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Features

W 128 x 128 dots graphics LCD driver for 4 level grayscale with separated Icon line
B RAM capacity: 129 x 128 x 2 = 33,024bits
W 8-bit parallel bi-directional interface with 6800-series or 8080-series
B SPI (serial peripheral interface) available (only write operation)
B Power supply voltage:
VDD: 1.8 ~ 3.3V
VLCD(V0-VSS): 4.0~15.0V
W 3x, 4x, 5x, 6x on chip DC-DC converter
W On-chip Voltage Generator or external LCD driving power supply selectable
W 64 level internal contrast control or external contrast control
B Programmable bias ratio from 1/5 ~ 1/12
B Programmable Multiplex Ratio in dot-matrix display area from 16Mux ~ 129Mux
B On-Chip Oscillator with external resistor
B Temperature coefficient:-0.125%/°C, or external input
W Various partial display
W Partial window moving
M Vertical Scrolling
W Shift change of segment and common driver
W N-raster-row AC liquid-crystal drive (C-pattern waveform drive)
H® Low power consumption
300pA Max. (Operation)
2uA Max. (Sleep mode)
B CMOS Process
W Available in COG and TCP package

General Description

The NT7506 is a single chip with driver & controller LSI for dot matrix liquid crystal displays,
which is display 128 x 129 dot graphics for 4 level grayscale. It accepts serial peripheral interface (SPI)
or 8 bit parallel display data directly sent from a microcomputer and stores it in an on chip display
RAM of 128 x 129 x 2 bits.

NT7506 embeds a DC/DC converter, an LCD voltage regulator, an on-chip bias divider and an
on-chip Oscillator, which reduce the number of external components. NT7506 is suitable for any
portable battery-driven applications requiring a long operation and compact size.

No external operation clock is required for RAM read/write operations. Accordingly, this driver
can be operated with a minimum current consumption and its on board low current consumption liquid
crystal power supply can implement a high performance handy display system with a minimum current
consumption and a smallest LS| configuration.

2004/8/19 a/77 Ver.0.02
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Pad Configuration
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Block Diagram
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Pin and Pad Descriptions
Power Supply

Pad No. Designation I/1O Description
13, 20, 62 -
66, 116, VDD Supply | 1.8~3.3V power supply input
120, 143
10, 16, 25,
72 - 76, :
118, 122, VSS Supply | Ground input
142
77 -81 VSS2 Supply | Ground input
LCD driver supply voltages. The voltage determined by
LCD pixel is impedance-converted by an operational
amplifier for application. Voltages should have the
following relationship:
124 - 126 \Z VO > V1 >V2 > V3> V4 >VSS, When the on-chip
127 — 129 V3 operating power circuit is on, the following voltages are
given to V1 to V4 by the on-chip power circuit. Voltage
130-132 V2 /0 selection is performed by the set LCD bias command.
133 - 135 V1 When the amplifiers are not used, VO to V4 voltage can be
supplied to these pins externally.
136 — 138 VO
LCD bias V1 V2 V3 V4
1/N bias | (N-1)/NxV0 [ (N-2)/NxV0 | (2/N)xV0 (L/N)xVO
Note: N=51to 12
LCD Driver Supply
Pad No. Designation I/10 Description
95 -98 C1l- @] Capacitor 1- pad for internal DC/DC voltage converter
99 - 102 Cl+ @] Capacitor 1+ pad for internal DC/DC voltage converter
107 - 110 C2- @] Capacitor 2- pad for internal DC/DC voltage converter
103 - 106 C2+ @] Capacitor 2+ pad for internal DC/DC voltage converter
91-94 C3+ @] Capacitor 3+ pad for internal DC/DC voltage converter
111 - 114 Ca+ @] Capacitor 4+ pad for internal DC/DC voltage converter
87 -90 C5+ @] Capacitor 5+ pad for internal DC/DC voltage converter
83 -86 VOUT /0 Voltage converter input / output pin
67 -71 VCI I Voltage converter input voltage pin

2004/8/19
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V0 Voltage adjustment pin.

140 - 141 VR I INTRS="H": internal resistors is used, open this pin
INTRS="L": using external resistors (Ra/Rb) to adjustment.
Select the external VREF voltage via the VEXT pin
117 REF I REF="H": using the internal VREF
REF="L": using the external VREF
Externally input reference voltage (VREF) for the internal
119 VEXT | regulator. It is valid only when REF is “L”. When using
internal voltage regulator, connect to VDD, VSS or open
this pin.
When using internal clock Oscillator, connect a resistor
144 - 145 oscl ! between OSC1 and VDD.
System Control
Pad No. Designation /0 Description
Selects the resistors for adjusting VO voltage level
121 INTRS I INTRS="H": use the internal resistors.
INTRS="L": use the external resistors.
Microprocessor Interface
Pad No. Designation I/O Description
Reset input pin
19 RESETB I When RESETB is “L”, initialization is executed.
Parallel / Serial data select input.
PSO Interface Chip Data / Data Read / Serial
Mode Select Instruction Write Clock
H Parallel CSB RS DB7 to DBO E_/RD, —
RW_WR
11-12 PSO L Serial csB RS DB7(SID) Write DB6
Oonly (SCLK)
Note : In serial mode, it cannot read data from the on-chip
RAM. And DBO to DB5 are high impedance and E_RD
and RW_WR must be fixed to either “H” or “L”.
Microprocessor interface select input pin
14 - 15 PS1 Interface Selec] 6800 series | 8080 series | 4 pin SPI 3 pin SPI
PSO H H L L
PS1 H L H L
Chip Select input pins
17-18 CSB Data/Instruction 1/O is enabled only when CSB is “L”. When
chip select s non-active, DBO to DB7 are control data.
2004/8/19 8177 Ver.0.02
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Register select input pins
21 -22 RS RS="H": DBO to DB7 are display data
RS="L": DBO to DB7 are control data
Read / Write execution control pin
Cg86 |IMPU Tvpe |RW WR [Description
Read/Write control input pin
23-24 RW_WR H  |6800series [RW -RW="H"read
-RWE"| "write
Write enable clock input pin
L 8080 series |/MR The data on DBO to DB?7 are latched at the
risina edae of the AAVR sianal
Read / Write execution control pin
PS1 | MPU Type E _RD |Description
Read / Write control input pin
-RW="H": when E is "H", DBO to DB7 are in an
26 — 27 E_RD H | 6800 series E |output status.
-RW="L": The data on DBO to DB7 are latched
at the fallina edoe of the E signa
Read enable clock input pin
L 8080 series /RD  (When/RDis "L", DBO to DBY are in an output
status
29 - 30,
32-33 8-bit bi-directional data bus that is connected to the standard
35_36 8-bit microprocessor data bus.
38 _ 39 When the serial interface selected (PS0="L");
DBO to DB7 e DBO.to DBS: high impedance
41 — 42, DB6: serial input clock (SCLK)
DB7: serial input data (SID)
44 — 45 When chip select is not active, DBO to DB7 may be high
47 — 48, impedance.
50 -51
Liguid Crystal Drive Pads
Pad No. Designation I/1O Description
LCD segment drive outputs
The display data and the M signal control the output voltage
SEG 0 of segment driver.
215 - 342 to 0] H H VO V2
SEG127 H L VSS V3
L H V2 VO
L L V3 VSS
Power Save Mode VSS VSS
2004/8/19 977 Ver.0.02
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2_8 LCD common driver outputs
The internal scanning data and M signal control the output
146 - 153 voltage of common driver.
156 - 171 COMO Scan data | M(Internal)] Common driver output voltage
174 - 213 " © H H LSS
- COM127 H L VO
343 - 383 L H V1
L L V4
386 — 401 Power Save Mode VSs
214 COMS Common output for the icons
@] The output signals of two pins are same. When not used,
9) (COMSI) these pins should be left open.
Test Pads
Pad No. Designation I/O Description
61 TESTO | Test pads, and must be connected to VDD
28, 31, 34,
37, 40, 43,
46, 49, 52 — NC - NC pads, no connection for user
60, 82, 115,
123, 139
1, 154, 155, DUMMYO
172, 173, to - Dummy pads, no connection for user
384, 385,402 DUMMY7

2004/8/19
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Functional Description

1. Microprocessor Interface
1.1 Chip Select Input

The NT7506 has one chip select pads can interface to a microprocessor wheh CSB is “L”. When
these pins are set to any others combinatins, RS, E_RD, and RW_RW inputs are disabled and DBO
to DB7 are to be high impedance. And , in case of serial interface, the internal shift register and the
counter are reset.

1.2 Parallel / Serial Interface

The NT7506 has four types of interface with an MPU, which are two serial and two parallel
interface.This parallel or serial interface is determined by PSO pin as shown in table 1.

PSO Type PS1 CSB Interface Mode
H 6800-series MPU mode
H Parallel L cSB 8080-series MPU mode

: H 4-pin SPI mode

: serial L cse 3-pin SPI mode

Table 1. Parallel / Serial Interface Mode

1.3 Parallel Interface (PS0="“H")

The 8 bit bi-direction data bus is used in parallel interface and the type of MPU is selected by PS1 as
shown in table 2.

PS1 MPU Bus Type CSB RS E RD [RW WR DBO to DB7Y
H 6800-series CSB RS E RW DBO to DB7
L 8080-series CSB RS /RD WR DBO to DB7

Table 2. Microprocessor Selection for Parallel Interface

The type of data transfer is determined by signals at RS,E_RD, and RW_WR as shown in table 3.

Common 6800 series 8080 series Description
RS E RD |RW WR| /RD [RW_WR
H H H L H Display data read out
H H L H L Display data write
L H H L H Register status read
L H L H L Writes to internal register (instruction)

Table 3. Parallel Data Transfer

When E_RD pin is always pulled high for 6800 series interface, it can be used CSB for enable signal.

2004/8/19 11/77 Ver.0.02
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1.4 Serial Interface (PS0=“L")

When the NT7506 is active at serial interface, serial data (DB7) and serial clock(DB6) inputs are
enabled. If not, the internal 8 bit shift register and the 3 bit counter are reset.The display data /
command indication may be controlled either via software or the Register Select (RS)pin, based on
the setting of PS1. In 4 pin SPI mode,data is display data when RS is “H” and Common data when RS
is “L”.

In 3 pin SPI mode, the LCD driver will reveive command from MCU by default. If message on the data
pin are data rather than command, MCU should send data direction command(11101000) to control
the data direction and then one more command to define the number of data bytes will be write.After
these two contunuous commands are send, the following messages will be data rather than
command.

Serial data can be read on the rising edge of serial clock going into DB6. And the DDRAM column
address pointer will be increased by one automatically. The next bytes after the display data string is
handled as command data.

Serial mode PSO PS1 CSB RS
4 pin SPI mode L H CSB Uesd
3 pin SPI mode L L CSB Not Used

4 pin SPI Mode (PS0=“L”,PS1="H")

CsB

A T T T T T T e
S s N N s O o s s o

RS

Figure 1. 4 pin SPI Timing (RS is used)

2004/8/19 12/77 Ver.0.02
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3 pin SPI Mode (PS0=“L”, PS1="L")

CSB
0 2301 7 8 150 831
SCLK H H P P —‘ P
> 3 Byte (1) _ 2Byte(® L. "'104 Byte R

No. of
Page MSB LSB \BDC Data Data In

(1) SetPage and Column Address.
Set Page Address 1 01 1 P3P2P1PO
Set Column Address MSB : 000 1 0 Y6Y5Y4
Set Column Address L SB : 0 0 0 0 Y3Y2Y1YO
(2) Set DDC(Data Direction Command) and No. of Data Bytes.
Set Data Direction Command (for SPImode only): 1 1 1
Set No. of Data Bytes : D7 D6 D5 D4 D3 D2 D1 DO
(3) This figure is example for 104 Data bytes to be transferred.

Figure 2. 3-pin SPI Timing (RS is not used)

This command is used in 3 pin SPI mode only. It will be continuous commands, the first byte controls
the data direction and informs the LCD driver the second byte will be number of data bytes will be
write. After these two commands sending out, the following messages will be data. If data is stopped
in transmitting, it is not valid data.New data will be transferred serially with most significant bit first.

Note: In spite of transmission of data, if CSB will be disable, state terminates abnormally. Next state is
initialized.

1.5 Busy Flag

The Busy Flag indicatges whether the NT7506 is operating or not. When DB7 is “H” in read status
operstion, this device is in busy status and will accept only read status instruction. If the cycle time is
correct, the microprocessor needs not to check this flag before each informationm which improves the
MPU performance.

1.6 Data Transfer

NT7506 uses bus holder and internal data bus for data transfer with the MPU. When writing data from
the MPU to on-chip RAM, data is automatically transferred from the bus holder to the RAM as shown
in figure 3. And when reading data from on-chip RAM to th MPU, the data for the initial read cycle is
stored in the bus holder (dummy read ) and the MPU reads this stored data from bus holder for the
next data read cycle as shown in figure 4. This means that a dummy read cycle must be inserted
between each pair of address sets when a sequence of address sets is executed. Therefore, the data
of the specified address cannot be output with the read display data instruction right after the address
sets, but can be output at the second read of data.

2004/8/19 13/77 Ver.0.02
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MPU Signals

. |

- I o o o
DBO to DB7 N >< D(N) >< D(N+1) >< D(N+2) >< D(N+3)

Internal Signals

e I O o e e
Bus Holder N >< D(N) >< D(N+1) >< D(N+2) >< D(N+3)

Column Address N >< N+1 >< N+2 >< N+3 >C

Figure 3. Write Timing

MPU Signals

. |

IWR
I O O
DBO to DB7 Dummy’ D(N) D(N+1) @—
Internal Signals
IWR
I o A o A
Bus Holder N >< D(N) >< D(N+1) >< D(N+2) ><
Column Address N >< D(N) >< D(N+1) >< D(N+2) ><

Figure 4. Read Timing

2004/8/19 14177 Ver.0.02
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2. Display Data RAM

The Display Data RAM stores pixel data for the LCD. It is 129-row(17 page by 8 bits) by 128-column
addressable array. Each pixel can be selected when the page and column addresses are specified.
The 129 rows are divided into 16 pages of 8 lines and the 17" page with a single line(DBO only). Data
is read from or written to the 8 lines of each page directly through DBO to DB7.The display data of
DBO0 to DB7 from the microprocessor correspond to the LCD common lines. The microprocessor can
read from and write to RAM through the I/O buffer. Since the LCD controller operates independenlty,
dat can be written into RAM at the same time as data is being displayed without causing the LCD
flicker.

3. Page Address Circuit

The circuit is for providing a Page Address to Display Data RAM shown in figure 8. It incorporates
4-bit Page Address register changed by only the “Set Page” instruction. Page Address 16 is a special
RAM area for the icons and display data DBO in only valid.

4. Line Address Circuit

This circuit assigns DDRAM a Line Address corresponding to the first line (COMO) of the display.
Therefore, by setting Line Adddress repeatedly, it is possible to realize the screen scrolling and page
switching without changing the contents of on chip RAM as shown in figure 6. It incorporates 7-bit
Line Address register changed by only the initial display line instruction and 7 bit counter circuit. At the
beginning of each LCD frame, the contents of register are copied to the line counter which is
increased by CL signal and generates the line address for transferring the 128 bit RAM data to the
display data latch circuit. When icon is enabled by setting icon control register, display data of icons
are not scrolled because the MPU can not access Line Address of icons.

5. Column Address Circuit

Column Address Circuit has a 8 bit preset counter that provides Column Address to the Display Data
RAM as shown in figure 6. When set Column Address MSB/LSB instruction is issued, 7-bit [ Y7 : Y1]
are set and lowest bit, YO is set to “0”. Since this address is increased by 1 each a read or write data
instruction, microprocessor can access the display data continuously. However, the counteris not
increased and locked of a non-existing address above 7EH. It counter is independent of page address
register.

ADC select instruction makes it possible to invert the relationship between the Column Address and
the segment outputs.lt is necessary to rewrite the display data on built in RAM after issuing ADC
select instruciton.Refer to the following figure 5.

2004/8/19 15/77 Ver.0.02
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SEG Output SEG 0 | SEG 1| SEG 2| SEG 3 SURl Il Il Ies
Column Address[Y7:Y1] OOH 01H 02H 03H 7CH | 7/DH | 7EH | 7FH
Internal Column 00H | 01H | 02H [ 03H [ 04H | 05H | 06H | O7H F8H | F9H | FAH | FBH|FCH|FDH|FEH|FFH
Address[Y7:Y1]
Display Data(ADC=0) (1| 1| 1|ofo]o]o|1 1f{1lo]lo]1]o]of1

Display Data(ADC=1)

LCD Panel Display

Figure 5. The Relationship between the Column Address and The Segment Outputs
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6. Segment Control Circuit

This circuit controls the display data by the display ON/OFF, reverse display ON/OFF and entire
display ON/OFF instructions wihtout changing the data in the display data RAM.

Page Address Line COM
pB4|pB3[pB2|pB1{DBO Address N Output
OOH COMO
O1H CoM1
ggE COM2
ojlo|lo]o]|o Page0 ot 88’\"2
05H COM5
06H COM6
O7H COM7
O8H COom8
O9H COM9
823 COM10
olofo|of1 Pagel COM11
9 OCH T CcOom12
ODH COoM13
OEH CoM14
OFH COM15
10H COM16
11H COM17
lgH T <1 com18
13H COM19
Page2
ololo|1]o0 g 12: Comzo
COoMm21
6H COM22
7H COM23
8H COM24
9H COM25
LAH COM26
BH
oflolo|1]1 Page3 o |End | ggmg
DH e: COM29
1EH | [Stat COM30
1FH [— COM31
oo o ; o !
. | | Lo L i 1 1 | . :
68H COM104
D 69H COM105
g SQE COM106
of1]2]o]|1 Pagel COM107
D agel3 6CH COM108
D 6DH COM109
D 6EH COM110
D 6FH L I—comiit
D 70H COM112
D 71H COM113
D 72H COM114
D 73H COM115
of1f2f2fo Pagel4
5 ¢] 74H COM116
D 75H comi17 |
D 76H COM118
D 77H COM119
D 78H COM120
D 79H comMi121 |
D 7AH comi2z |
D 7BH M123
Pagel5 s
S e e B I 9 ;g: -+ <« CcoMi124 |
D COM125
D 7EH COM126
DI 7FH N COM127
*
1] 0] 0] 0] o] bBO | | [ 1 Pagel6(®) 80H COMS
* When ICON control register is set to "1", page address is set to "16", and user can write data for displaying icons.
coo Jde (8888|885 0 o-—---- SIS
E o> Q
g3t 2
T
0%z - [ K[ e(g]l8l8] @ 0 ------ algls Initial Start Line Address= 1DH
883 AEEIEIEEER 81815
S £ ojo|lo|o|o|lo|o|ol 0 TTTTTT 8 8 8
% o njiunlunlunjlunln|lun|ln alel o

Figure 6. Display Data RAM Map
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7. LCD Display Circuit

FRC(Frame Rate Control) and PWM(Pulse Width Modulation) Function Circuit

NT7506 incorporates an FRC function and a PWM function circuit to display a 4 level gran scale. The
FRC function and PWM utilize liquid crystal characteristics whose transmittance is changed by an
effective value of applied voltage. The NT7506 provides four 4 bit palette-registers to assign the
desired gray level. Thses registers are set by the instrucitons and the RESETB.

-Gray Scake Table of 4 FRC(Frame Rate Control)

Gray Scale Level

MSB (DB7 to DB4)

LSB (DB3 to DBO)

White 2™ FR (FR2) L* FR (FRL)
4" FR (FR4) 3" FR (FR3)

_ 2" FR (FR2) 1° FR (FR1)
nght Gray 4th FR (FR4) 3rd FR (FR3)
2" FR (FR2) 1" FR (FR1)

Dark Gray 4T FR (FR4) 3 FR (FR3)
. 2" FR (FR2) 1" FR (FR1)
4™ FR (FR4) 3" FR (FR3)

-Gray Scake Table of 3 FRC(Frame Rate Control)

Gray Scale Level

MSB (DB7 to DB4)

LSB (DB3 to DBO)

. 2" FR (FR2) 15 FR (FR1)
White X X X X 3 FR (FR3)
. 2" FR (FR2) 15 FR (FR1)
Light Gray X X X X 37FR (FR3)
2" FR (FR2) 1 FR (FR1)
Dark Gray X X X X 37FR (FR3)
2" FR (FR2) 15 FR (FR1)
Black X X X X 37FR (FR3)
-Gray Scake Table of 15 PWM(Pulse Width Modulation)

Dec Hex 4-bits PWM(on width) Note
0 00 0000 0 (0/15) Brighter
1 01 0001 1/15 A
2 02 0010 2/15
3 03 0011 3/15
4 04 0100 4/15
5 05 0101 5/15
6 06 0110 6/15
7 07 0111 7/15
8 08 1000 8/15
9 09 1001 9/15
10 0A 1010 10/15
11 0B 1011 1115 \/

2004/8/19 18/77 Ver.0.02
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12 0C 1100 12/15 |
13 0D 1101 13/15 *
14 OE 1110 14/15
15 OF 1111 1 (15/15) Darker
-Gray Scake Table of 12 PWM(Pulse Width Modulation)
Dec Hex 4-bits PWM(on width) Note
0 00 0000 0 (0/12) Brighter
1 01 0001 1/12 A
2 02 0010 2/12
3 03 0011 3/12
4 04 0100 4/12
5 05 0101 5/12
6 06 0110 6/12
7 07 0111 7/12
8 08 1000 8/12
9 09 1001 9/12
10 0A 1010 10/12
11 0B 1011 11/12 \
12 0C 1100 1(12/12) Darker
13 0D 1101 0/12 This area is
14 OE 1110 0/12 selected to OFF
15 OF 1111 0/12 level (0/12 level)
-Gray Scake Table of 9PWM(Pulse Width Modulation)
Dec Hex 4-bits PWM(on width) Note
0 00 0000 0 (0/9 Brighter
1 01 0001 1/9 A
2 02 0010 2/9
3 03 0011 3/9
4 04 0100 4/9
5 05 0101 5/9
6 06 0110 6/9
7 07 0111 7/9
8 08 1000 8/9 \
9 09 1001 1 (9/9) Darker
10 0A 1010 0/9
11 0B 1011 0/9 . .
1 0C 1100 0/9 This area is
13 oD 1101 /9 selected to OFF
level (0/9 level)
14 OE 1110 0/9
15 OF 1111 0/9
2004/8/19 19/77 Ver.0.02
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8. Oscillator

This is on-chip Oscillator with external resistor. Its frequency is controlled by external resistor between
OSC1 and VDD. This Oscillator signal is used in the voltage converter and display timing generation
circuit.

9. Display Timing Generator Circuit

This circuit generates some signals to be used for displaying LCD. The display
clock,CL(internal),generated by Oscillation clock, generates the clock for the line counter and the
signal for the display data latch. The line address of on-chip RAM is generated in synchronization with
the display clock. The display data, which is read to the LCD driver, is completely independent of the
access to the display data RAM from the microprocessor. The display clock generates an LCD AC
signal(M) which enables the LCD driver to make a AC drive waveform, and also generates an internal
common timing signal and start signal to the common driver. The frame signal or the line signal
changes the M by setting internal instruction. Driving waveform and internal timing signal are shown in
Figure 7.

127 128 1 2 3 4 5 6 123 124 125 126 127 128 1 2 3 4 5 6
awmernay | LT LTI
FR(Internal) |
""" st I e TIIIIT IIIIIII IIiIiiiniiiiooioirrieerrriiiiirriiies — Vo
Vi
COMo
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, V4
—————————————————————————————————————————————————————————————————————————— L R S Vss
S CLIIIIITLIIIIIIIIIIII I Sl CoLLID il mmrernoon i Tl Vo
Vi
comr va
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Vss
T COCOCOXOOOOOCXEX
data S
- B
SEGn
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr V3
""""""""""""""""""""""""""""""""""""""""""" Vss

Figure 7. 2-frame AC Driving Waveform (Duty Ratio = 1/128)
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123 124 125 126 127 128

CL(Internal)

FR(Internal)

M(Internal)
COMo
com
SEGn _I_

Figure 8. N-Line Inversion Driving Waveform (N = 5, Duty Ratio = 1/128)
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10. LCD Driver Circuit

This driver circuit is configured by 129-channel common drivers and 128-channel segment drivers.
This LCD panel driver voltage depends on the combination of display data and M signal.

COMO
Ccom1

COMo
COM2

COM3

COoM4

coM1

COM5
COM6
com7

COom2

COoMms8

COM9

COoMm10

Com11 SEGO

Ccom12

COM13
CcoM14

COM15 SEG1

SEG2

COMO - SEGO

COMO - SEG1

Figure 9. Segment and Common Timing
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11. Partial Display On LCD

The NT7506 realizes the Partial Display function on LCD with low-duty driving for saving power
consumption and showing the various display duty. To show the various display duty on LCD, LCD
driving duty and bias are programmable via the instruction. And, built-in power supply circuits are
controlled by the instruction for adjusting the LCD driving voltages.

COMoO- HOOONOOEERDOOROOONODEEECOCOEE ECEEEN EOOOEOO00000EO00EOE ENCEEEEERCE ERCOCOEEROOO0OEECOOO0000
COM1- EOOOECOEOOONORCOONOROOOROOOOO0OROCO0C0ORCORCOO000000ROO0O0ROO0ROO0O0C000C0RCOROOO000ROOCOROOROC0O0O0O00000
COM2- ENCONCOEOOONORCOONOROOORNOO0ONCO0O0NCO0C0ORCOROC0O0000000RECOOROO0RO00C0000OCOERERCOOROOEROROO000000000
COM3- HOECOEOEOODOROROOO0NOROOONODOODORO00OEEEREOOREOOO0O0O000000RCREOROO0O0ROC000OECOO0000ONOROEORORERERO 000000
COM4- HOOEEOEOODOEOROOOECONEEEEOOOROOO0ROOO000ROROOOO00000C0RCCOEROOO0RO00ORCOOO00000NORROOROROOOROOO0000
COMS5- EOOONOEOOOROOEOROOROODOONOOOROO0OROOOOOROOROOO00000RCCOROO0ROC0O0ORCOOOORODOONOROOOROROOOROO0O0000
COM6- HEOOOECONRROOODOROOOROOOROOONCOO0NEER D.DDD.DDDDDDD.DDD.DDD.DDDD.DDDDD.-.DDD..-DDD...DDDDDDD
COM7- Oo00O0000000000000000000000000000000000000000000000000000000000000000L 1000000000000000800
COM8- Oo0O00ECOO0O000EEECO0EER0CO0000000EREOO0OENEOOECOO0E0DEEEDO0REEROCOEEEOOMEL H H H H 1 HO000000000EOEEEEO
COM9- OoDO00E0D000EC00E0E00ECO000000E000EOEODOEOECOO0E000E000B000E0EOCOE0E0DO0000B00000B00000B000E
COM10- OO0DO00E0D000ECO0000E000EO0000000EO00000EODOEOEECOE000E000B000EC0EOCOE0E0DO0000B00000B00000B000E
COM11- OO00DO00E00000ECO0000E000E0O000000E00000E0DOEOECEOE000E000EEERDCEOCOE0E00000E00000EEEE00EREED
COM12- COoo0oEL0D00R00000E000E0000000E00000E000E0EOOERCOOE000E0RO00EOO00E0R00000EO000OEOO0O00ROEOO
COM13- OoDO00EO0O0O00ECO00E0E00ECO000000EO0O00EOE0D00OEOECOO0E000E000R00R00EOCOEO0E0DO000R00000B00000B00OEO
COM14- OODO00EEDEEOOEENCOEER0OCO0000000EEEOOOEDEOOECOOE000E0 000000 OEEE0 0D ONEEEEOEEEEECEODOOE
COM15- OO000O00O00D000000000000000000000000000000000000000000000001 100000O000000000000000000000000000
COM16- COo00o00oooo0oooooOomeO0O000000OEERCO0ONEEECCON ERROEERECOCO0000000000000000000000
comMi7- | O0O0O0O0O0000000000000OmRCORO0000000mOCROCRO00ORCO0O0RO00ROOO0RORO0000ROOORO0O00000000000000000000000
coMis- | O0OOO0OOO000ooOooooOOmRCOECO00000000m00ORCROOORCOO0RO00ROO0RORO0000ROOORO00000000000000000000000
cowmie- | OOOOO0O0000000000000mO000000000RCO0ONCOEEEEOOO0O0ROO0EOOONOEEEEOEEEREOO000000000000000000000000
COM20- Ooo0oO00000d00000000ROROROO000000R000RORORCO00OROCOOROOOROROO00OROEOOO0000000000000000000000400
comz1- | OO00000000000000000ROORO0000000RCOROCEOORCO00ROOCOROROCOEOOO00ROOROO000000000000000000000000
comz2- | OOOO0O0O000000000OOOOMECROJO000000EEROOCOROO0OROONEROO00CROOO ] OROOOmO00000000000000000000000
COM23- OO00O0O00O0D00O0000000000000000000000000000000000000000000000000000000000000000000000000000000

Figure 10. Reference Example for Partial Display

COMO- mOOOMm D- IEIEI-DEIEI OOEEECOON ] OooomEmOo000ood
COM1- mOOO OomOOROO00000000
COM2- EEOO OoOooooood
COM3- mOom OOomOmOood ] Jm[m] O EECOOOO0000
COM4- mOOE D.DDD.D.DDD.D.....DDD.DDD.DDDDD.D.DDDDDDDDD.DD. O0ORO00O0ROO000000RCEROOROROOCEOO00000
COM5- EOODOROROOONOORCOECORCOORCOORCOCRDOODODODONCOROO000000ROO00OROO0RCOOOROOC0CROOORORODOOROROOOROO0O0000
COM6- EOOOROOEEEOOOCORCCOORCOONCOONCOCEEEERCOECOOROO000000ROO00OROO0RCOOORO0C0CCOEERODDOEERODOCOEREROO0O00000
COM7- O0O00000000000000000000000000000000000000000000000000000000000000000000000000000000000000048
COM8- OoOOO0OEO00000EEECOEEECOOO000000OEEECOOEEECORO00EOEEREERCEREECO0EEECO0E00000R00000EREEECEEERC
COM9- OoOOO0OEO0000ECOOECOECOECOO000000ROOOEOECOOEORCO00ECOOROO0OEOOOROE000ECE0O0000ROO0000EDOO0O0OECCOO®E
COM10- OO0D00O00EO0000O0EO00000EO000R0O000000EO0O0000E000BOREDO0ROO0E000EO00EOEOO0O0EDE0O000R00000B00000EO00E
COM11- OO0o00O0OE0000OE00000EO000RE0000000B0O0000I000B0NE0E0I000R 000 EE 000008000 000800000HEEEOO0EEEEC
COoM12- OO00000E00000E00000E000E0000000E00000E000E0R00EECOO0E000E0R000E000E0E00000B00000B00000EOBR0OO
COM13- OO0D0000E000CO0R000EO0EO0EOO0000000EO000EOEOO00EOR000ECO0E000E00R00EO00E0DE0O0000B00000B800000EO0EO
COM14- OOD000EEENE0OEEEOOEEECO000000000EEEO000EEEO0R000ECO0E000E000EO0EECODENENE 0D DENE0EEEEEODEOOOE
COM15- OOO0OO0O0O00D000000000000000000000000000000000000000000000000000000000000000000000000000000000
COM16
COoM17
COM18
COM19
COM20-
COM21.
COM22
comz23

Figure 11. Partial Display (Partial Display Duty = 16, Initial COMO = 0)

| EOED

COM14- EROROOORCOO0000EO00O0RCOOROCO0COROOO0CONREECOOONERCOOCERROCO0000
comis- | oOopoo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
COM16- | MOpooDOE000000EEE00EEE0000000000EEE000EEE00E000E0EEEEE0EEEE000EEE00E00000E00000IEEEE0EEaa0]
CcomMI7- | MOOOOOE00000E000E0E00E00000000B000E0E000E0E000E000B000E000B0E000E0E00000B0000080000080008
COM1s- | MOOODOEO0000E00000E000E0000000B00000B000B0EE00E000B000E000B0E000E0E00000B00000800000B0008
comS- | MOopOOoE00000E00000E000E0000000E00000B000E0E0E0E000E000EEEE00E000E0E00000E00000BEEE00EEEE0
COM20- | MMpOOom00000E00000E000E0000000E00000E000E0E00EE000E000E0E000E000E0E00000E00000800000E0E00
com2l- | mONOOoE00000E000E0E00E00000000E000B0E000E0E000E000E000E00E00E000E0E0000080000080000080080
comz2- | MOOpDDEEEEE00EEE00EEE0000000000EE000EEE00E000E000000E000E00IEE00NEEEEOEEEEEOEnEaEOadl0E
Ccomz3- | MOopODD00000000000000000000000000000000000000000000000000000000000000000000000000000000000

Figure 12. Moving Display (Partial Display Duty = 16, Initial COMO = 8)
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12. Power Supply Circuit

The power Supply circuit generate the voltage levels necessary to drive liquid crystal driver circuits
with low power consumption and the fewest components. There are voltage converter circuits, voltage
regulator circuits, and voltage follower circuits. They are controllerd by power control instruction. For
details, refers to “Instruction Description”. Table 4 shows the referenced combinations in using Power

Supply circuits.

User setup

Power control
(VIC VIR VIF)

V/C circuits

VIR circuits

V/F circuits

VOUT

Vo

V1toV4

Only the internal
power supply
circuits are used

ON

ON

ON

Open

Open

Open

Only the voltage
regulator circuits
and voltage
follower circuits are
used

OFF

ON

ON

External
Input

Open

Open

Only the voltage
follower circuit are
used

OFF

OFF

ON

Open

External
input

Open

Only the external
power supply circuit
are used

OFF

OFF

OFF

Open

External
input

External
input

2004/8/19

Table 4. Recommended Power Supply Combinations
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13. Voltage Convertor Circuit

These circuit boost up the electric potential between VCI and Vss to 3,4,5 or 6 times toward positive
side and boosted voltage is outputted from VOUT pin. It is possible to select the lower boosting level
in any boosting circuit by “Set DC-DC Step-up” instruction. When the higher level is selected by

instruction, VOUT voltage is not valid.

i Vss
T {vour

C5+
C3+

L |
T

o ] C2+ va
[ C2-

ca+ Vss

90S.LN

C1 Voutr=3 XVCl —px—

T

voltage relationships

3x step-up voltage circuit

Figure 13. Three Times Boosting Circuit

1 T Vss
T VouTt
C5+
C3+ z
c1+ 3
T C1l- g
Cl—l— @ VouTt=5XVcli ey
Cl+
N C2+
C1 I co- Vel I
¢l T C4+ Vss -

5x step-up voltage circuit voltage relationships

Figure 15. Five Times Boosting Circuit

2004/8/19

=
j E—

Cl‘E

P

T |

a<L
J EE—

C1

Vss
Vout
c5+
c3+
ci-

Cl+
C2+

C2-
Ca+

90S.1N

4x step-up voltage circuit

[Cl=1.0t04.7 (uF)]

VouTt =4 X Vcl

Vss —

voltage relationships

Figure 14. Four Times Boosting Circuit

aL
j I

c1 S m—
c1£_|:
L

ClP

Cl—E

Vss
Vout
C5+
C3+
C1-

Cl+
C2+

c2-
Ca+

90S.IN

6x step-up voltage circuit

VouT =6 X Vi

Vss —

voltage relationships

Figure 16. Six Times Boosting Circuit
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14. The Voltage Regulator Circuit

The function of the internal voltage regulator circuits is to determine liquid crystal operating voltage,
V0 by adjusting resistor, Ra and Rb, within the range of IVOI < IVOUTI. Because VOUT is the
operating voltage of operational-amplifier circuits shown in figurel7, it is necessary to be applied
internally or externally.

For the Eq.1, we determine VO by Ra,Rb and VEV. The Ra and Rb are connected internally or
externally by INTRS pin. And VEV called the voltage of electronic volume is determined by Eq.2,
where the parameter «is the value selected by instruction, “Set Reference Voltage Register”, within

the range 0 to 63. VREF voltage at Ta=25°C is shown in Table 5.

REF Temp. coefficient VREF(V)
1 -0.125% /°C 2.1
0 External input VEXT

Table 5 . VREF Voltage at Ta = 25°C

Rb

VouTt

N
+/>—0— Vo

VEV (constant voltage
-+ supply + electronic volume)
Vss

Figure 17. Internal Voltage Regulator Circuit
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In Case of Using Internal Resistors, Ra and Rb (INTRS = “H”)

When INTRS pin is “H”, resistor Ra is connected internally between VR pin and VSS, and Rb is
connected between VO and VR. We determine VO by two instructions, “Regulator Resistor Select* and
“Set Reference Voltage”.

3-bit data settings (R2 R1 RO0)

000 001 010 011 100 101 110 111

1+ (Rb/Ra) 2.3 3.0 3.7 4.4 5.1 5.8 6.5 7.2

Table 6. Internal Rb / Ra Ratio depending on 3-bit Data (R2 R1 RO)

Figure 18 shows VO voltage measured by adjusting internal regulator register ratio(Rb / Ra) and
6-bit electronic volume registers for each temperature coefficient at Ta = 25 °C.

[111]

14 [110]
13

[101]
12
1 [100]
10

[011]
9
8 (010]
;

[001]
6
5 (000]

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 4 46 48 S0 52 4 56 58 60 62
Electronic Volume Register (0~63)

Figure 18. Electronic Volume Level (Temp. Coefficient =-0.125% / °C)
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In Case of Using External Resistors, Ra and Rb (INTRS = “L”)

When INTRS pin is “L”, it is necessary to connect external regulator Ra between VR and VSS, and Rb

between VO and VR.

Example: For the following requirements
1. LCD driver voltage, VO = 10V
2. 6-bit reference voltage register = (1, 0, 0, 0, 0, 0)
3. Maximum current flowing Ra, Rb = 1pA

From Eq.1
10 =( 1+ Rb/Ra) x VEV [V]-------- (Eq.3)

From Eq.1
VEV = ( 1+ (63-32)/210) x 2.1=1.79 [V]------- (Eq.4)

From requirement 3.

10/ (Ra +Rb) = 1 [uA] -------- (Eq.5)
From equations Eqg. 3, 4 and 5
Ra=1.79 [MQ]
Rb =8.21 [MQ]
Electronic volume level
o | ... 32 | ... 63
VO 821 | e 10,00 | eeeees 11.73

Table 7. The Range of VO

15. Voltage Follower Circuit

VLCD voltage (VO) is resistively divided into four voltage levels (V1, V2, V3 and V4), and those output
impedance are converted by the voltage follower for increasing drive capability. Table ** shows the

relationship between V1 to V4 level and each duty ratio.

LCD bias V1 V2 V3

V4

Remarks

1/N

(N-1) /N x VO

(N-2) /N x VO

2/N x VO

1 /N x VO

N=5to 12

Table 8. The Relationship between V1to V4 Level and Each Duty Ratio

2004/8/19
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16. Reference Power Supply Circuit for Driving LCD Panel

[C1=1.0~4.7 (uF), C2 = 0.47 ~ 2.0 (uF)]

_Vvoo
When using internal regulator resistors When using external regulator resistors
c1 INTRS c1 INTRS
H VouTt H VouTt
I_— C5+ L— C5+
c1 ] C3+ c1 ] c3+
C1 C1
C1- C1-
C1 C1
T— Il ci+ T lci+
J_— C2+ J_— C2+
c1 Cc1
C1 C1
T c4+ T c4+
Ra
VR — VR
€2 €2 RO D
11 VO 1T VO
C2 | C2
11 V1 1 Vi
C2 ) C2
11 \4 11 V2
C2 ) C2
it V3 pval V3
c2 I V4 i} V4
Vss Vss
Figure 19. When Using all LCD Power Circuits
(6-Time V/C: ON, V/IR: ON, V/F: ON)
Voo
When using internal regulator resistors When using external regulator resistors
External INTRS External INTRS
Power vourt Power Vout
Supply C5+ Supply cs+
C3+ C3+
C1- C1-
Cil+ Cl+
C2+ co+
C2- Cc2-
C4+ C4+
Ra
VR — VR
C2 ) C2 RO D
1T VO 11 VO
C2 ) C2
1 V1 i Vi
C2 ) C2
11 V2 11 V2
C2 ) C2
p 11 V3 - 11 V3
I V4 I} va
Vss Vss

Figure 20. When Using some LCD Power Circuits
(V/C: OFF, V/R: ON, V/F: ON)
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[C2 = 0.47 ~ 2.0 (UF)]
_Voo,
INTRS
VouTt
C5+
c3+
ci-
Cl+
External Ca+
— Power c2z-

Supply

C

|

O

¢l

(@]
NN NN N

C

Vss

C4+
VR

VO
V1
V2
V3
Vva

Figure 21. When Using some LCD Power Circuits

(VIC: OFF, V/R: OFF, V/F: ON)

[C2 = 0.47 ~ 2.0 (uF)]

External

Power
( Supply

Vss

INTRS
VouTt

C5+
C3+
C1-
Cil+
C2+
Cc2-

C4+
VR

)
Vi
V2
V3
va

Figure 22. When Not Using any Internal LCD Power Supply Circuits

(VIC: OFF, VIR: OFF, V/IF: OFF)
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17. Reset Circuit

Setting RESETB to “L” or Reset instruction can initialize internal function.

When RESETB becomes “L”, following procedure is occurred.
Page address : 0
Column address: 0
Read-modify-write : OFF
Display ON / OFF : OFF
Initial display line : O (first)
Initial COMO register : 0 (COM 0)
Partial display duty ratio : 1/128
Reverse display ON/OFF : OFF (normal)
N-line inversion register : 0 (disable)
Entire display ON/OFF : OFF (Icon disable)
Icon control register ON/OFF :  OFF (Icon disable)
Power control register (VC, VR, VF)= (0,0,0)
DC-DC converter circuit = (0,0)
Regulator resistor select register : (R2,R1,R0) = (0, 0, 0)
Contrast Level : 32
LCD bias ratio : 1/12
COM scan Direction : 0
ADC select: 0
Oscillator : OFF
Power Save Mode : Release
Display Data Length register : 0 (for SPI mode)
White mode set : OFF
White palette register ( WG3,WG2,WG1,WG0) = (0, 0, 0, 0)
Light gray mode set : OFF
Light gray palette register (LG3,LG2,LG1,LGO) = (0, 0, O, 0)
Dark gray mode set : OFF
Dark gray palette register (DG3,DG2,DG1,DGO0) = (1, 1, 1, 1)
Black mode set : OFF
Black palette register (BG3,BG2,BG1,BG0) = (1, 1, 1, 1)
FRC, PWM mode : 4FRC, 9PWM

When RESET instruction is issued, following procedure is occurred.
Page address : 0
Column address : 0
Read-modify-write : OFF
Initial display line : O (first)
Regulator resistor select register: (R2,R1,R0) = (0, 0, 0,)
Contrast Level : 32
Display Data Length register : O (for SPI mode)
White mode set : OFF
White palette register ( WG3,WG2,WG1,WG0) = (0, 0, 0, 0)
Light gray mode set : OFF
Light gray palette register (LG3,LG2,LG1,LGO) = (0, 0, 0, 0)
Dark gray mode set : OFF
Dark gray palette register (DG3,DG2,DG1,DGO0) = (1, 1, 1, 1)
Black mode set : OFF
Black palette register (BG3,BG2,BG1,BG0) = (1, 1, 1, 1)
FRC, PWM mode : 4FRC, 9PWM

While RESETB is “L” or reset instruciton is executed, no instruction except read status can be
accepted. Reset status appears at DB4. After DB4 becomes “ L”,any instruction can be accepted.
RESETB must be connected to the reset pin of the MPU, and initialize the MPU and this LSI at the
same time. The initialization by RESETB is essential before used.

2004/8/19 31/77 Ver.0.02
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18. Instruction Description
Table 9. Instruction Table
Instruction RS |[RW| DB7 |DB6|DB5|DB4|DB3|DB2| DB1 | DBO Description
Read display data | 1 1 Read data Read data from DDRAM
Write displaydata | 1 | O Write data Write data into DDRAM
Read status 0 1 |BUSY|ON |RES [MF2|MF1|MFO| DS1 | DSO |Read the internal status
ICON=0:
ICON disable (default)
'rgois'\t'ecrogtl\rf/’a:l: o|lo| 1 lo|l1]0o]|0o]0o| 1 |icon]|icCON=1:
9 ICON enable & set the
page address to 16
Set page address 0 0 1 0 1 1 | P3| P2 P1 PO |Set page address
Set column Set column address
address MSB 0 0 0 0 0 1 0 | Y7 Y6 Y5 MSB
Set column 0| O 0 0 0 0 | Y4 ]Y3]| Y2 Y1 |Set column address LSB
address LSB
Set modify-read 0|0 1 1 1 0| 0] O 0 0 |Set modify-read mode
Reset modify-read 0 0 1 1 1 0 1 1 1 0 Release modify-read
mode
. D=0:disply OFF
Display ON/OFF 0] O 1 0 1 0 1 1 1 D D=1-display ON
0] 0 0 1 0 00| O X X |2-byte instruction to
Set initial display specify the initial display
line register 0| O x S6 | S5 |S4|S3|S2| S1 SO |line to realize vertical
scrolling
0 0 0 1 0 0 0 1 x X |2-byte instruction to
Set initial COMO specify the initial COMO
Register 0| O x |[C6|C5|C4|C3|C2| C1 CO |to realize vertical
scrolling
Set partial display | 0 | O 0 1 0 0 110 X X |2-byte instruction to set
duty ratio 0| O D7 | D6 | D5 | D4 | D3 | D2 | D1 DO |partial display duty ratio
o . 0] 0 0 1 0 0|11 X X |2-byte instruction to set
Set N-line inversion 0| O x X x | N4 | N3 | N2 | N1 NO |N-line inversion register
_Relea;e N-line ol o 1 1 1 ol o 1 0 0 Release N-line inversion
inversion mode
Reverse display REV=0: normal display
ON/OFF 0 0 1 0 1 0 0 1 1 REV REV=1:reverse display
Entire displa EON=0:normal display
play 0| O 1 0 1 0| O 1 0 EON |[EON=1:entire display
ON/OFF
ON
Power control olo| ool 1|o|1]|vc| vr | ve |Controlpowercircui
operation
Select the step-up of the
Select DC-DC o|lo| o |1|1]0|0]| 1| Dct| Dbcolinternalvoltage
step-up
converter
Select requlator Select internal resistance
ectreg o/lo| o|lo|1]0]0]|R2| RL | RO |ratioof the regulator
resistor :
resistor
2004/8/19 32/77 Ver.0.02
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Set electronic 0|0 1 0 0 0|01 O 0 1 |2-byte instruction to
volume register ol o « « levslevalevaleve| evi | Evo specify the reference
voltage
Select LCD bias 0 0 0 1 0 1 0 | B2 B1 BO |Select LCD bias
COM bi-directional
SHL sel selection
select 010 1 10 ] 0 SHL) x ) * |SHL=0: normal direction
SHL=1: reverse direction
SEG bi-directional
selection
ADC select 0 0 1 0 1 0 0 0 0 ADC |ADC=0: normal direction
ADC=1: reverse direction
Oscillator on start 0| o0 1 0 1 ol 11]o0 1 1 Start the built-in
Oscillator
Set power save ol o 1 0 1 0 11 o 0 P P=0: normal mode
mode P=1: sleep mode
Release power ol o 1 1 1 ol ol o 0 1 Release power save
save mode mode
Reset 0 0 1 1 1 0 0 0 1 0 Inltlal_lze the internal
functions
Set data direction X X 1 1 1 0 1 0 0 0 |2-byte instruction to
& display data specify the number of
length (DDL) X X D7 D6 | D5 | D4 | D3 | D2 D1 DO data bytes
NOP 0|0 1 11 |0)]0]|O0 1 1 |No operation
Test Instruction 0 0 1 1 1 1 x x X x  |Don’t use this instruction
Set FRC and PWM| 0 0 1 0 0 1 0 |FRC|PWM1|PWMO|FRC (1:3 FRC,0:4 FRC)
PWM1 PWMO
0 0 9PWM
0 1 9PWM
1 0 12PWM
1 1 15PWM
i 1 1 .
iﬁé V\llgll;%r?;orlﬁe 0 0 0 0 0 0 0 0 Set white mode and
) ' 0 | 0 | WB3|WB2|WB1|WBO|WA3|WA2| WAL | WAO |1%/2" frame
set pulse width
ir?(tj V;E'/ﬁhr?rzﬂ?e 0 0 L 0 0 0 L 0 0 1 Set white mode and
. ! 0 0 | wWD3 |WD2|WD1 [WDOo|WC3|wC2| WC1 | WCo |3%4™ frame
set pulse width
i 1 1 1 .
iﬁé Ill%!);r%r?rémgde 0 0 0 0 0 0 0 Set light gray mode and
: ' 0 | 0 | LB3 |LB2|LB1 [LBO|LA3|LA2| LA1 | LAO [1%/2" frame
set pulse width
ir?(tj Igg(jf}il%rzénr?;de 0 1 0 1 0 0 0 110 1 1 Set light gray mode and
. ! 0 0 LD3 |LD2 | LD1 |LDO|LC3|LC2| LC1 LCO |3'9/4™ frame
set pulse width
2004/8/19 33/77 Ver.0.02
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Set dark gray 0] O 1 0 0 0 |1 ]1 0 0
mode and 152" Set dark gray mode and
frame, set pulse 0 | 0 | DB3 |DB2|DB1 |DBO|DA3|DA2| DALl | DAO |1%/2" frame
width
Set dark gray 0] 0 1 0 0 0|1 ]1 0 1
mode and 3%/4" Set dark gray mode and
frame, set pulse 0 | 0 | DD3 |DD2|DD1 |DDO|DC3|DC2| DC1 | DCO |3/4™ frame
width
iﬁé bllglczlﬁdr?%c:re]e 0 0 1 0 0 0 1 1 1 0 Set black mode and
. ! 0 0 BB3 |BB2| BB1 |BBO|BA3|BA2| BAl BAO (152" frame
set pulse width
1 1 1 1 1
Z?; %'Sfmr‘,ﬁnee 0 0 0 0 0 Set black mode and
“ = | 0| 0o | BD3 |BD2|BD1 [BDO|BC3|BC2| BC1 | BCO (394" frame
set pulse width
2004/8/19 34/77 Ver.0.02
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1. Read Display Data

RS RW DB7 |

DB5 | DB4 | DB3 | DB2 | DB1 | DBO

1 1

Read Data

8-bit data from Display Data RAM specified by the column address and page address can be read by
this instruction. As the column address is increased by 1 automatically after each this instruction, the
microprocessor can continuously read data from the addressed page. A dummy read is required after
loading an address into the column address register. Display Data cannot be red through the serial

interface.

2. Write Display Data

RS RW DB7 |

DB5 | DB4 | DB3 | DB2 | DB1 | DBO

1 0

Write Data

8-bit data of Display Data from the microprocessor can be written to the RAM location specified by
the column address and page address. The column address is increased by 1 automatically so that
the microprocessor can continuously write data to the addressed page.During auto-increasement, the
column address wraps to O after the last column is written.

Set Page Address

#

Set Column Address

+<

Data Write

!

Column = Column + 1

Data Write Continue ?

Column = Column + 1

Set Page Address

!

Set Column Address

!

Dummy Data Read

!

Column = Column + 1
r~
Data Read

!

Column = Column + 1

Data Write Continue ?

Column = Column + 1

Figure 23. Sequence for Writing Display Data Figure 24. Sequence for Reading Display Data

2004/8/19
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3. Read Status
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BUSY [ON/OFF| RES 0 0 0 1 0
Flag Description
BUSY The device is busy when internal operation or reset. Any instruction is rejected
until BUSY goes Low. 0:Chip is active, 1:Chip is being busy.
Indicates display ON/OFF status.
ON/OFF 0: display OFF, 1:display ON
RESET Indicates the initialization is in progress by RESET signal.
0: Chip is active, 1:Chip is being reset.

Indicates the internal staus of the NT7506

4. ICON Control Register ON/OFF

RS

RW

DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

0

0

1

0

1

0

0

0

1

lcon

This instruciton makes ICON enable or Disable. By default, ICON display is disabled (ICON = 0).
When ICON control register is set to “1”, ICON display is enabled and page address is set to “16”.
Then user can write data for icons. It is impossible toet the page address to “16” by Set Page Address
instruction. Therefore, when writing data for icons, ICON control register ON instruction would be used
to set the page address to “16”. When ICON control register is set to “0”, Icon display is disabled.
ICON=0: ICON disable (default)

ICON=1: ICON enable & set the page address to 16

5. Set Page Address

Sets the Page Address of display data RAM from the microprocessor into the page address register.
Any RAM data bit can be accessed when its Page Address and column address are specified. Along
with the column address, the Page Address defines the address of the display RAM to write or read
display data. Changing the Page Address doesn'’t effect to the display status. Set Page Address
instruction can not be used to set the page address to “16”. Use ICON control register ON/OFF
instruction to set the page address to “16” .

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 1 P3 P2 01 PO
P3 P2 P1 PO Page
0 0 0 0 0
0 0 0 1 1
1 1 1 0 14
1 1 1 1 15
2004/8/19 36/77 Ver.0.02
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6. Set Column Address

Sets the column address of display RAM from the microprocessor into the column address register.

Along with the column address, the column address defines the address of the display RAM to write
or read display data. When the microprocessor reads or writes display datra to or from display RAM,
column address are automatically increased.

Set Column Address MSB

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 1 0 Y7 Y6 Y5
Set Column Address LSB

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 Y4 Y3 Y2 Y1
Y7 Y6 Y5 Y4 Y3 Y2 Y1 Column Address [Y7:Y1]
0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 1

1 1 1 1 1 1 0 126

1 1 1 1 1 1 1 127

7. Set Modify — Read

The instruction stops the automatic increment of the column address by the read display data
instruction, but the column address is still increased by the write display data instruction. And it
reduces the load of microprocessor when the data of a specific area is repeatedly changed during

cursor blinking or others. This mode is canceled by the reset Modify-Read instruction.

RS

RW

DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

0

0

1

1

1

0

0

0

0

0

8. Reset Modify — Read

The instruction cancels the modify-read mode. And makes the column address return to its initial
value just before the set modify-read instruction is started.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 1 0 1 1 1 0
2004/8/19 37177 Ver.0.02
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9. Display ON/OFF

Turns the display ON or OFF

Data

Set Page Address

'

Set Column Address(N)

‘<

Set Modify-read

*<

Dummy Read

!

Data Read

!

Data Write

No

Reset Modify-read

'

Return Column Address (N)

Yes

Figure 25. Sequence for Cursor Display

This command has priority over Entire Display On/Off and Reverse Display On/Off. Commands are

accepted while the display is off, but the visual state of the display does not change.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 1 1 1 DON
DON =1 : Display ON
DON = 0 : Display OFF
2004/8/19 38/77 Ver.0.02
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10. Set Initial Display Line Register

Set the line address of display RAM to determine the initial display line using 2-byte instruciton. The
RAM display data is displayed at the top of row(Com0) of LCD panel.

The 1% Instruction
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 0 0 0 0 X X
The 2" instruction
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 X S6 S5 S4 S3 S2 S1 SO
S6 S5 S4 S3 S2 S1 SO Line Address
0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1
0 0 0 0 0 1 0 2
0 0 0 0 0 1 1 3
1 1 1 1 1 0 0 124
1 1 1 1 1 0 1 125
1 1 1 1 1 1 0 126
1 1 1 1 1 1 1 127
Setting Initial Display Line Start
1% Instruction (2-byte Instruction for Mode Setting)
2" Instruction (2-byte Instruction for Register
Setting Initial Display Line End
Figure 26. The Sequence for setting the Initial Display Line
2004/8/19 39/77 Ver.0.02
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11. Set Initial COMO Register

Sets the initila row (com) of the LCD panel using the 2-byte instruction. By using this instruction, it is

possible to realize the window moving without the change of display data.

The 1% Instruction

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 1 0 0 0 1 X X
The 2" instruction

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 X C6 C5 C4 C3 C2 Ci Cco

C6 C5 C4 C3 C2 C1 Co Line Address

0 0 0 0 0 0 0 COMO

0 0 0 0 0 0 1 COM 1

0 0 0 0 0 1 0 COM 2

0 0 0 0 0 1 1 COM 3

1 1 1 1 1 0 0 COM 124

1 1 1 1 1 0 1 COM 125

1 1 1 1 1 1 0 COM 126

1 1 1 1 1 1 1 COM 127

Setting Initial COMO Start
1% Instruction (Mode Setting)
2" Instruction (Initial COMO Setting)
Setting Initial COMO End
Figure 27. Sequence for Setting the Initial COMO

2004/8/19 40/77 Ver.0.02
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12. Set Partial Display Duty Ratio

Sets the duty ratio within range of 16 to 128 (ICON disabled) or 17 to 129 (ICON enabled) to realize
partial display by using the 2-byte instruction.

The 1% Instruction
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 0 0 1 0 X X
The 2" instruction
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 D7 D6 D5 D4 D3 D2 D1 DO
b7 | pe | ps|palpslo2!| il oo Selected partial duty ratio | Selected partial duty ratio

(ICON disabled) (ICON enabled)

No Operation No Operation

o
o
o
ol --
=
=
=
=

0 0 0 1 0 0 0 0 1/16 1/17
0 0 0 1 0 0 0 1 1/17 1/18
0 1 1 1 1 1 1 1 1/127 1/128
1 0 0 0 0 0 0 0 1/128 1/129

=
o
o
o
o
o
o
=

No operation No operation

Setting Partial Display Start

!

1% Instruction (Mode Setting)

#

2" Instruction (Partial Display Duty Setting)

!

Setting Partial Display End

Figure 28. Sequence for Setting Partial Display

2004/8/19 41177 Ver.0.02
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13. Set N-line Inversion Registr

Sets the inverted line number within range of 3 to 33 to improve the display quality by controlling the

phase of the internal LCD AC signal (M) by using the 2-byte instruction.

The DC-bias problem could be occourred if K is even number. So, we recommend customers to set K
to be odd number.

K:D/N

D : The number of display duty ratio (D is selectable by customers)
N : N for N-line inversion ( N is selectable by customers)

The 1% Instruction

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 1 0 0 1 1 X X
The 2" instruction

RS RwW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 X X X N4 N3 N2 N1 NO

N4 N3 N2 N1 NO Selected n-line inversion

0 0 0 0 0 O-line inversion (frame inversion)

0 0 0 0 1 3-line inversion

0 0 0 1 0 4-line inversion

0 0 0 1 1 5-line inversion

1 1 1 0 1 31-line inversion

1 1 1 1 0 32-line inversion

1 1 1 1 1 33-line inversion

Setting N-Line Inversion Start
1% Instruction (Mode Setting )
2nd Instruction (N-Line Inversion Setting)
Setting N-Line Inversion End
Figure 29. Sequence for N-line Inversion

2004/8/19 42177 Ver.0.02
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14. Release N-line Inversion

Returns to the frame inversion condition from the n-line inversion condition.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 1 1 0 0 1 0 0

15. Reverse Display ON/OFF

Reverses the display status on LCD panel without rewriting the contents of the display data RAM.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 0 1 1 REV
REV DD RAM d_ata =“00" | DD RAM data = “01” | DD RAM data = 710" | DD RAM data = “ 11”
(White) (Light Gray) (Dark Gray) (DARK)
0 (normal) White (“00”) Light Gray (“01”) Dark Gray (“10”) Dark (“11")
1 (reverse) Dark (“117) Dark Gray (“10”) Light Gray (“01”) White (“00”)

16. Entire Display ON/OFF

Forces the whole LCD points to be turned on regardless of the contents of the display data RAM. At
this time, the contents of the display data RAM are held. This instruction has priorty over the Reverse
Display ON/OFF instruction.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 0 1 0 EON
EON DD RAM data =“00” | DD RAM data = “01” | DD RAM data = "10” | DD RAM data = “ 11”
(White) (Light Gray) (Dark Gray) (DARK)
0 (normal) White (“00”) Light Gray (“01”) Dark Gray (“10”) Black (“11”)
1 (entire) Black (“11”) Black (“11”) Black (“11”) Black (“11”)

17. Power Control

Select one of eight power circuit functions by using 3-bit register. An external power supply and part of
internal power supply functions can be used simultaneously.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 1 0 1 VC VR VF

2004/8/19 43/77 Ver.0.02
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V/C

VIR

V/F

Status of internal power supply circuits

= O

Internal voltage converter circuit is OFF
Internal voltage converter circuit is ON

= O

Internal voltage regulator circuit is OFF
Internal voltage regulator circuit is ON

0
1

Internal voltage follower circuit is OFF

Internal voltage follower circuit is ON

18. Select DC-DC Set-Up

Selects one of 4 DC-DC step-up to reduce the power consumption by this instruction. It is very useful
to realize the partial display functin.

RS

RW

DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

0

0

1

0

0

1

DC1

DCO

Select DC-DC converter circuit

3 times boosting circuit

4 times boosting circuit

5 times boosting circuit

Rlr|olo|d

6 times boosting circuit

19. Select Regulator Resistor

Selects resistance ratio of the internal resistor used in the internal voltage regulator. See voltage
regulator section in power supply circuit. Refer to the table **.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 1 0 0 R2 R1 RO
R2 R1 RO 1+ (Rb/ Ra)
0 0 0 2.3
0 0 1 3.0
0 1 0 3.7
0 1 1 4.4
1 0 0 5.1
1 0 1 5.8
1 1 0 6.5
1 1 1 7.2
2004/8/19 Ver.0.02
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20. Set Electronic Volumn Register

Consist of 2-byte instructins
The 1% instruction set Reference Voltage mode, the 2" one updates the contents of reference
voltage register. After second instruction, Reference Voltage mode is released.

The 1% Instruction: Set Reference Voltage Select Mode
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 0 0 0 0 0 1
The 2" instruction :Set Reference Voltage Register
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 X X EV5 EV4 EV3 EV2 EV1 EVO
EV5 EV4 EV3 EV2 EV1 EVO Reference voltage parameter ()
0 0 0 0 0 0 0
0 0 0 0 0 1 1
1 1 1 1 1 0 62
1 1 1 1 1 1 63

2004/8/19

Figure 30. Sequence for Setting the Electronic Volume

Setting Reference Voltage Start

!

1% Instruction for Mode Setting

+

2" Instruction for Register Setting

!

Setting Reference Voltage End

45177
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21. Select LCD Bias
Selects LCD bias ratio of the voltage required for driving the LCD.
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 0 1 0 B2 Bl BO
B2 Bl BO LCD bias
0 0 0 1/5
0 0 1 1/6
0 1 0 1/7
0 1 1 1/8
1 0 0 1/9
1 0 1 1/10
1 1 0 1/11
1 1 1 1/12

22. SHL Select

COM output scanning direction is select by this instruction which determines the LCD driver output
staus.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 0 0 SHL X X X
SHL = “0” : normal direction (COMO — COM127)
SHL = “1” : reverse direction (COM127 — COMO)
23. ADC Select
Changes the relationship between RAM column address and segment driver. The direction of
segment driver output pins could be reversed by software. This makes IC layout flexible in LCD
module assembly.
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 0 0 0 ADC
ADC =“0" : normal direction (SEGO0 — SEG127)
ADC =“1": reverse direction (SEG127 — SEGO0)
24. Oscilliator On Start
This instruction enales the built in Oscillator circuit.
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 1 0 1 1
2004/8/19 46/77 Ver.0.02
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25. Power Save

The NT7506 enters the power save status to reduce the power consumption to the static power
consumption value and returns to the normal operation status by the following instructions.

Set Power Save Mode

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 1 0 1 0 0 P
P =*0" : normal mode
P =%1": sleep mode
Release Power Save Mode
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 1 0 0 0 0 1

Set Power Save Mode (Sleep Mode)

¢

Sleep Mode
Oscillator Circuits: OFF
LCD Power Supply Circuits: OFF
All COM / SEG Output Level: VSS
Consumption Current < 2uA

'

Release Power Save Mode (Sleep Mode)

Figure 31. Power Save Routine
26. Reset
This instruction resets initial display line, column address, page address, and common output status

select to their initial status, but does not affect the contents of display data RAM. This instruction
cannot initialize the LCD power supply, which is initialized by the RESETB pin.

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 1 1 0 0 0 1 0

27. Set Data Direction & Display Data Length (3-PIN SPI Mode)

Consists of 2 bytes instruciton.

This command is used in 3-pin SPI mode only(PSO = “L” and PS1 = “L”). It will be two continuous
commands, the first byte control the data direction(write mode only) and inform the LCD driver the
second byte will be number of data bytes will be write. When RS is not used, the Display Data Length
instruction is used to indicate that a specified number of display data bytes are to be transmitted.
The next byte after the display string is handled as command data.

2004/8/19 47177 Ver.0.02
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The 1* Instruction: Set Data Direction (Only Write Mode)
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
X X 1 1 1 0 1 0 0 0
The 2" Instruction: Set Display Data Length (DDL) Register
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
X X D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO Display Data
Length
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 1 0 3
1 1 1 1 1 1 0 1 254
1 1 1 1 1 1 1 0 255
1 1 1 1 1 1 1 1 256
28. Nop
No operation
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 1 0 0 0 1 1
29. Test | Instruction
This instruction is for testing IC. Please do not use this pin.
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 1 1 X X X X
30. Set PWM & FRC mode
Select 3/4FRCand 9/12/15 PWM.
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 0 1 0 FRC PWM1 | PWMO
FRC PWM1 PWMO Status of PWM & FRC
0 4 FRC
1 3 FRC
0 0 9 PWM
0 1 9 PWM
1 0 12 PWM
1 1 15 PWM
2004/8/19 48/77 Ver.0.02
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31. Set Gray Scale Mode & Register

Consists of 2 bytes instruction. The first byte sets grayscale mode and the second byte updates the
contents of gray scale register without issuing any other instruction.
Set Gray Scale Mode

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 0 0 0 1 GM2 GM1 GMO
GM2 GM1 GMO Description
0 0 0 In case of setting white mode and 1°/2" frame
0 0 1 In case of setting white mode and 3" /4™ frame
0 1 0 In case of setting light gray mode and 1°/2" frame
0 1 1 In case of setting light gray mode and 3" /4™ frame
1 0 0 In case of setting dark gray mode and 1°72" frame
1 0 1 In case of setting dark gray mode and 3 /4" frame
1 1 0 In case of setting black mode and 1°/2" frame
1 1 1 In case of setting black mode and 3" /4™ frame
Set Gray Scale Register
RS RW DB 7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 GB3 GB2 GB1 GBO GA3 GA2 GAl GAO
0 0 GD3 GD2 GD1 GDO GC3 GC2 GC1 GCO
GA3, GB3 GA2, GB2 GAl, GB1 GAO, GBO | Pulse width | Pulse width | Pulse width
GC3,GD3 | GC2,GD2 | GC1,GD1 | GCo,GDo | (9PwMm) | (12PwM) | (15PWM)
0 0 0 0 0/9 0/12 0/15
0 0 0 1 1/9 1/12 1/15
1 0 0 1 9/9 9/12 9/15
1 0 1 0 0/9 10/12 10/ 15
1 0 1 1 0/9 11/12 11/ 15
1 1 0 0 0/9 12/12 12/15
1 1 0 1 0/9 0/12 13/15
1 1 1 0 0/9 0/12 14/ 15
1 1 1 1 0/9 0/12 15/15

GA3= WAS3, LA3, DA3, BA3
GB3=WB3, LB3, DB3, BB3
GC3=WC3, LC3, DC3, BC3
GD3=WDg3, LD3, DD3, BD3

2004/8/19

GA2=WA2, LA2, DA3, BA2
GA2=WB2,LB2,DB2,BB2
GA2=WC2,LC2,DC2,BC2
GA2=WD2,LD2,DD2,BD2

49/77

GA1=WA1, LA1, DA1, BA1
GA1=WB1, LB1, DB1, BB1
GA1=WC1,LC1,DC1,BC1

GAl1=wD1, LD1, DD1, BD1

GAO0= WAQ, LAO, DAO, BAO

GAO=WBO0, LBO, DBO, BBO

GAO=

WwDO0,LDO, DDO, BDO
GAO=WDO,LDO, DDO, BDO

Ver.0.02
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Referential Instruction Set-up Flow: Initializing with the built-in Power Supply Circuits

Figure 32. Initializing with the Built-in Power Supply Circuits

2004/8/19

User System Setup by External Pins

i

Start of Initialization

Y

Power ON (VDD-VSS) Keeping the RESETB Pin ="L"

Y

Waiting for Stabilizing the Power

Y

RESETB Pin = "H"

Y

User Application Setup by Internal Instructions
[Display Duty Select]
[ADC Select]
[SHL Select]
[COMO Register Select]

¢

User LCD Power Setup by Internal Instructions
[Oscillator ON]

[DC-DC Step-up Register Select]
[Regulator Resistor Select]
[Electronic Volume Register Select]

[LCD Bias Register Select]
[Gray-scale Select]

[Power Control]

Y

Waiting for Stabilizing the LCD Power Levels

Y

Start of Initialization

50/77
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Referential Instruction Set-up Flow: Initializing without the built-in Power Supply

Circuits

Figure 33. Initializing without the Built-in Power Supply Circuits

2004/8/19

User System Setup by External Pins

'

Start of Initialization

¢

Power ON (VDD-VSS) Keeping the RESETB Pin ="L"

'

Waiting for Stabilizing the Power

'

RESETB Pin = "H"

!

Set Power Save

'

User Application Setup by Internal Instructions
[Display Duty Select]
[ADC Select]
[SHL Select]
[COMO Register Select]

#

User LCD Power Setup by Internal Instructions
[Oscillator ON]

[DC-DC Step-up Register Select]
[Regulator Resistor Select]
[Electronic Volume Register Select]

[LCD Bias Register Select]
[Gray-scale Select]

[Power Control]

¢

Release Power Save

'

Waiting for Stabilizing the LCD Power Levels

'

End of Initialization

51/77
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Referential Instruction Set-up Flow: Data Displaying

End of Initialization

i

Display Data RAM Addressing by Instruction
[Initial Display Line]
[Set Page Address]
[Set Column Address]

¢

Write Display Data by Instruction
[Display Data Write]

l

Turn Display ON / OFF Instruction
[Display ON / OFF]

l

End of Data Display

Figure 34. Data Displaying

Referential Instruction Set-up Flow: Power OFF

Optional Status

Y

Set Power Save by Instruction

Y

Power OFF (VDD-VSS)

y
End of Power OFF

Figure 35. Power OFF

2004/8/19 52/77
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Referential Instruction Set-up Flow: Partial Duty Changing

Start of Partial changing

'

Set Display OFF by Internal
[Display ON / OFF]

'

Set Sleep Mode by Internal Instruction
[Power Save Mode]

'

Set Partial Duty by Internal Instructions
[Partial Display Duty Ratio Select]
[Initial Display Line Register]
[COMO Reaister Select]

'

User LCD Power Setup by Internal Instructions
[DC-DC Step-up Register Select]
[Regulator Resistor Select]
[Electronic Volume Register Select]

[LCD Bias Register Select]

[Power Control]

[Gray-scale Select]

'

Waiting for Discharging the LCD Power Levels

'

Release Power Save

'

Waiting for Stabilizing the LCD Power Levels

¢

Write Display Data & Display ON by Internal Instruction
[Display Data Write]
[Display ON / OFF]

'

End of Partial Changing

Figure 36. Partial Duty Changing
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Absolute Maximum Rating*

Supply Voltage Range (VDD). . . . . . . . . -0.3V to +7.0V
Supply Voltage Range (VO,VvOUT). . . .. ... ... e e e -0.3V to +17.0V
Supply Voltage Range (V1,V2,V3,V4). . . . . . . . . . . . . .. -0.3V to V0+0.3V
External Reference Voltage . . . . . . . . . . . . . ... oo +0.3V to VDD
Input Voltage Range . . . . . . . . . . . . ... o0 -0.3 to VvDD+0.3V
Operating Temperature Range . . . . . . . . . . . . it -40°C to +85°C
Storage Temperature Range . . . . . . . . . . . . ..o -55°C to +125°C
Notes:

1. VDD, VO, VOUT, V1 to V4 and VEXT based on VSS=0V

2. Voltage VO=V1=V2=V3=V4=VSS must always be satisfied. (VLCD=V0-VSS)

3. If supply voltage exceeds its absolute maximum range, this LS| may be damaged permanently.
It is desirable to use this LS| under electrical characteristic conditions during general operation.
Otherwise, this LSI may malfunction or reduced LSI reliability may result.

2004/8/19 54/77 Ver.0.02
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DC Characteristics
Symbol Parameters Min. | Typ.| Max. | Unit |Conditions
VDD Operating Voltage (1) 1.8 - 3.3 \
Vo Operating Voltage(2) 4.0 - 15.0 Y
ViL VSS - 10.2VvDD
VoH Output Voltage 0.8 vDD| - VDD V IOH = -0.5mA
VoL VSS - |0.2VvDD IOL = -0.5mA
T Input Leakage Current -1.0 - +1.0 MA [VIN=VDD or VSS
loz Output Leakage Current -3.0 - +3.0 MA |VIN=VDD or VSS
RonN LCD Drive ON Resistance - 2.0 3.0 KQ | Ta=251C,v0=8V
Ta=25°C
frr Operating Frequency 90 | 105 | 120 Hz |1/128Duty,9PWM
REXT=620K (2
1.8 - 5.0 x3
1.8 - 3.75 x4
Vel Voltage Converter Input Voltage 18 i 3.0 \% 5
1.8 - 2.5 X6
Voltage Converter Output x3/x4/x5/x6
Vour | Voltage o5 | 99 | - 9 | Voltage
conversion (no
load)
Vout Voltage Regulator Operating 54 i 15.0 Vv
Voltage
Vo Voltage Follower Operating 40 i 15.0 Vv
Voltage
VREF Reference Voltage 204 |210| 2.16 \% Ta = 25°C
Table 11. DC Characteristics
2004/8/19 55/77 Ver.0.02
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Dynamic Current Consumption When The Internal Power Supply is ON
Symbol Parameters Min. | Typ.| Max. | Unit |Conditions
V0-VSS=12.0V,x5
Boosting,
- 100 150 MA Duty=1/128,
Normal Mode
(Display off)
IDD Dynamic Current Consumption V0-VSS=12.0V,x5
Boosting,
) Duty=1/128,
200 300 HA Normal Mode
(Display on,
Checker Pattern)
Table 12. Dynamic Current 2 (Internal Power)
Current Consumption during Power Save Mode
Symbol Parameters Min. | Typ.| Max. | Unit [Conditions
IDDS1 Sleep mode current - - 2 MA | During Sleep
Table 13. Power Save Mode Current
Relationship between Oscillation Frequency and Frame Frequency
Duty Ratio Item fCL fOSC1
/N Qn-Chlp Oscillator circuit fer x N fErR x PWM x 2 xN
is used

(fOSC1.: Oscillation frequency, fCL: display clock frequency, fFR: frame frequency, N = 16 to 129)

Table 14. The Relationship between Oscillation Frequency and Frame Frequency

2004/8/19
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[Remark Solves]
1. Though the wide range of operating voltages is guaranteed, a spike voltage change may affect the

OO, WN

= O 00N

voltage assurance during access from the MPU.
. In case of external power supply is applied.
. CSB, RS, DBO to DB7, E_RD, RW_WR, RESETB, PS0, PS1, INTRS and REF
. DBO to DB7
. Applies when the DBO to DB7 pins are in high impedance.
. Resistance value when -0.1[mA] is applied during the ON status of the output pin SEGn or COMnN.
RON [kQ]= AV[V]/0.1[mA] (AV : voltage change when -0.1[mA] is applied in the ON status.)
. See Table 23 for the relationship between Oscillation frequency and frame frequency.
. The voltage regulator circuit adjusts VO within the voltage follower operating voltage range.
. On-chip reference voltage source of the voltage regulator circuit to adjust VO.
0. Applies to the case where the on-chip Oscillation circuit is used and no access is made from the
MPU.
The current consumption, when the built-in power supply circuit is ON.
The current flowing through voltage regulation resistors (Rb and Ra) is not included.
It does not include the current of the LCD panel capacity, wiring capacity, etc.
Other conditions are 1/12 bias, 3 FRC, 9 PWM, Frame inversion, Frame freq. = 105HZ,
BL=(9,9,9,0), DG=(6,6,6,0), LG=(3,3,3,0), WH=(0,0,0,0).

11. Applies when PWM method is used.

When both PWM and FRC method are used, frame frequency should be increased up to more
than 130Hz. So, Oscillator resistor value between OSC1 and VDD pin should be reduced.

2004/8/19 57/77 Ver.0.02
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AC Characteristics

Read / Write Characteristics (8080-series MPU)

s <

{As80 tAHg0

P fcyso < > |
0.0V P trwiL R
9Vop P\ ¢ » t

/RD,/WR,CSB «— 0 1Voo < PWH >

t {DH80

DS80
DO to D7 (Write) X
topso

t
DO to D7 (Read) ﬁ

Figure 37. Read / Write Characteristics (8080-series MPU)

(VDD = 1.8V, Ta=-40 ~ 85°C)

Symbol| Signal Parameters Min. | Typ.| Max. | Unit |Conditions
tAS80 Address setup time 0 - ns
tAH80 RS |Address hold time

0 - ns

tcyso System cycle time for write | 150 - ns
teveo System cycle time for read 330 i ns
tPwL /WR  |Pulse width low 60 - ns

tPwH /RD Pulse width time

60 - ns

tDs80 Data setup time 40 - ns
tbHgo DBOto |Data holdtime 10 - ns

DB7 .
taccso Read access time 15 - ns
_ _ CL=100pF
topso Output disable time 10 50 ns

2004/8/19 58/77 Ver.0.02
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(VDD = 2.7V, Ta=-40 ~ 85°C)
Symbol | Signal Parameters Min. | Typ.| Max. | Unit |Conditions
tAss0 Address setup time 0 - ns
taHso RS .
Address hold time 0 - ns
tcyso System cycle time for write | 100 - ns
System cycle time for read
tcyso 166 - ns
tPWL /WR  |Pulse width low 40 - ns
/RD |Pulse width time
tPWH 40 - ns
tDs80 Data setup time 30 - ns
Data hold time
(bHgo DBO to 5 - ns
taccso DB7  |Read access time 15 ; ns
toDso Output disable time CL=100pF
10 50 ns

Read / Write Characteristics (6800-series MPU)

RS,R/W ><
tases | taHes
< fcyes < » >
0.9Vop —>N_ 4 tewL R
.9VoD < > t
CsB €= 0.1Vnp < = >
tos80 tbH8o
e 0.9Vop p tewt .
E hl Ll
0.1Vop — tewH .
tDHe8
tpses
DO to D7 (Write) X
tacces topes
DO to D7 (Read) ‘—>‘

Figure 38. Read / Write Characteristics (6800-series Microprocessor)
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(vDD = 1.8V, Ta=-40 ~ 85(C)
Symbol | Signal Parameters Min. | Typ.| Max. | Unit |Conditions
tases RS  |Address setup time 0 - ns
taHe8 RW  |Address hold time 0 - ns
tcyes System cycle time for write | 150 - ns
tcves System cycle time for read 330 - ns
tEWH E RD |Pulse width low 60 - ns
tEwL (E) Pulse width time 60 - ns
tpses Data setup time 40 - ns
tDHe8 DBOto |Data hold time 10 - ns
tacces DB? Read access time 15 - ns
tobes Output disable time 10 50 ns CL=100pF
(VDD = 2.7V, Ta=-40 ~ 857C)
Symbol | Signal Parameters Min. | Typ.| Max. | Unit [Conditions
tases RS Address setup time 0 - ns
taHe8 RW  |Address hold time 0 - ns
tcyes System cycle time for write | 100 - ns
tcves System cycle time for read 166 - ns
tEwH E_RD |Pulse width low 40 - ns
tEwL (E) Pulse width time 40 - ns
tDses Data setup time 30 - ns
tDH68 DBOto |Data hold time 5 - ns
tacces bB7 Read access time 15 - ns
topes Output disable time 10 50 ns CL=100pF
2004/8/19 60/77 Ver.0.02
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Preliminary NT7506
Serial Interface Characteristics
P tcss o e tens >
CSB N i’
taHs
RS
< tcyc >
DB6(SCLK) _JNJQ:1Veo
N>}
< twis > e twHs >
DB7(SID)
Figure 39. Serial Interface Characteristics
(VDD = 1.8V, Ta=-40 ~ 85C)
Symbol Signal Parameters Min. Typ.| Max. | Unit [Conditions
tcys DB6  |Serial clock cycle 11 - ns
twHs (SCLK) sk high pulse width 60 - ns
twis SCLK low pulse width 60 - ns
tass RS Address setup time 60 - ns
taHs Address hold time 60 - ns
tpss DB7  |Data setup time 60 - ns
(SID) .
Tdhs Data hold time 60 - ns
tces CSB  |CSB setup time 60 - ns
tcHs CSB hold time 1/2 * tcvs - ns
2004/8/19 61/77 Ver.0.02
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(VDD = 2.7V, Ta=-40 ~ 857C)
Symbol Signal Parameters Min. Typ.| Max. | Unit [Conditions

tcys DB6  |Serial clock cycle 53.8 - ns
twhs (SCLK) Iscik high pulse width 30 - ns
twis SCLK low pulse width 30 - ns
tass RS Address setup time 30 - ns
taHs Address hold time 30 - ns
tpss DB7  |Data setup time 30 - ns
Tdhs (SID) Data hold time 30 - ns
tces CSB CSB setup time 30 - ns
tcHs CSB hold time 1/2 * tcys - ns

Reset Input Timing

|A »
RESETB tRw
r
Internal )
status During reset Reset Complete
Figure 40. Reset Input Timing
(vDD=1.8 ~ 3.3V, Ta=-40~+857)
Symbol | Signal Parameters Min. | Typ.| Max. | Unit [Conditions
tRW RESETB |Reset low pulse width 10 - MS
tRr - Reset time - 1000 ns
2004/8/19 62/77 Ver.0.02
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Microprocessor Interface (for reference only)

In Case of Interfacing with 8080-series (PS0 = “H”, PS1 = “L”)

CSB NT7506
»| CSB
RS >
> RS
i RD > E_RD
8080 series WR =y
MPU DBOtoDB7 | RW-WR
RESETB »| DBO to DB7
> RESETB
VDD ——— > PS0
VSS ——— - PS1

Figure 41. Interfacing with 8080-series (PS0 = “H”, PS1 = “L”)

In Case of Interfacing with 6800-series (PS0 = “H”, PS1 = “H”)

cSB NT7506
RS »| CSB
5 > RS
6800 series RW > E_WR'?NR
MPU DBO to DB7 i -
RESETE »| DBO to DB7
> RESETB
VDD > PSO
VDD »| PS1

Figure 42. Interfacing with 6800-series (PS0 = “H”, PS1 = “H”)
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In Case of 4-pin SPI mode (PSO ="L" ,PS1="H")

MPU

coB NT7506
p| CSB

RS >

SID >l RS

o »| DB7(SID)

e »| DB6(SCLK)
»| RESETB

OPEN———»| DBOto DB5

vSS—— | Ps0

VDD —————p| PS1

Figure 43. Serial Interface (PS0 = “L”, PS1 = “H”)

In Case of 3-pin SPI mode (PSO="L" ,PS1="L")

MPU

csB NT7506

55 »| CSB

oClK »| DB7(SID)

e »| DB6(SCLK)
»| RESETB

OPEN ——| DBO to DB5

VSS — | PSO

vSS ———»| PS1

Figure 44. Serial Interface (PS0 = “L”, PS1 = “L”)

2004/8/19
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Connections Between NT7506 And LCD Panel
Single Chip Configuration (1/129 Duty Configurations)

i

COMS COM63
COM127 NT7506 !

! (Bottom View) COMO
COM64
COMS ---- SEG127

M a& O » & & % 9

N SEEEEEEEEEEEEEEEEN

ANEEEEEEEEEEEEEEEE
L1 ] 1 1] . [ [ | ] ]
129x128 Pixels
L1 ] 1 1] [ [ | ] ]
ANEEEEEEEEEEEEEEEE
AEEEEEEEEEEEEEEEEE

X @ O » & & F 9

C

COM63 COMS
' NT7506 COM127
COMO (Top View) !
COMS COM64
SEGO - SEG127

L

P4

Figure 45. SHL =0, ADC =1

J

M}Ko& O » & & 8 9

EEEEEEEEEEEEEEEEEE

AEEEEEEEEEEEEEEEEn
[ [ | ] ] ; L | ] 1]
129x128 Pixels
[ [ | ] 1] L [ ] 1]
ANEEEEEEEEEEEEEEEn
ANEEEEEEEEEEEEEEEE

1

M B O r & & F 9

Figure 46. SHL =0, ADC =0

X @ O r & & Z 9
AEEEEEEEEEEEEEEEEn
ANEEEEEEEEEEEEEEEn
L 1 1] 1] : | 11 ]]

129x128 Pixels
L 1 ] ] 1] L | ] 1]
AEEEEEEEEEEEEEEEEn

EEEEEEEEEEEEEEEEEEN

X & O » & & F 9

SEGO ---- SEG127

i

COMS NT7506 COoM127
COMO (Bottom View) :

N

X @&®@ O » & @& Z 9
ANEEEEEEEEEEEEEEEE
ANEEEEEEEEEEEEEEEE
L | ] 1 1] ; HEEENR

129x128 Pixels
L 1 ] 1 1] HEEEN
ANEEEEEEEEEEEEEEEn

ENEEEEEEEEEEEEEREEE\—

X & O » & & F 9

CoM64 CoM63

Figure 47. SHL =1, ADC =0

2004/8/19

SEG127 ---- SEGO
COM127 NT7506 COMS
. (Top View) COMO
COM64 ;
COMS COM63

Figure 48. SHL =1, ADC =1
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Application information for Pin Connection to MPU (for reference only)

1. 8080 MPU Mode: (PSO, 1 = 10, 1/128duty, Internal OSC, REF = 1: Internal VREF, INTRS = 1 : Internal
Ra/Rb, x6 pump, C1 =1.0 ~ 4.7 yF, C2=0.47 ~ 2.0 yF)

comiz1 Q Q o)
e}e] o
! 22 < CcoM104
com127 5 E B comog
coms .
i
i
!
PSO i
i
PSI — come7
cse csB CoM66
RESETB RESETB COM65
RS(A0) RS CcoM64
WR RW_WR SEG127
/RD E_RD SEG126
SEG125
Do DO SEG124
D1 D1 SEG123
D2 D2
D3 D3
D4 D4
D5 D5
D6 D6
o7 D7
TESTO
J. VDD
VDD ® vCl
h Vvss ——
vss ® vsS2
Cty
vss 1T VOouT
= |_ C5+
C1l |_ car
ci-
C1
b—— ca+
S cos
c2-
c1 — ca
REF — ¢
VEXT st
INTRS SEG3
C2 11
vss It V1 SEG2
vss €2 V2 SEG1
Vss €2 V3 SEGO
vss ——— | wa COMS
vss < Vo como
com1
REXT=620K Q) VR
VDD AVAVAY osc1 com2
E
i
!
come3 !
'
' Qo0 o)
COMS7 g Q -=--- e coms8
COM56 g g = COM39

2004/8/19 66/77 Ver.0.02
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2. 6800 MPU Mode: (PSO, 1 = 11, 1/128duty, Internal OSC, REF = 1: Internal VREF, INTRS = 1 : Internal
Ra/Rb, x6 pump, C1 =1.0 ~ 4.7 yF, C2=0.47 ~ 2.0 yF)

comizi Q Q o)
leRe! o)
! g8 2 COM104
com27 i 2 £ comog
coms .
i
i
!
PSO i
!
pst —e come7
cs8 CsB CoM66
RESETB RESETB COM65
RS(A0) RS CcoM64
MWR RW_WR SEG127
/RD E RD SEG126
SEG125
Do DO SEG124
D1 D1 SEG123
D2 D2
D3 D3
D4 D4
D5 D5
D6 06
D7 b7
TESTO ——@
17 VoD ———@
VDD ® vel
17 VSS
vss ’ VSSs2
C1 1l
VSS 1T VOouT
Sb— o5+
S—— ca+
ci-
C1l
—— ci+
SL—— cos
c2-
= |_ C4+
REF ——@
VEXT scca
INTRS ceas
vss 2 Vi SEG2
vss €2 V2 SEG1
Vss €2 V3 SEGO
vss ——— Z|—— wa Ccoms
vss C2 1} VO CcoMo
comi
REXT=620K Q VR
VDD AAAY osc1 com2
i
i
!
COM63 |
.
' [eli®) o)
COMS7 Q Q === S comss
COM56 g g 8 COM39
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Preliminary

3. 4 pin Serial Mode: (PSO, 1 = 01, 1/128duty, Internal OSC, REF = 1: Internal VREF, INTRS = 1 : Internal
Ra/Rb, x6 pump, C1 =1.0 ~4.7 yF, C2=0.47 ~ 2.0 yF)

comi21 § § 8
comer EE T E S
coms ©° © o :
i
!
!
PSO T i
!
pst COoM67
o CsB CoM66
RESETB RESETB CoM65
RS(A0) RS COM64
RW_WR—@ SEG127
ERD —@ SEG126
SEG125
DO SEG124
D1 SEG123
D2
D3
D4
D5
SCLK D6
SID b7
TESTO
VDD
VDD L vl
vss —
vSs .J: VSSs2
vss i vouT
= |_ C5+
= |_ C3+
c1-
= |— Cl+
L l— C2+
c2-
= f—— c4+
REF — @
VEXT seca
INTRS cres
Vs = vi SEG2
vss €24 V2 SEG1
vss €2 V3 SEGO
vss 2 va coms
VSS = VO COoMo
REXT=620K Q) VR COM1
VDD NN osc1 com2
i
i
come3 :
CoMs? §§ ..... § cowmss
comsé & & 5 comasg
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Preliminary

4. 3 pin Serial Mode: (PSO, 1 = 00, 1/128duty, Internal OSC, REF = 1: Internal VREF, INTRS = 1 : Internal
Ra/Rb, x6 pump, C1 =1.0 ~4.7 yF, C2=0.47 ~ 2.0 yF)

comi21 § § 8
comn 82 E e
coms ©° © o :
i
!
!
PSO T i
!
PS1 — coMme7
o CsB CoM66
RESETB RESETB COM65
RS coMe4
RW_WR—@ SEG127
ERD —@ SEG126
SEG125
DO SEG124
D1 SEG123
D2
D3
D4
D5
SCLK D6
SID b7
TESTO
VDD
VDD L vl
vss —
vSs .J: VSSs2
vss i vouT
= |_ C5+
= |_ C3+
c1-
= |— Cl+
L l— C2+
c2-
= f—— c4+
REF — @
VEXT seca
INTRS cres
Vs = vi SEG2
vss €24 V2 SEG1
vss €2 V3 SEGO
vss 2 va coms
VSS = VO COoMo
REXT=620K Q VR CcoMm1
VDD NN osc1 com2
i
i
come3 :
CoMs? §§ ..... § cowmss
comsé & & 5 comasg
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Bonding Diagram

;’ - 11448 pm P ]
ses| ouvvvs @O0 O000O0O0O0O0OODO - — — DO00000000000Kouvvvss |172
L NT7506 ﬁl— ]
= -
a02| Kooy @00 00000 et LT 00 O00000OReweE]1ss
1 154
Pad No. |[Designation X Y Pad No. [Designation X Y
1 DUMMYO -5295.00 -453.00 31 NC -3220.00 -453.00
2 comi21 -5225.00 -453.00 32 DB1 -3150.00 -453.00
3 COM122 -5175.00 -453.00 33 DB1 -3080.00 -453.00
4 COM123 -5125.00 -453.00 34 NC -3010.00 -453.00
5 COM124 -5075.00 -453.00 35 DB2 -2940.00 -453.00
6 COM125 -5025.00 -453.00 36 DB2 -2870.00 -453.00
7 COM126 -4975.00 -453.00 37 NC -2800.00 -453.00
8 COM127 -4925.00 -453.00 38 DB3 -2730.00 -453.00
9 COMS1 -4875.00 -453.00 39 DB3 -2660.00 -453.00
10 VSS -4760.00 -453.00 40 NC -2590.00 -453.00
11 PSO -4690.00 -453.00 41 DB4 -2520.00 -453.00
12 PSO -4620.00 -453.00 42 DB4 -2450.00 -453.00
13 VDD -4550.00 -453.00 43 NC -2380.00 -453.00
14 PS1 -4480.00 -453.00 44 DB5 -2310.00 -453.00
15 PS1 -4410.00 -453.00 45 DB5 -2240.00 -453.00
16 VSS -4340.00 -453.00 46 NC -2170.00 -453.00
17 CSB -4270.00 -453.00 47 DB6 -2100.00 -453.00
18 CSB -4200.00 -453.00 48 DB6 -2030.00 -453.00
19 RESETB -4060.00 -453.00 49 NC -1960.00 -453.00
20 VDD -3990.00 -453.00 50 DB7 -1890.00 -453.00
21 RS -3920.00 -453.00 51 DB7 -1820.00 -453.00
22 RS -3850.00 -453.00 52 NC -1750.00 -453.00
23 RW_WR -3780.00 -453.00 53 NC -1680.00 -453.00
24 RW_WR -3710.00 -453.00 54 NC -1610.00 -453.00
25 VSS -3640.00 -453.00 55 NC -1540.00 -453.00
26 E_RD -3570.00 -453.00 56 NC -1470.00 -453.00
27 E_RD -3500.00 -453.00 57 NC -1400.00 -453.00
28 NC -3430.00 -453.00 58 NC -1330.00 -453.00
29 DBO -3360.00 -453.00 59 NC -1260.00 -453.00
30 DBO -3290.00 -453.00 60 NC -1190.00 -453.00
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Bonding Diagram (continued)

Pad No. |[Designation X Y Pad No. |Designation X Y
61 TESTO -1120.00 -453.00 100 Cil+ 1610.00 -453.00
62 VDD -1050.00 -453.00 101 Cil+ 1680.00 -453.00
63 VDD -980.00 -453.00 102 Cil+ 1750.00 -453.00
64 VDD -910.00 -453.00 103 C2+ 1820.00 -453.00
65 VDD -840.00 -453.00 104 C2+ 1890.00 -453.00
66 VDD -770.00 -453.00 105 C2+ 1960.00 -453.00
67 VCI -700.00 -453.00 106 C2+ 2030.00 -453.00
68 VCI -630.00 -453.00 107 C2- 2100.00 -453.00
69 VCI -560.00 -453.00 108 C2- 2170.00 -453.00
70 VCI -490.00 -453.00 109 C2- 2240.00 -453.00
71 VCI -420.00 -453.00 110 C2- 2310.00 -453.00
72 VSS -350.00 -453.00 111 C4+ 2380.00 -453.00
73 VSS -280.00 -453.00 112 Ca+ 2450.00 -453.00
74 VSS -210.00 -453.00 113 C4+ 2520.00 -453.00
75 VSS -140.00 -453.00 114 Ca+ 2590.00 -453.00
76 VSS -70.00 -453.00 115 NC 2660.00 -453.00
77 VSS 0.00 -453.00 116 VDD 2730.00 -453.00
78 VSS2 70.00 -453.00 117 REF 2800.00 -453.00
79 VSS2 140.00 -453.00 118 VSS 2870.00 -453.00
80 VSS2 210.00 -453.00 119 VEXT 2940.00 -453.00
81 VSS2 280.00 -453.00 120 VDD 3010.00 -453.00
82 NC 350.00 -453.00 121 INTRS 3080.00 -453.00
83 VOUT 420.00 -453.00 122 VSS 3150.00 -453.00
84 VOUT 490.00 -453.00 123 NC 3220.00 -453.00
85 VOUT 560.00 -453.00 124 V4 3290.00 -453.00
86 VOUT 630.00 -453.00 125 V4 3360.00 -453.00
87 C5+ 700.00 -453.00 126 V4 3430.00 -453.00
88 C5+ 770.00 -453.00 127 V3 3500.00 -453.00
89 C5+ 840.00 -453.00 128 V3 3570.00 -453.00
90 C5+ 910.00 -453.00 129 V3 3640.00 -453.00
91 C3+ 980.00 -453.00 130 V2 3710.00 -453.00
92 C3+: 1050.00 -453.00 131 V2 3780.00 -453.00
93 C3+: 1120.00 -453.00 132 V2 3850.00 -453.00
94 C3+ 1190.00 -453.00 133 Vi 3920.00 -453.00
95 C1- 1260.00 -453.00 134 Vi 3990.00 -453.00
96 C1- 1330.00 -453.00 135 Vi 4060.00 -453.00
97 C1- 1400.00 -453.00 136 VO 4130.00 -453.00
98 C1- 1470.00 -453.00 137 VO 4200.00 -453.00
99 Cl+ 1540.00 -453.00 138 VO 4270.00 -453.00
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Preliminary NT7506
Bonding Diagram (continued)

Pad No. |[Designation X Y Pad No. |Designation X Y
139 NC 4340.00 -453.00 177 COM36 5075.00 453.00
140 VR 4410.00 -453.00 178 COM35 5025.00 453.00
141 VR 4480.00 -453.00 179 COM34 4975.00 453.00
142 VSS 4550.00 -453.00 180 COM33 4925.00 453.00
143 VDD 4620.00 -453.00 181 COM32 4875.00 453.00
144 0OsC1 4690.00 -453.00 182 COM31 4825.00 453.00
145 0OSC1 4760.00 -453.00 183 COM30 4775.00 453.00
146 COM63 4875.00 -453.00 184 COM29 4725.00 453.00
147 COM62 4925.00 -453.00 185 COoMmM28 4675.00 453.00
148 COM61 4975.00 -453.00 186 COoM27 4625.00 453.00
149 COM60 5025.00 -453.00 187 COM26 4575.00 453.00
150 COM59 5075.00 -453.00 188 COM25 4525.00 453.00
151 COM58 5125.00 -453.00 189 COoM24 4475.00 453.00
152 COM57 5175.00 -453.00 190 COM23 4425.00 453.00
153 COM56 5225.00 -453.00 191 COM22 4375.00 453.00
154 DUMMY1 5295.00 -453.00 192 COM21 4325.00 453.00
155 DUMMY2 5598.50 -445.00 193 COM20 4275.00 453.00
156 COM55 5598.50 -375.00 194 COM19 4225.00 453.00
157 COM54 5598.50 -325.00 195 COM18 4175.00 453.00
158 COM53 5598.50 -275.00 196 COM17 4125.00 453.00
159 COM52 5598.50 -225.00 197 COM16 4075.00 453.00
160 COM51 5598.50 -175.00 198 COM15 4025.00 453.00
161 COM50 5598.50 -125.00 199 COM14 3975.00 453.00
162 COM49 5598.50 -75.00 200 COM13 3925.00 453.00
163 cOomM48 5598.50 -25.00 201 COM12 3875.00 453.00
164 com47 5598.50 25.00 202 COM11 3825.00 453.00
165 COM46 5598.50 75.00 203 COM10 3775.00 453.00
166 COM45 5598.50 125.00 204 COM9 3725.00 453.00
167 CcOoM44 5598.50 175.00 205 COM8 3675.00 453.00
168 COM43 5598.50 225.00 206 COomM7 3625.00 453.00
169 COM42 5598.50 275.00 207 COM®6 3575.00 453.00
170 COM41 5598.50 325.00 208 COM5 3525.00 453.00
171 COM40 5598.50 375.00 209 COM4 3475.00 453.00
172 DUMMY3 5598.50 445.00 210 COM3 3425.00 453.00
173 DUMMY4 5295.00 453.00 211 COM2 3375.00 453.00
174 COM39 5225.00 453.00 212 CcoM1 3325.00 453.00
175 COM38 5175.00 453.00 213 COMO 3275.00 453.00
176 COM37 5125.00 453.00 214 COMS 3225.00 453.00
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Preliminary NT7506
Bonding Diagram (continued)

Pad No. |[Designation X Y Pad No. |Designation X Y
215 SEGO 3175.00 453.00 254 SEG39 1225.00 453.00
216 SEG1 3125.00 453.00 255 SEG40 1175.00 453.00
217 SEG2 3075.00 453.00 256 SEG41 1125.00 453.00
218 SEG3 3025.00 453.00 257 SEG42 1075.00 453.00
219 SEG4 2975.00 453.00 258 SEG43 1025.00 453.00
220 SEG5 2925.00 453.00 259 SEG44 975.00 453.00
221 SEG6 2875.00 453.00 260 SEG45 925.00 453.00
222 SEG7 2825.00 453.00 261 SEG46 875.00 453.00
223 SEGS8 2775.00 453.00 262 SEG47 825.00 453.00
224 SEG9 2725.00 453.00 263 SEG48 775.00 453.00
225 SEG10 2675.00 453.00 264 SEG49 725.00 453.00
226 SEG11 2625.00 453.00 265 SEG50 675.00 453.00
227 SEG12 2575.00 453.00 266 SEG51 625.00 453.00
228 SEG13 2525.00 453.00 267 SEG52 575.00 453.00
229 SEG14 2475.00 453.00 268 SEG53 525.00 453.00
230 SEG15 2425.00 453.00 269 SEG54 475.00 453.00
231 SEG16 2375.00 453.00 270 SEG55 425.00 453.00
232 SEG17 2325.00 453.00 271 SEG56 375.00 453.00
233 SEG18 2275.00 453.00 272 SEG57 325.00 453.00
234 SEG19 2225.00 453.00 273 SEG58 275.00 453.00
235 SEG20 2175.00 453.00 274 SEG59 225.00 453.00
236 SEG21 2125.00 453.00 275 SEG60 175.00 453.00
237 SEG22 2075.00 453.00 276 SEG61 125.00 453.00
238 SEG23 2025.00 453.00 277 SEG62 75.00 453.00
239 SEG24 1975.00 453.00 278 SEG63 25.00 453.00
240 SEG25 1925.00 453.00 279 SEG64 -25.00 453.00
241 SEG26 1875.00 453.00 280 SEG65 -75.00 453.00
242 SEG27 1825.00 453.00 281 SEG66 -125.00 453.00
243 SEG28 1775.00 453.00 282 SEG67 -175.00 453.00
244 SEG29 1725.00 453.00 283 SEG68 -225.00 453.00
245 SEG30 1675.00 453.00 284 SEG69 -275.00 453.00
246 SEG31 1625.00 453.00 285 SEG70 -325.00 453.00
247 SEG32 1575.00 453.00 286 SEG71 -375.00 453.00
248 SEG33 1525.00 453.00 287 SEG72 -425.00 453.00
249 SEG34 1475.00 453.00 288 SEG73 -475.00 453.00
250 SEG35 1425.00 453.00 289 SEG74 -525.00 453.00
251 SEG36 1375.00 453.00 290 SEG75 -575.00 453.00
252 SEG37 1325.00 453.00 291 SEG76 -625.00 453.00
253 SEG38 1275.00 453.00 292 SEG77 -675.00 453.00
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Preliminary NT7506
Bonding Diagram (continued)

Pad No. |[Designation X Y Pad No. |Designation X Y
293 SEG78 -725.00 453.00 331 SEG116 -2625.00 453.00
294 SEG79 -775.00 453.00 332 SEG117 -2675.00 453.00
295 SEGS80 -825.00 453.00 333 SEG118 -2725.00 453.00
296 SEGS81 -875.00 453.00 334 SEG119 -2775.00 453.00
297 SEG82 -925.00 453.00 335 SEG120 -2825.00 453.00
298 SEG83 -975.00 453.00 336 SEG121 -2875.00 453.00
299 SEG84 -1025.00 453.00 337 SEG122 -2925.00 453.00
300 SEG85 -1075.00 453.00 338 SEG123 -2975.00 453.00
301 SEG86 -1125.00 453.00 339 SEG124 -3025.00 453.00
302 SEG87 -1175.00 453.00 340 SEG125 -3075.00 453.00
303 SEG88 -1225.00 453.00 341 SEG126 -3125.00 453.00
304 SEG89 -1275.00 453.00 342 SEG127 -3175.00 453.00
305 SEG90 -1325.00 453.00 343 COM64 -3225.00 453.00
306 SEG91 -1375.00 453.00 344 COM65 -3275.00 453.00
307 SEG92 -1425.00 453.00 345 COM66 -3325.00 453.00
308 SEG93 -1475.00 453.00 346 COM67 -3375.00 453.00
309 SEGY9%4 -1525.00 453.00 347 COM68 -3425.00 453.00
310 SEG95 -1575.00 453.00 348 COM69 -3475.00 453.00
311 SEG96 -1625.00 453.00 349 COM70 -3525.00 453.00
312 SEG97 -1675.00 453.00 350 COM71 -3575.00 453.00
313 SEG98 -1725.00 453.00 351 COM72 -3625.00 453.00
314 SEG99 -1775.00 453.00 352 COM73 -3675.00 453.00
315 SEG100 -1825.00 453.00 353 COM74 -3725.00 453.00
316 SEG101 -1875.00 453.00 354 COM75 -3775.00 453.00
317 SEG102 -1925.00 453.00 355 COM76 -3825.00 453.00
318 SEG103 -1975.00 453.00 356 COM77 -3875.00 453.00
319 SEG104 -2025.00 453.00 357 COM78 -3925.00 453.00
320 SEG105 -2075.00 453.00 358 COM79 -3975.00 453.00
321 SEG106 -2125.00 453.00 359 COM80 -4025.00 453.00
322 SEG107 -2175.00 453.00 360 COM81 -4075.00 453.00
323 SEG108 -2225.00 453.00 361 COM82 -4125.00 453.00
324 SEG109 -2275.00 453.00 362 COMS83 -4175.00 453.00
325 SEG110 -2325.00 453.00 363 COM84 -4225.00 453.00
326 SEG111 -2375.00 453.00 364 COM85 -4275.00 453.00
327 SEG112 -2425.00 453.00 365 COM86 -4325.00 453.00
328 SEG113 -2475.00 453.00 366 CcomM87 -4375.00 453.00
329 SEG114 -2525.00 453.00 367 COM88 -4425.00 453.00
330 SEG115 -2575.00 453.00 368 COM89 -4475.00 453.00
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Preliminary NT7506
Bonding Diagram (continued)

Pad No. |[Designation X Y Pad No. |Designation X Y
369 COM90 -4525.00 453.00 387 COM106 -5598.50 325.00
370 COM91 -4575.00 453.00 388 COomM107 -5598.50 275.00
371 COM92 -4625.00 453.00 389 COM108 -5598.50 225.00
372 COM93 -4675.00 453.00 390 COM109 -5598.50 175.00
373 COM94 -4725.00 453.00 391 COM110 -5598.50 125.00
374 COM95 -4775.00 453.00 392 COM111 -5598.50 75.00
375 COM96 -4825.00 453.00 393 COM112 -5598.50 25.00
376 COM97 -4875.00 453.00 394 COM113 -5598.50 -25.00
377 COM98 -4925.00 453.00 395 COM114 -5598.50 -75.00
378 COM99 -4975.00 453.00 396 COM115 -5598.50 -125.00
379 COM100 -5025.00 453.00 397 COM116 -5598.50 -175.00
380 COM101 -5075.00 453.00 398 COM117 -5598.50 -225.00
381 COM102 -5125.00 453.00 399 comM118 -5598.50 -275.00
382 COM103 -5175.00 453.00 400 COM119 -5598.50 -325.00
383 COM104 -5225.00 453.00 401 COM120 -5598.50 -375.00
384 DUMMY5 -5295.00 453.00 402 DUMMY?7 -5598.50 -445.00
385 DUMMY6 -5598.50 445.00 ALK_R 5311.00 -334.00
386 COM105 -5598.50 375.00 ALK_L -5311.00 -334.00
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Package Information
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Pad Dimensions unit: ym
Size
Pad No.
X Y
Chip size - 11448 1158
1~2,10~18, 19~145,
153~154, 155~156,
171~172, 173~174, 70
383~384, 385~386,
Pad pitch 401~402
2~9, 146~153, 156~171, 50
174~383, 386~401
9~10 115
18~19, 145~146 140
1,154, 173, 384 50 920
155, 172, 385, 402 90 50
Bump size 2~9, 146~153, 174~383 32 90
156~171, 386~401 90 32
10~145 42 90
Bump height All pad 15+3
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Ordering Information

Part No. Packages

NT7506H-BDT Gold Bump on Chip Tray

NT7506H-TAB0014 48mm Tape Automated Bonding Package

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