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Revision History

NT7553E Specification Revision History
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2.0

1. Correct the stabilization time between instruction (1) to (3)
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3. Add Application Notice for Large Panel Design section.
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4. Add Absolute Maximum Rating of VOUT condition.
(Page 81)
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Dennis
Kuo

Sep. 2008
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1. Add 100ms delay time between “display on sequence” and
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3. Correct recommend resistance of VDD and VSS from 100Q
to 50Q.(Page 55)

4. Add recommend external VOUT voltage on/off
sequence.(Page 59, 60)

5. Add MTPT description in table32. (Page 74)

6. Add specification of Sleep Mode Current Consumption.
(Page 83)

7. Add specification of Reset Timing. (Page 91)
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Features

W 396 x 162-dot graphics display LCD controller/driver for 32 level grayscale.
B RAM capacity: 396x 162 x 5 = 320,760 bits
W 8-bit and 16-bit parallel bus interface for both 8080 and 6800 series, and 4-wire Serial Peripheral
Interface (SPI)
W Various grayscale-display control functions
- 32 grayscale out of 52 possible grayscale can be displayed at the same time (grayscale palette
incorporated)
- Vertical scroll display function in raster-row units
- Partial LCD drive of two screens in any position
B Shift change of segment and common drivers
W Power supply voltage:
-VDD =2.4~3.6 V(REGENB=L)
-VDD =1.6 ~ 2.3V (REGENB=H)
-VDD2=24~36V
-VDD3=24~36V
-VCC=16~2.3V
- Common driving voltage = 8 ~ 36 V (power for DC-DC converter)
- Segment driving voltage =2 ~ 4V
-VOUT=45~55V
- VCI2 Maximum 4-times step-up circuit for liquid crystal drives voltage-and.voltage inverting circuit
- VCI1 Maximum 3-times step-up circuit for VOUT
W Power save functions such as standby and sleep mode
B On chip LCD driving voltage generator or external power supply 'selectable
W 128-step contrast adjuster and on chip voltage-follower to decrease direct-current-flow in the LCD
drive bleeder-resisters
W Programmable drive duty ratios (1/8~1/162) and bias values (1/2~1/13) displayed on LCD
B Programmable partial display. function
M Bit-operation functions-for ‘graphics-processing:
- Write-data mask function'in bit units
- Logical operation in.pixel unit and conditional write function
B N-line‘inversion AC liquid-crystal-drive (C-pattern waveform drive)
®-On'chip oscillation and hardware reset
m Multi-Time Programming (2 times)-for VSH voltage
B Programmable LCD:Driving’Voltage Temperature Compensation Coefficients (selected by software
command)
B COM positioned on both sides in one chip for COG form
B CMOS process

2008/11/14 4 Ver 3.0
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General Description

The NT7553E is a single-chip LCD controller/driver LSI for grayscale-graphics, which displays 396 x
162-dot graphics for 32 levels STN grayscale. It accepts display data through 8-bit or 16-bit parallel
(8080 or 6800 series) or serial interface directly sent from a microcomputer and stores it in an on-chip
display RAM. It generates an LCD drive signal independent of microprocessor clock.

The set of the on-chip display RAM of 396 x 162 x 5 bits and every 5 bits correspondence between
LCD panel dots and on-chip RAM bits permits implementation of displays with a high degree of
freedom.

The NT7553E contains 162 common output circuits and 396 segment output circuits. It can make 8 to
162 x 396-dot displays with instructions.

The NT7553E has various functions for reducing the power consumption, such as low operation
voltage of 2.4/Min., a DC-DC converter to generate a maximum of 12-times the LCD drive voltage
from the supplied voltage, voltage follower to decrease the direct current flow in the LCD drive
bleeder-resisters, and no external operation clock is required for RAM read/write operations.
Accordingly, this driver can be operated with minimum current consumption and its on-board
low-current-consumption liquid crystal power supply can implement a high-performance handy display
system with minimum current consumption and the smallest LSI configuration.

2008/11/14 5 Ver 3.0
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Block Diagram
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A
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- D15 16 6 Latch Latch Latch »|  Segment | SEG1 /396 ~ SEG396/1
'} Circuit Driver v
16 64
A
VDD ——»
VSs ———»
Vb2 ' LCD Driver
Display Data RAM 4
(e — . Voltage Selector
132x162x16bits
3
VDD3 ————p
VCIf +———— ’t ./ a Vs
C1l1+~C12 +a———
C1l -~C12+¢—— Latch l—
-t | o VSS2
XQ\" LCD Drive Power Circuit
VCI2 ¢—— Supply Circuit
C21+~ C23+
C21- ~ C23- ———] PWM/FRC Grayscale
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Figure 1. NT7553E Block Diagram Description
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Pad Descriptions

Power Supply

Pad No. Designation| 1/O Description
134~136 VDD Supply | Power supply for logic
160,166,172 VDD1 0 Power supply output for pad option
137~139 VDD2 Supply \Ij([))vE/)er supply for analog, input the same level of voltage as
140~143 VDD3 Supply | Voltage-input pin for step-up circuit 1.
144~146 VSS Supply | Ground for logic
163,169 VSS1 0 Ground output for pad option
147~149 VSS2 Supply | Ground for analog
150~153 VSS3 Supply | Ground for VDD3

Inputs reference voltage for LCD drives power supply:

173~174 VREFL | Supply | Inputs a lower level than VDD. Since input-current does-not
run, level input, which is divided by resistors, is\also possible.
Voltage-input pin for step-up circuit"l. When, the \VCI adjuster is
205~208 VCI1 Supply | used, input the power supply-from-VCIOUT. When not used,
input the external power supply.

Capacitor for_ stabilization, ‘or~open, connect capacitor for
57~60 VCI2 Supply | stabilization.-When ' the internal power) supply circuit is not
used;leave this pin open.

A voltage that’doubles or/triples\the voltage between VCI1 and
VSS.is-output here./The step-up factor can be set in an internal
register. When internal operational amplifier is not used, supply
external voltage.

The'-selection’ level for the segment signal. When internal
operational amplifier is used, it is output from the internal
181~184 VSH Supply\| operational amplifier and connects the capacitors for
stabilization. When internal operational amplifier is not used,
supply external voltage.

Selection level for the common signal. When internal power
supply is used, connect the capacitors for stabilization to VCH,

185~188 VOUT .| 'Supply

28~32 VCH Supply When internal power supply is not used, supply external
voltage.
Selection level for the common signal. When internal power
23-97 VCL Supply supply is used, connect the capacitors for stabilization to VCL,

and shot key barrier diode to VCL. When internal power supply|
is not used, supply external voltage.

2008/11/14 8 Ver 3.0
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Power Supply (CONTINUTE)

Non-selection level for the common signal. When internal
operational amplifier is used, it is output from the internal
177~180 VM Supply | operational amplifier and connects the capacitors for
stabilization. When internal operational amplifier is not used,
supply external voltage.

Capacitor for stabilization or external power supply. Connect
capacitor for stabilization for internal power supply. When
internal operational amplifier is not used, supply external
voltage.

Capacitor for stabilization or open Connect capacitor for
stabilization for internal power supply.

Capacitor for stabilization or open Connect capacitor for
stabilization for internal power supply.

175~176 | VREFM | Supply

130~133 VCC Supply

127~129 VDDR O

STEP-UP Capacitor Pad

Pad No. Designation| 1/O Description
1307 | cep | o | Comedtasnuscapaciorto generdte YCLEI DY
18~22 CEM o) this pin open.
33~36 C23+ 0O When step-up circuit-is'used, connect-a step-up capacitor.
37~40 C23- 0 When step-up gircuit is used; connect-a step-up capacitor.
41~44 C22+ 0 When:step-up circuit is used,connect-a step-up capacitor.
45~48 C22- O When step-up circuitis.used,-connect a step-up capacitor.
49~52 C21+ S When step-up circuit is used, connect a step-up capacitor.
53~56 C21- (@] When step-up;circuit is used, connect a step-up capacitor.
189~192 Ci12+ O When step-up circuit is used, connect a step-up capacitor.
193~196 Cl2- 0] When step-up circuit is used, connect a step-up capacitor.
197~200 Cl1+ (0] When step-up circuit is used, connect a step-up capacitor.
201~204 Cli- 0 When step-up circuit is used, connect a step-up capacitor.
2008/11/14 9 Ver 3.0
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Liquid Crystal Drive Pad

Pad No. Designation| 1/O Description
Output signals for segment drive. In the display-off period
(D1-0 = 00, 01) or standby mode (STB = 1), all pins output
306~701 SEG1 ~ 0 VSS level. The SGS bit can change the shift direction of the
SEG396 segment signal. For example, if SGS = 0, RAM address 0000
is output from SEG1 to SEG396. If SGS =1, it is output from
SEG396 to SEGL1.
Output signals for common drive. In the display-off period
222~254, (D1-0 =00, 01) sleep mode (SLP = 1) or standby mode (STB
= 1), all pins output VSS level. The CMS bit can change the
257~304, COM1 ~ o shift direction of the common signal. For example, if CMS = 0,
703~750, COM162 driver outputs from COM1 to COM162. If CMS = 1, driver
outputs COM162 to COM1.
753~785 Note that the start position of the common driver output is
changed by screen diving position function.
2008/11/14 10 Ver 3.0
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System Bus Connection Pads

Pad No. | Designation| 1/O Description
Serial/Parallel selection pad:
164~165 S/P [ S/P ="L": parallel interface

S/P ="H": serial interface

Select MPU parallel interface mode:
When S/P = “L™
C86 = "L": 6800 series MPU interface
C86 = "H": 8080 series MPU interface
When S/P = “H"™:
C86 should be connected to VSS.

167~168 C86 I

8/16-bit parallel interface selection pad:
When S/P = “L":
S8/16 = "L": 16-bit parallel interface
I S8/16 = "H": 8-bit parallel interface
When S/P =“H":
This pad is used as the serial ID (SID) setting for @.device
code.

This is the chip select signal. When CSB.=\"L",'then'the chip
124~126 CSB I select becomes active, and data/command-l/O is enabled.
It must be fixed to VSS when not\in‘use.

A0 = “L": Indicates that-D0'to'D7-are Index or Status data
A0 = “H": Indicates.that DO to D7 are Control-data

When-a register or serial interface is selected; fix this pad to
VDD or VSS-level.

12 RESB1 Resetpin. Initializes'the LSI.when low. Must be reset after
154~155 RESB? | power-on,Since NT7553E has three RESET pins, use one pin
and open two unused pins.

209 RESBS3

S8/16

170~-171 (SID)

121~123 AO I

When-connected to a 6800 Series MPU, this is the read/write
control signal input terminal. Low: Write, High: Read

When connected to an 8080 MPU, this is active LOW. This
115-117 RW | terminal connects to the 8080 MPU RDB signal and the
(RDB) NT7553E data bus is in an output status when this signal is
LOW.

When the serial interface is selected, fix this pad to VDD or VSS

level.

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 MPU, it is active LOW. This pad is
118~120 (WRB) I connected to the WRB signal of the 8080 MPU, and writes data
at the low level.

(SCL) When the serial interface is selected, it serves as the serial clock
input pin (SCL).
2008/11/14 11 Ver 3.0
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System Bus Connection Pads (continued)

When 16-bit parallel interface is selected, it serves as the
bi-directional data bus.

DO When 8-bit parallel interface is selected, data transfer uses D8 ~
112~114 /O D15; fix the unsed pads: DO ~ D7 to the VDD or VSS level.
(SDI) When the serial interface is selected, it serves as the serial data|
input terminal (SDI). The input level is read on the rising edge of
SCL signal.

When 16-bit parallel interface is selected, it serves as the
bi-directional data bus.

109~111 D1 o, When_8-bit parallel interface is selected, data transfer uses D8 ~
(SDO) D15; fix the unsed pads: DO ~ D7 to the VDD or VSS level.
When the serial interface is selected, it serves as the serial data
output terminal (SDO).

When 16-bit parallel interface is selected, it serves as the
bi-directional data bus.

When 8-bit parallel interface is selected, data transfer. uses D8 ~
D15; fix the unsed pads: DO ~ D7 to the VDD or.VSS level.
When the serial interface is selected, fix these pads to VDD or
VSS level.

67~108 D2 ~ D15 I/O

Input pin for VDDR supply control,
161~162 REGENB I REGENB = “L": VDDRregulator enable
REGENB = “H"..VDDR regulator disable

Oscillation Pads

Pad No. | Designation |\ -1/O Description

158~159 OSCl o For external clocksupply, input clock pulses to OSCI.

156~157 OSCO Foriinternal clock mode, OSCI must connect to OSCO.
2008/11/14 12 Ver 3.0

With respect to the information represented in this 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.



@ NGVATEK

NT7553E

Dummy Pads

Pad No.

Designation

I/O

Description

1~11,
210~221,
255~256,
305,702,
751~752,
786

Dummy

Dummy pads. No connection for user.

Test Pads

Pad No.

Designation

I/O

Description

61~62

Testl

Test pad. Must disconnect this pad.

63~64

Test2

Test pad. Must disconnect this pad.

65~66

Test3

Test pad. Must disconnect this pad.

2008/11/14
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Functional Descriptions

Microprocessor Interface

The NT7553E can transfer data via 8-bit (D8 ~D15)/16-bit (D0~D15) bi-directional data bus or via
serial data input (SDI). When high or low is selected for the S/P, C86, and S8/16 pads, either
8-bit/16-bit parallel data input or serial data input can be selected as shown in Table 1. When serial
data input is selected, the RAM data can also be read out via serial data output (SDO).

Table 1. Data Bus Interface Selection Mode

E
S/P | C86 S8/16 Type CSB | A0 |(WRB) RIW DO D1 |D2~D7|D8~D15
(SID) (RDB)
(SCL)
L L |Serial interface bus SID =0 CSB | A0 SCL - SDI SDO - -
H
L H |Serial interface bus SID =1 CSB | A0 SCL - SDI SDO - -
L L |6800 series 16-bit parallel bus | CSB | A0 E R/W DO D1 |D2~D7|D8~D15
L H |6800 series 8-bit parallel bus CSB | A0 E R/W - - - D8~D15
L
H L |8080 series 16-bit parallelbus | CSB | A0 | WRB | RDB DO D1 |D2~D7|D8~D15
H H |8080 series 8-bit parallel bus CsSB| A0 | WRB"| RDB - - - D8~D15

Parallel Interface

When the NT7553E selects parallel input (S/P'= _Low), the 8080-series microprocessor or 6800 series
microprocessor can be selected by the C86 pad to be connected-high-or'low. The NT7553E identifies
the data bus signal according to. AQ; E-(WRB), R/W (RDB) signals-as shown in Table 2.

“" Must always be high or low

Table-2.Parallel-Interface Read/Write Status

Common 6800 processor 8080 processor .
Function
AQ E R/W RDB WRB
0 1 1 0 1 Reads internal status
0 1 0 1 0 Writes indexes into IR (index register)
1 1 1 0 1 Read from RAM data through RDR
1 1 0 1 0 Write control registers or RAM data through WDR

A dummy read is required before the first actual display data is read for parallel interface.

2008/11/14
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16-bit Bus Interface

Setting the C86 and S8/16 (interface mode) to the VSS/VSS level allows 68-system
E-clock-synchronized 16-bit parallel data transfer. Setting the C86 and S8/16 to the VDD/VSS level
allows 80-system 16-bit parallel data transfer. When the number of buses or the mounting area is
limited, use an 8-bit bus interface.

CSB - CSB
AO 1 A0
WR | WRB
Mcu  WRE > WRB NT7553E
<l L
D15-D(-= 716 » D15-DO

Interface to 16-bit Microcomputer

8-bit Bus Interface

Setting the C86 and S8/16 (interface mode) to the VSS/VDD level allows 68-system
E-clock-synchronized 8-bit parallel data transfer using pins D15 to D8. Setting the C86 and S8/16 to
the VDD/VDD level allows 80-system 8-bit parallel data transfer. The 16-bit instructions and RAM data
are divided into eight upper/lower bits and the transfer starts from the upper eight bits: Fix unused pins
D7 to DO to the VDD or VSS level. Note that the upper bytes must also be written when the index
register is written.

CSB » CSB
A0 - AO
WRB » WRB
MCU RDB > RDB NT7553E
D15-Dg-% /8 » D15-D8
J__—/? D7-DO
GND

Interface to/8-bit Microcomputer

Note:

Transfer synchronization function for an 8-bit-bus.interface

The NT7553E supports the transfer synchronization function, which resets the upper/lower counter to count upper/lower 8-bit
data_transfer in ‘the 8-bit bus interface. Noise causing transfer mismatch between the eight upper and lower bits can be
corrected by-areset triggered hy consecutively writing a O0H instruction four times. The next transfer starts from the upper
eight bits: Executing synchronization/function periodically can recover any runaway in the display system.

S /
S— /
AN AN AN AN AN ANYA
ovesJCEN T TN =T TN T T

Figure 2. 8-bit Transfer Synchronization
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Serial Interface

When the serial interface has been selected (S/P = High, C86 = Low), the SID (serial device ID) can
be selected by the S8/16 pad to be connected high or low. The unused pads (D2~15) should be
connected to VDD or VSS. When the chip is in serial interface, using the chip select input (CSB),
serial clock input (SCL), serial data input (SDI) and serial data output (SDO) pins. The NT7553E
initiates serial data transfer by transferring the start byte at the falling edge of CSB input. It ends serial
data transfer at the rising edge of CSB input.

The NT7553E is selected when the 6-bit chip address in the start byte transferred from the
transmitting device matches the 6-bit device identification code assigned to the NT7553E. The
NT7553E, when selected, receives the subsequent data string. The ID (S8/16) pin can determine the
LSB of the identification code. The five upper bits must be “01110". Two different chip addresses must
be assigned to a single NT7553E because the seventh bit of the start byte is used as a register select
bit (A0): that is, when A0 = “0", data can be written to the index register or status can be read, and
when AO = “1", an instruction can be issued or data can be written to or read from RAM. Read or write
is selected according to the eighth bit of the start byte (R/W bit). The data is received when the R/W bit
is “0”, and is transmitted when the R/W bit is “1”".

After receiving the start byte, the NT7553E receives or transmits the subsequent data byte=by-byte.
The data is transferred with the MSB first. All NT7553E instructions are 16 bits._.Two:.bytes are
received with the MSB first (D15 to 0), and then the instructions are internally executed: After.the-start
byte has been received, the first byte is fetched internally as the upper eight bits, of the instruction and
the second byte is fetched internally as the lower eight bits of the instruction. Five bytes of RAM read
data after the start byte are invalid. The NT7553E starts to read correct' RAM . data from the sixth byte.

Table 3.Serial Interface-Read/Write Status

AO R/W Function

0 1 Reads internal status

0 0 Writes indexes-into, IR (index register)

1 1 Read from RAM data.through RDR

1 0 Writes control registers and RAM data through WDR

Note:

1. When the-chip is.not /active, the shift registers and the counter is reset to their initial states.

2. 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.
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Serial Data Transfer

Setting the S/P pin to the “VDD” level and the C86 pin to the “VSS” level allows standard
clock-synchronized serial data transfer, using the chip select line (CSB), serial transfer clock line
(SCL), serial input data line (SDI), and serial output data line (SDO). For a serial interface, the
S8/16/1D pin function uses an ID pin. If the chip is set up for serial interface, the D15-2 pins, which are
not used, must be fixed at “VDD” or “VSS”.

The NT7553E initiates serial data transfer by transferring the start byte at the falling edge of CSB input.
It ends serial data transfer at the rising edge of CSB input.

The NT7553E is selected when the 6-bit chip address in the start byte transferred from the
transmitting device matches the 6-bit device identification code assigned to the NT7553E. The
NT7553E, when selected, receives the subsequent data string. The LSB of the identification code can
be determined by the ID pin. The five upper bits must be “01110". Two different chip addresses must
be assigned to a single NT7553E because the seventh bit of the start byte is used as a register select
bit (A0): that is, when A0 = “0”, data can be written to the index register or status can be read, and
when AO = “1", an instruction can be issued or data can be written to or read from RAM. Read or write
is selected according to the eighth bit of the start byte (R/W bit). The data is received when the R/W bit
is “0”, and is transmitted when the R/W bit is “1". After receiving the start byte, the NT7553E receives
or transmits the subsequent data byte-by-byte. The data is transferred with the MSB first. All NT7553E
instructions are 16 bits. Two bytes are received with the MSB first (D15 to 0), and then.the instructions
are internally executed. After the start byte has been received, the first byte is fetehed internally asthe
upper eight bits of the instruction and the second byte is fetched internally as.the lower eight bits of the
instruction. Five bytes of RAM read data after the start byte are invalid. The NT7553E starts to read
correct RAM data from the sixth byte.

Table 4./Start Byte Format

Transfer Bit S 1 |2 ]"3 | 40 5, ] 6 7 8
Start byte DeviceID.code
format Transfer start 0 1] 1 .1+ o | b A0 |R/W
Note: The S8/16/IDpin selects ID bit.
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a) Timing of basic data-transfer through clock synchronized serial interface

Transfer Start

CSB Y

Transfer End

9 10 11 12 13 14 15 18 19 20 21 22 23 24

DeV|ce D cod

JJ 6@@@@@@9@9 - 9@9@9@

Index Register / Instruction
DDRAM Write Data

|<— Status Read / DDRAM Data Read

Figure 3. Procedure for transfer through the clock synchronized serial interface (a)

b) Timing of consecutive data transfer through clock synchronized serial.interface
CSB /

123456178 9 10111213141516 1718192021 222324

2526'27.2829,30:3132° 3334 35 36 37 38 39 40

SCL

Instruction(l) Instruction(1) Instruction(2) Instruction(2)
N Start Byte >< upper 8-bit lower 8-bit upper 8-bit lower 8-bit
Instruction(1)
Start The first byte after start byte must be upper 8-bit| execution time End
Instruction is not exected.

Figure 4. Procedure for transfer through the clock synchronized serial interface (b)
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c) Transfer data read from DDRAM
csB ©

123 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

SCL

n
9
>
Qv
~B
I
==
i@
L

I
I
I
SDO1I 1 Dummy '\ Dummy [ bummy \/ RAMread \/ RAMread \
| | Read (1) | Read ) /Y| Read (5) /| upper 8-bit /| lower 8-bit |

Five bytes invalid dummy data are read after start byte.
6th data is valid from DDRAM.

Figure 5. Procedure for transfer through the clock synchronized serial interface (¢)

d) Status Read / Instruction Read

CsB
1 2 3 456 7 8 9 10 11 12 13 14 15 16 17,18 192021 22/ 23 24 25 26 2728 2930 31 32
SCL
I I I I I
I 0\ U A~ N .\~ ] o
| | I
SDI Start Byte |
A0=0,R/W=1 I
I
I

| I
| I

sSDO 1| ! Dummy L/ Status read l Status read  \
1 | Read (1) 1\ upper 8-bit | lower 8-bit I

One byte invalid dummy data is read after start byte.
2nd data is valid from DDRAM.

Figure 6. Procedure for transfer through the clock synchronized serial interface (d)
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High-Speed Burst RAM Write Function

The NT7553E has a high-speed burst RAM-write function that can be used to write data to RAM in
one-fourth the access time required for an equivalent standard RAM-write operation. This function is
especially suitable for applications which require the high-speed rewriting of the display data, for
example, display of gray animations, etc.

When the high-speed RAM-write mode (HWM) is selected, data for writing to RAM is stored once to
the NT7553E internal register. When data is selected four times per word, all data is written to the
on-chip RAM. While this is taking place, the next data can be written to an internal register so that
high-speed and consecutive RAM writing can be executed for animated displays, etc.

NT7553E
16 | - - - -
- Registerl || Register2 || Register3 || Register4
64
MCU
0000h | 0001h | 0002h | 0003N |-
Address 16
counter {——p Display Data RAM
(AC) (DDRAM)
Figure 7. High-Speed Burst.RAM Write Function
csB \
1 2 3 4 1 2 3 4 1 2 3 4
« o TR T ACA S L
INDEX: RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM
D15-0 B DATA || DATA DATA ||.DATA || DATA || DATA DATA DATA || DATA DATA DATA DATA
(R22) &) @ €} @ ©) © W) ®) © || @y || ay || @
RAM WRITE DATA RAM data 1 to 4 RAM data 5 to 8 RAM data 9 to 12
(64 bit)
| |
RAM ADDRESS . " " " " .
AC1E0 0000h >|< 0004h X 0008h

Figure 8. High-Speed Burst RAM Write timing

Note the following when using high-speed RAM write mode.

1. The lower two bits of the address must be set in the following way in high-speed write mode. When DO becomes 0,
the lower two bits of the address must be set to "11". When D1 becomes 1, the lower two bits of the address must be
set to "00".

2. When a high-speed RAM write is canceled, the next instruction must only be executed after the RAM write execution
time has elapsed.

3. The logical and compare operation cannot be used.

2008/11/14 20 Ver 3.0
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4. Data is written to RAM for each four words. When an address is set, the lower two bits in the address must be set to
the following values.

*When 1/D0=0, the lower two bits in the address must be set to “11” and be written to RAM.
*When 1/D0=1, the lower two bits in the address must be set to “00” and be written to RAM.

5. Data is written to RAM for each four words. If less than four words of data are written to RAM, the last data will not be
written to RAM.

6. When the index register and RAM data write (“22"h) have been selected, the data is always written first. RAM cannot
be written to and read from at the same time. HWM must be set to “0” while RAM is being read.

7. High-speed and normal RAM write operations cannot be executed at the same time. The mode must be switched
and the address must then be set.

8. When high-speed RAM write is used with a window address-range specified, dummy write operation may be
required to suit the window address range-specification. Refer to the High-Speed RAM Write in the Window Address

section.

Table 5. Comparisons between Normal and High-Speed RAM Write Operations

Normal RAM Write High-Speed RAM Write
(HWM=0) (HWM=1)
Logical operation function Can be used Can't be used
Compare operation Can be used Can't be used
function
Write mask function Can be used Can be used
o IDO bit=0: Set the lower two.hits to 11
RAM address set Can be specified by word IDO bit=1: Set the lowertwo bits to 00
RAM read Can be read by word Cannot.be used
RAM write Cari be writter by word Dummy write opgratlons may have to be m_sgrte_d
according to_ a-window address range specification
Window address Can be set by-word Can be set by four words
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High-Speed RAM Write in the Window Address

When a window address range is specified, RAM data which is in an optional window area can be
rewritten consecutively and quickly by inserting dummy write operations so that RAM access counts
become 4N as shown in the tables below.

Dummy write operations may have to be inserted as the first or last operations for a row of data,
depending on the horizontal window-address range specification bits (HSA1 to 0, HEAL to 0). The
number of dummy write operations of a row must be 4N.

Table 6. Number of Dummy Write Operations in High-Speed RAM Write (HSA Bits)

Number of Dummy Write Operations to be
HSAL | HSAO Inserted at the Start of a Row
0 0 0
0 1 1
1 0 2
1 1 3

Table 7. Number of Dummy Write Operations in High-Speed RAM Write (HEABits)

Number of Dummy Write Operations to be
HEAL | HEAQ Inserted at the End of a Row
0 0 3
0 1 2
1 0 1
1 1 0

Each row of access must consist of 4 x N'operations, including'the . dummy writes.
Horizontal access count = firstdummy write-count + write data count'+ last dummy write count =4 x N
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An example of high-speed RAM write with a window address-range specified is shown below.

The window address-range can be rewritten consecutively and quickly by inserting two dummy writes
at the start of a row and three dummy writes at the end of a row, as determined by using the window
address-range specification bits (HSA1 to 0 = “10”, HEAL to 0 =“00").

| Writing in the horizontal direction |{AM=O. I/D0=1
| Window address-range setting | HSA=12h, HEA=30N
l VSA=08h, VEA=AOh
| High-speed RAM write mode |{ HWM=1
v
| Address set * Note 1< AD=0810h
\ 4
—>| Dummy RAM write x 2 |
v
x182 | RAM write x 31 |
v

| Dummy RAM write x 3 |

Figure 9. High-Speed Burst RAM-with-a window'mask write

*NotelThe address set for the high-speed RAMwrite must be 00 or 11-according tothe value of 1/D0 bit. Only RAM
in the specified window address-range will be overwritten.

0000n AM address 1
0812h

Window address-range
specification (rewrite area)

A030h

A183h

Window address-range setting
HSA=12h, HEA=30h
VSA=08h, VEA=AOh

Figure 10. Example of the High-Speed RAM write with a window address-range specification
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NT7553E

Window Address Function

When data is written to the on-chip DDRAM, a window address-range that is specified by the
horizontal address register (start: HSA[7:0], end: HEA[7:0]) or the vertical address register (start:

VSA[7:0], end: VEA[7:0]) can be written consecutively.

Data is written to addresses in the direction specified by the AM bit (increment/decrement). When
image data, etc. is being written, data can be written consecutively without thinking a data wrap by
doing this. The window must be specified to be within the DDRAM address area described below.

Addresses must be set within the window address.

[Restriction on window address-range settings]

(Horizontal direction) 00h < HSA[7:0] £ HEA[7:0] = 83h
(Vertical direction) 00h <VSA[7:0] £ VEA[7:0] £Alh

[Restriction on address settings during the window address]

(RAM address) HSA[7:0] < AD[7:0] < HEA[7:0]
VSA[7:0] < AD[15:8] < VEA[7:0]

to the value of the 1DO bit.
IDO = 0: The lower two bits of the address must be set to “11".
IDO = 1: The lower two bits of the address must be set to “00".

Note: In high-speed RAM-write mode, the lower two bits of the address must be set as shown below according

DDRAM address-map

5F10h | 5F2FN

A100h

[ A183n

1/D0=1 (increment)

AM=0 (horizontal writing)

Window address-range specification area
HSA5-0=10h, HSE5-0=2Fh
VSA7-0=20h, VEA7-0=5Fh

Figure 11. Example of Address Operation in the Window Address Specification
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Display Data RAM (DDRAM)

The display data RAM stores the segment data for the display. It has 162 x 396 x 5 bit structure for 32
gray scale levels.

DDRAM Address Map
Table 8. Relationship between Display Position and DDRAM Address

Horizontal
address 00h 01h 02h 03h 80h 81h 82h 83h
ol ala wlo|ln|lo|lo|lolg|la|w|g|w| ©
S1SI8I3ISISIGISIBFH] RNB B RB[S S| S (S[R] B
seso |1 \% )8 818 B 85288 - (28888888888 8
RO R R R R R I O R R KR R n|lnlo|lo|lon|lolo|o|n|lon|lon|l »
olvw|(s|o|laldlo|larn]|elw|x ol al o
AR B A AR AR SIS BIBNIG818S|IBO] B
e A AR b AR o o e A e R E A e
nln|lon|lon|lonlnln|ln|lo|ln|lon|ln N RV N IR I R BN IR L R )
cms=0 | cms=1 | verica | ni5 o | p1s-po | p15-D0 | D15~ DO DI5~D0 | D15~DO | D15~D0 |_D15~DO
Address
COM1 |COM162| 00h 0000h 0001h 0002h 0003h | ... 0080h 0081h 0082h 0083h
COM2 |COM161| 01h 0100h 0101h 0102h 0103h | ... 0180h 0181h 0182h 0183h
COM3 |COM160| 02h 0200h 0201h 0202h 0203h | ... 0280h 0281h 0282h 0283h
COM4 |COM159| 03h 0300h 0301h 0302h 0303h | .. 0380h 0381h 0382h 0383h
COM5 |COM158| 04h 0400h 0401h 0402h 0403h | ... 0480h 0481h 0482h 0483h
COM6 |COM157| 05h 0500h 0501h 0502h 0503h | % 0580h 0581h 0582h 0583h
COM7 |COM156| 06h 0600h 0601h 0602h 0603h._ |\ .- 0680h 0681h 0682h 0683h
COMS8 |COM155| 07h 0700h 0701h 0702h 0703h |- .. 0780h 0781h 0782h 0783h
COM9 |COM154| 08h 0800h 0801h 0802h 0803h" | ... 0880h 0881h 0882h 0883h
COM10 |COM153|  0%h 0900h 0901h 0902h 0903h | 0980h 0981h 0982h 0983h
COM159| COM4 9Eh 9E0Oh 9EO01h 9E02h 9E03h—|- ... 9E8Oh 9E81h 9E82h 9E83h
COM160| COM3 9Fh 9F00h 9F01h 9F02h 9F03h | ... 9F80h 9F81h 9F82h 9F83h
COM161|/CoM2 )| “A0h A000h A001h AD02h A003h | .. A080h A081h A082h A083h
comie2| comr | Alh A100h A101h A102h A103h | .. A180h Al81h A182h A183h
Table 9. Relationship between DDRAM data and Segment output pin
DDRAM Data D15|D14|D13|D12|D11|D10| D9 | D8 [ D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO
Selected Palette PK palette PK palette 0 PK palette
Output Pin SEG (3n+1) SEG (3n+2) 0 SEG (3n+3)
Output Pin SEG (396-3n) SEG (395-3n) 0 SEG (394-3n)

Note: 1. n=Lower 8 bits address (00h ~83h)
2. D5 is dummy bit must fixed this bit to “0".
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Bit Operation

The NT7553E supports the following functions. A write data mask function that selects data into the
display data RAM in bit units, and a logic operation function that performs logic operations or
conditional determination on the display data set in the RAM and writes into the RAM. With the 16-bit
bus interface, these functions can greatly reduce the processing load of the MPU graphics software for
the display data in the RAM at high speed. For details, see the Graphics Operation Function section.

Graphic Operation Function

The NT7553E can greatly reduce the load of the microcomputer graphics software processing through
the 16-bit bus architecture and internal graphics-bit operation function. This function supports the
following:

1. A write data mask function that selectively rewrites some of the bits in the 16-bit write data.

2. A conditional write function that compares the write data and compares-bit data and writes the data
sent from the microcomputer only when the conditions match. Even if the display size is large, the
display data in the display data RAM (DDRAM) can be quickly rewritten. The graphics bit operation
can be controlled by combining the entry mode register. The bit set value of the RAM-write-data mask
register, and the write from the microcomputer.

Table 10. Graphics Operation

Bit Setting
Operation Mode Operation and Usage
I/D AM LG[2:0]

Write mode 1 0/1 0 000 Horlz_ontal data replacement, horizontal-border
drawing

Write mode 2 0/1 1 000 Vertical-data replacement, vertical-border drawing

Write mode 3 0/1 0 110111 Cor_1d|t|0nal herizontal (_jata replacement,
horizontal-border drawing

Write mode 4 0/1 1 110,411 Con_dltlonal vertical glata replacement,
vertical-border drawing
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NT7553E

e Write data latch

im

) . ) 3 Logical operation bit
Logical operation bit (LG[2:0]) o+ (LG[2:0])
000: replacement bit -
110: replacement with matched write -
111: replacement with unmatched write <& L Compare bit
MCU -rep - (CP[15:0])

16

A
| -
=)

Write-mask register

Write bit mask " (WM[15:0])

i 16
Display Data RAM 16 | Address M

- counter

(DDRAM) N (AC) |a—] +256 |

Figure 12. Graphics Operation\Flow

Write-data Mask Function

The NT7553E has a bit-wise-write-data mask function that controls writing the 16-bit data from the
microcomputer to the DDRAM: Bits that are “0”/in-the write-data mask register (WM [15:0]) cause the
corresponding Dybit to_be writtento the DDRAM. Bits\that are “1” prevent writing to the corresponding
DDRAM hit-to.the DDRAM; the data-in.the-DDRAM is retained. This function can be used when only
one dot data is rewritten or the particular display gray level is selectively rewritten.

Table 11. Write-data Mask Function Operation

Interface data [D15|D14 |D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

bus P04 |P03|P02 | P01 |P00|P14|P13|P12|P11|P10| 0 |P24|P23|P22|P21|P20
Write mask |D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
register 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0

DDRAM data D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

* | * |~ [ * | * [P1a/P13|pP12|P11|P10] 0 | * | * [P22|P21]P20

* D5 is dummy bit must fixed this bit to “0”.
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Graphics Operation Processing

1. Write mode 1: AM =0, LG [2:0] = “000"

This mode is used when the data is horizontally written at high speed. It can also be used to initialize
the graphics RAM (DDRAM) or to draw borders. The write-data mask function (WM [15:0]) is also
enabled in these operations. After writing, the address counter (AC) automatically increments by 1 (I/D
= 1) or decrements by 1 (I/D = 0), and automatically jumps to the counter edge one-raster below after
it has reached the left or right edge of the DDRAM.

Operation Examples:
1) I/D =1, AM=0, LG[2:0]=000
2) WM[15:0]=07FFH
3) AC=0000H
WM15 WMO
Write data mask:  [0]o[o]oo]1]1{2]2[2]2]1]1]1]a[1]

D15 DO
Write data (1):  |1]0jo[1]2]olo|o[]o[2|o]o]o]]1]
Write data (2):  [1]1]0[o|o|o[2]2]2]o]o]o]2|o|o]o]
Write data (3):  |0]0[o[1]o]2]2]2]2]o]z]o[2]1]2|o]

0000H 0001H 0002H
13 ) 0
Write data (1) Write data (2) Write data (3)
DDRAM

Figure 13. Writing Operation of Write Mode 1
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2. Write mode 2: AM = 1, LG [2:0] = “000"

This mode is used when the data is vertically written at high speed. It can also be used to initialize the
DDRAM, develop the font pattern in the vertical direction, or draw borders. The write-data mask
function (WM [15:0]) is also enabled in these operations. After writing, the address counter (AC)
automatically increments by 256, and automatically jumps to the upper-right edge (I/D =1) or upper left
edge (I/D = 0) following the I/D bit after it has reached the lower edge of the DDRAM.

NT7553E

Operation Examples:
1) I/D =1, AM=0, LG[2:0]=000
2) WM[15:0]=07FFH

3) AC=0000H
WM15 WMO
Write data mask:  [0]olo[o[o]1|1]1[1]1[1]1[2[1]1]1]
D15 DO
Write data (1): |1]o[o]1]1]o[o[o]1]o[1]o]o]o[2]1]
Write data (2): [1]1]o]o]o[o[2]1]2|o[o[o]]o[o[0]
Write data (3): [o[o[o[1]o[a]2[a]]o[2]o[]2]1]o]

0000H | [ [*F[[I "] write data (1)
o100H | [2]z[o[oof*[*[*[*[*]*[*[*]*[*[*] write data (2)

0200H | [ofoo[a]o*[*[*[*[*[*[*[*]*[*]*| write data (3)

DDRAM

Figure 14. Operation of Write Mode 2
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3. Write mode 3: AM =0, LG [2:0] = 110/111

This mode is used when the data is horizontally written by comparing the write data and the set value
of the compare register (CP [7:0]). When the result of the comparison in a byte unit satisfies the
condition write-data mask function (WM [15:0]) is also enabled. After writing, the address counter (AC)
automatically increments by 1 (I/D =1) or decrements by 1 (I/D = 0), and automatically jumps to the
counter edge one-raster-raw below after it has reached the left or right edge of the DDRAM.

Operation Examples:
1) I/D =1, AM=0, LG[2:0]=110 (Matched Write)
2) CP[15:0]=2860H
3) WM[15:0]=0000H

3) AC=0000H
WM15 WMO
Write data mask:  [0]o[o]o]o[o[o]o]o[o]o]o[o]o]o]o]
CP15 CPO
Compare register:  |0[0[2]o[1]o]o[o[o]1]1]o]o]o[o]o}- -
[
D15 (Matched) 5o :'
Write data (1): [o]o[1[o]1]o[o]o]o[1[1]o[o]o]o]o} - ©=—®>|o|o|1|o|1|o|0|0|0|1|1|0|0|0|o|o|
Compare; Conditional
(UnmatChEd) peration : acement
Write data (2): |0|0|0|1|0|1|1|1|1|0|1|0|1|1|1|0| ------ éﬂ ALl e e e e
0000H 0001H

[o]oz[o[x[o[o[ofofx[x[o[ofofoo] [[[[<[*[*[=|*[<[[=[=[*[*I*]"]

Matched replacement of . .
Write data (1) Write data (2) is not changed

DDRAM

Figure-15. Operation/of Write Mode-3
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4. Write mode 4: AM =1, LG [2:0] = 110/111

This mode is used when a vertical comparison is performed between the write data and the set value
of the compare register (CP [15:0]) to write the data. When the result by the comparison in a byte unit
satisfies the condition, the write data sent from the microcomputer is written to the DDRAM. In this
operation, write data mask function (WM [15:0]) is also enabled. After writing, the address counter (AC)
automatically increments by 256, and automatically jumps to the upper-right edge (I/D = 1) or
upper-left edge (I/D = 0) following the I/D bit after it has reached the lower edge of the DDRAM.

Operation Examples:
1) I/D =1, AM=1, LG[2:0]=111 (Unmatched Write)
2) CP[15:0]=2860H
3) WM[15:0]=0000H
3) AC=0000H
WM15 WMO
Write data mask:  |0]o|o[o[o[o[o]o[o]o[o]o[o]o]o]o]

CP15 CPO
Compare register: |O|O|1|0|1|0|0|0|0|1|1|O|0|0|0|0|———.----E

D15 (Unmatched) Do |
Write data (1): [o[2]2][o[[o[[o[o[z]o[o[o[a]2} -©) + - ®)- »[o[[2[t[o[[o[[o[[z[o[o[o[z]1]
Matched Compare | Conditional
(Matched) Operation : Replacement
wiite data 2 (S0 [o[oooep0] O ® A T T T T
0000H 0001H

ooooH | [0]2]2]z]o]1]o[1|o[o]z]o[o[o[1[1] unmatched replacement of Write data (1)
o100H | *I*I*[FIIII ]| write data (2) is not changed

DDRAM
AFOOH
Figure-16. \Writing Operation of Write Mode 4
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Grayscale Palette

The NT7553E incorporates a grayscale palette to simultaneously display 32-grayscale of the 52-grayscale
possible levels. The grayscales consist of 32 6-bit palettes. The 52-stage grayscale levels can be selected from

the 6-bit palette data.

For the display data, the four-bit data in the DDRAM written from the microcomputer is used.
In this palette, a pulse-width control system (PWM) is used to eliminate flickers in the LCD display. The time over
which the LCD is switched on is adjusted according to the level and grayscales are displayed so that flicker is
reduced and grayscales are clearly displayed.

T T T T T s s s s s e e e e e T a
| "00000" "01011" "10110" |
! Pkos | PKoa| pkos[ ko2 [ Pko1 | Pkoo pPK115] PK114] Pk113] PK112[ PK111] PK110 pK225] Pk224] Pra23a] Pr222] Pr221] Pkazo| -
! "00001" "01100" " . |
| PK15 | Pk14] Pka3[ k12 [ k11 ] PKio PK125] PK124] PK123] PK122] PK121] PK120 PK23s| Pk234| Pk233] Pk2s2| Pk23i] Pk2so| ¢
. "00010" "01101" " " |
I PK25 | PK24] Pk23[ K22 | k21 | PK20 PK135] PK134] PK133] PK132] PK131] PK130 PK245] Pr244] PK243] Pr242] Pr241] Pr240 |
. ' "01110"
| PK35 | PK34 | Pka3| PK32 | PK3L | PK30 PK145] PK144] PK143] PK142] PK141] PK140 PK255] PK254] PK253] PK252] PK251] PK250 |
. "00100" O1111" 0 0 .
| PK45 | PK44] Pra3 | PKaz | Pkal | Pkao PK155] PK154] PK153] PK152] PK151] PK150 PK265] PK264] PK263] Pr262] PK261] PK260 |
' "10000" .
Palette | PK5S5 | PK54 [ PK53[ PK52 [ PKs1 [ PKs0 PK165] PK164 ] PK163] PK162] PK161] PK160 PK275] PK274] PK273] PK272] PK271] PK270 I
D|Sp|ay Data | "00110" "10001" " " .
I PKG5 | PK64]| PK63 | PK62 | PK6L | PK6O PK175] PK174] PK173] PK172] PK171] PK170 PKa285] Pkasa] Pr2s3] Pkzsz] Prasi] Pkaso| |
h "10010" "11101" .
! PK75 | PK74] PK73 [ PK72 [ PK71 ] PK70 PK185] PK184] PK183] PK182[ PK181] PK180 PK295] PK294] PK293] PK292] PK291] PK290| |
I "01000" "10011" "11110" \
. PK8s | Pks4] PKe3[ PKs2 | P8l | PK8o PK195] PK194] PK193] PK192] PK191] PK190 PK305] PK304] PK303] PK302] PKao1] PKaoo| |
| "01001" "10100" "11111" .
, PK95 | PK94 | PK93 | PK92 | PK91 | PK9O PK205] PK204] PK203] PK202] PK201] PK200 PK315] PK314] Pk313] Pk312] Pka11] Pk310 |
| "01010" "10101" i
DISPLAY + [PK10s] PK104] PK103] PK102] PK101] PK100 PK215] PK214] PK213] PK212] PK211] PK210 .
RAM s — —ml— Tt —r— s — i — e — - ]
(DDRAM)
MSB 32 32 A32
52 gray scale
Mool 5 control
|
| |
|
[ | |
D9 }
|
D8 | | 52 gray scale
— ] »
o7 5 ' control
I | ;
D6 | |
M | |
D5 | !
> | [
D4 I :
o |
D3 I |
o | ! | 52 gray scale
— 5 ] ! control
D1 ! :
— v v v
; Do | LCD Driver LCD Driver | LCD Driver |
LSB
y
Figure 17. Grayscale Palette Control
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Grayscale Palette Table

The grayscale register that is set for each palette register (PK) can be set to any level. 52-grayscale lighting
levels can be set according to palette values (“000000” to “110100").

Table 12. Grayscale Control Level

. Grayscale
Palette Register Value (PK) Value Control Level
0 0 0 0 0 0 00h All off level
0 0 0 0 0 1 01h 1/52 level
0 0 0 0 1 0 02h 2/52 level
0 0 0 0 1 1 03h 3/52 level
0 0 0 1 0 0 04h 4/52 level
0 0 0 1 0 1 05h 5/52 level
0 0 0 1 1 0 06h 6/52 level
0 0 0 1 1 1 07h 7/52 level
0 0 1 0 0 0 08h 8/52 level
0 0 1 0 0 1 09%h 9/52 level
0 0 1 0 1 0 0Ah 10/52 level
0 0 1 0 1 1 0Bh 11/52 level
0 0 1 1 0 0 0Ch 12/52 level
0 0 1 1 0 1 0Dh 13/52 level
0 0 1 1 1 0 OEh 14/52 level
0 0 1 1 1 1 OFh 15/52 level
0 1 0 0 0 0 10h 16/52 level
0 1 0 0 0 1 11h 17/52 level
0 1 0 0 1 0 12h 18/52 level
0 1 0 0 1 1 13h 19/52 level
0 1 0 1 0 0 14h 20/52 level
0 1 0 1 0 1 15h 21/52 level
0 1 0 1 1 0 16h 22/52 level
0 1 0 1 1 1 17h 23/52 level
0 1 1 0 0 0 18h 24/52 level
0 1 1 0 0 1 19h 25/52 level
0 1 1 0 1 0 1Ah 26/52 level
0 1 1 0 1 1 1Bh 27/52 level
0 1 1 1 0 0 1Ch 28/52 level
0 1 1 1 0 1 1Dh 29/52 level
0 1 1 1 1 0 1Eh 30/52 level
1 0 1 1 1 0 2Eh 46/52 level
1 0 1 1 1 1 2Fh 47/52 level
1 1 0 0 0 0 30h 48/52 level
1 1 0 0 0 1 31h 49/52 level
1 1 0 0 1 0 32h 50/52 level
1 1 0 0 1 1 33h 51/52 level
1 1 0 1 0 0 34h All on level
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Display data and Grayscale level
Table 13. Display data and output level
Display data Output level
00000 PKO
00001 PK1
00010 PK2
00011 PK3
00100 PK4
00101 PK5
00110 PK6
00111 PK7
01000 PK8
01001 PK9
01010 PK10
01011 PK11
01100 PK12
01101 PK13
01110 PK14
01111 PK15
10000 PK16
10001 PK17
10010 PK18
10011 PK19
10100 PK20
10101 PK21
10110 PK22
10111 PK23
11000 PK24
11001 PK25
11010 PK26
11011 PK27
11100 PK28
11101 PK29
11110 PK30
11111 PK31
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Address Counter (AC)

The address counter (AC) assigns an address to the data display RAM. When an address set
instruction is written into the IR, the address information is sent from the IR to the AC. After writing into
the RAM, the AC is automatically incremented by 1 (or decremented by 1). After reading from the
RAM, the AC is not updated.

PWM Control Circuit

The grayscale palette generates a PWM signal for segment pins, which corresponds to the specified
grayscale level. Any 32-grayscale out of the 52-grayscale possible levels can be displayed
simultaneously.

Display Data Latch

The display data latch circuit is a latch that temporarily stores the display data that is output to the
liquid crystal driver circuit from the display data RAM.

Oscillation Circuit

The NT7553E can set internal oscillate mode and external clock mode, when use internal oscillate
mode, OSCI must connect to OSCO to set R-C start oscillation and select oscillation frequency. by
ROB command .

Damping resister
— oscl Clock>~/\V/— osci
NT7553E (275KHZ)2kohm~|  NT7553E
OSCO —1 OSCO
1) Internal oscillator mode 2) External clock mode

Figure 18. Oscillation Circuits
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The relationship between the SEG and COM output levels is as shown in the following figure. While
the display is off, SEG and COM outputs go to VSS level.

M
vcH I T coM waveform
I
(I
| | ON
(I
VSH SEG waveform
VM__ | _| - ) 4 41 |4 I R
VSL
(GND)
[
[
ON I I
[

Figure 19. Relationship-with SEG/COM output level

Liquid \Crystal Display. Driver, Circuit

The liquid crystal display driver circuit consists of 162 common signal drivers (COM1 to COM162) and

396 segment signal drivers (SEG1 to SEG396). Display pattern data from display data RAM is latched
to the 396-bit latch circuit. The latched data then enables the segment signal drivers to generate drive
waveform outputs. The common driver outputs one of the VCH, VM or VCL voltage level. The SGS bit
can change the shift direction of 396-bit data for the segment. The CMS bit can also change the shift
direction for the common by selecting an appropriate direction for the device-mounting configuration.
When display is off, or during the standby or sleep mode, all the above common and segment signal
drivers output the VSS level, halting the display.
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LCD drive power supply circuit

LCD drive power supply circuit generates VCH, VSH, VM and VCL voltage level to drive the LCD
panel.

Display Timing Generator Circuit

The display timing generator circuit generates the timing signal to the display data latch circuit using
the system clock. The display data is latched into the display data latch circuit synchronized with the
display clock, and is output to the data driver output terminal. Reading to the display data liquid crystal
driver circuits is completely independent of access to the display data RAM by the MPU.

Moreover, the display timing generator circuit generates a drive waveform using an alternating current
drive method that is determined by N -Line Inversion command for the liquid crystal drive circuit.

Common Output Control Circuit

This circuit controls the relationship between the number of common output and specified duty ratio.
Common output mode select instruction specifies the scanning direction of the common output pads.

Sleep Mode

Setting the sleep mode bit (SLP) to “1” puts the NT7553E in the sleep mode; where the device stops
all internal display operations, thus reducing current consumption. Specifically, LCD operation is
completely halted. Here, all the SEG (SEG1 to SEG396) and'COM (COML to COM162) pins output
the “VSS” level, resulting in no display. If the AP [1:0] hits<in the power control register.are set to “00”
in the sleep mode, the LCD drive power supply.can ‘be turned off, reducing the total current
consumption of the LCD module.

Table 14..Comparisons.of Sleep Mode and-Standby'Mode

Function Sleep Mode(SLP =1) | Standby Mode (STB = 1)
LCD control Turned off Turned off
Oscillation-circuit Operates-normally Operation stopped
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Standby Mode

Setting the standby mode bit (STB) to “1" puts the NT7553E in the standby mode, where the device
stops completely, halting all internal operations including the Oscillation circuit, thus further reducing
current consumption compared to that in the sleep mode. Specifically, all the SEG (SEG1 to SEG396)
and COM (COML1 to COM162) pins for the time-sharing drive output the VSS level, resulting in no
display. If the AP [1:0] bits are set to “00” in the standby mode, the LCD drive power supply can bet
turned off. During the standby mode, no instructions can be accepted other than the start-oscillation
instruction. To cancel the standby mode, issue the start-oscillation instruction to stabilize oscillation
before setting the STB bit to “0”.

| Turn off the display: D1-0 = "01" |

| Turn off the LCD power supply: AP1-0 = "00" |
N

| Set stand-by mode: STB ="1" |

)
| Stand-by mode |

y

| Issue the start-oscillation instruction |

N

| Wait at least 10 ms |

N
| Cancel stand-by mode: STB ="0" |

)

| Turn on the LCD power supply: APO-1 = 01/10/11 | gifguti?geptg‘r’]"ger supply
7 .

| Wait at least 150 ms |

J
| Turn on the display: D1-0 = "11" |

Figure 20. Procedure for Setting and Canceling Standby Mode
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Setting Flows for Power Supply and Display Instruction
Power-on / off Sequence

To prevent pulse lighting of LCD screens at power-on/off, the power-on/off sequence is activated as
shown below. However, since the sequence depends on LCD materials to be used, confirm the

conditions by using your own system.
Power on the VDD

r 9
ims
¥ | Hardware Reset | o ]
more than 10ms (oscillation Power on Initialized bits
circuit stabilization time ) J gei \égg'g lt))ltt
- - e -0 bi
> 4 | Issue use-state instruction (1) | Set DC 2-0 bit
more thg_n Spms_ (set-up circuit Set AP 1-0 bit
1, 2 stabilization time ) L Voltage polarity inverting circuit
—= | Issue use-state instruction(2) | operation starting bit
more than 200ms (set-up circuit .
2 / voltage inverting circuit 4 SetBTS3 bit
stabilizationtime) | Issue other mode setting instruction(3) |
| Display on Sequence |
more than 100ms
L — Display,on
—_—— H
| Display on | D1-0="11"
Figure 21. Power-On sequence
| Normal display |
| Display off sequence |
| Display off | Bits for display off
D1-0="00"
s - Power off setting bit
| use-state instruction |< Power supply circuit off
control set by AP1-0
Power off the VDD
Figure 22. Power Off sequence
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Power-off Sequence

| Turn off the display: D1-0 = 00 |

A4

| Issue LCD power instruction |

Turn off the power
voltages : VDD

To the power on sequence

Figure 23. Normal case

Y
GND 4

| To the power on sequence |

VDD
Turn off the power Voo Turn off the power voltage
voltages : VDD
GND #
| RESET ="L" | |
\l/ VDD |
- | RESETIs input as soon as possible.

| Driver SEG/COM output: GND level | RESET|\|
I

I

VDD

Driver.
SEG/COM
output

GND

Figure 24. Emergency case

Note: When hardware reset is input during the power-off period, the D1-0 bits are cleared to "00"
and SEG/COM output is forcibly lowered to the VSS levels.
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Partial Sequence Setting Flow

| Normal display

| Display OFF D1-0=00

BT2-0 bit setting VR2-0 bit setting
BS3-0 bit setting CT6-0 bit setting
DC2-0 bit setting

| Power supply setting change

| Display Duty change NL-4-0 bit setting

| Frame frequency adjustment DIV, RTN bit setting

—— Display OFF D1-0 =01
more than 200ms
Step-up circuit output | Issue instruction for other mode setting
stabilizing time

— Display ON D1-0=11

Partial display

Figure 25. Normal to partial case

| Partial display

Frame frequency adjustment

DIV, RTN bit setting

Display OFF

D1-0=01

more than 200ms
Step-up circuit output |
stabilizing time

Issue instruction for other mode setting

Display ON D1-0=11

| Display OFF D1-0.= 00
BT2-0 bit setting VR2-0 bit setting
| Power supply setting change BS3-0 bit setting CT6-0 bit setting
DC2-0 bit setting
| Display Duty change NL-4-0 bit setting

Normal display

Figure 26. Partial to normal case

2008/11/14 41 Ver 3.0

With respect to the information represented in this 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.



>
@ 2 AL NT7553E

Frame-Frequency Adjustment Function

The NT7553E has an on-chip frame-frequency adjustment function. The frame frequency can be
adjusted by the instruction setting (DIV, RTN) during the LCD drive, as the oscillation frequency is
always the same. When the display duty is changed, the frame frequency can be adjusted to be the
same.

If the oscillation frequency is set to high, an animation or a static image can be displayed in suitable
ways by changing the frame frequency. When a static image is displayed, the frame frequency can be
set low and the low-power consumption mode can be entered. When high-speed screen switching, for
an animated display, etc. is required, the frame frequency can be set high.

Relationship between LCD Drive Duty and Frame Frequency

The relationship between the LCD driver duty and the frame frequency is calculated by the following
expression. The frame frequency can be adjusted in the retrace-line period bit (RTN) and in the
operation clock division bit (DIV) by the instructions.

(Formula for the frame frequency)

Frame frequency = fosc / (Clock cycles per raster-row x division ratio x duty cycle) [Hz]
fosc: Oscillation frequency

Duty: drive duty (NL bit)

Clock cycles per raster-row: (RTN + 26) clock cycles

Division ratio: DIV bit

n-raster-row Reversed AC Drive

The NT7553E supports not only the LCD reversed AC drive in a one-frame-unit'\(B=pattern waveform)
but also the n-raster-row reversed AC drive which alternates in-an n-raster-row unit from one to 64
raster rows (C-pattern waveform). When'a problem affecting-display, quality occurs, such as cross talk
at high-duty driving of more<than\1/64. duty, the n-raster-row reversed AC drive (C-pattern waveform)
can improve the quality.

Determine the number. of raster-rows n, (NW-bit set value + 1) for alternating after confirmation of the
display quality.with the actual LCD-panel. However, if the number of AC raster-rows is reduced, the
LCD \alternating- frequency—-hecomes ' high. Because of this, the charge or discharge current is
increased:-in‘the LCD cells.

123456 m
BC=0 B type
M - n n
BC=1 < > >
- C type
EOR=0 P

BC=1 C type — —
EOR=1 M'=M@M

Figure 27. Example of an AC Signal under n-raster-row Reversed AC Drive
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Screen-division Driving Function

The NT7553E can select and drive two screens at any position with the screen-driving position registers (R14h
and R15h). Any two screens required for display are selectively driven and a duty ratio is lowered by LCD-driving
duty setting (NL [4:0]), thus reducing LCD-driving voltage and power consumption. For the 1st division screen,
start line (SS1[7:0]) and end line (SE1[7:0]) are specified by the 1st screen-driving position register (R14h). For
the 2nd division screen, start line (SS2 [7:0]) and end line (SE2 [7:0]) are specified by the 2nd screen-driving
position register (R15h). The 2nd screen control is effective when the SPT bit is “1”. The total count of
selection-driving lines for the 1st and 2nd screens must correspond to the LCD-driving duty set value.

1/32-duty driving on 2 screens

Always applying
non-selection level

COM11 > <
>1stscreen
NOVATEK P e

COM20 >

Always applying
non-selection level

7 NT/993E N

22 line driving
COM102 -»
Always applying

non-selection level

Driving Duty: NL[4:0]= "00011" (1/32.duty).; SPT=1
1% Screen setting: SS1[7:0]="0A’H, SE1[7:0]="13"H
2" Screen setting: SS2[7:0]="50"H, SE2[7:0]= "65"H
SPT=1

Figure 28. Display examples in 2-screen divisiondriving

Restrictions on the 1**/2"'Screen Driving Position Register Settings

The following restrictions must-be satisfied when setting-the start line (SS1[7:0]) and end line
(SE1[7:0))-of the 1st'screen driving-position register (R14h) and the start line (SS2[7:0]) and end line
(SEZ2[7:Q]) of the 2nd screen-driving pasitionregister (R15h) for the NT7553E. Note that incorrect
display may-occur if the restrictions are not satisfied.

Table 15. Restrictions on the 1st/2nd Screen Driving Position Register Settings

1st Screen Driving (SPT = 0) 2nd Screen Driving (SPT = 1)

Register setting] SS1 [7:0] < SE1 [7:0] < DUTY SET < Alh | SS1[7:0] <SE1 [7:0] < SS2[7:0] < SE2 [7:0] < DUTY SET < Alh

[ | Time-sharing driving for COM pins u Time-sharing driving for COM pins (SS1+1) to (SE1+1) and
(SS1+1) to (SE1+1) (SS2+1) to (SE2+1)
u Non-selection level driving for others  [B Non-selection level driving for others

Display
operation

Notes:1. When the total line count in screen division driving settings is less than the duty setting, non-selection level driving is
performed without the screen division driving setting range.
2. When the total line count in screen division driving settings is larger than the duty setting, the start line, the duty
setting line and the lines between them are displayed and no selection level driving is performed for other lines.
3. For the 1st screen driving, the SS2[7:0] and SE2[7:0] settings are ignored.
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LCD Voltage Supply Circuit
Figure 29 shows NT7553E LCD controller circuit of the single power supply mode.

[ 5]

VDD REGENB VDD = vee
VDD [} o
VDDR regulator VDD2
enable VDD3 Supp|y Vo|tag e=2.4\V~3.6V
VSS
VSS2 p
VSs3 0
7

Figure 30 shows NT7553E LCD controller circuit of the dual powersupply-mode:

VDD

-

VDD REGENB VDD \Y/ele} S

oo [ Supply Voltage = 1.6V~2.3V
VDDR regulator C

disable vss ;_ 0

VDD2 o]

o . Supply Voltage = 2.4V~3.6V

NT7553E et
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LCD Voltage Generation Circuit

Figure 31 shows a configuration of the NT7553E LCD drive voltage generation circuit. It consists of
step-up circuit 1 that doubles or triples the voltage that is applied to VCI1, step-up circuit 2 that
multiplies the voltage from step-up circuit 1 by two to five times, and a polarity circuit that generates a
VCL level by inverting the VCH level centered around the VM level. These circuits generate VCH and
VCL that are the power supply for COM outputs. The LCD driving level for SEG outputs (VSH and VM)

are generated by dividing resistance at the VREF level.

VDD

VREFL <=VDD

VSH= VREFM X 2R/(RB+2R)

Cl
——

C1
———

/8
VM= VREFMX R/(RB +2R)

;;_Cl c1

Figure 31. Configuration of internal power circuit

c1

ol
VREFM =1.1~3.4XVREFL
VREFM <=VOUT ;.
0 ¢ L
Jrmme] }
VREFL |\ b VDDR vee VDD
VREFL Amplifier|
+ VDD2
| - VDD3
Digital J
VDDR regulator | ircuits TC1
VREG Genrator| VSS
& VCI2 VSS2
Temp Amplifier VSS3
Compensation + m
) . veI2
cireuits Electronic VCI2=1.5~4.67x VM
Volume VCI2 <=VOUT -0.5V.
Control Circuit
VSH ;E
Amplifierq 4 RB Bias antrgl Lc1
VSH ; Circuit
VCH
R Generator
VM
s Boost
Amplif +
VM mpits Circuits 2
:]_ RE
veh VCH VCH=2x~4x VCI2
SEG Driver VM | COM Driver VCL = VM - VCH
vsL| Circuit Circuit VCL VCL, 2
VCH-VCL<=36V
VM \VCHI
VCL of
VDD3 Generator veL lg)
T VDD3= 214V~<3:6\. D1
Inverting CEM wr
VCI1 Control VOUT Generator Circuits 3 CEP c3
Generator Boost Circuitsl
VCI1 C11-] Cli4c12.] c12 VOouT 7}’-
c1| vouT=45-~55Vv

Notes: 1. Generate an output voltage (VOUT) from step-up circuit 1 within the range from 4.5 to 5.5V.
2. Do not allow the output voltage (VCH-VCL) from step-up circuit 2 and step-up circuit 3 to exceed 36 V.
3. Do not allow the output from VCI2 to exceed VOUT-0.5v voltage.

4. When capacitor with polarity is used, be sure that an inverted voltage is not applied to it in any state of the system.
5. VCI1 is used as both the reference voltage input and power supply in the step-up circuit. Keep sufficient LCD drive

current.

6. Rated voltage of capacitors possible to be used are as described below. Required voltage depends on used panels.
When actual voltage is less than 16V, capacitors with 16V rated voltage can be used.
7. The VCL must be connected one schottky barrier diode. The specification of SBD are VF=Max. 0.3V@1mA and

VR=Min. 20V. The recommended SBD is Toshiba 1SS388 (VF=0.28V@1mA and VR=40V)
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LCD Drive Voltage

The required voltage can be calculated by applying the following expressions. Drive voltages are

standard; generate a voltage to suit the panel to be used.

LCD Drive Bias

An optimal bias can be calculated by applying the following expression. The value that has been
calculated is theoretically optimal. If a lower bias value than the optimal value is used to drive the LCD,
contrast may be reduced depending on lighting conditions. However, lowering the drive voltage can

reduce the power consumption. Adjust the value according to the system to be used.

Bias value =1/Root (N)

How to determine the VCH voltage

VCH =2 x VM x Ns X Nbz
Ne: Bias ratio
No2: Step-up factor of the step-up circuit 2

Contrast adjustment

Rb: Contrast resistance (0.000R to 1.016R)
VSH = VREFM x 2R / (Rb + 2R)

VCH

+
Boost
circuit 2
VREFM S\
Electronic VCI2=2x VM x NB
Volume VCH= 2 x VM x NB x ND2
Control Circuit Bias Control
Rb Circuit
Rb: Resistor for +
adjusting\contrast \ VSH
\ R
-+
. T~ VM
R — /
VSL
Figure 32. Contrast control circuit
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Multi-time Calibration Function

The multi-time calibration function can be modifies and offset the contrast value. Because the variation
of LCD module in term of contrast level, the multi-time calibration function can be used to achieve the
best visual contrast of every LCD module by adjusting VSH voltage.

Multi-time calibration for contrast flow

| Start

| Hardware reset

| Send the original initialization settings to display properly |

| Set any test patterns to judge the contrast is best

| Set the fixed Contrat value

CT[6:0] = 00h~7Fh

| Set MTPT=1 into MTP write test mode

MTPT=1

{
%

Adjust the MT[4:0] value(offset value)
to find the best visual contrast

MT[4:0] = 00h~1Fh

J

| Execute the one time calibration programing command

|<[PG =1

| Set Vout value >5V

2

| Add External Voltage(7v) to Vout

| Delay 2s for program

| Exit external voltage (7v) to Vout

| Hardware reset

| End

Figure 33. Contrast control circuit

2008/11/14 47

Ver 3.0

With respect to the information represented in this 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.



>
@ 2 AL NT7553E

Example source C code for MTP Flow

LCD_RES=0; /lhardware reset

Delay (1) ;

LCD_RES=1;

Init7553 () ; /[Call initialization function

Command (0x0004, 0x013F) ; //Set the default value for the contrast
Command (0x000D, 0x0100) ; //lset MTPT INTO MTP test mode
Command (0x000D, 0x0112 ) ; /[Adjust the contrast value to the best visual
Command (0x000C,0x0001) ; /[Execute the MTP programming command
Command (0x0003,0x017C) ; //Set pump on and set Vout > 5V
Extenal_7v_ON() ; /[External 7v to Vout on

Delay (2000) ; //Delay 2 sec

Extenal_7v_OFF() : /[External 7v to vout off

LCD_RES=0; /lhardware reset

Read MTP function Flow

| Start |

| Hardware reset |

| Read ROE register readbuf = ROE

| Check PM1=1 or not PM1=1;already programed 1 time
| Check PM2=1 or not PM1=2;already programre 2 times
| READ MP[4:0] DATA MP[4:0] is the already

programed DATA

| End |

Example source C code for read MTP function Flow

LCD_RES=0; /lhardware reset

Delay (1) ;

LCD_RES=1;

write_i (Ox000E);

readbuf = read_ i();

if ((readbuf & 0x0020) != 0){ PM1=1} //CHECK PM1

if ((readbuf & 0x0040) !'= 0){ PM2=1} //CHECK PM2

MP_DATA = readbuf & Ox001F ; /ILoad already programmed DATA to
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Application information for LCD panel (for reference only)
Type | (CMS =0, SGS =0)

( com1 ] com2 )
Display
COM65 COM66
[ ' COM67 v COM68 N\ )
Scan Direction
CcoM161 Ccom162
SEG1 SEG396
CMS=0, SGS=0
— ggmgg COM161 SEG1 SEG396 COM162 ggmgg | _J
NT7553E
—  lcom IC Bumper Face Up comz ———
Figure 34. Application information for, l<CD panel typel
Type Il (CMS =0, SGS = 1)
(~ comd] ] comL \>
Display
COM6 COM65
8 (" CcoMs v Com67 ™\ )
Scan Direction
com164 Ccom161
SEG1 SEG396
, CMS=0, SGS=1 ,
k_' ggmgg COM162 SEG396 SEG1 COM161 ggmg; _)
NT7553E
— IC Bumper Face Down —
COM2 COM

Figure 35. Application information for LCD panel type2
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Type Il (CMS = 1, SGS = 0)

CMS=1, SGS=0
(| com
IC Bumper Face Down
NT7553E
—| coves COME6}—_
COM67_COM161 SEG1 SEG396 ___COM162_COM68|
SEG1 SEG396)
COM2 . CcoM1
Display
COMYS| COM95 _J
coMmog| y COM3T7
Scan Direction
\ COM162 COM161

COMZ w

Figure 36. Application information for LCD panel type3

Type IV (CMS = 1, SGS = 1)

CMS=1, SGS=1
COM2 com]]
IC Bumper Face Up
NT7553E
e COME5==
L Com68 _COM162 SEG396 SEGL___COM161_COM67
SEG1 SEG396
Com1 i comz
Display
COM95 COM96 W,
CoMo? : CoM98
Scan Direction
COM161 COM162 W,

Figure 37. Application information for LCD panel type4

Note: If segment of the display panel is less than 396 outputs , we would recommend connecting most
central segment pins to display panel. For example, in terms of 320 outputs application, connecting SEG
39~SEG359 to display panel is recommended.
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Application information for Pin Connection to MPU (for reference only)

0 CEP
CET R

PUMP3 CAP{

b VCL

. 1.0u
I——208L o veH

0C23+
Louel, €23~

0 C22+
L0l poo_

0O C21+
10uF] 021

-I|—| L.0uF] VaI2

TEST1
TEST2
TEST3

0 0SC2
- 0SC1

|l 0 REGENB

PUMP2 CAP

1.0ul

| - VDDR

0 vCC

24~36W0 0 VDD

=- vDD2
0 VDD3
|

0.1ul
0 VSS
0 Ves2

V83 NT7553E
aD [154

0 RESB n

Selects the MCU interface mode: D[15:0] 16
MCU interface mode |D15~D8 [D7-D2| D1 | DO |R/W | E | A0 [CSB
68-system 16-bit [D15~D8 |D7~D2| p1 | DO |RW| E | A0 |CSB RESET
68-system 8-bit |D15~D8 | GND |GND|GND|R/W| E | A0 |CSB

RW

2008/11/14

80-system 16-bit|D15~D8 [D7~D2( D1 | DO |RDB|WRB]| A0.[cSB 0 R/WB

80-system 8-bit

D15~D8

GND |GND|GND|RDEB [WwRrs | A0

CSB

E

Seralil interface

GND

GND |SDO|/SDI |GND| SCL [GND|CSB

Figure 38. Application information for Pin Connection to MPU

Selects the MCU interface mode:

MCUiinterface mode-| S/P | C86

S8/16

68-system 16-bit GND | GND

GND,

68-system 8-bit GND | GND!

VDD

80-system 16-bit [GND/| VDD

GND

80-system 8-hit GND | VDD

VDD

CSB

S/P
C86
S8/16

Serailinterface VDD | GND

f voo

1.0uA

PUMP1 CAP

1.0uA

10uF
-I|—|

51

E
AQ
CsB

s/P
C86
$8/16

VREFL

vCC
VREFM
VSH

VM
vout

C12+
C12-
C11+
C11-

ven
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Application information for Pin Connection to of step up circuit (for reference only)

1. 2 times step-up circuitl (2 x VCI1)

NT7553E

Ly :]: voutr

|

|

|

\
X—f C12- generating |
step-up |
|

\

\

|

|

1 C11+
|:|10uF F—a c11-  circuit 1
— ! ven
1.0uF
77777777777 J
Figure 39.

3. 2 times step-up circuit2 (2 x VCI2)

2. 3 times step-up circuitl (3 x VCI1)

NT7553E
Ky 1 ;oznj 77777777

|
|
¢12+  vouT |
oAl 8 C12- generating |
step-up |
|

\

\

|

|

1 Cl114
|:|1_OuF b—ao c11-  circuit 1
f——a ven
1.0uF
77777777777 J
Figure 40.

4. 3 times step-up circuit2 (3 x VCI2)

NT7553E NT7553E
*********** I \\ o~ W\ XN\
| |

|
VCH | VCH.—|
generating | generating .
step-up | step-up', |
circuit 2 } circuit 2 }
\ \
\ \
I \
,,,,,,,,,,, I e
Figure 41. Figure 42.

5./4 times stepup circuit2(4 x VCI2)

NT7553E

VCH
generating
step-up
circuit 2

Figure 43.
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Application information for LCD panel (for reference only)
External supply voltage for driver application circuit (for reference only)

2.4V ~ 3.6V 2.4V ~ 3.6V
2.4V ~ 3.6V
External supply A VCH
—_—— lOILaEf_Or_dri_VeL _— VDD  vDD2 VDD3
| |
o 01 veH
|
|
|
|
|
o —41 vouT
ov~19v | 1 VSH
|
' NT7553E
| coMm .- Lo VM.
O——————1 11 vSH
4.5V~5.5V seen— - - - | — bl

GND

1.0V~ 1.65
T)_In veL veL
|

oV ~-15y VSsSs VSS2 VSS3 OUTPUT WAVEFORM

|
—_—— 4 — — 4 — 4 — u—
R GND

Figure 44! External 'supply voltage for.driver application circuit

\ 4

Notes: 1. When use external supply. voltages, the internal operational-amplifier must be off (AP[1:0]=00).
2. When use external supply voltages, the VOUT must supply 4.5V~5.5V.
3./ The external supply voltages, must-always keep the relationship of VCH =2 VSH 2 VM 2 VSS2 = VCL.
4. The external supply voltages, must always keep the relationship of VCH — VCL< 36V
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Power supply level correlation
BT[2:3](x2~x4) VCH
|
|
CT[6:0] (contrast adjustment) |
' |
|
BTO (x2~x3) | |
| | i
|
VC[2:0] (x0.92~0.68) | i §
I Y
[ :
VOUT(4.5V~5.5\)—| '
| / | / VCI2
VREFM(<VOUT) i : |
l\ e
VDD3— \( N
} VSH
VCI1 N \ / |
| !
VREFL(<VDD3 or =2.2V) | | M
| |
VSS : ; VSS
|
VR[2:0](x1.1=x3.4) I [
|
BS[3:0] (x1:5~x4.0) i
|
BT3(Voltage polarity-inversion between VCH and VM)
VCL
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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 & VSS path between PCB and corresponding pads of IC <
50Q. 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 C11+, C11-, C12+,
Cl12-, C21+, C21-, C22+, C22-, C23+, C23-,CEM and CEP < 100Q; the resistance of VOUT,
VM, VSH,VCH,VCL,VCI2 and VCI1 < 300Q.

c) The value of the other pins of the interface < 5002 (exceptthe RSTB pin).

d) Make a long thin ITO line with an impedance of 5KQ ~ 10KQ between the RESET of interface
and IC’'s RSTB 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, VSS, VvDD2, VSS2, VDD3, VSS3, VDDR, VCC 50Q
Cl1+, C11-, C12+, C12-, C21+, C21-, C22+, C22-, C23+, C23-, 1000
CEM, CEP
VOUT, VM, VSH, VCH, VCL, VCI2, VCI1 300Q
RSTB 5KOQ~10KQ
A0, CSB, E, R\W,; D0 ~ D15 500Q

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 vary 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 NT7553E and FPC is the shorter the better. Then the length of ITO will
be-the shortest'and you can-get a smaller resistor value.

¢) The ITO interface may-fill the blank area on the LCD panel to reduce the ITO resistance.

3. Reference the figures for ITO Layout:
a) Figure 45 is ITO Layout for All-interface mode.
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Figure 45. ITO Layout for all-interface mode.
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4. If not all segment be used, we suggest the selection of segments should according to below

figure.
Total Segment outputs
- >
1/2 Segments 1/2 Segments

- >
0w w 0w R%) 0w w
mm m m m m m m
O O____. (ONO) OO, ONO)
o r P =P w W

O O O O O O

o~ 0 © EINNN&|
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Application Notice of Large Panel Design

1. If active display areas of LCD larger than 4”, we recommend below items could be apply.

a) Setregister of VC[2:0] = 111B to turn off VCI1 generator circuit.

ROC| W | 1 0 0 0 0 0 0 (TC1|TCO| O 0 0 |[RVO| O |VvC2|VvCl|VCO

0 1/0 |1/0| O 0 0 |[1/0] O 1 1 1

ROC| W | 1 0 0 0 0 0

b) Supply a voltage on VOUT pad by external power supply in order to enhance the display
quality and steady LCD driving voltages. The application circuit showed as below.

VDD 3
VCI 1 Control VOUT Generator
Generator Boost Circuits 1
vCl 1 Cll-| C11+|/C12 - c12+£ vouT

| AN SN

C1

B
7
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c) Recommend external VOUT voltage on/off sequence.

ims

Power on the VDD

Hardware Reset

More than 10ms
(Oscillation circuit stabilization time)

Y

Turn off VCI1 voltage: VC2-0="111"

Y

Turn on LCD power supply: AP1-0=01/10/11

!

More than 10ms
(External VOUT stabilization time)

Turn on external VOUT voltage

v

Power on initialized bits

More than 50ms
(Set-up circuitl,2 stabilization time)

Issue use-state instruction (1)

Set BT2-0 bit

v

Set DC22-0 bit

More than 200ms
(Voltage inverting stabilization time)

Issue use-state instruction (2)

circuit operation.starting bit

v

{Voltage polarity. inverting

Set'BT3 bit

Issue other mode setting instruction (3)

i

More than 100ms

Display on Sequence

i

Display on

Display on
D1-0 = “11"

Power on sequence for-external VOUT

Normal Display

v

Display off Sequence

v

Display off

D1-0 = “00"

{ Bit for Display off

Turn off external VOUT voltage

V!

Turn off LCD power supply: AP1-0=00

2008/11/14
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Power off sequence for external VOUT
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Turn off the display: D1-0="01"

J

Turn off external VOUT voltage

J

Turn off LCD power supply: AP1-0="00"

v

Set stand-by mode: STB="1"

v

Stand-by mode

v

Issue the start — oscillation instruction

J

Wait at least 10ms

J

Cancel stand-by mode: STB="0"

Y

Turn off VCI1 voltage: VC2-0="111"

J

Turn on LCD power supply: AP1-0=01/10/11

Y

Turn on external VOUT voltage

Y

Wait at least 150ms

v

Turn on the display D1-0="11"

Stand-by on/off sequence for external VOUT
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Reset Function

The NT7553E is internally initialized by RESB input pin. Reset the gate driver/Power supply IC, as its
settings are not automatically reinitialized when the NT7553E is reset. The reset input must be held to
Low for at least 10 ms. Don’'t access the DDRAM or initially set the instructions until the oscillation
frequency is stable after power has been supplied (10 ms).

Instruction Set Initialization
After resetting the NT7553E, the default settings are shown below:

1.

2.
3.
4,

o Ol

9.

Start oscillation executed

Driver output control: NL [4:0] = (1,0,0,1,1), SGS=0,CMS =0

B-pattern waveform AC drive: RST=0,B/C = 0, EOR = 0, NW [5:0] = (0,0,0,0,0,0)

Power control 1: DC [2:0] = (0,0,0), AP [1:0] = (0,0): LCD power off, STB = 0: Standby mode off,
SLP =0, BS [3:0] = (0,0,0,0), BT[3:0] = (0,0,0,0)

. Contrast control (Weak contrast): VR [2:0] = (0,0,0), CT [6:0] = (0,0,0,0,0,0,0)
. Entry mode set: SPR= 0, HWM =0, I/D [1:0] = (1,1): Increment by 1, AM = 0: Horizontal move, LG

[2:0]=(0,0,0): Replace mode

. Compare register: CP [15:0] = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
. Display control: VLE [2:1] = (0,0): No vertical scroll, SPT = 0,B/W = 0,REV = 0,DIP[1:0]=(0,0)

D[1:0] = (0,0): Display off , DIP[1:0] =(0,0).
Frame cycle control: CLK [2:0] =(0,0,0), DIV [1:0] = (0,0): 1-divided clock, RTN[3:0]: No line retrace
period

10. Power control 2: VC [2:0] = (0,0,0),RV0 = 0,TC[1:0]=(0,0)

11. MTPT =0, MT[4:0]= (0,0,0,0,0), PG =0

12. Vertical scroll: VL2 [7:0] = (0,0,0,0,0,0,0,0), VL1 [7:0] = (0,0,0,0,0,0,0,0)

13. 1st screen division: SE1 [7:0] =(1,1,1,1,1,1,1,1), SS1 [7:0] =(0,0,0,0,0,0,0,0)

14. 2nd screen division: SE2 [7:0] = (1,1,1,1,1;1,1,1),.SS2 [7:0] = (0,0,0,0,0,0;0,0)

15. Horizontal RAM address position: HEA [7:0] =(1,0,0,0,0,0,1,1), HSA [7:0] =(0,0,0,0,0,0,0,0)
16. Vertical RAM address position:/'VEA [7:0] = (1,0,1,0,0,0,0,1),-VSA[7:0] = (0,0,0,0,0,0,0,0)
17. RAM write data mask:"WM.[15:0]-= (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0): No mask

18. RAM address set: AD [15:0]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

19. Grayscale palette:

PKO =(0;0,0,0,0,0), RK1= (0,0,0,0;1,1), PK2= (0,0,0,1,1,0), PK3= (0,0,1,0,0,0),
PK4=(0,0,1,0,1,0), PK5=(0,0,1,1,0,0), PK6= (0,0,1,1,1,0), PK7= (0,0,1,1,1,1),
PK8= (0,1,0,0,0,0), PK9= (0,1,0,0,0.1), PK10= (0,1,0,0,1,0), PK11= (0,1,0,0,1,1),
PK12= (0,1,0,1,0,0); PK13=(0,1,0,1,0,1), PK14= (0,1,0,1,1,0), PK15= (0,1,0,1,1,1),
PK16 = (0,1,1,0,0,0), PK17= (0,1,1,0,0,1), PK18= (0,1,1,0,1,0), PK19= (0,1,1,0,1,1),
PK20= (0,1,1,1,0,0), PK21= (0,1,1,1,0,1)", PK22= (0,1,1,1,1,0), PK23= (1,0,0,0,0,0),
PK24= (1,0,0,0,1,0), PK25= (1,0,0,1,0,0), PK26= (1,0,0,1,1,0), PK27= (1,0,1,0,0,0),
PK28 = (1,0,1,0,1,1), PK29= (1,0,1,1,1,0), PK30= (1,1,0,0,0,1), PK31= (1,1,0,1,0,0)

DDRAM Data Initialization

This is not automatically initialized by reset input but must be initialized by software while display is
off (D [1:0] = (0,0)).

Output Pin Initialization

1.
2.

LCD driver output pins (SEG/COM): Output VSS level
Oscillator output pin (OSCO): Output oscillation signal
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General Commands Description

Outline

The NT7553E uses the 16-bit bus architecture. Before the internal operation of the NT7553E starts,
control information is temporarily stored in the registers described below to allow high-speed
interfacing with a high-performance microcomputer. The internal operation of the NT7553E is
determined by signals sent from the microcomputer. These signals, which include the register
selection signal (A0), the read/write signal (R/W), and the data bus signals (D15 to D0O), make up the
NT7553E instructions.

There are eight categories of instructions that:

Specify the index

Read the status

Control the display

Control power management

Process the graphics data

Set internal DDRAM addresses

Transfer data to and from the internal DDRAM

Set the grayscale level for the internal grayscale palette table

Normally, instructions that write data are used the most. However, an auto-update of internal DDRAM
addresses after each data write can lighten the microcomputer program load. Because 'instructions are
executed in O cycles, they can be written in succession.

Instruction Descriptions

1. Index (IR):

The index instructions specify the RAM control-indexes, (RO0Oh to R3Fh). It sets the register number
in the range of 000000 to 111001 in binary form. However, R40 to R44 are disabled since they are
test registers.

NO. RW A0 D15 D14-D13 D12-D11 D10-D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
IR w o~ fox [ox o=« | »f.~ | » [ *] * [ID6 ID5 [ID4 [ID3 [ID2 [ID1 [IDO |

Index Instruction

2. Status Read (SR):

The status read instruction reads-the internal status of the NT7553E.
No. RW A0 D15 D14-°D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
ISRIR| O [JL7]L6]15]14]13]L2]LafLo] oJce|cs|calc3|[cz2|[ci]co]

Status Read Instruction

L [7:0]: Indicates the driving raster-row position where the liquid crystal display is being driven.
C [6:0]: Reads the contrast setting values (CT[6:0])
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3. Start Oscillation (ROOh):

The start oscillation instruction restarts the oscillator from the halt state in the standby mode. After

issuing these instruction, wait at least 10 ms for oscillation to stabilize before issuing the next

instruction. (See the Standby Mode section.)

If this register is read forcibly, “7553"H is read.

No. RW A0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
W 1 * * * * * * * * * * * * * * * l

ROO

R 1 0 1 1 1 0 1 0 1 0 0 1 0 0 0 1 1

Start Oscillation Instruction

4. Driver Output Control (RO1h):

No. RW A0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
ROLJW [ 2 [ * [ [ ]=*]=*]~=*|cms|scgs|] * | * | * [NL4|NL3|[NL2[NL1|NLO|

Driver Output Control Instruction

CMS: Selects the output shift direction of a common driver. When CMS = 0, COML1 shifts to
COM162. When CMS =1, COM162 shifts to COM1.

SGS: Selects the output shift direction of the segment driver. When SGS = 0, data are output SEG1
to SEG396. When SGS = 1, data are output SEG396 to SEG1. Re-write to the - RAM \when-intending
to change the SGS bhit.

NL[4:0]: Specify the LCD drive duty ratio. The duty ratio can be adjusted for.every eight raster-rows.
DDRAM address mapping does not depend on the setting value of the drive duty.ratio.

Tablel6. NL/Bits\and-Drive Duty

nea I nes ez I [ nto Display Size || LCDDrive Common Driver Used
(RO Duty CMS="0 CMS="1"

0 0 0 0 0 396 x 8 1/8 COM1=COM8 COM162 — COM155
0 0 0 0 1 396:x16 1/16 COM1 - COM16 COM162 — COM147
0 0 0 1 0 396 x 24 1/24 COM1 - COM24 COM162 — COM139
0 0 0 1 1 396 x 32 1/32 COM1 - COM32 COM162 — COM101
0 0 1 0 0 396 x 40 1/40 COM1 - COM40 COM162 — COM123
0 0 1 0 1 396 x.48 1/48 COM1 - COM48 COM162 — COM115
0 0 1 1 0 396 x 56 1/56 COM1 — COM56 COM162 — COM107
0 0 1 1 1 396 x 64 1/64 COM1 - COM64 COM162 — COM99
0 1 0 0 0 396 x 72 1/72 COM1 - COM72 COM162 — COM91
0 1 0 0 1 396 x 80 1/80 COM1 - COM80 COM162 — COMS83
0 1 0 1 0 396 x 88 1/88 COM1 - COM88 COM162 — COM75
0 1 0 1 1 396 x 96 1/96 COM1 - COM96 COM162 — COM67
0 1 1 0 0 396 x 104 1/104 COM1- COM104 COM162 — COM59
0 1 1 0 1 396 x 112 1/112 COM1 - COM112 COM162 — COM51
0 1 1 1 0 396 x 120 1/120 COM1 - COM120 COM162 — COM43
0 1 1 1 1 396 x 128 1/128 COM1 - COM128 COM162 — COM35
1 0 0 0 0 396 x 136 1/136 COM1 - COM136 COM162 — COM27
1 0 0 0 1 396 x 144 1/144 COM1 - COM144 COM162 — COM19
1 0 0 1 0 396 x 152 1/152 COM1 - COM152 COM162 — COM11
1 0 0 1 1 396 x 160 1/160 COM1 - COM160 COM162 — COM3

1 0 1 0 0 396 x 162 1/162 COM1 - COM162 COM162 — COM1
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5. LCD Driving Waveform Control (R02h):
No. RW A0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RO2IW | 1| 0| 0| 0| O] O [RST|B/CEOR| 0 | 0O [NW5NW4NW3NW2NW1NWO

LCD Drive Waveform Control Instruction

B/C: When B/C = 0, a B-pattern waveform is generated and alternates in every frame for the LCD
drive.When B/C = 1, a C-pattern waveform is generated and alternates in each raster-row specified
by bits EOR and NW[4:0] in the LCD-driving-waveform control register. For details, see the
n-raster-row Reversed AC Drive section.

EOR: When the C-pattern waveform is set (B/C = 1) and EOR = 1, the odd/even frame-select
signals and the n-raster-row reversed signals are EORed for alternating drive. EOR is used when
combining the set values of the number of the LCD drive duty ratio and the n raster-row does not
alternate the LCD. For details, see the n-raster-row Reversed AC Drive section.

RST: When RST = 1, software reset function is started. This function is the same as the hardware
RESET pin. It takes a 10-clock cycle period. This bit is automatically cleared after reset function is
completed. Therefore, before the 10-clock cycle other instructions cannot be issued: Do nhot set the
RST bit during stand-by mode.

NWI[5:0]: Specify the number of raster-rows n that will alternate-at\the-C-pattern waveform setting
(B/C =1). NW [5:0] alternate for every set value + 1 raster-row, and the first to the 64th raster-rows
can be selected.

6. Power Control 1 (RO3h) & Power Control 2 (ROCh)

No. RW A0 D15 D14 D13 D12 D11 D10-=D9 D8 D7 ((D6 ‘D5 D4 D3 D2 D1 DO
RO3| W | 1 |BS3|BS2{BS1|BS0|{BT3 [ BT2 |BT1|BT0| 0)|DC2({DC1|DCO|APL|APO|SLP|STB
ROC| W | 1 (0 [\0 00 | O o//TC1\|TCcol~0"| O | O |RVO| O |VC2|VC1l|VCO

Power-Control'Instructions

STB: When STB = 4, the NT7553E  enters the standby mode, where display operation completely
stops, the COM'driver'signal and SEG driver signal are at the VSS level, halting all the internal
operations including the internal oscillator and no external clock pulses are supplied.

During the stand by mode the DDRAM data is not cleared, but the DDRAM data can't be read and
written through the MPU interface. Only the following instructions can be executed during the
standby mode.

a. Standby mode cancel (STB =*“0")
b. Start oscillation

SLP: When SLP = 1, the NT7553E enters the sleep mode, where the internal display operations are
halted except for the oscillator, thus reducing current consumption. Only the following instructions
can be executed during sleep mode. Power control (BS [2:0], BT [3:0], DC [2:0], AP [1:0], SLP,
STB). During sleep mode, the other DDRAM data and instructions cannot be updated although they
are retained.
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BS[3:0]: The LCD drive bias value is set. The LCD drive bias value can be selected according to its
drive duty ratio and voltage.
Determine the LCD drive bias according to its display duty, and select combination of boosting ratio
of the step-up circuit 2 and bias amplifier ratio so as not to exceed voltage control of VCI2 and VCH.
See the LCD Voltage Generation Circuit regarding how to determine the LCD drive bias, VCH
voltage and contrast adjustment for the following settings.

Table 17-1. Display bias setting

Booster
LCD ratio of Bi fi VCI2 Rec?mm?nﬁed Total booster
bias |the setup|Bs3BS2Bs1[BS0  PIRENC PR o Xi;iscii ratio
circuit2 - ' 36V) = [ (VCH =N x VM)
(ND2)
1/2 X2 0O[0]J]O0]O 0.75 1.50 x VM VCI2 x 2 3xVM
1/4 X2 0O[1]0]0O0 1.25 2.50 x VM VCI2 x 2 5x VM
x3 o[o0]Jo0]1 0.875 1.75 x VM VCI2 x 3 5.25 x VM
X2 1/0]1f1 1.75 3.50 x VM VCI2 x 2 7 X VM
1/6 x3 o011 1.165 2.33x VM VCI2 x 3 6.99 x VM
x4 o[o0]Jo0]1 0.875 1.75 x VM VCI2 x 4 7.X VM
1/8 x 3 1/0]0f{oO 1.50 3.00 x VM VCI2 x 3 9xVM
X 4 o[o0]1]0 1.125 2.25xVM VCI2 x4 9x VM
1/9 x 3 1/0]1fo0 1.675 3.35x VM VCI2x 3 10.05 x VM
x4 0O[1]0]0O0 1.25 2.50 x VM VCI2 x4 10 x VM
1/10 x 3 1/1]0{0 1.825 3.65.x VM VCI2'x 3 10.95 x VM
X 4 O[1]1]0 1.375 275 x VM VCI2 x 4 11 x VM
111 x 3 1/1]0{1 2.00 4.00 x VM VCI2 x.3 12 x VM
x4 1/0]0f{oO 1.50 3:00 x VM VCI2x 4 12 x VM
112 X 3 1]1]17]0 2:165 4.33 x VM VCI2 x3 12.99 x VM
x4 1]/]0]041 1.625 3:25x'VM VCI2 x 4 13 x VM
113 x 3 1| 141 (Vi 2.335 4.67 X\VM VCI2 x 3 14.01 x VM
X 4 A0 -1 |1 1.75 3.50.x'VM VCI2 x 4 14 x VM
Table 17-2. Display bias setting
BS3|BS2|BS1|BS0O VCI2 < (Vout-0.5)
0 O N0 0 1.50 x VM
0O ofo0]1 1.75 x VM
O-o0f1]0 2.25 x VM
0O|l0f1]1 2.33x VM
0O|l1[0]0O 2.50 x VM
0O|1[0]1 2.60 x VM
0O|l1(1]0 2.75 x VM
0|11 ]1 2.80 x VM
1]1]0]0]oO 3.00 x VM
1100|121 3.25 x VM
1]1]0]1]0 3.35x VM
1]10]1]|1 3.50 x VM
1]1]1]01]0 3.65 x VM
1]11]0]|1 4.00 x VM
111]1|0 4.33 x VM
11111 4.67 x VM
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AP [1:0]: The amount of fixed current from the fixed current source in the operational amplifier for
the LCD is adjusted. When the amount of fixed current is large, the LCD driving ability and the
display quality becomes high, but the current consumption is increased. Adjust the fixed current
considering the display quality and the current consumption. During no display, when AP [1:0] = “00”,
the current consumption can be reduced by ending the operational amplifier and step-up circuit
operation.

Table 18. AP Bits and Amount of Fixed Current

Amount of Fixed Current in the Operational

AP1 APO Amplifier

Operational amplifier does not operate.

Small
Middle
Large

R |O|O
RO, |O

DC [2:0]: The operating frequency in the step-up circuit is selected. When the step-up operating
frequency is high, the driving ability of the step-up circuit becomes high, but the current consumption
is increased. Adjust the frequency considering the step-up ability and the current consumption.

Table 19. DC Bits and Operating Clock'Frequency

DC2 DC1 pco | Operating clock frequency-in m(gpveéﬁggg iﬂ\?grktifr:gqc?recnu?;?\d
the booster-1 the booster 2
0 0 0 32-divided clock 32-divided clock
0 0 1 64-divided clock 32-divided clock
0 1 0 32-divided clock 64-divided clock
0 1 1 64-divided clock 64-divided clock
1 0 0 32-divided clock 96-divided clock
1 0 1 64-divided clock 96-divided clock
1 1 0 32-divided clock 128-divided clock
1 1 1 64-divided clock 128-divided clock
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BT [2:0]: The output factor of step-up circuit is switched. The LCD drive voltage level can be
selected according to its drive duty ratio and bias. Lower amplification of the step-up circuit
consumes less current.

Table 20. BT[2:0] Bits and Output Level

872 | BT1 | BTO VOUT output of the booster 1 VCH output of the booster 2
(Use VOUT within the range of 4.5to 5.5V.)| (Set VCH-VCL lower than 36v)
0 0 0 2xVCI1 2 xVCI2
0 0 1 3xVCI1 2 xVCI2
0 1 0 2xVCI1 3 xVCI2
0 1 1 3xVCI1 3 xVCI2
1 0 0 2xVCI1 4 xVCI2
1 0 1 3xVCI1 4 xVCI2

Notes: Set the factor of the booster 2 according to voltage of VCI2 and VCH.
When the factor is set low, current consumption can be lowered.

VC [2:0]: Set an adjustment factor for the VCI1 voltage (VC [2:0]).

Table 21. Display bias setting table

VC2 VC1 VCO VCI1 control range
0 0 0 0.92'x VDD
0 0 1 0.87. x VDD
0 1 0 0.83-xVDD
0 1 1 0.80:xVDD
1 0 0 0.76 x VDD
1 0 1 0.73 x VDD
1 1 0 0.68 x VDD
VCI1 control amplifier suspends.
4 1 1 (VCI1 can be supplied externally.)

The VSH voltage should be controlled to be less than supply voltage or device proof voltage level
since VCH voltage level is generated by bias amplifier ratio corresponding to LCD driving bias value
and boosting the ratio of the step-up circuit 2.
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BT3: Operation/halt of voltage inverting circuit is set. BT3="0": voltage-inverting circuit is halted.
BT3="1". voltage-inverting circuit is operated. See the Power-on/off Sequence section to be
activated.

Table 22. BT3 Bit and Operation of Voltage Inverting Circuit

BT3 VCL output of the voltage inverting circuit
(Set VCH-VCL lower than 36v)
0 Halt boosting
1 Output voltage between VCH and VM by
inverting

The VSH voltage should be controlled to be less than supply voltage or device proof voltage level
since VCH voltage level is generated by bias amplifier ratio corresponding to LCD driving bias value
and boosting ratio of the step-up circuit 2.

RVO: This bit set the reference voltage generation circuit. .

Table 23. RVO Bits and reference Voltage

RVO VREFL voltage
0 VREFL can besupplied externally:
1 2.2V (Fuse-adjust)

TC [1:0]: These bits can selectthe average temperature compensation coefficients.

The four sets of temperature compensation coefficients can be selected as follows:

Table 24. Temperature compensation table

TC[1:0] | Temperature Compensation Coefficient (at 25C)
00 -0.05%/C
01 -0.10%/C
10 -0.15%/C
11 -0.20%/C
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7. Contrast Control (R04h)

No. RW AO D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RO4| W | 1 0 0 0 0 0 |VR2|VR1|VRO| O |CT6|CT5|CT4|CT3|CT2|CT1|CTO

Contrast Control Instruction

CT [6:0]: These hits control the LCD drive voltage to adjust 128-step contrast.

Table 25. CT Bits and Contrast Control

CTé | CT5 | CT4 | CT3 | CT2 | CT1 | CTO Contrast

0 0 0 0 0 0 0 1.016R (Minimum)
0 0 0 0 0 0 1 1.008R
0 0 0 0 0 1 0 1.000R
0 0 0 0 0 1 1 0.992R
0 0 0 0 1 0 0 0.984R
0 0.008R

0.000R (Maximum)

VR [2:0]: These bits amplify 1.1 to 3.4 times the VREFL as outputvoltage VREFM of LCD drive
reference voltage generation.circuit. The VREFM should be smallerthan VOUT level.

Table 26/ VR'Bits and VREFM Voltage
VR1 VRO VREFM voltage
1.1 x VREFL
1.3 x VREFL
1.4 x VREFL
1.5 x VREFL
1.7 x VREFL
1.8 x VREFL
3.4 x VREFL
2.6 x VREFL

<
A
N

RlIFRP|IP|IP|OlO|JO|O
RPIP|IO|O|FL,|PL|O|O
RP|IO|FRP|O|FRL|O|FL|O
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8. Entry Mode (R0O5h) and Compare Register (RO6h):

The write data sent from the microcomputer is modified in the NT7553E and written to the DDRAM.
The display data in the DDRAM can be quickly rewritten to reduce the load of the microcomputer
software processing. For details, see the Graphics Operation Function section.

No. RW A0 Di5 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RO5| W | 1 0 0 0 0 0 0 |[HWM| O 0 0O |I/D1|I/DO| AM |LG2|LG1|LGO
RO6| W | 1 CP15CP14CP13CP12CP11CP10 CP9|CP8|CP7|CP6|CP5|CP4|CP3|CP2|CP1|CPO

Compare Register Instruction

HWM: When HWM=1, data can be written to the DDRAM at high speed. In high-speed write mode,
Write to RAM four times, otherwise the four words cannot be written to the DDRAM. Thus, set the
lower 2 bits to 0 when setting the RAM address. For details, see the High-Speed RAM Write Mode
section.

I/D [1:0]: When I/D[1:0] = “1”, the address counter (AC) is automatically incremented by 1 after the
data is written to the DDRAM. When 1I/D [1:0] = “0”, the AC is automatically decremented by 1 after
the data is written to the DDRAM. The increment/decrement setting of the address counter by
I/D[1:0] is done independently for the upper (AD[15:8]) and lower (AD[7:0]) addresses:; The AM bit
sets the direction of moving through the addresses when the DDRAM is written.

AM: Set the automatic update method of the AC after the data is written to.the DDRAM. When AM=
“0”, the data is continuously written in horizontally. When AM =*1", the-data is-continuously written
vertically. When window address range is specified, the-DDRAM in'the-window address range can
be written according to the I/D [1:0] and AM settings.

I/D[1:0]="00" I/D[1:0]="01" I/D[1:0]="10" I/D[1:0]="11"
Horizontal: decrement| Horizontal:-increment | Horizontal: decrement| Horizontal: increment
Vertical: decrement | Vertical: decrement \ertical; increment Vertical: increment
00N, 2.\ dwctons ,83h 00h, ....cocm , 83h 00h, ........... , 83h 00h, ............. , 83h
o e || 2 || 2 | | —
01h / 01h \ 01lh 7 01h N
AM.=0 5 < : % ; \/\ 5 /
Horizontal] ' ||\ < E < : >
AOh 7 AOh = AOh| < AOh S
Alh | <=— ||Alh| t—7""> Alh| ————— Alh| «<—————
00N, e ,83h 00h, ............. , 83h 00h, ............. , 83h 00h, ............. , 83h
00h | 00h L 00h A 0oh | |
AM = 1 O:lh </ O:lh \ O:1h \ O:lh e
Vertical | : L : X : X : .
AOh “ Aoh | |- A0h | | - AOh SN
Alh Alh Alh Alh

Note: When a window address range has been set, the DDRAM can only be written to within that range.

Figure 46. Address Direction Settings
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LG [2:0]: Compare the data read from the DDRAM by the microcomputer with the compare
registers (CP [15:0]) by a compare/logical operation and writes the results to DDRAM. For details,
see the Logical/Compare Operation Function in page 28 for details.

CP [15:0]: Set the compare register for the compare operation with the data read from the DDRAM
or written by the microcomputer.

D15 Di4 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do

Write data sent from
the MCU (D15 - 0) 0 0] 0 1 1 1 0] 0 1 1 1 0 0] 0 1 1

Yy V. VN Y N A 4 Yy V VN A AN A 4 AR 4

Logical/compare Logic operation (with compare register)
orgrz’flgn LG[2:0] = 110: Replacement of matched write data
(LG[2:0] LG[2:0] = 111: Replacement of unmatched write data
Write data mask* .
(WM[15:0]) Write data mask (WM[15:0])
Y V V V VY VY YV VYV VvV V. VvV
DDRAM
Note: The write data mask (WM[15:0]) is set by the register in the RAM Write Data Mask section:
Figure 47. Logical/Compare Operations for,the DDRAM
9. Display Control (RQ7h):
No. RW A0 D15 D14 D13 D12 D11D10 D9, b8 D7 D6 D5 D4 D3 D2 D1 DO
ro7tw 1 [P oo Lo [VEEMEFIsPT) 0 | 0 | 0 | o |Bw|REV| DI | DO

2008/11/14

Display Control Instruction
VLE {2:1]: When VVLE1 =1, a vertical scroll is performed in the 1* screen. When VLE2 = “1”, a
vertical scroll is ‘performed in the 2™ screen. Vertical scrolling on the two screens can be
independently controlled.

SPT: When SPT = 1, the 2-division LCD drive is performed. For details, see the Screen-division
Driving Function section.

B/W: When B/W = “1”, displayed data can be “all on” or “all off” regardless DDRAM contents. (B/W
=*"1", REV ="0" all dot on, B/W ="“1", REV =“1"; all dot off) When B/W = “1", grayscale palette has
to be default value.

REV: Displays all character and graphics display sections with reversal when REV = 1.Since the
grayscale level can be reversed, display of the same data is enabled on normally white and
normally black panels.
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D [1:0]: Display is on when D1 =*“1" and off when D1 = 0. When off, the display data remains in the
DDRAM, and can be displayed instantly by setting D1 = “1". When D1 is “0”, the display is off with
all of the SEG/COM pin outputs set to the VSS level. Because of this, the NT7553E can control the
charging current for the LCD with AC driving.

When D [1:0] = “01”, the internal display of the NT7553E is performed although the display is off.
When D [1:0] = “00", the internal display operation halts and the display is off.

Table 27. D Bits and Operation

D1 DO SEG/COM Output Internal Display Operation
0 0 VSS Halt

0 1 VSS Operate

1 0 All off display Operate

1 1 Display Operate

Notes: 1. Writing from the microcomputer to the DDRAM is independent from the state of D [1:0].
2. In the sleep and standby modes, D [1:0] = 00. However, the register contents of D [1:0] are not
modified.

DIP [1:0]: Sets the DIP [1:0] = 11 to improve the display quality by controlling'the rising time and
falling time of the internal LCD output waveform. When DIP [1:0] = 00-disable this function.

10. Frame Cycle Control (ROBh):

No. RW AO D15 D14 D13 D12 D11 D10 D9 . D8 D7 D6 D5 ‘D4 /D3 D2 D1 DO
CLK|CLK|CLK DIV | DIV RTN{RTN|RTN(RTN

ROB| W | 1 | O > 1 | 0 01| O 171 o 0 |~0-]\0 0 3|2 110

Frame Cycle Control Instruction

RTN[3:0]:_Set/the line retrace period(RTN[3:0]) to be-added to raster-row cycles. The raster-row
cycle becomes long according to-the number of-clocks set at RTN [3:0].

Table 28. RTN Bits and Clock Cycles

TN [ e o LeFetface eriod [ Clock Cyces e
0 clock 26 clock
1 clock 27 clock
0 0 1 0 2 clock 28 clock
1 1 1 0 14 clock 40 clock
1 1 1 1 15 clock 41 clock

DIV [1:0]: Set the division ratio of clocks for internal operation (DIV [1:0]). Internal operations are
driven by clocks, which are frequency divided according to the DIV [1:0] setting. Frame frequency
can be adjusted along with the line retrace period (RTN [3:0]). When changing the drive-duty, adjust
the frame frequency. For details, see the Frame Frequency Adjustment Function section.
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Table 29. DIV Bits and Clock Frequency
DIVl DIVO Division ratio Internal Operation Clock Frequency
0 0 1 fosc/l
0 1 2 fosc/2
1 0 4 fosc/4
1 1 8 fosc/8
Formula for the frame frequency:
Frame frequency = fosc / (Clock cycles per raster-row x division ratio x 1/duty cycle) [Hz]
fosc: oscillation frequency
Duty: Drive duty (NL bit)
Division ratio: DI V bit
Clock cycles per raster-row: (RTN+26) clock
CLK [2:0]: Set the oscillation frequency clocks for operation (CLK [2:0]).
Table 30. CLK Bits and Clock oscillation Frequency
CLK2 CLK1 CLKO Internal Operation Clock Frequency
0 0 0 R-C start oscillation
0 0 1 210kHz
0 1 0 250kHz
0 1 1 280kHz (Recommend)
1 0 0 310kHz
1 0 1 330kHz
1 1 0 360kHz
1 1 1 380kHz
NT7553E
. CLK [2:0]=001~111
internal
oscillator
Fosc
RC start
oscillator CLK[2:0]=000
OSClI OSCO
—{ {1
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11. Multi- Time Calibration Setting and Programming
No. RW A0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ROD| W 1 0 0 0 0 0 0 0 MTPT O 0 0 |MT4|MT3|MT2|MT1|MTO
w | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | PG
ROE R 1 0 0 0 0 0 0 0 0 | PG |PM2|PM1|MP4|MP3|MP2|MP1|MPO
Multi- Time Calibration Setting and Programming Instruction
MT [4:0]: This command sets the offset value of contrast
Table 31. The Setting of the offset value of contrast
MT[4:0] |Offset Value| MT[4:0] |Offset Value| MT[4:0] |Offset Value| MT[4:0] |Offset Value
00000 Original 01000 +8 step 10000 Original 11000 -8 step
00001 +1 step 01001 +9 step 10001 -15 step 11001 -7 step
00010 +2 step 01010 +10 step 10010 -14 step 11010 -6 step
00011 +3 step 01011 +11step 10011 -13 step 11011 -5 step
00100 +4 step 01100 +12 step 10100 -12 step 11100 -4 step
00101 +5 step 01101 +13 step 10101 -11 step 11101 -3 step
00110 +6 step 01110 +14 step 10110 -10 step 11110 -2 step
00111 +7 step 01111 +15 step 10111 - 9 step 11111 -1 step
PG: When PG =1, start to program LCD driver with MTP offset value:
MP [4:0]: It can read the programmed data with this\register.
Calibrated

Setting of the offset

MT[4:0]

MTP1 calibration
5bit offset MP1[4:0]

MTP2 calibration 5
5bit offset MP2[4:0]

MUX

PM1 PM2

MP[4:0] {

ADDER

» Contrast

Value

Control

MTPT(MTP TEST MODE CONTROL)

if PM1=1,PM2=0; MP[4:0]=MTP1[4:0]
if PM1=1,PM2=1; MP[4:0]=MTP2[4:0]

MTPT PM bits MP[4:0] Calibrated Contrast Control Value [6:0]
PM2 0 MTP 2 is not programmed CT[6:0] (if PM1 = 0)
0 1 MTP 2 is programmed MP2[4:0] + CT[6:0]
(Default) PM1 0 MTP 1 is not programmed CT[6:0]
1 MTP 1 is programmed MP1[4:0] + CT[6:0]
PM2 . Don't care; th d dat
1 1 on't care; the programmed data MT[4:0] + CT[6:0]
0 of MTP will be bypass.
PM1 1
Table 32. The Setting of the PM1, PM2 and MTPT
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12. Vertical Scroll Control (R11h):

No. RW AO D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
R1LI W | 1 VL2|VL2|VL2|VL2|VL2|VL2 |VL2|VL2|VL]1|VL]1|VL1|VL]1|VL]1|VL]1|VL1|VL1
7 6 514 3 2 1 0 7 6 5 4 3 2 1 0

Vertical Scroll Control Instruction

VL1 [7:0]: Specify the display-start raster-row at the 1% screen display for vertical smooth scrolling.
Any raster-row from the first to 162" can be selected. After the 162" raster-row is displayed, the
display restarts from the first raster-row. The display-start raster-row (VL1 [7:0]) is valid only when
VLE1 = “1”. The raster-row display is fixed when VLE1 = “0". (VLE1 is the 1% -screen vertical-scroll
enable bit.) VL2 [7:0]: Specify the display-start raster-row at the 2" screen display. The display-start
raster-row (VL2 [7:0]) is valid only when VLE2 = “1". The raster-row display is fixed when VLE2 = “0".
(VLEZ2 is the 1% -screen vertical-scroll enable bit.)

Table 33. VL Bits and Display Start Line Control

VL27 | VL26 | VL25 | VL24 | VL23 | VL22 | VL21 | VL20 . )
Display start line
VL17 | VL16 | VL15 | VL14 | VL13 | VL12 | VL11 | VL1O
0 0 0 0 0 0 0 0 1% raster - row
0 0 0 0 0 0 0 1 2" raster - row
0 0 0 0 0 0 1 0 3" raster - row
1 0 1 0 0 0 0 0 161" raster - row
1 0 1 0 0 0 0 1 162" raster-row

Note: Do not set over the 162" ("A1"H) raster - row
13. 1% Screen Driving Position (R14h).and 2" Screen-Driving Position (R15h):

No. RW AO D15 D14 D13 D12 D11 D10-D9 D8 D7 (D6 ‘D5 D4 D3 D2 D1 DO
r1al w | 1 SE1|SE1{SE1|SE1|SE1|SE1|SE1|SE1|SS1|SS1|SS1|SS1|SS1|SS1|SS1|SS1
7 6.5 | 43| 2 1.0 7 6|54 3|2 1|0
SE2\SE2|SE2|SE2|SE2|SE2 |SE2(SE2|SS2|SS2|SS2|SS2|SS2|SS2|SS2|SS2
7 6 'S5 | 4 {8}]2 10 7 6 | 5] 4 ]3] 2 110

Screen Driving Position Instructions

SS1\[7:0]:/Specify the driving start-position for the first screen in a line unit. The LCD driving starts
from.the 'set value+1' common driver.

SE1 [7:0]: Specify the driving end position for the first screen in a line unit. The LCD driving is
performed to the 'set value +1 ' common driver. For instance, when SS1 [7:0] = “07"h and SEL1 [7:0]
= “10"h are set, the LCD driving is performed from COM8 to COM17, and non-selection driving is
performed from COM1 to COM7, COM18 and others. Ensure that SS1[7:0] < SE1[7:0] = “Al"h.
For details, see the Screen-division Driving Function section.

SS2 [7:0]: Specify the driving start position for the second screen in a line unit. The LCD driving
starts from the 'set value+1' common driver. The second screen is driven when SPT =“1".

SE2 [7:0]: Specify the driving end position for the second screen in a line unit. The LCD driving is
performed to the 'set value+1' common driver. For instance, when SPT =“1", SS2 [7:0] = “20"H, and
SE2 [7:0] = “4F"h are set, the LCD driving is performed from COM33 to COM80. Ensure that SS1
[7:0] = SE1 [7:0] = SS2 [7:0] < SE2 [7:0] = DUTYSET < “Al"h. For details, see the Screen-division
Driving Function section.

Ri15| W | 1
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14. Horizontal RAM Address Position (R16h) and Vertical RAM Address Position (R17h):
No. RW A0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

rRi6l W | 1 HEAHEA|HEA|HEA|HEA|HEA|HEA|HEA|HSA|HSA|HSA HSA|HSA|HSA|HSA|HSA
7 6 | 514132 110 7 6 | 5|14 ]3] 2 110

rR17l w | 1 VEA|VEA|VEA|VEA|VEA|VEA|VEA|VEA|VSA|VSA|VSA|VSA|VSA|VSA|VSA|VSA
7 6 | 514 ]3] 2 110 7 6 | 5] 4 ]3] 2 110

Horizontal/Vertical RAM Address Position Instruction

HSA [7:0]/HEA [7:0]: Specify the horizontal start/end positions of a window for access in memory.
Data can be written to the DDRAM from the address specified by HEA [7:0] from the address
specified by HSA [7:0]. Note that an address must be set before RAM is written. Ensure “00"h <
HSA [7:0] SHEA [7:0] £“83"h

VSA [7:0]/VEA [7:0]: Specify the vertical start/end positions of a window for access in memory.
Data can be written to the DDRAM from the address specified by VEA [7:0] from the address
specified by VSA [7:0]. Note that an address must be set before RAM is written to. Ensure “00”h <
VSA[7:0] < VEA[7:0] < “Al"h.

HSA HEA
0000h ]
VSA -
Window address setting-range:
Window 00h-- HSA7-0 ~HEA7-0 83h
Address 00h VSA7-0 VEA7-0 Alh
VEA
DDRAM Address space Atsan ]

Figure 48. Window Address, Setting Range

Notes: 1. Ensure that the window address area is within the DDRAM address space.
2. In high-speed write-mode, data are written to DDRAM in four-words. Thus, dummy write operations should be
inserted depending on the window-address area. For details, see the High-Speed Burst RAM Write Function
section.
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15. RAM Write Data Mask (R20h)

No. RW AO D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
rR2ol w | 1 WM|WM|WM|WM| WM WM WM WM WM|WM|WM| WM WM WM WM WM
1514113 /12|11 ]10] 9 8 7 6 5 4 3 2 1 0

RAM Write Data Mask Instruction

WM [15:0]: In writing to the DDRAM, these bits mask writing in a bit unit. When WM15 = “1", this bit
masks the write data of D15 and does not write to the DDRAM. Similarly, the WM14 to 0 bits mask
the write data of D14 to DO in a bit unit.

16. RAM Address Set (R21h)

No. RW AO D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
o1l w | 1 AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD
1511411312111 |/10] 9 | 8 7 6 | 51413 ]2 110

RAM Address Set Instruction

AD [15:0]: Initially set DDRAM addresses to the address counter (AC). Once.-the DDRAM 'data is
written, the AC is automatically updated according to the AM and I/D._bit\ settings. This allows
consecutive access without resetting addresses. Once the DDRAM-data-is read, the AC is not
automatically updated.

DDRAM address setting is not allowed in the standby mode: Ensure that the address is set within
the specified window address.

Table 34 DDRAM Address Range

AD15to ADQO DDRAM-Setting
"0000"h t0-“0083"h Bitmap data for COM1
"0100"h to "0183"h Bitmap data for COM2
"0200"ht0."'0283"h Bitmap data for COM3

"0300"h\to"0383"h Bitmap data for COM4

"9E00"h to "9E83"h Bitmap data for COM159
"9F00"h to "9F83"h Bitmap data for COM160
"A000"h to "A083"h Bitmap data for COM161
"A100"h to "A183"h Bitmap data for COM162

2008/11/14 77 Ver 3.0

With respect to the information represented in this 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.



>
@ 2 AL NT7553E

17. Write Data to DDRAM (R22h)

No. RW A0 D15D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
rR22lw | 1 WD |WD |WD WD |WD|WD|WD|WD|WD WD WD |WD WD WD|WD|WD
15/14]13(12|11)11019 |8 |7 |6 |54 13]2]1]O0

Write Data to DDRAM Instructions

WD [15:0]: Write 16-bit data to the DDRAM; this data calls each grayscale palette. After a write, the
address is automatically updated according to the AM and I/D bit settings. During stand by mode,
the DDRAM cannot be accessed.

DDRAM writes data during normal mode ( 16 bit mode)

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

wD WD |wWD|WD WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD|WD
15 |14|183|12 11109 | 8| 7|6 |54 |3 |2|1]0

P04 |PO3|P02|P01|P0O0|P14|P13|P12|P11|P10| 0 |P24|P23|P22|P21|P20

SEG(n) SEG(n+1) SEG(n+2)

* WD5 is dummy bit must fixed this bit to “0”

DDRAM writes data during normal mode\( 8-bit mode)

D15 D14 D13 D12 D11 D10 D9\.D8' D7 D6 D5\ 'D4-.D3 _D2 D1 DO

WD (WD |WD|WD|WD |WD{WD|WD|WD|WD|WD |WD|WD|WD|WD|WD
st . | 15 114 413/12 11420 9 | 8| 761514 |3 ]2 ]1]0
1> write
SEG(n) SEG(n+1)
WD { WD WD |WD|\WD{WD|WD|WD . .
2 15 114 113112011110 | o | 8 Fixed these pins to VDD or VSS

SEG(n+1)|\0 SEG(n+2)

* WD13 is dummy hit must fixed this bit to “0” while 2" write cycle.
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18. Read Data to DDRAM (R22h)

No. RW A0 D15D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

R R | 1 RD|RD | RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD

15|14 |13|12|11(10| 9 | 8| 7|6 | 5|4 |3|2|1]|0
Read Data from DDRAM Instruction

RD [15:0]: Read 16-bit data from the DDRAM. When the data is read to the microcomputer, the
first-word read immediately after the DDRAM address setting is latched from the DDRAM to the
internal read-data latch. The data on the data bus (D[15:0]) becomes invalid and the second-word
read is normal.

Set the I/D, AM, HAS / HSE, VSA / VEA Set the I/D, AM, HAS / HSE, VSA/ VEA
Address: N Set Address: N Set
First word \L First word \l,
Dummy read (invalid data) DDRAM -> data latch Dummy read (invalid data) CGRAM -> data latch
Second word \L Second word \l,
Read (data of address N) Read-data latch -> D15-0 Write (data of address N) D15-0 -> DDRAM
Address M Set Automatic address update: N+1
First word \L First.word \l,
Dummy read (invalid data) DDRAM -> data latch Dummy read (invalid data) DDRAM -> data latch
Second word \L Second word \l/
Read (data of address N) Read-data latch -> D15-0 Write (data of address N) D15-0 -> DDRAM
i) Data read to the MCU i) Logic Operation process in NT7553E

Figure 49. DDRAM Read Sequence
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19. Grayscale Palette Control (R30h to R3Fh):

No. RW AO D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

rao| w | 1 | o | o |PK[PK]PKIPKTRKTRKT [ [PKTPK [P PK]PK[PK
R3L W | 1) 0| 0|55 5|55 50| 51| 50| O | O |25 24|23 |22 21 20
R3Z/ W | 1| 0| 0 g |ca|ss s 51 |s0| O | O |as|as|as|az|a1ao
R\ W | 1| 0| 0 |55 || 95| 7| 71| 70| O | © | 65| 4| 6a| 62| 61|60
R34/ W | 1| 0| 0 |5 | on|as|op| o1 60| O | O |e5|sa|es|eareo
R3S\ W | 1| 0| 0 |1ig|sra1rs 112|111 |110| © | © 105|104 | 103|102 101 100
R38| W | 1| 0 | 0 |56 134|133 132|131 |130] © | © | 125|124 ] 123|122 121 | 120
R37TfW | 110710 fSP; 1PS|Z f;é f5K2 fSKl fSlé 00 1P4K5 1P4|Z 542 f4K2 f4K1 542
Re8| W | 1| 0 | 0 | 7ol 17 17| 179|171 |170| © | © |168 ) 164|165 765 161} 160
ROIW ) 1100 fg}é 1Pg§ fg}; ngz 1F)9K1 1ng§) 010 1Pa§ 1Ps§ fs}; fag fSK1 fB}E)
RIA|W | 1| 0| 0 |p15) 1| 215 | o12 | o11 | 210 O | O | 208 208|203 2021201 | 200
R3B| W | 1100 2Ps§ zpsﬁ zpsl; zpus 2Peﬁ ;3% o\ 2PzK5 zpzﬁ 2PzK3 2Pz§ 2PzK1 2Pz}é)
RIC| W | 1 | 0 | O 1765|704 755|252 | 251 |250| O |-% |24 |oda | 243 2a2 | 241|240
RIDIW | 110710 2P7§ 5751 2P7K3 2P7K2 2P7K1 2P7PE) NS 2PBK5 zpeﬁ 2PG|; 2PBK2 zpeKl ZPB}E)
R3E| W | 1 10 )\0\[ 3661 304 | 5031203 | 202 |290| O | © |o85 | 264 | 283|289 | 281 | 280
RIF[ W1 0] 0 |35 (510 s1alstz 511|310 © | © |s05 504|303 302|301 |500

Table 35. Grayscale Palette Control Instruction

PK [31:0]: Specify the grayscale level for thirty-two palettes from the 52-grayscale levels. For
details, see the Grayscale Palette and the Grayscale Palette Table sections.
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General Command Table

Upper Code Lower Code
: Exe-
Reg Register R/W| A0 |D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Description cution
No. Name C
ycle
IR [Index 0 0 * * * * * * * * * | 1D6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO | Sets the index register value 0
Reads the setting of N-line
SR |Status read 1 O|L7|L6|L5|L4|L3|L2|LL|LO| O |C6|C5|C4|C3|C2|C1]|CO|inversionL[7:0]andcontrast 0
setting C[6:0]
Start oscillation 0 1 * * * * * * * * * * * * * * * 1 | Starts the oscillation mode 10 ms
ROO .
Peviecode |1 J1fo| 2|11 |of1]o|2fo|o|1|o]|0|0]|1]|1Reads7553n 0
Sets the common driver shift
Driver output direction (CMS), segment driver
RO1 control 0 1|0 0 0 0 0 0 |CMS|SGS| 0 0 0 [NL4|NL3|NL2|NL1|NLO shift direction (SGS), driving duty 0
ratio (NL[4:0])
Sets the LCD drive AC waveform
LCD (B/C), EOR output (EOR), the
RO2 | Drive-waveform 0 1 0 0 0 0 0 |RST|BI/C|EOR| O 0 |NW5|NW4|NW3|NW2|NW1|NWO| number of N-line inversion 0
control (NW[4:0]) at C-type LCD driver,
and software reset (RST).
Sets the sleep mode (SLP),
standby mode (STB), LCD power
on (AP[1:0]),-boosting.cycle
RO3|Power control 1 | 0 | 1 |BS3|BS2|BS1|BS0|BT3|BT2|BT1|BT0| 0 |DC2|DC1|DCO|APL|APO|SLP |STB | (PCI3:0D.BOOStng output 0
multiplying factor (BT[2:0]),
operation of voltage inverting
circuit (BT3), and LCD driver bias
value (BS[3:0]).
Sets the regulator adjustment
RO04 |Contrast control | 0 1|0 0 0 0 0 [VR2|VR1|VRO|l 0 |CT6|CT5{CT4[CT3|CT2|CT1{CTO| (VR[2:0]) and contrast adjustment 0
(CT[6:0])
Specifies the logical operation
(LG[2:0]), AC counter mode
RO5 |Entry mode 0 1 0 0 0 0 0 0 HWM. 0 0 0" (/D2 1/DO | AM |LG2 | LG1 | LGO. (AM[1:0]); increment/ decrement 0
mode (1/D[1:0]), high-speed write
mode (HWM).
RO |COmpare 0 | 1 |cPiscPi4cPIacP12cPalicP10|CPI|CP8 | CP7 |eP6 |CP5 |cP4|cpalcP2| cpi|cpo | Specifies the compare register 0
register (CP[15:0]).
Control Specifies display on
(D[1:0]), black-and-white reversed
RO7 | Display control 0. | 1 |DIPLIDIPO[. 0 0 0. |VLE2|VLELfSPT. -0 0 0 0 |B/W|REV| D1 | DO | display (REV), all on/off (B/W), 0
screen division (SPT), and vertical
scroll (VLE[2:1])
Specifies the line retrace period
Rop|Framefrequencyls | 4 | o |GikacLkiclko 0-f 0 [DIvi|pivo| o | 0 | 0 | 0 RTNRTNZRTNIRTNO| (RTN[3:0]) and operating clock 0
control L :
frequency division ratio (DIV[1:0])
RoC|Power control2 | 0 | 1| 0| 04 0 | o | o | o |Tci|tco| o | o | o [Rvo| 0 |vc2|vci|vco| Sets the adiustment factor forthe |
VClI voltage (VC[2:0])
ROD|MTP setting ol1|o|lo|o|lo|o|o]|oMP]ol| o] o wTalmMr3mr2|mr|mTo|This command setthe offsetvalue |
of contrast (MT[4:0])
MTP This command starts to program
ROE . 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | PG |LCD driver with OTC offset value 2s
programming
(PG)
Vertical scroll Sets the 1% screen display start
R11 0 1 |VL27|VL26|VL25|VL24|VL23|VL22|VL21|VL20|VL17|VL16[VL15[VL14| VL3 [VL12|VL11|VL10]| line (VL[17:10]) and 2" screen 0
control ) -
display start line (VL[27:20]).
R14 1* screen driving 0 1 SE|SE|SE|SE|SE|SE|SE|SE|SS|SS|SS|SS|SS|SS|SS|SS | Sets1™screen start (SS1[7:0]) 0
position 17 (16 | 15| 14 [ 13 |12 | 11 |10 | 17 | 16 | 15| 14 | 13 | 12 | 11 | 10 | and end (SE1[7:0]).
R15 2" screen 0 1 SE|SE|SE|SE|SE|SE|SE|SE|SS|SS|SS|SS|SS|SS|SS|SS | Sets 2™ screen start (SS2[7:0)) 0
driving position 27 | 26 | 25| 24 | 23| 22|21 |20 |27 | 26|25 |24 | 23| 22| 21 | 20 | and end (SE2[7:0]).
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General Command Table (Continued)

Upper Code Lower Code
f Exe-
IT\leg. Rﬁg'Ster R/W| A0 | D15 | D14 |D13|D12|D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Description cution
0. ame Cycle
Horizontal RAM HEA|HEA |HEA|HEA |HEA |HEA|HEA |HEA |HSA|HSA |HSA |HSA |HSA [HSA |HSA|HSA| Sets start (HSA[7:0]) and end
R16 | ddress position | © | 1 (HEA[7:0)) of the horizontal RAM | O
p 7|6 |5|4a]3|2|1|0|7|6]|5|4|3]|2]|1]|0 |addressrange.
Vertical RAM Sets start (VSA[7:0]) and end
R17| _idrese position | © | 1 [VEATVEAGVEASVEAAVEAIVEAZVEALVEAQVSATVSABYSABVSA4VSAIVSAZVSALVSAQ (VEA[T:0]) of the vertical RAM 0
P address range.
Roo|  RAM write o | 1 [WM|WM|WM|WM|WM| WM WM WM|WM|WM|WM| WM WM WM |WM| WM/ Specifies write data mask o
data mask 15|14 (13|12 |11 (10| 9 |8 | 7|6 |5 | 4|3 |2]1]| 0 |WM150])at RAM write
X . Initially set the RAM address to
R21 [RAM address set| 0 | 1 AD[15:8] (upper) AD[7:0] (lower) the counter (AC) 0
RAM data write 0|1 Write data (upper) Write data (lower) Write data to the RAM 0
R22
RAM data read 111 Read data (upper) Read data (lower) Read data from the RAM 0
Rao |Srayscalepalette| o | 3 | o | 0 |PK15PK14PKI3PK12PKIIPKIO 0 | 0 [PKOSIPKO4PKO3PKO2PKO1IPKOO| Specified the grayscale paletie 1 | 0
R31 Sorr?g’rzlcz'e palette| o | 1 | o | 0 |Pk3sPK34PK33PK32PK31PK30| 0 | 0 |PK25PPK24[PK23PK22[PK21|PK20| Specified the grayscale palette 2 0
R32 Sor:t{ilc?;e palette| o | 1 | o | 0 |Pks5PK54PK53PK52PK51PKS0 0 | 0 |PKa5PPKA4PKA3PKAZPKA1PKAO Specified the graystale paléite 3 0
Rag|Sryscalepalettel o | 3 | o | o |PK75PK74PK73PK72PKTIPK70 0 | 0 [PK65PK64IPK63PK62PK61PKEO| Specified the grayscale paletie 4 | 0
R34 Sorr?g’rzlc%'e palette| o | 3 | o | 0 |PkosPKo4PK93PKIZPKILPKIO 0 | 0 |PK8sPK84lPKE3PKe2PKEIPKSO| Specified the grayscale palette 5 0
PK | PK | PK | PK | PK | PK PK | PK.| PK|\PK/|/PK| PK
R35 SJ:t{iT%le palette o|1]|0 0 0 0 Specified the grayscale palette 6 0
115 | 114 [ 113 | 112 | 111 | 110 105 | 104 | 103 | 102 | 101 |-100
PK | PK | PK | PK | PK-[\PK PK-| PK | PK | PK | PK,[\PK
R36 Gratyscl:ile palette o|1]|0 0 0 0 Specified the grayscale palette 7 0
contro 135 | 134 | 1331132 | 131 | 130 125 | 124 {123 |122'| 121 | 120
PK-PK | PK.| PK | PK-["PK PK | PK | PK | PK | PK | PK
R37 Gratyslc?e palettel | 1 | o | o R Specified the grayscale palette 8 0
contro 155154 | 153 | 152 | 151 | 150 145\ 144 | 143 | 142 | 141 | 140
PK | 'PK| PK | PK | PK[\PK PK | PK | PK | PK | PK | PK
R38 Sor:t{i%'e palettel o | 11| g o o |0 Specified the grayscale palette 9 0
175 | 174 473472 | 171170 165 | 164 | 163 | 162 | 161 | 160
PK~|.PK ['\PK | PK |\PK["PK PK | PK | PK | PK | PK | PK
R39 Gratysc':allg Raette 0|1 0 0 0 0 Specified the grayscale palette 10 0
R 195 | 194 | 1931192 | 191 | 190 185|184 | 183 | 182 | 181 | 180
PK-|'PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3A Graglslcilf palette 0|1 0 0 0 0 Specified the grayscale palette 11 0
contro 215|214 | 213|212 | 211 | 210 205 | 204 | 203 | 202 | 201 | 200
PK | PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3B Sc:r?t{z(l:allg palette o|1]|0 0 0 0 Specified the grayscale palette 12 0
235|234 | 233|232 | 231230 215|214 | 213 | 212 | 211 | 210
PK | PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3C Graglscl:allg palette o1 0 0 0 0 Specified the grayscale palette 13 0
contro 255 | 254 | 253 | 252 | 251 | 250 245 | 244 | 243 | 242 | 241 | 240
PK | PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3D Graglslcilj palette 0|1 0 0 0 0 Specified the grayscale palette 14 0
contro 275 | 274 | 273 | 272 | 271 | 270 265 | 264 | 263 | 262 | 261 | 260
PK | PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3E Sc:r?t{z(l:allg palette o|1]|0 0 0 0 Specified the grayscale palette 15 0
295 | 294 | 293 | 292 | 291 | 290 285 | 284 | 283 | 282 | 281 | 280
PK | PK | PK | PK | PK | PK PK | PK | PK | PK | PK | PK
R3F Graglscl:allg palette o1 0 0 0 0 Specified the grayscale palette 16 0
contro 315|314 | 313 | 312 | 311 | 310 305 | 304 | 303 | 302 | 301 | 300
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Absolute Maximum Rating

DC Supply Voltagel (VDD, VDD2)......coiiiiiie e e e e e e -0.3V to +4.6V
DC Supply Voltage2 (VCIL) ..oiriiiiie e e e et e e e e e a e -0.3V to +4.6V
DC Supply Voltage3 (VCH - VCL) .ttt e e et e e e re e -0.3V to +36.0V
DC Supply Voltaged (VOUT) it ittt v en e e e e eneens. 0.3V TO +6.5V
Input Voltage ..o i e e e e i e e . =003V tO VDD+0.3V
Operating Ambient TEMPEIAtUIE ........vieiie it ie et e aeaaneees -40°C to +85°C
S (o= (o [T 1= 0 Y 1= = L =t -55°C to +110°C
*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
(VSsS =0V, VDD = 2.4 ~ 3.6V, VCH-VCL=8V to 36V, Ta = - 40 to 85°C unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. [Unit Condition
VDD | Operating Voltage 2.4 2.8 3.6 \%
VDD2 |Operating Voltage VDD - 3.6 \%
VCC | Operating Voltage 1.6 1.9 2.3 V. | For dual power supply mode
VDDR [ Operating Voltage 1.8 1.9 2.0 V.| For single power supply .to-VCC

VDD;VDD2 = 3.0V, VCH =19.2V, VM = 1.6V,
VCL =-16V, fosc = 280KHz (1/162duty),
Dynamic Curreat 1/11bias;CT = 0, AP = 01, display on, display
IDD Consumption.1 - 480 600 |\ pA |data = all on and no MPU access, Ta = 25°C,

Boostl = 2X, Boost2 = 4X, VCI1 = 0.92 x
VDD, with oscillation. Step up cycle of step up
circuit 2: 128 divided cycle

ISB Standby Mode Current - 5 15 LA During standby mode, Ta = 25°C
Consumption - - 50 During standby mode, Ta = 85°C
ISLP Sleep Mode'Current 70 100 LA During standby mode, Ta = 25°C
Consumption 150 During standby mode, Ta = 85°C
VIN = VDD or VSS (S/P, C86, S8/16, A0, RIW
ILI Input Leakage Current | -1.0 - 1.0 LA (RDB),E(WRB),CSB,RESB)
IHZ HZ Leakage Current -3.0 - 3.0 HA |When the DO - D15, are in high impedance
VIH High-level Input 0.80 x i VDD | V A0, RW (RDB),E(WRB),CSB,RESB, DO -
Voltage VDD D15, OSCI, C86, S/P, S8/16
0.20 x
VIL Low-level Input Voltage| VSS - VDD \%
High-level Output 0.80 x VDD =2.4 ~ 3.6V, IOH =-0.1mA
VOH Voltage VDD i VDb | v (DO - D15)
Low -level Output 0.20 x VDD =2.4 ~ 3.6V, IOL=0.1mA
VoL Voltage VSS i vop | V (DO - D15)
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DC Characteristics (Continued)

Symbol Parameter Min. | Typ. | Max. | Unit Condition
I VDD = 3.0V,
fosc |Oscillation Clock 266 | 280 | 294 | kHz TA = 25°C
FEXT E’I‘ct)ilr(”a' Oscillation | 151 | 275 | 640 | kHz | vDD2 = 2.4 ~ 3.6V
puTy |BXtermal Oscillation | 45| 55 | 55 | o |vDD2=2.4~3.6V
Clock Duty
trosc |EXternal Oscillation || o5 | ;s | vDD2=2.4~3.6V
Rise Time
External Oscillation _
tfosc Eall Time -- - 0.2 | us | VvVDD2=2.4~3.6V
RSEG |LCD SEGDriverON | | g 35 | 3 | kQ |Id = +/-0.05mA, VSH = 3V
Resistance
Rcom |LCD COMDriverON| | 59 | 3 | kq [id = +/-0.05mA, VCH - VCL = 36V
Resistance
Internal Reference — hro
VREF Voltage 215 | 22 |225| V [Ta=25°C
Boost Circuit2
vei2 Output Voltage i - |vout
VREFL | Input Voltage - - VDD
VREFM | Output Voltage - - V%%T
VDD =-3.0V. > VCl'factor=0.92 > Step up
VOUT | Step up circuit 1 5.25//| 5.48 - V [factor:two times - Step up cycle: 32 divided
cycle s Load current = 400uA
VDD = 3.0V > VOUT=5.5V » VREFL = 2.2V >
VREFM = 1.5 x VREFL - Constant current of
operation amplifier: small
VCH ' |'Step up circuit 2 19.55 | 19.75 {19.95| V [Contrast adjustment value = 0.000R
1/11 bias » Step up cycle of step up circuit 2;
96 divided cycle » Step up factor: Four times
VM=1.65V, display on, display data = all on
VDD = 3.0V > VOUT=5.5V » VREFL = 2.2V »
VREFM= 1.5 x VREFL s Constant current of
operation amplifier: small
. ) ) i Contrast adjustment value = 0.000R
VCL | Stepup circuit 3 16.55/-16.45r16.25 Vv 1/11 bias - Step up cycle of polarity inversion
circuit: 96 divided cycle
Step up factor: Four times
VM=1.65V, display on, display data = all on

Note: Voltages VCH2VSH=VM2VSS2=VCL must always be satisfied.

2008/11/14

With respect to the information represented in this 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.

84

Ver 3.0



>
@ 2 AL NT7553E

AC Characteristics (TA = -40°C ~ +85°C, unless otherwise noted)

1. System Buses Read/Write Characteristics (for 8080 Series MPU)
(VDD=VCC=1.6 ~ 2.3V, TA=-40 ~ 85°C) (Dual power supply mode)

4 N
A0 X i
N /]
WRB n L
RDB f < ' fe—
N
teyew
< tcycr >
P tcstw  fesir .y tcshw  tcsHr o
N 74 N
CSB \( 7/ N\
tosw toHW
DO to D15 Valid Data
(Write)
tobsr toHR
DO to D15 .
(Read) Valid Data
Figure 50. 80-system Bus-Timing
Symbol | Parameter Min. |\Typ. | Max. | Unit Condition
tas Address setup time 10 - - ns
taH Address-hold\time 5 - - ns
tevew Write system cycle time 009 - - ns [Normal Mode (HWM = 0)
Y Y 200 - - High-Speed Write (HWM = 1)
tever Read system cycle time 800 ns
tesiw Write control-L pulse width 90 - - ns
. . 300 Normal Mode (HWM = 0)
teshw Write control H pulse width 90 ns High-Speed Write (HWM = 1)
tesir Read control L pulse width | 350 - - ns
tesHR Read control H pulse width | 400 - - ns
tr/ tr Rise time / Fall time - - 25 ns
tosw Write data setup time 60 - - ns
toHw Write data hold time 15 - - ns
tosr Read data setup time - - 200 ns | CL=50pF
toHR Read data hold time 5 - - ns | C.L=50pF
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2. System Buses Read/Write Characteristics (for 8080 Series MPU)
(vDD=2.4~ 3.6V, VCC = VDDR =1.9+0.1V, TA = -40 ~ 85°C) (Single power supply mode)

4 N
A0 P 24
N /]
WRB n p
RDB ’ < ' fe—
N
tcyew
< tcycr >
P fcstw  tesir o |y tcshw  tcsHrR o
N "4 N
CSB \< 7/ N\
tosw toHw
DOto D15 Valid Data X
(Write)
tbsr toHR
DO to D15 .
(Read) Valid Data
Figure 51. 80-system Bus Timing
Symbol | Parameter Min. | Typ.\ {\Max."| Unit Condition
tas Address setup time 10 ns
tan Address hold.time 2 - - ns
tevew _|Write system.cycle time {60 = - ns Normal Mode (HWM = 0)
4 Y 100 | - - High-Speed Write (HWM = 1)
tever Read system cycle time 300 ns
tesiw Write control-LL pulse width 40 - - ns
. . 100 Normal Mode (HWM = 0)
teshw Write control H pulse width 20 ns High-Speed Write (HWM = 1)
tesir Read control L pulse width | 150 - - ns
tesHRr Read control H pulse width | 100 - - ns
tr/ tr Rise time / Fall time - - 25 ns
tosw Write data setup time 60 - - ns
torHw Write data hold time 2 - - ns
tosr Read data setup time - - 100 | ns | CL=50pF
toHR Read data hold time 5 - - ns | CL=50pF
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3. System Buses Read/Write Characteristics (for 6800 Series MPU)
(VDD=VCC=1.6 ~ 2.3V, TA=-40 ~ 85°C) (Dual power supply mode)

N
e X
tas tAH
R/W \ l/ N V4
7><\ 7><\
t "4 N
E f_:/q_ tr_)\:_
P tcvew N
A < tesiw fcsLr > e tever tcsHw  fcsHrR ;
N 4 N
CSsB \‘ 7/ N\
tosw toHW
DOto D15 X Valid Data X
(Write)
tosr toHR
DO to D15 _
(Read) Valid Data
Figure 52. 68-system-Bus Timing
Symbol | Parameter Min. |\ Typ. |'Max. | Unit Condition
tas Address setup time 10 - - ns
tan Address hold time 5 - - ns
tevew Write system.cycle time Qo - - ns |Normal Mode (HWM = 0)
Y 4 200 | - : High-Speed Write (HWM = 1)
teyver Read system cycle time 800 ns
testw Write control-L. pulse width 90 - - ns
. . 300 Normal Mode (HWM = 0)
teshw Write control H pulse width % ns High-Speed Write (HWM = 1)
tesir Read control L pulse width | 350 - - ns
tesHR Read control H pulse width | 400 - - ns
tr/ te Rise time / Fall time - - 25 ns
tosw Write data setup time 60 - - ns
torHw Write data hold time 15 - - ns
tosr Read data setup time - - 200 ns | CL=50pF
toHR Read data hold time 5 - - ns | CL=50pF
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4., System Buses Read/Write Characteristics (for 6800 Series MPU)
(vDD=2.4~ 3.6V, VCC = VDDR = 1.9+0.1V, TA = -40 ~ 85°C) (Single power supply mode)

N
A0 ><
7

tas tAH
R”V % 3
| N 7 N
t I t N
: — T — N
P teyew o
A P tesiw tcsir | P tever tcshw  tcsHR :
N 4 N
CSB \< 7/ N\

tosw toHW
DO t(? D15 Valid Data ><
(Write)
tosr toHR
DO to D15 i
(Rexd) Valid Data

Figure 53. 68-system Bus Timing for

Symbol | Parameter Min. | Typ.\ {\Max."| Unit Condition
tas Address setup time 10 ns
taH Address hald time 2 - - ns
tevew _|Write system cycle time 400 - - ns [Normal Mode (HWM = 0)
Y Y 100 | - ; High-Speed Write (HWM = 1)

tcyver Read system cycle time 300 ns
tesiw Write control L. pulse width | 40 - - ns

. . 100 Normal Mode (HWM = 0)
teshw Write control H pulse width 20 ns High-Speed Write (HWM = 1)
tesir Read control L pulse width | 150 - - ns
tcsHr Read control H pulse width | 100 - - ns
tr/ te Rise time / Fall time - - 25 ns
tosw Write data setup time 60 - - ns
toHw Write data hold time 2 - - ns
tosr Read data setup time - - 100 | ns | CL=50pF
toHR Read data hold time 5 - - ns | C.=50pF
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5. Serial Interface
(VDD=VCC=1.6 ~ 2.3V, TA=-40 ~ 85°C) (Dual power supply mode)

CSB tcsH /
tess f tcLkL N - teve tcLkH o >
- Y Y
SCL
N 1
—p tf [€— —> U j—
tbsw tDHW,
SDI(DO0) Input Data
tbsr tDHR
SDO(D1) Output Data
Figure 54. Clock Synchronized Serial Interface Timing
Symbol Parameter Min. | Typ. | Max. | Unit Condition
tevew | Serial write clock cycle 0.1 - - [V
tever Serial read clock cycle 0.25 - - VS
teknw | Serial write clock H pulse | 40 - - ns
tckiw | Serial write clock L pulse 40 - - ns
tcekHr | Serial read clock H pulse | 120 - - ns
tekir | Serial read clock L-pulse 120 - - ns
tcss Chip select setup.-time 20 = % ns
tesH Chipiselect hold time 60 - - ns
tr/ te Rise time / Fall time : - 20 ns
tosw Write data setup time 30 - - ns
toHw Write data hold.time 30 - - ns
tosr Read data setup time - - 130 ns
toHR Read data hold time 5 - - ns
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6. Serial Interface
(VvDD=2.4 ~ 3.6V, VCC = VDDR = 1.9+0.1V, TA = -40 ~ 85°C) (Single power supply mode)

CSB tcsH /
tess f tcLkL N - teve tcLkH o >
- Y Y
SCL
N 1
—p tf [€— —> U j—
tbsw tDHW,
SDI(DO0) Input Data
tbsr tDHR
SDO(D1) Output Data
Figure 55. Clock Synchronized Serial Interface Timing
Symbol Parameter Min. | Typ. | Max. | Unit Condition
tevew | Serial write clock cycle 0.076 - - V&
tever Serial read clock cycle 0.15 - - uS
toL ki Serial write clock H 40 i \ A\
pulse
Serial write clock L
teLkLw 35 - - ns
pulse
Serial read clock'H
tcLkHR 70 - - ns
pulse
tekir | Serial read clock L'pulse 70 - - ns
tcss Chip select setup time 20 - - ns
tesh Chip select. hold time 60 - - ns
VAT Rise time:/ Fall-time - - 20 ns
tosw Write data setup time 30 - - ns
toHw Write data hold time 30 - - ns
tosr Read data setup time - - 130 ns
toHR Read data hold time 5 - - ns

NOTE: *1. All timing is specified using VIL and VIH as the reference.
*2. tCSLW and tCSLR are specified as the overlap between CSB is “L” when WRB or RDB is at “L” level, or E is at
the “H” level.
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7. Reset Timing

trw tr

/RESB i

Internal .
Status >< During Reset ><

Figure 56. Reset Timing

(VDD = 1.6 ~ 3.6V, Ta= -40 ~ +85°C)

Symbol Parameter Min. | Typ. | Max. | Unit Condition
tr Reset Time - - 10 ms
trRw Reset low pulse width 100 - - us | /RESB
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Unit: um
Pad No. |Designation X Y Pad No. |Designation X Y
1 DUMMY1 -7665 -525 34 C23+ -5355 -525
2 DUMMY2 -7595 -525 35 C23+ -5285 -525
3 DUMMY3 -7525 -525 36 C23+ -5215 -525
4 DUMMY4 -7455 -525 37 C23- -5145 -525
5 DUMMY5 -7385 -525 38 C23- -5075 -525
6 DUMMY6 -7315 -525 39 C23- -5005 -525
7 DUMMY7 -7245 -525 40 C23- -4935 -525
8 DUMMY8 -7175 -525 41 C22+ -4865 -525
9 DUMMY9 -7105 -525 42 C22+ -4795 -525
10 DUMMY10 -7035 -525 43 C22+ 4725 -525
11 DUMMY11 -6965 -525 44 C22+ -4655 -525
12 RESB1 -6895 -525 45 C22- -4585 -525
13 CEP -6825 -525 46 C22- -4515 -525
14 CEP -6755 =525 47 C22- -4445 -525
15 CEP -6685 -525 48 C22- -4375 -525
16 CEP -6615 -525 49 C21+ -4305 -525
17 CEP -6545 -525 50 C21+ -4235 -525
18 CEM -6475 -525 51 C21+ -4165 -525
19 CEM -6405 -525 52 C21+ -4095 -525
20 CEM -6335 -525 53 C21- -4025 -525
21 CEM -6265 -525 54 C21- -3955 -525
22 CEM <6195 -525 55 C21- -3885 -525
23 VCL -6125 -525 56 C21- -3815 -525
24 VCL -6055 -525 57 VCI2 -3745 -525
25 VCL -5985 -525 58 VCI2 -3675 -525
26 VCL -5915 -525 59 VCI2 -3605 -525
27 VCL -5845 -525 60 VCI2 -3535 -525
28 VCH -5775 -525 61 TEST1 -3465 -525
29 VCH -5705 -525 62 TEST1 -3395 -525
30 VCH -5635 -525 63 TEST2 -3325 -525
31 VCH -5565 -525 64 TEST?2 -3255 -525
32 VCH -5495 -525 65 TEST3 -3185 -525
33 C23+ -5425 -525 66 TEST3 -3115 -525
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
67 D15 -3045 -525 108 D2 -175 -525
68 D15 -2975 -525 109 D1 -105 -525
69 D15 -2905 -525 110 D1 -35 -525
70 D14 -2835 -525 111 D1 35 -525
71 D14 -2765 -525 112 DO 105 -525
72 D14 -2695 -525 113 DO 175 -525
73 D13 -2625 -525 114 DO 245 -525
74 D13 -2555 -525 115 R/WB 315 -525
75 D13 -2485 -525 116 R/WB 385 -525
76 D12 -2415 -525 117 R/WB 455 -525
77 D12 -2345 -525 118 E 525 -525
78 D12 -2275 -525 119 E 595 -525
79 D11 -2205 -525 120 E 665 -525
80 D11 -2135 -525 121 A0 735 -525
81 D11 -2065 -525 122 A0 805 =525
82 D10 -1995 -525 123 A0 875 -525
83 D10 -1925 -525 124 CSB 945 -525
84 D10 -1855 -525 125 CSB 1015 -525
85 D9 -1785 -525 126 CSB 1085 -525
86 D9 -1715 -525 127 VDDR 1155 -525
87 D9 -1645 -525 128 VDDR 1225 -525
88 D8 -1575 -525 129 VDDR 1295 -525
89 D8 -1505 -525 130 VCC 1365 -525
90 D8 <1435 -525 131 VCC 1435 -525
91 D7 -1365 -525 132 VCC 1505 -525
92 D7 -1295 =525 133 VCC 1575 -525
93 D7 -1225 -525 134 VDD 1645 -525
94 D6 =1155 -525 135 VDD 1715 -525
95 D6 -1085 -525 136 VDD 1785 -525
96 D6 -1015 -525 137 VDD2 1855 -525
97 D5 -945 -525 138 VDD2 1925 -525
98 D5 -875 -525 139 VDD?2 1995 -525
99 D5 -805 -525 140 VDD3 2065 -525
100 D4 -735 -525 141 VDD3 2135 -525
101 D4 -665 -525 142 VDD3 2205 -525
102 D4 -595 -525 143 VDD3 2275 -525
103 D3 -525 -525 144 VSS 2345 -525
104 D3 -455 -525 145 VSS 2415 -525
105 D3 -385 -525 146 VSS 2485 -525
106 D2 -315 -525 147 VSS2 2555 -525
107 D2 -245 -525 148 VSS2 2625 -525
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
149 VSS2 2695 -525 190 Cl2+ 5565 -525
150 VSS3 2765 -525 191 Cl2+ 5635 -525
151 VSS3 2835 -525 192 Cl2+ 5705 -525
152 VSS3 2905 -525 193 C12- 5775 -525
153 VSS3 2975 -525 194 Cl2- 5845 -525
154 RESB2 3045 -525 195 Cl2- 5915 -525
155 RESB2 3115 -525 196 C12- 5985 -525
156 OSCO 3185 -525 197 Cll+ 6055 -525
157 OSCO 3255 -525 198 Cl1+ 6125 -525
158 OSClI 3325 -525 199 Cll+ 6195 -525
159 OSClI 3395 -525 200 Cli+ 6265 -525
160 VDD1 3465 -525 201 C11- 6335 -525
161 REGENB 3535 -525 202 C11- 6405 -525
162 REGENB 3605 -525 203 C11- 6475 -525
163 VSS1 3675 -525 204 C11- 6545 =525
164 S/IP 3745 -525 205 VCIl 6615 -525
165 S/IP 3815 -525 206 VCI1 6685 -525
166 VDD1 3885 -525 207 VCI1 6755 -525
167 C86 3955 -525 208 VCIT 6825 -525
168 C86 4025 -525 209 RESB3 6895 -525
169 VSS1 4095 -525 210 DUMMY 12 6965 -525
170 S8/16 4165 -525 211 DUMMY13 7035 -525
171 S8/16 4235 -525 212 DUMMY14 7105 -525
172 VDD1 4305 -525 213 DUMMY15 7175 -525
173 VREFI: 4375 -525 214 DUMMY16 7245 -525
174 VREFL 4445 =525 215 DUMMY17 7315 -525
175 VREFM 4515 -525 216 DUMMY18 7385 -525
176 VREFM 4585 -525 217 DUMMY19 7455 -525
177 VM 4655 -525 218 DUMMY20 7525 -525
178 VM 4725 -525 219 DUMMY21 7595 -525
179 VM 4795 -525 220 DUMMY22 7665 -525
180 VM 4865 -525 221 DUMMY23 7785 -536.5
181 VSH 4935 -525 222 COM2 7785 -496
182 VSH 5005 -525 223 COM4 7785 -465
183 VSH 5075 -525 224 COM6 7785 -434
184 VSH 5145 -525 225 COMS8 7785 -403
185 VOUT 5215 -525 226 COM10 7785 -372
186 VOUT 5285 -525 227 COM12 7785 -341
187 VOUT 5355 -525 228 COM14 7785 -310
188 VOUT 5425 -525 229 COM16 7785 -279
189 Cl2+ 5495 -525 230 COM18 7785 -248
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
231 COM20 7785 -217 272 COM98 7176.5 515
232 COM22 7785 -186 273 COM100 7145.5 515
233 COmM24 7785 -155 274 COM102 7114.5 515
234 COM26 7785 -124 275 COM104 7083.5 515
235 COM28 7785 -93 276 COM106 7052.5 515
236 COM30 7785 -62 277 COM108 7021.5 515
237 COM32 7785 -31 278 COM110 6990.5 515
238 COM34 7785 0 279 COM112 6959.5 515
239 COM36 7785 31 280 COM114 6928.5 515
240 COM38 7785 62 281 COM116 6897.5 515
241 COM40 7785 93 282 COM118 6866.5 515
242 COM42 7785 124 283 COM120 6835.5 515
243 cOom44 7785 155 284 COM122 6804.5 515
244 COM46 7785 186 285 COM124 6773.5 515
245 CcOmA48 7785 217 286 COM126 6742.5 515
246 COM50 7785 248 287 COM128 67115 515
247 COM52 7785 279 288 COM130 6680.5 515
248 COM54 7785 310 289 COM132 6649.5 515
249 COM56 7785 341 290 COmM134 6618.5 515
250 COM58 7785 372 291 COM136 6587.5 515
251 COMG60 7785 403 292 COM138 6556.5 515
252 COM62 7785 434 293 COM140 65255 515
253 COM64 7785 465 294 COM142 6494.5 515
254 COM66 7785 496 295 CcOM144 6463.5 515
255 DUMMY 24 7785 536.5 296 COM146 6432.5 515
256 DUMMY25 |\ 7672.5 515 297 COM148 6401.5 515
257 COM68 7641.5 515 298 COM150 6370.5 515
258 COM70 7610.5 515 299 COM152 6339.5 515
259 COM72 7579.5 515 300 COM154 6308.5 515
260 COMT74 7548.5 515 301 COM156 6277.5 515
261 COM76 7517.5 515 302 COM158 6246.5 515
262 COM78 7486.5 515 303 COM160 6215.5 515
263 COMS80 7455.5 515 304 COM162 6184.5 515
264 CcOoM82 7424.5 515 305 DUMMY26 | 6153.5 515
265 COmM84 7393.5 515 306 SEG396 6122.5 515
266 COM86 7362.5 515 307 SEG395 6091.5 515
267 CcoM88 7331.5 515 308 SEG394 6060.5 515
268 COM90 7300.5 515 309 SEG393 6029.5 515
269 COM92 7269.5 515 310 SEG392 5998.5 515
270 COM94 7238.5 515 311 SEG391 5967.5 515
271 COMO96 7207.5 515 312 SEG390 5936.5 515
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
313 SEG389 5905.5 515 354 SEG348 4634.5 515
314 SEG388 5874.5 515 355 SEG347 4603.5 515
315 SEG387 5843.5 515 356 SEG346 4572.5 515
316 SEG386 5812.5 515 357 SEG345 4541.5 515
317 SEG385 5781.5 515 358 SEG344 4510.5 515
318 SEG384 5750.5 515 359 SEG343 4479.5 515
319 SEG383 5719.5 515 360 SEG342 4448.5 515
320 SEG382 5688.5 515 361 SEG341 4417.5 515
321 SEG381 5657.5 515 362 SEG340 4386.5 515
322 SEG380 5626.5 515 363 SEG339 4355.5 515
323 SEG379 5595.5 515 364 SEG338 4324.5 515
324 SEG378 5564.5 515 365 SEG337 4293.5 515
325 SEG377 5533.5 515 366 SEG336 4262.5 515
326 SEG376 5502.5 515 367 SEG335 4231.5 515
327 SEG375 5471.5 515 368 SEG334 4200.5 515
328 SEG374 5440.5 515 369 SEG333 41695 515
329 SEG373 5409.5 515 370 SEG332 4138.5 515
330 SEG372 5378.5 515 371 SEG331 4107.5 515
331 SEG371 5347.5 515 372 SEG330 4076.5 515
332 SEG370 5316.5 515 373 SEG329 4045.5 515
333 SEG369 5285.5 515 374 SEG328 4014.5 515
334 SEG368 5254.5 515 375 SEG327 3983.5 515
335 SEG367 5223.5 515 376 SEG326 3952.5 515
336 SEG366 5192.5 515 377 SEG325 3921.5 515
337 SEG365 5161.5 515 378 SEG324 3890.5 515
338 SEG364 5130.5 515 379 SEG323 3859.5 515
339 SEG363 5099.5 515 380 SEG322 3828.5 515
340 SEG362 5068.5 515 381 SEG321 3797.5 515
341 SEG361 5037.5 515 382 SEG320 3766.5 515
342 SEG360 5006.5 515 383 SEG319 3735.5 515
343 SEG359 4975.5 515 384 SEG318 3704.5 515
344 SEG358 4944.5 515 385 SEG317 3673.5 515
345 SEG357 4913.5 515 386 SEG316 3642.5 515
346 SEG356 4882.5 515 387 SEG315 3611.5 515
347 SEG355 4851.5 515 388 SEG314 3580.5 515
348 SEG354 4820.5 515 389 SEG313 3549.5 515
349 SEG353 4789.5 515 390 SEG312 3518.5 515
350 SEG352 4758.5 515 391 SEG311 3487.5 515
351 SEG351 4727.5 515 392 SEG310 3456.5 515
352 SEG350 4696.5 515 393 SEG309 3425.5 515
353 SEG349 4665.5 515 394 SEG308 3394.5 515
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
395 SEG307 3363.5 515 436 SEG266 2092.5 515
396 SEG306 33325 515 437 SEG265 2061.5 515
397 SEG305 3301.5 515 438 SEG264 2030.5 515
398 SEG304 3270.5 515 439 SEG263 1999.5 515
399 SEG303 3239.5 515 440 SEG262 1968.5 515
400 SEG302 3208.5 515 441 SEG261 1937.5 515
401 SEG301 3177.5 515 442 SEG260 1906.5 515
402 SEG300 3146.5 515 443 SEG259 1875.5 515
403 SEG299 3115.5 515 444 SEG258 1844.5 515
404 SEG?298 3084.5 515 445 SEG257 1813.5 515
405 SEG297 3053.5 515 446 SEG256 1782.5 515
406 SEG296 3022.5 515 447 SEG255 1751.5 515
407 SEG?295 2991.5 515 448 SEG?254 1720.5 515
408 SEG294 2960.5 515 449 SEG253 1689.5 515
409 SEG?293 2929.5 515 450 SEG252 1658.5 515
410 SEG292 2898.5 515 451 SEG251 16275 515
411 SEG291 2867.5 515 452 SEG250 1596.5 515
412 SEG?290 2836.5 515 453 SEG249 1565.5 515
413 SEG289 2805.5 515 454 SEG248 1534.5 515
414 SEG?288 2774.5 515 455 SEG?247 1503.5 515
415 SEG287 2743.5 515 456 SEG?246 1472.5 515
416 SEG286 27125 515 457 SEG245 14415 515
417 SEG285 2681.5 515 458 SEG?244 1410.5 515
418 SEG284 2650.5 515 459 SEG243 1379.5 515
419 SEG?283 2619.5 515 460 SEG?242 1348.5 515
420 SEG282 2588.5 515 461 SEG?241 1317.5 515
421 SEG281 25575 515 462 SEG240 1286.5 515
422 SEG280 2526.5 515 463 SEG239 1255.5 515
423 SEG279 2495.5 515 464 SEG238 12245 515
424 SEG278 2464.5 515 465 SEG237 1193.5 515
425 SEG277 2433.5 515 466 SEG236 1162.5 515
426 SEG276 2402.5 515 467 SEG235 1131.5 515
427 SEG275 2371.5 515 468 SEG234 1100.5 515
428 SEG274 2340.5 515 469 SEG233 1069.5 515
429 SEG273 2309.5 515 470 SEG232 1038.5 515
430 SEG272 2278.5 515 471 SEG231 1007.5 515
431 SEG271 2247.5 515 472 SEG230 976.5 515
432 SEG270 2216.5 515 473 SEG229 945.5 515
433 SEG269 2185.5 515 474 SEG228 914.5 515
434 SEG268 2154.5 515 475 SEG227 883.5 515
435 SEG267 2123.5 515 476 SEG226 852.5 515
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y

477 SEG225 821.5 515 519 SEG183 -480.5 515
478 SEG224 790.5 515 520 SEG182 -511.5 515
479 SEG223 759.5 515 521 SEG181 -542.5 515
480 SEG222 728.5 515 522 SEG180 -573.5 515
481 SEG221 697.5 515 523 SEG179 -604.5 515
482 SEG220 666.5 515 524 SEG178 -635.5 515
483 SEG219 635.5 515 525 SEG177 -666.5 515
484 SEG218 604.5 515 526 SEG176 -697.5 515
485 SEG217 573.5 515 527 SEG175 -728.5 515
486 SEG216 542.5 515 528 SEG174 -759.5 515
487 SEG215 511.5 515 529 SEG173 -790.5 515
488 SEG214 480.5 515 530 SEG172 -821.5 515
489 SEG213 449.5 515 531 SEG171 -852.5 515
490 SEG212 418.5 515 532 SEG170 -883.5 515
491 SEG211 387.5 515 533 SEG169 -914.5 515
492 SEG210 356.5 515 534 SEG168 -945.5 515
493 SEG209 325.5 515 535 SEG167 -976.5 515
494 SEG208 294.5 515 536 SEG166 -1007.5 515
495 SEG207 263.5 515 537 SEG165 -1038.5 515
496 SEG206 232.5 515 538 SEG164 -1069.5 515
497 SEG205 201.5 515 539 SEG163 -1100.5 515
498 SEG204 170.5 515 540 SEG162 -1131.5 515
499 SEG203 139.5 515 541 SEG161 -1162.5 515
500 SEG202 108.5 515 542 SEG160 -1193.5 515
501 SEG201 77.5 515 543 SEG159 -1224.5 515
502 SEG200 46.5 515 544 SEG158 -1255.5 515
503 SEG199 155 515 545 SEG157 -1286.5 515
504 SEG198 -15.5 515 546 SEG156 -1317.5 515
505 SEG197 -46.5 515 547 SEG155 -1348.5 515
506 SEG196 -77.5 515 548 SEG154 -1379.5 515
507 SEG195 -108.5 515 549 SEG153 -1410.5 515
508 SEG194 -139.5 515 550 SEG152 -1441.5 515
509 SEG193 -170.5 515 551 SEG151 -1472.5 515
510 SEG192 -201.5 515 552 SEG150 -1503.5 515
511 SEG191 -232.5 515 553 SEG149 -1534.5 515
512 SEG190 -263.5 515 554 SEG148 -1565.5 515
513 SEG189 -294.5 515 555 SEG147 -1596.5 515
514 SEG188 -325.5 515 556 SEG146 -1627.5 515
515 SEG187 -356.5 515 557 SEG145 -1658.5 515
516 SEG186 -387.5 515 558 SEG144 -1689.5 515
517 SEG185 -418.5 515 559 SEG143 -1720.5 515
518 SEG184 -449.5 515 560 SEG142 -1751.5 515
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
561 SEG141 -1782.5 515 602 SEG100 -3053.5 515
562 SEG140 -1813.5 515 603 SEG99 -3084.5 515
563 SEG139 -1844.5 515 604 SEG98 -3115.5 515
564 SEG138 -1875.5 515 605 SEG97 -3146.5 515
565 SEG137 -1906.5 515 606 SEG96 -3177.5 515
566 SEG136 -1937.5 515 607 SEG95 -3208.5 515
567 SEG135 -1968.5 515 608 SEG94 -3239.5 515
568 SEG134 -1999.5 515 609 SEG93 -3270.5 515
569 SEG133 -2030.5 515 610 SEG92 -3301.5 515
570 SEG132 -2061.5 515 611 SEG91 -3332.5 515
571 SEG131 -2092.5 515 612 SEG90 -3363.5 515
572 SEG130 -2123.5 515 613 SEGS89 -3394.5 515
573 SEG129 -2154.5 515 614 SEGS88 -3425.5 515
574 SEG128 -2185.5 515 615 SEG87 -3456.5 515
575 SEG127 -2216.5 515 616 SEG86 -3487.5 515
576 SEG126 -2247.5 515 617 SEGS85 -3518.5 515
577 SEG125 -2278.5 515 618 SEG84 -3549.5 515
578 SEG124 -2309.5 515 619 SEGS83 -3580.5 515
579 SEG123 -2340.5 515 620 SEG82 -3611.5 515
580 SEG122 -2371.5 515 621 SEGS81 -3642.5 515
581 SEG121 -2402.5 515 622 SEG80 -3673.5 515
582 SEG120 -2433.5 515 623 SEG79 -3704.5 515
583 SEG119 -2464.5 515 624 SEG78 -3735.5 515
584 SEG118 -2495.5 515 625 SEG77 -3766.5 515
585 SEG117 -2526.5 515 626 SEG76 -3797.5 515
586 SEG116 -2557.5 515 627 SEG75 -3828.5 515
587 SEG115 -2588.5 515 628 SEG74 -3859.5 515
588 SEG114 -2619.5 515 629 SEG73 -3890.5 515
589 SEG113 -2650.5 515 630 SEG72 -3921.5 515
590 SEG112 -2681.5 515 631 SEG71 -3952.5 515
591 SEG111 -2712.5 515 632 SEG70 -3983.5 515
592 SEG110 -2743.5 515 633 SEG69 -4014.5 515
593 SEG109 -2774.5 515 634 SEG68 -4045.5 515
594 SEG108 -2805.5 515 635 SEG67 -4076.5 515
595 SEG107 -2836.5 515 636 SEG66 -4107.5 515
596 SEG106 -2867.5 515 637 SEG65 -4138.5 515
597 SEG105 -2898.5 515 638 SEG64 -4169.5 515
598 SEG104 -2929.5 515 639 SEG63 -4200.5 515
599 SEG103 -2960.5 515 640 SEG62 -4231.5 515
600 SEG102 -2991.5 515 641 SEG61 -4262.5 515
601 SEG101 -3022.5 515 642 SEG60 -4293.5 515
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Bonding Dimensions (Continued) Unit; um
Pad No. |Designation X Y Pad No. |Designation X Y
643 SEG59 -4324.5 515 685 SEG17 -5626.5 515
644 SEG58 -4355.5 515 686 SEG16 -5657.5 515
645 SEG57 -4386.5 515 687 SEG15 -5688.5 515
646 SEG56 -4417.5 515 688 SEG14 -5719.5 515
647 SEG55 -4448.5 515 689 SEG13 -5750.5 515
648 SEG54 -4479.5 515 690 SEG12 -5781.5 515
649 SEG53 -4510.5 515 691 SEG11 -5812.5 515
650 SEG52 -4541.5 515 692 SEG10 -5843.5 515
651 SEG51 -4572.5 515 693 SEG9 -5874.5 515
652 SEG50 -4603.5 515 694 SEGS8 -5905.5 515
653 SEG49 -4634.5 515 695 SEG7 -5936.5 515
654 SEG48 -4665.5 515 696 SEG6 -5967.5 515
655 SEG47 -4696.5 515 697 SEG5 -5998.5 515
656 SEG46 -4727.5 515 698 SEG4 -6029.5 515
657 SEG45 -4758.5 515 699 SEG3 -6060.5 515
658 SEG44 -4789.5 515 700 SEG2 -6091.5 515
659 SEG43 -4820.5 515 701 SEG1 -6122.5 515
660 SEG42 -4851.5 515 702 DUMMY27\ | -6153.5 515
661 SEG41 -4882.5 515 703 COM161 -6184.5 515
662 SEG40 -4913.5 515 704 COM159 -6215.5 515
663 SEG39 -4944.5 515 705 COM157 -6246.5 515
664 SEG38 -4975.5 515 706 COM155 -6277.5 515
665 SEG37 -5006.5 515 707 COM153 -6308.5 515
666 SEG36 -5037.5 515 708 COM151 -6339.5 515
667 SEG35 -5068.5 515 709 COM149 -6370.5 515
668 SEG34 -5099.5 515 710 CcOoM147 -6401.5 515
669 SEG33 -5130.5 515 711 COM145 -6432.5 515
670 SEG32 -5161.5 515 712 COM143 -6463.5 515
671 SEG31 -5192.5 515 713 COM141 -6494.5 515
672 SEG30 -5223.5 515 714 COM139 -6525.5 515
673 SEG29 -5254.5 515 715 COM137 -6556.5 515
674 SEG28 -5285.5 515 716 COM135 -6587.5 515
675 SEG27 -5316.5 515 717 COM133 -6618.5 515
676 SEG26 -5347.5 515 718 COM131 -6649.5 515
677 SEG25 -5378.5 515 719 COM129 -6680.5 515
678 SEG24 -5409.5 515 720 COM127 -6711.5 515
679 SEG23 -5440.5 515 721 COM125 -6742.5 515
680 SEG22 -5471.5 515 722 COM123 -6773.5 515
681 SEG21 -5502.5 515 723 COM121 -6804.5 515
682 SEG20 -5533.5 515 724 COM119 -6835.5 515
683 SEG19 -5564.5 515 725 COM117 -6866.5 515
684 SEG18 -5595.5 515 726 COM115 -6897.5 515
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Pad No. |Designation X Y Pad No. |Designation X Y
727 COmM113 -6928.5 515 768 COM35 -7785 31
728 COM111 -6959.5 515 769 COM33 -7785 0
729 COM109 -6990.5 515 770 COM31 -7785 -31
730 COM107 -7021.5 515 771 COM29 -7785 -62
731 COM105 -7052.5 515 772 COM27 -7785 -93
732 COM103 -7083.5 515 773 COM25 -7785 -124
733 COM101 -7114.5 515 774 COM23 -7785 -155
734 COM99 -7145.5 515 775 COM21 -7785 -186
735 COM97 -7176.5 515 776 COM19 -7785 -217
736 COM©95 -7207.5 515 777 COM17 -7785 -248
737 COM93 -7238.5 515 778 COM15 -7785 -279
738 COM91 -7269.5 515 779 COM13 -7785 -310
739 COM89 -7300.5 515 780 COM11 -7785 -341
740 COM87 -7331.5 515 781 COM9 -7785 -372
741 COMS85 -7362.5 515 782 COM7 -7785 <403
742 COMS83 -7393.5 515 783 COM5 -7785 -434
743 COM81 -7424.5 515 784 COM3 -77185 -465
744 COM79 -7455.5 515 785 COM1 <7785 -496
745 COM77 -7486.5 515 786 DUMMY30 -7785 -536.5
746 COM75 -7517.5 515
747 COM73 -7548.5 515
748 COM71 -7579.5 515
749 COMG69 -7610.5 515
750 COM67 -7641.5 515
751 DUMMY28 | -7672.5 515
752 DUMMY29 -7785 536.5
753 COMB65 -7785 496
754 COM63 -7785 465
755 COM61 -7785 434
756 COM59 -7785 403
757 COM57 -7785 372
758 COM55 -7785 341
759 COM53 -7785 310
760 COM51 -7785 279
761 COMA49 -7785 248
762 CcOom47 -7785 217
763 COM45 -7785 186
764 COM43 -7785 155
765 COmM41 -7785 124
766 COM39 -7785 93
767 COM37 -7785 62
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Alignment Mark Location (Total: 2) [Unit: um]
No. Designation X Y
AL_L Alignment Mark (Button Left) -6672 -334
AL R Alignment Mark (Button Right) 6672 -334

Alignment Mark (Button Left side and Button Right side)
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Pad Dimensions
SIZE
PAD NO. UNIT
X Y
Chip Size - 15830 1290 pum
Chip thickness - 525 pum
1~220 70 pm
Pad Pitch.. |221~222,254~255,752~753,785~786 40.5 pm
222~254,256~751,753~785 31 pm
1~220 42 90 pm
Bump Size 221,255,752,786 38 110 pm
222~254,256~751,753~785 19 110 pm
Bump Height All pads 15+3 pm
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Ordering Information

Part No. Packages
NT7553H-BDT Gold Bump on Chip Tray
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.
c. Confirm that all surfaces around the IC will not be exposed to light'source!
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