
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6. 4SPI Serial Mode:
IRS=VDD: Internal resistors
DIRS=VSS: SEG DIR from SEG1 to SEGS80

0O 00 QOQ
80-.--00---00
22 7ETZ2
5 H5R RQ
SEG80
SEG79
VDD SEG78
A0 RS SEG77
vsS SEG76
MR ——— SEGT75
VbD ——@ SEG74
/RD ———— SEGT73
ICcS Ics SEG72
VSS SEG71
S| D7 SEG70
SCL D6 SEG69
D5 SEG68
D4
D3
D2
D1
Do
VDD vbD
VSS VSS
Vs = va
Vss = V3
vss 2} V2
vss 24 vi
&S &2y Vo
VR
VDD L vouT
|:|Cl —— car2-
| cap2+
|:|°1 b—— car1-
| capP1+
]
IRS
]
DIRS
cL
SEG8
VDD SEG7
PIS SEG6
Pl
SEG5
VSS
SEG4
ces SEG3
IRES IRES sEG2
vbD SEG1
Q Q (@]
A 98 80 .9
B 52 T2 S
=4 Re ©J S)
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Application Notice

1.
2.

oo

© ®

10.

Power: 1.8V < VDD = 3.6V; 2.4V < VDD2 < 3.6V; VOUT < 12V.

Make sure the VDD / VDD2 power near the IC side is larger than 1.8V / 2.4V. Please consider the
path impedance (ITO / FPC / Heat seal impedance) from system power source to IC.

Use VDD (pad 25~29) for power supply input, and don’t use VDD (pad 1, 5, 61, 66, 72) output for
pad option to power supply input pad.

Use VSS (pad 30~34) for ground input, and don't use VSS (pad 3, 8, 63, 69) output for pad option to
ground input pad.

It is better to use internal Regulator resistor (IRS = VDD).

Because the VR terminal input impedance is high, use short leads and shielded lines to reduce the
noise coupling.

High resistance value of external resisters (Ra and Rb) can reduce the system power consumption:
Ra > 500KQand Rb > 500KQ.

Use precise resistor for Ra and Rb, and you will get more accurate voltage of VO.

Keep TEST pad no connection.

Note that all capacitors must have proper capacitance and voltage rating. The capacitance of
capacitors connected with VOUT, CAP1 and CAP2 are 0.1puF ~ 4.7uF; 0.1pF ~ 4.7uF for VO ~ V4.
Capacitors connected with VO ~ V4 have to be the same capacitance. The voltage rating of
capacitors connected to VOUT has to be more than 16V, more than-10V for VO ~ V4 and 6V for
CAP1 and CAP2.

Pads Capacitor Max. Rating
CAP1+, CAP1- | O1yF~ 4.7uE 6V
CAP2+, CAP2- |-0.1yF ~ 4.7uF 6V

VOUT 0.1pF ~4.7uF 16V
VO~ V4 0.1uF ~ 4.7uF 10V

11. Add/regulator capacitor-(10uF) and high-frequency capacitor (0.1uF) between VDD and VSS on

12.

13.

user’s-board.

The-reset pin of NT7607 is floating inside the IC. Please make sure the reset pin of the customer’s
system is in a fixed status (“H” or “L") while operating this pin.

If using serial mode, please make sure /RD, /WR and PI pads must be fixed “H” or “L".
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ITO Layout Notice

1. Specifically with COG application, it is important to reduce the resistance of the ITO path. To make
the overall display performance of the LCM better, there are some suggestions for ITO layout
described as below:

a) Please keep the resistance of VDD (2) & VSS (2) path between PCB and corresponding pads of
IC < 200Q. This value includes the ITO resistors’ values, the FPC/Heat seal resistor; the ACF
contact resistors between IC and Glass, Glass and FPC/Heat seal, FPC/Heat seal and PCB.

b) Large resistance will reduce the efficiency of the voltage booster; the user should make the ITO
resistance of charge pump pads as small as possible. The resistance of CAP1+, CAP1-, CAP2+,
CAP2- and VOUT = 300Q); the resistance of VO ~ V4 < 300Q.

c) The value of the other pins of the interface < 1KQ (except the /RES pin).

d) Make a long thin ITO line with an impedance of more than 4KQand less than 10KQbetween the
RESET of interface and IC’s /RES pads to work as a low-pass filter. With experience, it.can filter
some EMI and prevent the errors caused by ESD.

ITO Path Max. Resistance
VDD, VDD2, VSS, VSS2 200Q
CAP1+/-, CAP2+/-, VOUT 300Q
VO ~ V4, VR 300Q

IRES >4KQ'\and <10KQ
RS, /CS, /WR, /RD, DO ~ D7 1KQ

2. To meet the value demanded.above while laying out ITO;-users-may-accept the rules below:
a) In order to keep the ITO resistance to a minimum, the pitch-and position of the module
connection to.the outside should be selected to. make-the power lines go as straight as possible.
b) The distance between NT7607 and FPCis the shorter as the better. Then the length of ITO will
be the shortest and you can-get.a smaller resistor value.
c)'\The ITO interface may-fill the blank'\area on the LCD Panel to reduce the ITO resistance.
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3. Reference the figures for ITO Layout:
a) Figure 28 is ITO Layout for 8-bit parallel mode (Unit: um)
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3
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b) Figure 29 is ITO Layout for 4-bit parallel mode (Unit: um)
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¢) Figure 30is ITO Layout for Serial mode (Unit: um)
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Bonding Diagram
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] Unit: um

Pad No. |Designation X Y Pad No. |Designation X Y
1 VDD -1952.50 -353.00 31 VSS -302.50 -353.00
2 RS -1897.50 -353.00 32 VSS2 -247.50 -353.00
3 VSS -1842.50 -353.00 33 VSS2 -192.50 -353.00
4 /WR -1787.50 -353.00 34 VSS2 =137.50 -353.00
5 VDD -1732.50 -353.00 35 V4 -82.50 -353.00
6 /RD -1677.50 -353.00 36 V4 -27.50 -353.00
7 ICS -1622.50 -353.00 37 V3 27.50 -353.00
8 VSS -1567.50 -353.00 38 V3 82.50 -353.00
9 D7 -1512.50 -353.00 39 V2 137.50 -353.00
10 D7 -1457.50 -353.00 40 V2 192.50 -353.00
11 D6 -1402.50 -353.00 41 V1 247.50 -353.00
12 D6 +1347.50 -353.00 42 V1 302.50 -353.00
13 D5 -1292.50 -353.00 43 VO 357.50 -353.00
14 D5 +1237.50 -353.00 44 VO 412.50 -353.00
15 D4 -1182.50 -353.00 45 VR 467.50 -353.00
16 D4 -1127.50 -353.00 46 VOUT 522.50 -353.00
17 D3 -1072.50 -353.00 47 VOUT 577.50 -353.00
18 D3 -1017.50 -353.00 48 VOUT 632.50 -353.00
19 D2 -962.50 -353.00 49 CAP2- 687.50 -353.00
20 D2 -907.50 -353.00 50 CAP2- 742.50 -353.00
21 D1 -852.50 -353.00 51 CAP2- 797.50 -353.00
22 D1 -797.50 -353.00 52 CAP2+ 852.50 -353.00
23 DO -742.50 -353.00 53 CAP2+ 907.50 -353.00
24 DO -687.50 -353.00 54 CAP2+ 962.50 -353.00
25 VDD -632.50 -353.00 55 CAP1- 1017.50 -353.00
26 VDD -577.50 -353.00 56 CAP1- 1072.50 -353.00
27 VDD2 -522.50 -353.00 57 CAP1- 1127.50 -353.00
28 VDD2 -467.50 -353.00 58 CAP1+ 1182.50 -353.00
29 VDD2 -412.50 -353.00 59 CAP1+ 1237.50 -353.00
30 VSS -357.50 -353.00 60 CAP1+ 1292.50 -353.00
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Bonding Diagram (continued)

Pad No. |Designation X Y Pad No. |Designation X Y
61 VDD 1347.50 -353.00 97 SEG9 1575.00 353.00
62 IRS 1402.50 -353.00 98 SEG10 1525.00 353.00
63 VSS 1457.50 -353.00 99 SEG11 1475.00 353.00
64 DIRS 1512.50 -353.00 100 SEG12 1425.00 353.00
65 CL 1567.50 -353.00 101 SEG13 1375.00 353.00
66 VDD 1622.50 -353.00 102 SEG14 1325.00 353.00
67 P/S 1677.50 -353.00 103 SEG15 1275.00 353.00
68 PI 1732.50 -353.00 104 SEG16 1225.00 353.00
69 VSS 1787.50 -353.00 105 SEG17 1175.00 353.00
70 C86 1842.50 -353.00 106 SEG18 1125.00 353.00
71 /IRES 1897.50 -353.00 107 SEG19 1075.00 353.00
72 VDD 1952.50 -353.00 108 SEG20 1025.00 353.00
73 TEST 2164.00 -350.00 109 SEG21 975.00 353.00
74 COMS1 2164.00 -290.00 110 SEG22 925.00 353.00
75 Ccom1 2164.00 -240.00 111 SEG23 875.00 353.00
76 COM2 2164.00 -190.00 112 SEG?24 825.00 353.00
77 COM3 2164.00 -140.00 113 SEG25 775.00 353.00
78 com4 2164.00 -90.00 114 SEG26 725.00 353.00
79 COMb5 2164.00 -40.00 115 SEG27 675.00 353.00
80 COM6 2164.00 10.00 116 SEG28 625.00 353.00
81 com7 2164.00 60.00 117 SEG29 575.00 353.00
82 COomM8 2164.00 110.00 118 SEG30 525.00 353.00
83 COM17 2164.00 160.00 119 SEG31 475.00 353.00
84 ComM18 2164.00 210.00 120 SEG32 425.00 353.00
85 COM19 2164.00 260.00 121 SEG33 375.00 353.00
86 COM20 2164.00 310.00 122 SEG34 325.00 353.00
87 DUMMY1 | 2164.00 370.00 123 SEG35 275.00 353.00
88 DUMMY2 | 2040.00 353.00 124 SEG36 225.00 353.00
89 SEG1 1975.00 353.00 125 SEG37 175.00 353.00
90 SEG2 1925.00 353.00 126 SEG38 125.00 353.00
91 SEG3 1875.00 353.00 127 SEG39 75.00 353.00
92 SEG4 1825.00 353.00 128 SEG40 25.00 353.00
93 SEG5 1775.00 353.00 129 SEG41 -25.00 353.00
94 SEG6 1725.00 353.00 130 SEG42 -75.00 353.00
95 SEG7 1675.00 353.00 131 SEG43 -125.00 353.00
96 SEGS8 1625.00 353.00 132 SEG44 -175.00 353.00
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Bonding Diagram (continued)

Pad No. |Designation X Y Pad No. |Designation X Y
133 SEG45 -225.00 353.00 160 SEG72 -1575.00 353.00
134 SEG46 -275.00 353.00 161 SEG73 -1625.00 353.00
135 SEG47 -325.00 353.00 162 SEG74 -1675.00 353.00
136 SEG48 -375.00 353.00 163 SEG75 -1725.00 353.00
137 SEG49 -425.00 353.00 164 SEG76 -1775.00 353.00
138 SEG50 -475.00 353.00 165 SEG77 -1825.00 353.00
139 SEG51 -525.00 353.00 166 SEG78 -1875.00 353.00
140 SEG52 -575.00 353.00 167 SEG79 -1925.00 353.00
141 SEG53 -625.00 353.00 168 SEG80 -1975.00 353.00
142 SEG54 -675.00 353.00 169 DUMMY3 | -2040.00 353.00
143 SEG55 -725.00 353.00 170 DUMMY4 | -2164.00 370.00
144 SEG56 -775.00 353.00 171 COMS2 | -2164.00 310.00
145 SEG57 -825.00 353.00 172 COM24 - | -2164.00 260.00
146 SEG58 -875.00 353.00 173 COM23 | -2164.00 210.00
147 SEG59 -925.00 353.00 174 COM22 | -2164.00 160.00
148 SEG60 -975.00 353.00 175 COM21_-{-2164.00 110.00
149 SEG61 -1025.00 353.00 176 COM16 ' |-2164.00 60.00
150 SEG62 -1075.00 353.00 177 COM15 | -2164.00 10.00
151 SEG63 -1125.00 353.00 178 COM14 | -2164.00 -40.00
152 SEG64 -1175.00 353.00 179 COM13 | -2164.00 -90.00
153 SEG65 -1225.00 353.00 180 COM12 | -2164.00 -140.00
154 SEG66 -1275.00 353.00 181 CcoM11 -2164.00 -190.00
155 SEG67 <1325.00 353.00 182 COM10 | -2164.00 -240.00
156 SEG68 -1375.00 353.00 183 COoM9 -2164.00 -290.00
157 SEG69 -1425.00 353.00 184 DUMMY5 | -2164.00 -350.00
158 SEG70 -1475.00 353.00 - ALK L -2042.00 -378.00
159 SEG71 -1525.00 353.00 - ALK R 2042.00 -378.00
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Pad Dimensions
Size \
Item Pad No Unit
X Y
Chip size - 4578.0 956.0 pm
Chip thickness - 525 pm
1~72 55
74~86, 89~168,-171~183 50
Pad pitch pm
73~74, 86~87, 170~171,183~184 60
88~89, 168~169 65
1~72 35 90
89~168 32 90
Bump size 74~86, 171~183 90 32 pm
88, 169 40 90
73,87,170, 184 90 40
Bump height All pads 15+ 3 pm
Alignment Marks (Unit: um)
75.0 75.0
50.0 50.0
25.0 25.0
10.0 10.0
2290 150 150 533
ON— O Olojolo
- —Center Center — <
SIpS o ENE
ALK L ALK _R
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Ordering Information
Part No. Packages CGROM Table
NT7607H-D01/3N Gold Bump on Chip Tray Refer to Table 3-1
NT7607H-D06/3N Gold Bump on Chip Tray Refer to Table 3-2

Cautions

1. The contents of this document will be subjected to change without notice.

2. Precautions against light projection:

Light has the effect of causing the electrons of semiconductor to move; so light projection may
change the characteristics of semiconductor devices. For this reason, it is necessary to take
account of effective protection measures for the packages (such as COB, COG; TCP. and COF,
etc.) causing chip to be exposed to a light environment in order to isolate the-projection-of light on

any part of the chip, including top, bottom and the area around the chip:

Observe the following instructions in using this product:

a. During the design stage, it is necessary to notice and-confirm the light sensitivity and
preventive measures for using IC on substrate (PCB, Glass or Film) or-product.

Test and inspect the product under an environment free of light-source-penetration.
Confirm that all surfaces around-the IC\will not'be exposed to light source.
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