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1 GENERAL DESCRIPTION

SSD1673 is a CMOS active matrix bistable display driver with controller. It consists of 150 source
outputs, 250 gate outputs, 1 VCOM and 1 VBD for border that can support a maximum display resolution
150x250.

SSD1673 embeds booster, regulators and oscillator. Data/Commands are sent from general MCU
through the hardware selectable Serial Peripheral Interface.

2 FEATURES

Design for dot matrix type active matrix EPD display, support mono color for biack/whiie
Resolution: 150 source outputs; 250 gate outputs; 1 VCOM; 1VBD for border
e Power supply
o VCI: 2.4t0 3.7V
. VDDIO: Connect to VCI
o VDD: 1.8V, regulate from VCI supply

e Gate driving output voltage:
. 2 levels output (VGH, VGL)

. Max 42Vp-p
o VGH: 22V
. VGL: -20V

e Source / VBD driving output voltage:
. 3 levels output (VSH, VSS, VSL)
o VSH: 15v
o VSL: -15V

e VCOM output voltage:
. -3V to -0.2V, voltage adjustment.in’sieps of 100mV

Built in VCOM sensing

Source and gate scan direction ceitroi

Low current consumption in deep sleep-mode

On-chip display RAM

Programmable output waveform allowing flexibility for different applications / environments
On-chip OTP for storing waveforn. seitings

On-chip oscillator

On-chip booster and regulator control for generating VCOM, Gate and Source driving voltage
Serial peripherai and-12C iriteriaceavailable

Available in COG package
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3 ORDERING INFORMATION

Table 3-1: Ordering Information

Ordering Part Number

Package Form

Remark

SSD1673Z

Gold Bump Die

Bump Face Up

On Waffle pack

Die thickness: 300um
Bump height: 12um

4 BLOCK DIAGRAM

Figure 4-1 : SSD1673 Block Diagram
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5 PIN DESCRIPTION
Key: I=Input, O =Output, IO = Bi-directional (input/output), P = Power pin, C = Capacitor Pin
NC = Not Connected, Pull L =connect to Vss, Pull H = connect to Vooio
Pin name |Type |Connect to[Function Description When not
inuse
Input power
VCI P Power Power Supply |Power input pin for the chip. -
Supply -~
VCIA P Power Power Supply |Power input pin for the chip. -
Supply - Connect to VCI in the application circuait. -
VCIBG P Power Power Supply |Power input for the chip (Reference). -
Supply - Connect to VCI in the application cirguiit,
VDDIO P Power Power for Power input pin for the Interface. N -
Supply interface logic |- Connect to VCI in the applicatien circuit.
pins N
VDD P Capacitor |Regulator Core logic power pin. -
output VDD can be regulated internaily from VCI.
- Connect a stabilizing capacitor between VDD and VSS in
the application circuit. .~
EXTVDD |l VDDIO Regulator This pin is VDD regulator bypass pin. -
bypass - Connect to VS3/in the application circuit.
VSS P [vSS GND Ground (Digital) pin. -
VSSA P VSS GND Ground (Anaiog). pin. -
- Connect'to VSS in thig application circuit.
VSSBG P VSS GND Ground (Reference) pin. -
- Coinect to VSS in'the application circuit.
VSSGS P VSS GND Ground (Qutput) pin. -
|- Connect to VSS in the application circuit.
VPP P Power OTP power IPower inﬁ pin for OTP Programming. Open
Supply N ‘ AN
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Pin name |Type|Connect |Function Description When not
to inuse
Digital 1/0
D [1:0] /O |MPU Data Bus Serial clock and data pins for interface: -
Serial Interface : 12C Interface :
- DO: SCLK - DO: SCL
- D1: SDIN - D1: SDAw
CS# I MPU Logic Control |Chip selection pin. VSS
D/C# I MPU Data/Command control pin. N VSS
RES# I MPU System Reset |Reset signal input pin. -
Activelow. S/ 5
BUSY O MPU Device Busy |Busy state output pin. Open
Signal When Busy is High, the operation ot the chip should not be
interrupted, and command should not be sent.
CLS I VDDIO Clock Mode Internal clock selection pin. -
Selection - Connect to VDDIO in the application circuit.
CL O NC Clock signal  |This is the clock signal pin. -
The clock signal can be detected at Ci.
BS1 I VDDIO/ MCU Interface [MCU interface selection.gin. -
VSS Mode Selection Table 5-1 : MCul interface selection
BS2 BS1 MCU Interface
L L | 4-wire seriai peripheral interface (SPI)
L I'H ‘ 3-wire serial peripheral interface (SPI)
= 9 bits/'SPI
H I._‘:tIZC Interface
Analog Pin .
GDR O POWER |VGH & N<Channel MOSFET 'gate drive control pin. -
MOSFET |PREVGL
Driver Generation
Control L N
RESE I Booster Current-sense input pin for the control Loop. -
Control
Input
VGH C Stabilizing Positive Gate driving voltage and the power input pin for -
capacitor [VSH.
‘— Connect a stabilizing capacitor between VGH and VSS in
the application circuit.
PREVGL |C Stabilizing Power input pin for VGL and VSL. -
capacitor - Connect a stabilizing capacitor between PREVGL and
) VSS in the application circuit.
VGL C Stabilizing [VGL Negative Gate driving voltage pin. -
capacitor - |Generaticn - Connect a stabilizing capacitor between VGL and
VSS in the application circuit.
VSH C Stabilizing |VSH, VSL Positive Source driving voltage pin. -
capacitor |Generation - Connect a stabilizing capacitor between VSH and
VSS in the application circuit.
VSL C Stabilizing Negative Source driving voltage and the power input pin for |-
capacitor VCOM.
- Connect a stabilizing capacitor between VSL and
VSS in the application circuit.
VCOM C Panel/ VCOM VCOM driving voltage pin. -
Stabilizing - Connect a stabilizing capacitor between VCOM and
capacitor VSS in the application circuit.
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Pin name (Type |Connect to |[Function Description When not
inuse
Panel Driving
S[149:0] |O Panel Source driving [Source output pin. Open
signal
G[249:00 |O Panel Gate driving  |Gate output pin. Open
signal
VBD O Panel Border driving |Border output pin. Open
signal
Data Output Pin
TOUT1 @) MPU Data output pin for interface. . N\ Open
Serial Interface : | 12C Interiace - SDAout
Serial data pin for | When 12C made'is selected, TOUT1,
status bit read D1 should ke tied together and serve
as SDAuu, SDAIn in application
Others
NC NC |NC Not NC pins. Open
Connected - Keep open.
- Don’t connect to other NC pins and test pins including
TPA, TPB, TPC, TPD, TPF, TIN1 and TIN2.
TPA, TPB, INC |NC Reserved for |Reserved pins. Open
TPC, TPD, Testing - Keep open.
TPF - Don’t connect to cther NC pins and test pins including
TPA, TPB. TRPC, TPD, TPF, TIN1 and TIN2.
TIN I NC Reserved for |Connect t0,17PE pin. Tie TIN
Testing and TPE
LY A NN/ together
TPE O NC Connect to TiN pin. Tie TIN
and TPE
AN\ together
TIN1 I VDDIO Reserved for _|Reservedjin. VDDIO
Testing -_Cannectto VDDIO in the application circuit.
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6 FUNCTIONAL BLOCK DESCRIPTION

6.1 MCU Interface

6.1.1 MCU Interface selection
The SSD1673 can support 3-wire/4-wire serial peripheral interface. In the SSD1673, the MCU interface is pin
selectable by BS[2:1] pins shown in Table 6-1. .

Table 6-1: Interface pins assignment under different MCU interface

Pin Name N
MCU Interface BS2 BS1 RES# CS# D/C# | 20 D1
?év;ilr)e serial peripheral interface Cowwsegt to Cor:?Segt to Required | Require i R“{ﬂe d | sclK SDIN
?év;ilge_ssrgiatlspsegﬁ)heral interface Covsegt to C(\)/ngg% to Required Requir ? | i)r:?seét to SCLK SDIN
I12C Interface C?/nggf(t) to Cor:rsegt to Required Covseg[ fﬁor:;.segt to ScCL SDAN

6.1.2 MCU Serial Peripheral Interface (4-wire SPI)

The 4-wire SPI consists of serial clock SCLK, serial data SDIN, D/C# and CS#. In SPI mode, DO acts as
SCLK and D1 acts as SDIN. The control pins status in 4-wire SP1 in wiiting command/data is shown in Table
6-2 and the write procedure 4-wire SPI is shown in Figure 6-1.

Table 6-2 : Control pins status of 4-wire SPI

Function SCLK pin SEN pin | DICH# pin CS# pin
Write command 1 Commanad bit_L L L
Write data 1 Data bit )] H L

Note:

(1) Lis connectedto Vss and H is connected to Vobio

(2) 1 stands for rising edge of signal

(3) SDIN is shifted into an 8-bit shift register on every risirig.edge of SCLK.in the order of D7, D6, ... DO. The level of D/C# should be
kept over the whole byte. The data byte in the shift register-is wiitten to the Graphic Display Data RAM (RAM)/Data Byte register or
command Byte register according to D/C# pin.

Figure 6-1 : Write procedure.in 4-wire SPI

SRS I~

DiC# >{ >C
SDIN/ DB1 DB2 DB
SCLK "

SCLK(DO) i

SDIN(Dl)%m><D6><D5><D4><D3><D2><D1><Do>:
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6.1.3 MCU Serial Peripheral Interface (3-wire SPI)

The 3-wire SPI consists of serial clock SCLK, serial data SDIN and CS#. In SPI mode, DO acts as SCLK, D1
acts as SDIN. The operation is similar to 4-wire SPI1 while D/C# pin is not used and it must be tied to LOW.

The control pins status in 3-wire SPI is shown in Table 6-3.

In the write operation, a 9-bit data will be shifted into the shift register on every clock rising edge. The bit
shifting sequence is D/C# bit, D7 bit, D6 bit to DO bit. The first bit is D/C# bit which determines the following
byte is command or data. When D/C# bit is 0, the following byte is command. When D/C# bit is 1, the

following byte is data. Figure 6-2 shows the write procedure in 3-wire SPI

Table 6-3: Control pins status of 3-wire SPI

Function SCLK pin SDIN pin D/C# pin l CS#pin
Write command 1 Command bit Tie LOW L
Write data 1 Data bit Tie LOW L

Note:
(1) Lis connected to Vss and H is connected to Vooio
(2) 1 stands for rising edge of signal

Figure 6-2 : Write procedure in 3-wire SPI
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6.1.4 MCU I2C Interface

The 1°C communication interface consists of slave address bit SAQ, 12C-bus data signal SDA (SDAocut/TOUT1
for output) & (SDA/D: for input) and 12C-bus clock signal SCL (Do). Both the data and clock signals must be
connected to pull-up resistors. RES# is used for the initialization of device.

a) Slave address bit (SA0)
SSD1673 has to recognize the slave address before transmitting or receiving any information by the
I2C-bus. The device will respond to the slave address following by the slave addrass bit (“SA0” bit)
and the read/write select bit (“R/W#” bit) with the following byte format,
b7 bs bs ba bz b2 b1 bo
011 11 0 SA0ORMW#
“SAQ” bit provides an extension bit for the slave address. Either “0111100” or “0114161”,can be
selected as the slave address of SSD1673. D/C# pin acts as SAO far slave address sciection.
“R/W#" bit is used to determine the operation mode of the 12C-bus interface. RIW#=1, it is in read
mode. R/W#=0, itis in write mode.

b) [°C-bus data signal (SDA)
SDA acts as a communication channel between the transmitter and the receiver. The data and the
acknowledgement are sent through the SDA.
It should be noticed that the ITO track resistance and the pulled-up.resistance at “SDA” pin becomes
a voltage potential divider. As a result, the acknowledgemerit'viould nct be possible to attain a valid
logic O level in “SDA”.
“D1” and “TOUT1Y” are tied together and serve as SDA. The ‘D1 pin-must be connected to act as
SDA. The “TOUT1” pin may be disconnected. When “TGUTL” pin is disconnected, the
acknowledgement signal will be ignored in the 12C-bus.

c) 12C-bus clock signal (SCL)
The transmission of information in the 1°C-bus is fallowing-a ciock signal, SCL. Each transmission of
data bit is taken place during a single clock pericd of SCi.
“D0” serves as SCL.

6.1.4.1 12C-bus Write data
The I1°C-bus interface gives access to write data and-commana-into the device. Please refer to Figure 6-3 for
the write mode of 12C-bus in chronological order.

Figure 6-3 : I°C-bus data format

Note: Co — Continuation bit
D/C# — Data / Command Selection bit
ACK — Acknowledgement
SAO — Slave address bit
R/WH# — Read / Write Selection bit
Write mode S — Start Condition / P — Stop Condition
T 1111 T TTTTT1 TTT1 TTTTT1
2101 1110RRK g’g Contro! byte [ Databyte |2 Q% Control byte | 2} Data byte 3I°
L1111 RS N I ALILIIILIx
" AN / A N -
w Y
Slave Address m > 0 words 1 byte n > 0 bytes
MSB ..oooiiiii LSB
[TTTT [
011110[[S
[ 111 [T]=
Slave Address
1T
S|9o000000 [Z
AT R
~>
Control byte
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6.1.4.2 Write mode for 12C

1

2)

3)

5)

6)

The master device initiates the data communication by a start condition. The definition of the start
condition is shown in Figure 6-4. The start condition is established by pulling the SDA from HIGH to
LOW while the SCL stays HIGH.

The slave address is following the start condition for recognition use. For the SSD1673, the slave
address is either “b0111100” or “b0111101” by changing the SA0 to LOW or HIGH (D/C pin acts as
SA0).

The write mode is established by setting the R/W# bit to logic “0”.

An acknowledgement signal will be generated after receiving one byte of data, including the slave
address and the R/W# bit. Please refer to the Figure 6-5 for the graphical representation of the
acknowledge signal. The acknowledge bit is defined as the SDA line is pulled down duting the HIGH
period of the acknowledgement related clock pulse.

After the transmission of the slave address, either the control byte or the data byta may besent
across the SDA. A control byte mainly consists of Co and D/C# bits fallowing by six “0” 's:

a. Ifthe Co bit is set as logic “0”, the transmission of the following information will contain data
bytes only.

b. The D/C# bit determines the next data byte is acted as a‘conmand ar a data. If the D/C# bit
is set to logic “0”, it defines the following data byte as a coimmand. If the B/C# bit is set to
logic “17, it defines the following data byte as a data.

Acknowledge bit will be generated after receiving each control‘byte er data hyte.

The write mode will be finished when a stop condition is applied. The step condition is also defined in
Figure 6-4. The stop condition is established by pulling the “SDA in” from 1.O0W to HIGH while the
“SCL” stays HIGH.

Figure 6-4 : Definition of the Start and Stop’ Condition

SDA

SCL

thsTART tssTop
[ — — [ —

START condition STOP condition
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Figure 6-5 : Definition of the acknowledgement condition

DATA OUTPUT

TR TN XTI

Non-acknowledge

DATA OUTPUT
BY RECEIVER

N/

—
Acknowledge

MASTER - 1 2 L 3 [ ? AN
|

1
[ 1

START Clock puise for acknowledgement
Condition

Please be noted that the transmission of the data bit has-.some limitations.

1. The data bit, which is transmitted during each SCL pulse, must keep at a stable state within the “HIGH”
period of the clock pulse. Please refertothe Figure 6-6 for graphical representations. Except in start or
stop conditions, the data line can be swiiched enly wiven the SCL is LOW.

2. Both the data line (SDA) and the clogk line (SCL) should be pulled up by external resistors.
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Figure 6-6 : Definition of the data transfer condition
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6.2 RAM address map

The on-chip display RAM is used to store the image data for display. There are two sets of display RAM in
the SSD1673. One set RAM [1] is built for historical data and another set RAM [2] is for the current image
data. The size of each RAM set is 150x250 bits.

In order to write the image data into the display RAM, it is necessary to define the Data Entry Mode Setting
(Command 0x11h), the Driver Output Control (Command 0x01h) and the Gate Scan Start Position (Command
0xOFh). The following is an example to show how to set these commands. And, Table 6-4 is the
corresponding RAM address mapping of these command settings.

¢ Command “Data Entry Mode Setting” R11h is set to:

Address Counter update in X direction AM=0
X: Increment ID[1:0] =11
Y: Increment

e Command “Driver Output Control” R01h is set to:

250 Mux MUX = F9h
Select GO as 1% gate GD=0
Left and Right gate Interlaced SM=0
Scan From GO to G249 TB=0
e Command “Gate Scan Start Position” ROFh is set to: .
[ Set the Start Position of Gate = GO | SCN=0 ]

e Then the data byte sequence: DBO, DB1, DB2 ... DB18 ... DB19, DR20... DB4749

Table 6-4 : RAM address map according to above condition

so | s1 [ s2 | s3 [ s4 | ss5 | se6 [ sz o | .. T/ syaa T 5145 | s146 [ si47 | s148 | s149 [ XX [ XX
00h _! 12h
co ooh DBO DBO DBO DBO DBO DBO DBO DBO | DBLs DB18 DB18 DB18 DB18 DB18 DB18 DB18
[7] 6] [5] 14 3] [2] [1] [0] - il [6] [5] (4 13 [2 [1] [0]
o1 oth DB19 DB19 DB19 DB19 DB19 DB19 DB19 DB19 Db27 DB37 DB37 DB37 DB37 DB37 DB37 DB37
[7] 6] [5] (4 [3] [2] [N ] = C o 6] [5] (4 31 [2 [1 [0]
— ]
| E’?!
G248 Fgn | DB4712 [ DBA4712 | DB4712 [ DB4712 | DB4712 | DB4712 | DB4712 DBA712 | DB4730 | DB4730 | DB4730 | DB4730 | DB4730 | DB4730 | DB4730 | DB4730
[7] 6] [5] 14 18] [2] [1] il] _ 7 [6] [5] [4 [3] [2] [1] [0]
G249 Fon | DB4731 [ DBA4731 | DB4731 | DB4731 | DB4731 | DBA731 | DB473Y | DBA751 DB4749 | DB4749 | DB4749 | DB4749 | DB4749 | DB4749 | DB4749 | DB4749
[7] 6] [5] 14 13 [2] [ 5 (o = | 7 [6] [5] (4] 13 [2 [1 [0]
Q g
> >
m 8
&
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6.3 Oscillator

The on-chip oscillator is included for the use on waveform timing and booster operations. In order to enable

the internal oscillator, the CLS pin must be connected to VDDIO.

6.4 Booster & Regulator

A voltage generation system is included in the SSD1673. It provides all necessary driving voltages required
for an AMEPD panel including VGH, VGL, VSH, VSL and VCOM. Figure 6-3 shows the relation of the
voltages. External application circuit is needed to make the on-chip booster & regulatcr circuit work properly.

Figure 6-7 : Input and output voltage relation chart

VGH ~= " VGH
\ VSH VSH
VCI
VSS NN
VCOM™ ~ - —
| VSL —  VsL
VGL — VGL
PREVGL 7

e Max voltage difference beiween VGH and VGL is 42V.

Gate
driving
Source
driving

VCOM

Source
driving
Gate

driving
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6.5 Panel Driving Waveform

The Vpixel is defined as Figure 6-8, and its relations with GATE, SOURCE are shown Figure 6-5.

Figure 6-8 : Vpixel Definition

Gate

L

Source _’_\j_\/ pixel

Vcom

Figure 6-9 : The Relation of Vpixel Waveform with Gate and.Source

i
VSH N —
Vpixel vss e % S
VSL i 7
i
VDDIO A
Busy vss J % I_
. e i
e e 7 MMMM'"-W
—— % . E TTT—
Frame count of 11213 ! 4 | El‘P[n]g
phase 1 Lw,“i | P
‘..' NM“"”'”"——»..,
i
i T
VSH —_
Border —
VSL 1
VSH  ———— ===~
<4 Y Y —
Source - A e A
VGH
o VGL ——| I—————
VGH -
Gl VGL |_ ‘
VGH
@ - 1
VGH
G249 A I_I
<« > <«—>
. . Dummy line
Sci{gling period period
VSH ~
Source - —<
VGH
a0 VGL —4
VGH
Gl '
VGL ROBh
-—>
ROBh
Non-overlap between

source and gate
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6.6

VCOM Sensing

This functional block provides the scheme to select the optimal VCOM DC level. The VCOM value can be
store in the OTP.

6.7 Gate and Programmable Source waveform
Programmable Source waveform of different phase length would be made according to the format of
Figure 6-10.
Figure 6-10 : Programmable Source and Gate waveform illustration
run RP1[0]+1 times run RP1[1]+1 times run RP1[2]+1 times run RP1[3]+1 times run RP1[4]+1 times
S VSN
@ phasel phase2 hase3 V\'/M/phasezl \\A
)ﬁJ\ﬁ A\
If phase0A M mm phasezs\I hase3A pha§e33zﬁa 04A  pha ezl\n; Transition
A Bl G N Wil Vi N S
VSH i
| | | |
vss ! ! ! NN\ ) XYL
I | I | |
vsL I 1 [ N A S ! !
: VS[0A-00] VS[OB-OO]: VS[1A-00] VS[lB-: VS[2A-00]  VS[2B-]VS[3A- vs[as-[vsuA»oo] VS[4B-:
[ i 00] | 001 /;00] 00 | 00 |
| | I ' | |
I | I I | |
VSH 1 I I I | 1
] T | L ) 1
| | I | | |
VSS 1 ] ] ’ 1 | XY=LH
I i | ] I 1
vsL ! A N 2.4 ! !
| VS[0A-01] | VS[OB-01] | VS[1A-01] !VS[1B-j VS[2A-01] VS[25-|VS[3A: \'S[3B-| VS[4A-01] : VS[4B-|
I [ 01 | 01] 01 01] | 01] |
I | | | | |
| | | I | |
VSH ! ! A N ! ! !
I | I ) |
Source VSS I I [ I I XY=HL
Signal : : | : :
VSL 1 1 A N - 1 1
I VS[0A-10]  VS[0B-10] | VS[1A-10] » {VS[1B-1\/S[2A-10] : VS[2B-1VS[3A- VS[3B-I VS[4A- VS[4B-I|
: : 10] : 10] : 10] | 10] : LUTY 10] :
I | I I | |
| | I I | |
VSH | I | | | |
I o | T 1
ws 29N | ! -
I | | |
VsL ! ! ! |
| VS[0A-1L] VST VSTAT VS[1B-| VS[2A-11]  VS[2B- | VS[3A-: VS[3B-| VS[4A-11] | VS[4B- )
1 1 11] 1 1] 1 11] 1] | 1] |
| | I I | |
I 1 I I | |
| | I I | |
I 1 I I | |
| | | | | |
VGH
Gate ,"i ﬂ |—' | :
Signal Vo [ e o] [
VGL I |J U :
R ' ! ! ! !
TP[0A] TP[0B] TP[1A] TP[1B] TP[2A] TP[2B] TP[3A] TP[3B] TP[4A] TP[4B]
e There are totally 10 phases ferpregrammable Source waveform of different phase length.
e The phase period defined as TP [n#] * Trrave, Where TP [n#] range from 0 to 31.
e TP [n#] = 0 indicates phase skipped.
e Source Voltage Level: VS [n#-XY] is constant in each phase.
e The repeat counter defined as RP[n], which represents repeating TP[nA] and TP[nB].
¢ RP[n] = 0 indicates run time =1, where RP[n] range from 0 to 63.
¢ VS [n-XY] indicates the voltage in phase n for transition from X to Y:
e 00-VSS
e 01-VSH
e 10-VSL
o VS [n#-XY] and TP[n#] are stored in waveform lookup table register [LUT].
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6.8 Waveform Look Up Table (LUT)

LUT contains 256 bits, which defines the display driving waveform settings. They are arranged in format

shown in Figure 6-11.

Figure 6-11 : VS[n-XY] and TP[n] mapping in LUT

LUT can be accessed by MCU interface or loaded from OTP.
4 registers are involved to sei-LUT from MCU interface

n

Decimal | D7 D6 D5 D4 D3 D2 D1 DO
0 VS[OA - HH] VS[0A-HL] VS[OA - LH] VSIOA - LL]
1 VS[OB - HH] VS[OB - HL] VS[OB - LH] VSIOE - LL]
2 VS[1A - HH] VS[1A - HL] VS[1A - LH] VS[1A - LL1
3 VS[1B - HH] VS[1B - HL] VS[1B - LH] VS[iR-Lil |
4 VS[2A - HH] VS[2A - HL] VS[2A - LH] VS[2A - L]
5 VS[2B - HH] VS[2B - HL] VS[2B - LH] V3[2B - LL]
6 VS[3A - HH] VS[3A - HL] VS[3A - LH] — VS|3A-LLJ
7 VS[3B - HH] VS[3B - HL] VS[3B - LH] | VSI3E - iL]
8 VS[4A - HH] VS[4A - HL] VS[4A-LH]_ | _ VS{4a-LL]
9 VS[4B - HH] VS[4B - HL] VS[4B - LH] | VS[4B - LL]
10 0x00 N\
11 0x00 N\
12 0x00 N\
13 0x00 N\
14 0x00 J
15 ~~_0x00
16 RP[0] [2:0] Low bits ___ _P[0A
17 RP[0] [5:3] High bits . TP[OB]
18 RP[1] [2:0] Low bits TP[1A]
19 RP[1]_ [5:3] High bits TP[1B]
20 RP[2]_[2:0] Lowbits | TP[2A]
21 RP[2] _[5:3] High bits 4_ TP[2B]
22 RP[3]_[2:0] Low bits | TP[3A]
23 RP[3]_[5:3] High bits TP[3B]
24 RP[4] [2:0] Low its TP[4A]
25 RP[4]_ [5:3] Hign bits TP[4B]
26 N\ 0x00
27 NN 0x00
28 0x00

e LUT byte 0~28, the content of VS [n-XY], TP [n#], RP[n], are the parameter belonging to Register 0x32:
e The parameter in bytes 10~15, 26~28 required to be 0x00 for normal operation.

o LUT byte 29, the content of dummy line, is the parameter belonging to Register 0x3A.

o LUT byte 30, the content of source level, is the parameter belonging to Register 0x04.

o LUT byte 31, the content of gate line width, is the parameter belonging to Register 0x3B.
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6.9 OTP

6.9.1 The OTP information
The OTP is the non-volatile memory which can store:

e OTP Selection Option
VCOM value
Source value

7 set of WAVEFORM SETTING (WS) [256bits X 7]
6set of TEMPERATURE RANGE (TR) [24bits X 6]

6.9.2 The configuration required for OTP programming
Before programming the OTP with waveform setting ant temperature range, it is necessary to wriie the WS
and the TR data into the on-chip RAM first. The configuration shown in belaws table yust be tciiowed.

Command: C11, Set Address automatic increment setting =
Data Entry mode setting D03 X increment and Y incremeit
Set Address counter update-in X direction
Command: C44, Set RAM Address for SQto S149
RAM X address start /end D00,
position D12
Command: C45, Set RAM Address for GQ.t0- G249
RAM Y address start /end D00,
position DF9
Command: CA4E, Set RAM X AC as.0
RAM X address counter D00
Command: CAF, Set RAM'YAC.as 0
RAM Y address counter D00

For the detail operation flow for OTP prograrnrning;.piease refer to section 9.3 WS OTP Program.
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6.9.3 The OTP content and address mapping
The mapping table of OTP is shown in Figure 6-12,

Figure 6-12 : The OTP Content and Address Mapping

Defaull | SPARE WRITE RAM
OTP oTP ADDRESS D7 D6 D5 D4 D3 D2 D1 DO
ADDRESS | ADDRESS X Y
0 256 0 0 VS[0A-HH VS[0A-HL VS[0A-LH VS[0A-LL]
1 257 1 0 VS[0B-HH VS[0B-HL VS[0B-LH VS[0B-il] |
2 258 0 0 VS[1A-HH VS[IA-HL VS[IA-LH VS[IA-LL
3 259 3 0 VS[1B-HH VS[1B-HL VS[1B-LH VS[1B-LL |
7 260 2 0 VS[2A-HH VS[2A-HL VS[2A-LH VS[2A-LI
5 261 5 0 VS[2B-HH VS[2B-HL VS[2B-LH VS[2B-L1. _‘ ‘
6 262 6 0 VS[BA-HH VS[3A-HL VS[3A-LH VS[EA-L
7 263 7 0 VS[3B-HH VS[3B-HL VS[3B-LH VS[33-LL
3 264 8 0 VS[4A-HH VS[AA-HL VS[4A-LH S[AALL
9 265 9 0 VS[4B-HH VS[4B-HL VS[4B-LH VS[aS-LL
10 266 10 0 0x00
1 267 11 0 0X00
12 268 12 0 0X00
13 269 13 0 0X00 —
14 270 14 0 0X00 —
15 271 15 0 0X00
16 272 16 0 RP{0][2:0] Low bits TPOAl > ws[0]
17 273 17 0 7 RPOI53Highbits 17[08]
18 274 18 0
19 275 0 1 Ry
20 276 1 1 e
21 277 2 1 =
22 278 3 1 )
23 279 4 1 i‘TPﬁ] _
24 280 5 1 )
25 281 6 1 G
26 282 7 1 0X00
27 283 8 1 0X00
28 284 9 1 Ox00
29 285 10 1 N\
30 286 11 1 R04_A[4:0] - VSH Setting
31 287 12 1 DUMMY | )
32 288 13 1
WS[1]
63 319 6 3
102 143 2 10
wsi6]
223 479 14 11
224 480 15 11 TEMP[LLI[7:0]
225 481 16 11 TEMF[L-H][3:0] TEMP[LL][11:8] TR1
226 182 17 1L TEMP[L-H][1L:4]
227 483 18 T TEMP[2L][7:0]
228 484 0 12 TEMP[2-H][3:0] TEMP[2L][11:8] TR2
229 485 1 2 TEMP[2-H][1L:4]
236 192 8 2 TEMP[5L][7:0]
237 493 9 12 TEMP[5-H][3:0] TEMP[5L][11:8] TR5
238 294 10 12 TEMP[5-H][1L:4]
239 495 11 IR TEMP[6L][7:0]
240 296 12 IR TEMP[6-H][3:0] TEMP[6L][11:8] TR6
241 297 13 12 TEMP[6-H][11:4]
242 298 14 12 DUMMY
243 299 15 12 DUMMY
244 500 16 2 DUMMY
245 501 17 12 DUMMY
Remark:

¢ WS [m] means the waveform setting of temperature set m, the configuration are same as the definition in
LUT. The corresponding low temperature range of WS[m] defined as TEMP [m-L] and high range defined
as TEMP [m-H]

o Load WS [m] from OTP for LUT if Temp [m-L] < Temperature Register <= Temp [m-H]
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6.10 Temperature Searching Mechanism
The OTP waveform mapping is following the mapping in Figure 6-13.

Figure 6-13 : Waveform Setting and Temperature Range # mapping

WS# Waveform Setting no. #
TR# Temperature Range no. #
LUT 232 bit register storing the waveform setting (volatile)

Temperature register

12bit Register storing (volatile)

OTP

A non-volatile storing 7 sets of waveform setting and 6 set of temperature range

WS_sel_address

an address pointer indicating the selected WS#

OTP (non-volatile) |

WSO

Ws1 TR1

Ws2 TR2 |
Ws3 TR3 NN
WS4 TR4 )
WSS TR5 /
WS6 TRE NN\ —/

Temperature Searching Mechanism:

o Default selection is WSO.

o Compare temperature register from TR1'to TR6, in-segquence. The last match will be recorded.
e i.e., when the temperature register fall in TR3, WS2 will be selected.
e i.e., when the temperature register fall in TR6, WS6 will be selected.

e i.e., but when the temperature register fall in both TR3 and TR5, WS5 will be selected.

e If none of the range TR1 to TR6 is match, WSO will be selected.

User application:

e The default waveform should be programmed as WSO.
e There is no restriction on the sequence of TR1, TR2.... TR6.
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6.11 Temperature Register Mapping

1. If the Temperature value MSByte bit D11 = 0, then

The temperature is positive and value (DegC) = + (Temperature value) / 16

2. If the Temperature value MSByte bit D11 = 1, then

The temperature is negative and value (DegC) = ~ (2’s complement of Temperature value) / 16

12-bit binary Hexadecimal Decimal Value
(2's complement) Value Value [DegC]
01111111 0000 7F0 2032 27 |
01111110 1110 7EE 2030 126.875
01111110 0010 7E2 2018 126.125
0111 1101 0000 7D0 2000 125
0001 1001 0000 190 400 /N 5 .
0000 0000 0010 002 2 | ~.0.125 :
0000 0000 0000 000 0 o '
111111121 1110 FFE 2 -0.125
1110 0111 0000 E70 -400 ‘r -25
1100 1001 0010 Cc92 -878 | -54.875
1100 1001 0000 C90 -880 | > -55
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7 COMMAND TABLE

Table 7-1: Command Table

Command Table

R/W#|D/C#| Hex | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |Command Description
0| 0|0L|O0O|0O0O|0|0O0]| 0| 0| O] 1 DriverOutputcontrol |Gate setting
0l 1 Al As | As | Adl As | A | AL | Ao A[7:0]: MIUX Gate lines setting as
01 0/0|0|0|0|B|B:|B (AL[7:0] + 1)
2| P Po POR = F9h +1, MUX
B[2:0]: Gate scanning sequence and
airection
B[2].- GD
Seiects the 1st output Gate
GD=0 [POR]}, G0 is the 1st gate output
channel, gate output sequence is G0,G1,
G2, G3,....
CD=1, G1 is the 1st gate output channel,
gate-output sequence is G1, GO, G3,
|GZ,
B[1]: SM
Change scanning order of gate driver.
SM=0 [POR], GO, G1, G2, G3...G249 (left
and right gate interlaced)
SM=1, GO, G2, G4 ...G248, G1, G3,
...G249
B[O]: TB
| TB = 0 [POR], scan from GO to G249
| | . TB = 1, scan from G249 to GO.
o|jo0f03|]0O|jO0O}jO0O|O0O|O0]O ‘ L[ iGate_Driving voltage |Set Gate related driving voltage
011 01010 JAfAs] Al Al Ao |CONO A[4:0] = 10h [POR], VGH at 22V
N D = 4 a
011 010 )01 0|Bs;Bsy B Ba B[3:0] = 0Ah [POR], VGL at -20V
oO|j0|04|]0]|0]0O I 0+ O \ 1] 0! 0o [source Driving voltage |Set Source output voltage magnitude
Control
0|1 0] 0|0 ‘ As | As | A2 | A1 | Ao A[4:0] = 19h [POR], VSH/VSL at +/-15V
olofoF[ofJololol1l1]1]1 |catescanstart position|Set the scanning start position of the gate
ol 1 Ar | As | As | A [ A3 A | ALl Ao driver. The valid range is from 0 to 249.
When TB=0:
SCN [7:0] = A[7:0]
A[7:0] = 00h [POR]
When TB=1:
SCN [7:0] =249 - A[7:0]
A[7:0] = 00h [POR]
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Command Table

R/W#

D/C#

Hex

D7

D6

D5

D4

D3 | D2 | D1 | bo |Command

Description

0

0

10

0

Deep Sleep mode

0

1

0

Ao

Deep Sleep mode Control:

Al0] : Description
0 Normal Mode [POR]
1 Enter Deep Sleep Mode

11

Data Entry mode

setting

AL | Ao

Define data entry sequence

A [1:0] = ID[1:0]

Addresg automaticincrement / decrement
setting

The setting/of incrementing or
decrementing.of the address counter can
be made independently in each upper and
Icwer bit ef the address.

00 =Y decrement, X decrement,
01 -Y decrement, X increment,
18 —Y.increment, X decrement,
11 —Y“increment, X increment [POR]

Al2] = AM

Set the direction in which the address
counter is updated automatically after data
are written to the RAM.

AM= 0, the address counter is updated in
the X direction. [POR]

AM = 1, the address counter is updated in
the Y direction.

12

0 [SW RESET
|

It resets the commands and parameters to
their S/IW Reset default values except
R10h-Deep Sleep Mode

Note: RAM are unaffected by this
command.

1A

,_
o

Temperature Sensor

o

As

As

|A4

Control (Write to

w>.\
gl
2;;

B~

Bs

Bs

B4

temperature register)

o
o
(@]
o

Write to temperature register.

A[7:0] — MSByte 01111111[POR]
B[7:0] - LSByte 11110000[POR]
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Command Table

R/W#

D/C#

Hex

D7

D6 | D5 | D4

D3

D2

D1

DO

Command

Description

0

0

20

0

Master Activation

Activate Display Update Sequence

The Display Update Sequence Option is
located at R22h

User should not interrupt this operation to
avoid corruption of panel images.

21

Display Update Control

A7

As | As | A4

Az

A

A1

Ao

1

Option forDisplay Update

Rypass Cotion used for Pattern Display,
which is used for display the RAM content
into the Display

OLD RAM Bypass option

A7l

A[7] =1: Enable bypass

A[71= 0: Disable bypass [POR]

NEW RAM Bypass option
IAl6]

A[6] = 1: Enable bypass

A[6] = 0: Disable bypass [POR]

A[5] value will be used as Old RAM for
bypass.
A[5] = 0 [POR]

A[4] value will be used as New RAM for
bypass.
A[4] = 0 [POR]

A[3]: the inverse option for OLD RAM
A[3] = 1: Enable inverse
A[3] = 0: Disable inverse [POR]

A[2]: the inverse option for NEW RAM
A[2] = 1: Enable inverse
A[2] = 0: Disable inverse [POR]

A[1:0] Initial Update Option - Source
Control:
A[1:0] Transition
00
01 [POR]
10

T\
T|irr|I(r

11
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Command Table

R/W# DIC#| Hex | D7 | D6 | D5 | D4 | D3 | D2 | D1 | D0 |{Command Description
0| 020|010 0| 0] 1| 0 |DisplayUpdate Display Update Sequence Option:
ol 1 Al As | As [ Al As | A | AL | A, [Control 2 Enable the stage for Master Activation
Paramet
er
A (in Hex)
Enable Ciack-Signal,
Then Enable Analog
Then Load tUT FF
Then INNTIAL/DISPLAY [POR]
{Then PATTERN CISPLAY
Then Disable Arialog
Then Disanle OSC
Enable Clock Signal,
HT hen Enabie Analog
||Then Load LUT F7
Then PATTERN DISPLAY
Then Disable Analog
|Then Disable OSC
To Enable Clock Signal 80
(CLKEN=1)
Enable Clock Signal,
Then Enable Analog
Then PATTERN DISPLAY Cc7
Then Disable CP
Then Disable OSC
To Enable Clock Signal,
then Enable Analog Co
(CLKEN=1, CPEN=1)
To INITIAL DISPLAY + e
PATTEN DISPLAY
To INITIAL DISPLAY 08
To DISPLAY PATTEN 04
To Disable Analog,
then Disable Clock Signal 03
(CLKEN=1, CPEN=1)
To Disable Clock Signal 01
(CLKEN=1)
Remark:
CLKEN=1:
If CLS=VDDIO then Enable OSC.
CLKEN=0:
If CLS=VDDIO then Disable OSC.
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Command Table

R/W# DIC#| Hex | D7 | D6 | D5 | D4 | D3 | D2 | D1 | D0 |{Command Description
0/ 0|24|0|0|1|0|0]| 1] 0] 0 |WriteRAM After this command, data entries will be
written into the RAM until another
command is written. Address pointers will
advance accordingly.
0| 0|28/0|0|12]0|]1|0|O0]| 0 [VCOM Sense Enter VCCM sensing conditions and hold
for duration defined in 29h before reading
VCOM value.
The sensed VCQM veltage is stored in
register
[The commard required CLKEN=1.
0/ 0|29(0|0|12]0|]1]0|0]|1 |VCOMSense Duration_'l_Stainng time between entering VCOM
ol 1 ololololAas]lA]Al]A sensing moue and reading acquired.
‘VCOM seise duration = Setting + 1
|Seconas
A[3:C1= 09h [POR], duration = 10s.
O|lO0|2A| 0| 0|20 10|12 ]| 0O |ProgramVCOMOTP jr:rogramVCOM register into OTP
oOj0f2€|] 0| 02120 |2 |1]| 0] 0 |WriteVCOMregistei” |Write VCOM register from MCU interface
o1 Ar | As | As | As| As | Az | AL | Ao A[7:0] = 00h [POR]
A[7:0]| VCOM |A[7:0]| VCOM
OFh -0.2 5Ah -1.7
14h -0.3 5Fh -1.8
19h -0.4 64h -1.9
1Eh -0.5 69h -2
23h -0.6 6Eh -2.1
28h -0.7 73h -2.2
| 2Dh -0.8 78h -2.3
| | 32h | -09 | 7bh | 24
‘ ‘ 37h -1 82h -2.5
’ 3Ch -1.1 87h -2.6
| | 4lh | 12 | 8ch | 2.7
46h -1.3 91h -2.8
4Bh -1.4 96h -2.9
| 50h | 15 | 9Bh | 3
| 55h -1.6
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Command Table

R/W# DI/C#| Hex | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO [Command Description
O|O0O|2F|O|O0O|2]|]0] 1|11 1 |StatusBitRead A[1:0]: Chip ID (POR=01)
1|1 0| 0]|]0|0|0]|O0|A|A
0|03 0]0j21|1]0|0)| 0] 0 |[ProgramWSOTP Program OTP of Waveform Setting
The contentis should be written into RAM
before sending this command.
0|0 |32]0|0(212]1]0|O0] 1] 0 [WriteLUT register Write LUT reglster%m MCU interface
01 A7 | As | As | A | As | A2 | A1 | Ao (59 byt i ins th tent of
(29 bytesj, which coiitains the content o
0 1 B7 Bﬁ BS B4 B3 BZ Bl BO VS i_n'XYL FF’ [n#]l RP[n]
01 A
0|0 |36|0|0(212]1]|]0|121]1]| 0 |ProgramOTP selection iProgram CTP Selection according to the
] |OTF Selection Control [R37h]
0|0 |37|]0|0 |2 ]1]|]0|121]1]| 1 |OTPselectionContrc! iWrite the OTP Selection:
=
0|1 Ar | As | As | As | As | Az | AL | Ao A[7]=1 | spare VCOM OTP
Al6] VCOM_Status
A[5]=1 spare WS OTP
Al4] WS _Status
A[3:0] are reserved OTP hit. User can
NN treat the bits as Version Control.
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Command Table

R/W#

D/C#| Hex

D7

D6 | D5

D4

D3

D2

D1 | DO

Command

Description

0

0 |3A

0

0

1

0

As | As

As

Az

Az

A1 | Ao

Set dummy line period

Set number of dummy line period
A[6:0]: Number of dummy line period in
term of TGate

A[6:0] = 06h [POR]

Available setiing 0 to 127.

Az

A

A1 | Ao

Set Gate line width

Set Gate line wicth (TGate)
Al3:0] Line width.in us

E&Sﬂ| TGate / us
[£ 1011 | 78[POR]

Remark:-Default value will give 50Hz
Frame ircguency under 6 dummy line
’pu!se_setting.

A7

As | As

As

A1 | Ao

Border Waveform
Control

Select border waveform for VBD

A[7] Follow Source at Initial Update
Display

A [7]=0:[POR]

A [7]=1:Follow Source at Initial Update
Display for VBD, A [6:0] setting are
being overridden at Initial Display
STAGE.

A [6] Select GS Transition/ Fix Level
for VBD

A [6]=0: Select GS Transition A[3:0] for
VBD

A [6]=1:Select FIX level Setting A[5:4]
for VBD [POR]

A [5:4] Fix Level Setting for VBD
A[5:4] VBD level
00 VSS
01 VSH
10 VSL

11[POR] HizZ

A [1:0] transition setting for VBD
(Select waveform like data
A[3:2] to data A[1:0])

A[1:0] Transition
00

01 [POR]
10
11

Tirr|IT|ir

T\
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Command Table

R/W#|D/C#| Hex | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |[Command Description
0| 0|44 0|2 |,0|0|0]| 1| 0| 0 [SetRAM X -address |Specify the start/end positions of the
0l 1 ol o oAl As]A] AL ] A |Start/ End position window address in the X direction by an
01 0|00 |Ba|Bs|B:|Bi|Bo address unit
A[4:0]: X-Start, POR = 00h
B[4:0]: X-End, POR =12h
0| 0|45 0|2 (0] 0|0|12] 0] 1 [SetRam Y-address Specify the start/end positions of the
0l 1 Al As | As | As | As | A | AL | A, |Start/ End position window/address.in the X direction by an
address unit
0|1 B7 | Bs | Bs| Ba| Bs| Bz | B1 Bo A(7:0]: Y-Start, POR = 00h
_|B[7:Q]: Y-End, POR=F%h
O O|4E| 0| 2| 0|0|1|1|1]| 0 |SetRAM X address Make.initial settings for the RAM X
0l 1 olololAailAs]A]|A | A |counter address in the address counter (AC)
|A[4:0]: POR is 00h.
oJofarfo[1]ofof[1]1]1]1[SetRAMY address - [Make initial settings for the RAM Y
0ol 1 Al As [ As [ Al As | A2 | AL | A, [counter address in the address counter (AC)
A[7:0]: POR is 00h.
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8 COMMAND DESCRIPTION
8.1  Driver Output Control (01h)

This double byte command has multiple configurations and each bit setting is described as follows:

R/W | DC IB7 IB6 IB5 1B4 IB3 B2 1B1 IBO

w 1 [Muxq71IMuxie]|Mux(s] [MUx[4] [MUx(3] [MUX[2] [MUX[ 1] [MUX[O]

POR 1 1 1 1 1 0 0 1
w | 1 GD | sM | TB
POR 0 0 0
MUX][7:0]:

Specify number of lines for the driver: MUX[7:0] + 1. Multiplex ratio (MUX ratio) from 16 MUX to 250MUX.

GD:
Selects the 1st output Gate
This bit is made to match the GATE layout connection on the panel. It defines the Tirst scanning line.

SM:

Change scanning order of gate driver.

When SM is set to 0, left and right interlaced is performed.

When SM is set to 1, no splitting odd / even of the GATE signalis perfarmed,
Output pin assignment sequence is shown as below (for 250 MIUX ratio):

SM=0 SM=0 SM=1 | SM=1 ]
Driver GD=0 GD=1 GD=0 | -GD=1
GO ROWO ROW1 ROWO | ([ROWi25 -
G1 ROW1 ROWO ROWi25 | ROWO
G2 ROW?2 ROWS3 ROWL | ROW126
G3 ROW3 ROW2 | ROWI26 | ROWL

G123 ROW123 ROW122 ROW126 ROW61

G124 ROW124 ROW125 ROWG62 =T ROW187

G125 ROW125 ROW124 ROW187 | ROWS62

G126 ROW126 ROW127 -.| "ROW63 ROW188

G246 ROW246 ROWZ47 | -ROW123 ROW?248

G247 ROW247 ROWZ246 | ROW248 ROW123

G248 ROW?248 ROW249 ROW124 ROW?249

G249 ROW?249 ROW2z248 ROW?249 ROW124

See “Scan Mode Setting™ on next page.

TB:

Change scanning direction of gate driver.

This bit defines the scanning direction of the gate for flexible layout of signals in module either from up to
down (TB = 0) or from bottom to up (TB = 1).

The output pin assignment on different scan mode setting is shown in Figure 8-1.
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Figure 8-1: Output pin assignment on different Scan Mode Setting

SM =0 SM=1
GD ROWO ROWO
ROW1 ROW1
ROW2
ROW124
ROW125 ROW124
ROW126 T ROW125
ROW127 T ROW126
ROW127 |
ROW248 N .
ROW249 ROW249
i !
[ |
G GG GG GG G i c co GG cG G
1 11 22 11 0 35 5 9 42 0
22 4 4 22 | 44
57 98 6 4 | i 9 8
A
Pad1,2,3,... | Pad 1,2,3,...
Gold Bumps face up l Gold Bumps face up
GD ROWO ROWO
ROW1 | ROW1
L5\ I_j
ROW124 _{ I
ROW125 - ROW124
ROWL26 ROW125
POW127 ROW126
ROW127
ROW248 s
ROWZ4 9 ROW249
L|:#
[ [ - [
G G G G G G G G G GG G G GG G
1 1 1 22 11 0 1 35 22 42 0
2 2 4 4 22 4 4
5 7 9 8 6 4 9 8
Pad 1,2,3,... Pad 1,2,3,...
Gold Bumps face up Gold Bumps face up
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8.2

Gate Scan Start Position (OFh)

This command is to set Gate Start Position for determining the starting gate of display RAM by selecting a
value from 0 to 249 and each bit setting is described as follows:

R/W | DC | IB7 | IB6 | IB5 | IB4 | IB3 | IB2 | IB1 | IBO
W 1 |SCN7 [SCN6 |SCN5 |SCN4 [SCN3 |SCN2 |SCN1 [SCNO
POR 0 0 0 0 0 0 0 0

Figure 8-2 shows an example using this command of this command when MUX ratic= 250 and MUX ratio=
125 “ROW” means the graphic display data RAM row.

Figure 8-2: Example of Set Display Start Line with no Remapping

MUX ratio (01h) = F9h

MUX ratio (01h) =7Ch ]

MUX ratio (01h) = 7Ch

GATE Pin Gate Start Position (OFh) Gate Start Position (OFh) Gate Start Fosition (OFh)
= 000h = 000h L =046h

GO ROWO ROWO & N~ -

G1 ROW1 ROW1 NS -

G2 ROW2 ROW2 . -

G3 ROW3 ROW3 S -

G68 N -

G69 >7 N -

G70 N 1N ROW?70
G71 NNV ROW71
G123 ROW123 /N ROW123
G124 ROW124 . ROWI124
G125 ROW125 L____ —
G126 ROW126 e
G193 N ROW193
G194 A\ N ROW194
G195 -
G196 _ _jt_ -
G246 ROW246 - -
G247 ROW247 - -
G248 ROW?248 - -
G249 ROW249 - -

Display ~ — ) _
Example - : - :
) o ) L =
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8.3 Data Entry Mode Setting (11h)
This command has multiple configurations and each bit setting is described as follows:
RW | DC | IB7 | 1B6 | IB5 | IB4 | IB3 | I1B2 | IB1 | IBO
w 1 AM | ID1 | IDO
POR 0 0 0 0 0 0 0 0

ID[1:0]: The address counter is automatically incremented by 1, after data is written to the RAM when ID[1:0]
= “01”. The address counter is automatically decremented by 1, after data is written te the RAM when ID[1:0]
= “00". The setting of incrementing or decrementing of the address counter can be made-independently in
each upper and lower bit of the address. The direction of the address when data is written to-the RAM is set
by AM bits.

AM: Set the direction in which the address counter is updated automatically after data are writiein to the RAM.
When AM = “0”, the address counter is updated in the X direction. When AM =-%1", the adaress counter is
updated in the Y direction. When window addresses are selected, data are writtein to-the RAM area specified
by the window addresses in the manner specified with ID[1:0] and AM bits.

ID [1:0]="00" ID [1:0]="01" ID [1:0]="10" | ID [1:Q]="11”
X: decrement X: increment X: decrement Xiincrement
Y: decrement Y: decrement Y: increment Y- increment
00,00h 00,00h 00,00h O0,0(J_h
— —— — —_—
~ j
AM="0" \\'
X-mode — _— Pl L A 5 _—
12, Foh 12, Foh " 12, Fon 12, Foh
00,00h 00,00h | ~00,00n 00,00h
A
\ ) '\
AM="1" Q | " | l N
Y-mode x| ! AN
12, F9h 12, Foh || 12, F9h 12, Foh
The pixel sequence is defined by the ID [0],
ID[1:0]="00" N N ID[1:0]="01"
X: decrement X: increment
Y: decrement s Y: decrement
00,00h v 00,00h
<+ >
AM="0" g
X-mode /
//
) 43,2.1x 1,2,3,4 149, 150, x,
12, F9h 12, F9h
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8.4 Set RAM X - Address Start / End Position (44h)

R/W | DC | IB7 | IB6 | IB5 | IB4 | IB3 | IB2 | IB1 | IBO
W 1 XSA4| XSA3 | XSA2|XSAL |XSAO
POR 0 0 0 0 0 0 0 0
W | 1 XEA4 | XEA3 | XEA2 | XEAL | XEAOQ
POR 0 0 0 1 0 0 1 0

XSA[4:0]/XEA[4:0]: Specify the start/end positions of the window address in the X-direction by 8 times
address unit. Data is written to the RAM within the area determined by the addresses specified by XSA [4:0]
and XEA [4:0]. These addresses must be set before the RAM write.

It allows on XEA [4:0] < XSA [4:0]. The settings follow the condition on 00h < XSA [4:0], XEA [4:0] £,12h. The
windows is followed by the control setting of Data Entry Setting (R11h)

8.5 Set RAMY - Address Start / End Position (45h)

R/W | DC | IB7 | IB6 | IB5 | IB4 | IB3 | IB2 | IB1 | IBO

W 1 |YSA7|YSAG6|YSA5|YSA4|YSA3|YSA2|YSAL|YSAO

POR| O 0 0 0 0 0 0 0 0

W 1 |YEA7|YEAG6|YEAS5|YEA4|YEA3|YEA2|YEAL|YEAO

POR 1 1 1 1 1 0 0 1

YSA[7:0]/YEA[7:0]: Specify the start/end positions of the wingow address in the Y direction by an address
unit. Data is written to the RAM within the area determined by the addresses’specified by YSA [7:0] and YEA
[7:0]. These addresses must be set before the RAM write.

It allows YEA [7:0] < YSA [7:0]. The settings follow the condition on 00k < YSA [7:0], YEA [7:0] £ FOh. The
windows is followed by the control setting of Data Entry Setting-(Riih)

8.6 Set RAM Address Counter (4Eh-4Fh)

Reg#[ RW [ DC [ 187 | 1B6 | 1B5 | 1B4 | /B3 [“1B2 [ iB1 | IRO |
w| 1 XAD4 | XAD3 | XAD2 | XAD1 | XADO
4Eh . <o
POR 0 0 0 o [ o [0 o, o
4en W [ 1 [YAD7[YADS | YADS [ YAD4 | YAD3 [ YAD2 | YAD | YADO
POR 0 0 0 0o, 0] o | 0 0

XAD[4:0]: Make initial settings for the RAM X address’in the address counter (AC).
YAD[7:0]: Make initial settings for the RAM Y-address in the address counter (AC).

After RAM data is written, the address counter is automatically updated according to the settings with AM, ID
bits and setting for a new RAM! address is hot required in the address counter. Therefore, data is written
consecutively without setiing an address. The address counter is not automatically updated when data is read
out from the RAM. RAM address setting-cannot be made during the standby mode. The address setting
should be made within the area designated with window addresses which is controlled by the Data Entry
Setting (R11h) {AM, ID[1:Q]} ; RAM Address XStart / XEnd Position (R44h) and RAM Address Ystart /Yend
Position (R45h). Otherwise undesirable image will be displayed on the Panel.

SSD1673 | Rev 1.0 | P 37/50 Sep 2015 Solomon Systech



9 Typical Operating Sequence

9.1 Normal Display

Sequence|Action by] Command Action Description Remark
1 User - Power on (VCI supply);
2 User - HW Reset
User c12 Command: SW Reset
IC After HW reset, the IC will have AN
Registers load with POR value
Ready for command input BUSY =H
VCOM register loaded with OTP value
IC enter idle mode /N B
User - Wait until BUSY = L
3 - Send initial code to driver including setiirig? N\ —
User co1 Command: Driver Output Control
(MUX, Source gate scanning directicn)
User C3A Command: Set dummy line period N
User C 3B Command: Set Gate line width | N N\
User c3C Command: Border waveform central
4 - Data operations N
User c1u Command: Data Entry mode seiting \
User Cc44 Command: RAM X-address start /end position
User C 45 Command: RAM Y address start /end position
User C4E Command: RAM X address counter
User C4F Command: RAM Yiddress?)unter
User C24 Commarid: write RAM
Ram Conten: for Display
5 User C22 Command: Display Update Control 2
User C20 Command: Master Activation
IC - Booster and reguiators turn on
IC - Load LUT register with corresponding waveform setting stored in
omR) - BUSY =H
IC - Send output waveform according initial update option
IC - Send output waveform according to data
IC - Booster'and Regulators turn off
IC Back to idle mode
User - |[Wait until BUSY = L
6 User - N\ [IC power off;
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9.2

VCOM OTP Program

Sequence |Action by | Command Action Description Remark
1 User - Power on (VCI and VPP supply)
2 User - HW Reset
User C 12 Command: SW Reset BUSY =H
User - Wait until BUSY = L
3 User C 22 Command: Display Update Control 2 and
D 80 Master Activation BUSY =H
C 20 (Enable clock signal) N\
User - Wait until BUSY = L . N
4 User C 37 Proceed OTP sequence. OTP selection
Command: OTP selection Control register
(default or spare) N
5 User C 36 Command: Program OTP selection N\ BUSY =H
User - Wait until BUSY =L N N
User - Power OFF (VPP supply) AN\
6 - Send initial code to driver including setting of (crieave as POR)
User C 22 Command: Display Update Contiol 2
D 40 (Booster on and High voltage ready)
User co1 Command: Driver Output Contral
(MUX, Source gate scanning direction)- .
User C 03 Command: Gate Driving voltage Contro! VCOM sensing
User co4 Command: Source Driving voitgge—x’;ontrol should haye
SO N same setting
User C3A Command: Set durnmy. line period during
User C 3B Command: Set Gateiine width application
User C 32 Command: Write LUT register
VCOM sense required-full set of LUT for operation, USER
required writing LUT in-register 32h
- LUT parameter N\
User C 20 Commana:-Master Activation
Perform-the turnh oif analog operation BUSY =H
(assigried by R22h)/{Enable Analog blocks ]
User - Wait until BUSY = L
7 User C 29 Cornmand: VCOM Sense Duration
8 User C 28 ~|Command: VCOM sense
IC - VCOM pin in sensing mode
IC - All Source cell have VSS output
|AiF Gate scanning continuously BUSY = H
IC According to R29h
IC - Detect VCOM voltage and store in register
IC - Il Gate Stop Scanning.
User - Wait until BUSY =L
9 User C 22 Command: Display Update Control 2 and
D 02 Master Activation BUSY =H
C 20 (Booster and High voltage disable)
User - Wait until BUSY = L
User - Power On (VPP supply)
10 User C 2A Command: Program VCOM OTP BUSY =H
User - Wait until BUSY = L
11 User C 22 Command: Display Update Control 2 and
D01 Master Activation BUSY =H
C 20 (Disable clock signal)
User - Wait until BUSY = L
12 User - IC power off (VCI and VPP Supply)
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9.3 WS OTP Program

Sequence|Action by|Command [Action Description Remark
1 User - Power on (VCI supply)
2 User - Power on (VPP supply)
3 User - HW Reset
User c12 Command: SW Reset BUSY =H
User - Wait until BUSY =L
4 User C 22 Command: Display Update Control 2 and
D 80 Master Activation BUSY =H
C 20 (Enable clock signal) /
User - Wait BUSY =L
5 User c1u Command: Data Entry mode setting
D 03 Set Address automatic increment setting =
Xincrement and Y increment
Set Address counter update in X direction
6 User Cc44 Command: RAM X address start /end pasition
D 00
D12 Set RAM X address start /end from-SQ tc.S14S
7 User C 45 Command: RAM Y address stast/end positicn
D 00 Set RAM Y address start /end from-GO to G249
D F9
8 User C4E Command: RAM X address counter
D 00 Set RAM X address counter as 0
9 User C4F Command: RAM Y address counter
D 00 Set RAM Y address counter as 0
10 User C 37 Proceed OTP sequence. OTP selection
Command: OTP selection Centrol register
(default orspare) ~
11 User C36 Commarid: Program OTP selection BUSY=H
User - Wait BUSY = L
12 User C 24 Write coiresponding data into RAM
Following-specific fermat
Write/into- RAM
Full LUT
13 User C4E Cammand: RAM address start /end position
D 00 (Initial. kam address counter)
C4F
D00 !
14 User C 30 |Cornmand: Program WS OTP BUSY =H
{Waveform Setting OTP programming
User - IWait BUSY = L
15 User C 22 lCommand: Display Update Control 2 and
D01
Cc 20 Master Activation BUSY =H
(Disable clock signal)
User - Wait BUSY = L
16 User - Power off VPP and VCI
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10 ABSOLUTE MAXIMUM RATING

Table 10-1: Maximum Ratings

Symbol Parameter Rating Unit
Vel Logic supply voltage -0.5t0 +4.0 \%
ViN Logic Input voltage -0.5 1o Vopio+0.5. \%
Vour Logic Output voltage -0.51t0 Vopio+0.5. \%
Toprr Operation temperature range -40 to +85 N\ °C
Tstc Storage temperature range -65 to +150 . °C

Maximum ratings are those values beyond which damages to the device may occur. Furictionai-operation
should be restricted to the limits in the Electrical Characteristics tables or Piin/Descripticn/section

This device contains circuitry to protect the inputs against damage due te hign static voltages or electric fields;
however, it is advised that normal precautions be taken to avoid application of any voltage higher than
maximum rated voltages to this high impedance circuit. For proper operation itis recommended that Vci be
constrained to the range Vss < Vai. Reliability of operation is enhanced if unused input is connected to an
appropriate logic voltage level (e.g., either Vss or Vopio). Unused outputs must be left open. This device may
be light sensitive. Caution should be taken to avoid exposure of this device to any jight source during normal
operation. This device is not radiation protected.
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11 DC CHARACTERISTICS

The following specifications apply for: VSS=0V, VCI=3.0V, VDD=1.8V, Topr=25°C.
Table 11-1: DC Characteristics

Symbol Parameter Test Condition Applicable pin| Min Typ. Max. [Unit
Vss Ground 0 \%
Vel VCI operation voltage VCI 2.4 —3—3'0 3.7 \%
Vbb VDD operation voltage VDD 1.7 |18 1.9 \%
Vcom VCOM output voltage VCOM 3.0 i AN -0.2 \%
Veate Gate output voltage GO-24—9 20 +22 \%
Veatepp |Gate output peak to peak GO0-249 =T | 42 V
voltage
VsH Positive Source output S0-149 1 415 \%
voltage ‘
VsL Negative Source output 80-1—49 - -VSH \%
voltage N\ |
ViH High level input voltage VCI| = VDDIO 0.8Vopio \%
Vi Low level input voltage  |VCI = VDDIO AN 0.2Vooio| V
Vo High level output voltage |VCI = VDDIO 0.9Vobio Y,
IOH = -100uA . |
VoL Low level output voltage  |VCI = VDDIO 0.1Vobio| V
IOL = 100uA |
Vep OTP Program voltage A~ A\ | VPP 7.25 7.5 775 |V
Dislp_VCI |Deep sleep mode current |- DC/DC off VCI 2 5 uA
- No ¢elock,
- No output load
-/Ne-MCU interface
access
i« RAM data retain only
| and cannot access the
RAM
Islp_VCI |[Sleep mode current - DCIDC off VCI 35 50 UuA
- No’clock
="No output load
- MCU interface access
/|- RAM data access
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Symbol

Parameter

Test Condition

Applicable pin

Min.

Typ. Max. [Unit

lopr_VCI

Operating current

- DC/DC on

- VGH=22V

- VGL=-20V

- VSH=15V

- VSL=-15V
-VCOM = -2V

- No waveform
transitions.

- No loading.

- No RAM read/write
- No OTP read /write
- Osc on

- Bandgap on

VCI

2000 UA

VGH

Operating Mode

VsH

Output Voltage

Vcom

VsL

Vel

VCI=3.0V
DC/DC on
VGH=22V
VGL=-20V
VSH=15V
VSL=-15V
VCOM = -2V
No waveform
transitions.

No loading.
Osc on

Bandg_arl on

Table 11-2: Regulators Characteristics

VGH

21

22 23

VEH 145

15 15.5

YCGM

-2.5

VSL

-15.5

-15 -14.5

VGL

-21

N

N

[6)]
<|l<|<|<|<

-20 -19

Symbol

Parameter

TesTConditE

Applicable pin

Min.

Typ. Max. |Unit

IVGH

VGH current

VGH = 22V

VGH

300 uA

IVGL

VGL current

VGL = -20V

VGL

300 uA

IVSH

VSH current

VSH = +15V

VSH

750 uA

IVSL

VSL current

VSL = -15V

VSL

750 uA

IVCOM

VCOM current

VCOM = -2V

VCOM

100 uA
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12 AC CHARACTERISTICS

12.1 Oscillator frequency

The following specifications apply for: VSS=0V, VCI=3.0V, VDD=1.8V, Topr=25°C.
Table 12-1: Oscillator Frequency

Symbol |Parameter Test Condition Applicable pin| Min, | Typ. | Max. | Unit
Fosc Internal Oscillator VCl=2.4t0 3.7V CL 0.95 1 1.05 | MHz
frequency |
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12.2 Interface Timing

12.2.1 Serial Peripheral Interface
The Serial Peripheral Interface Timing Characteristics is shown in Table 12-2 and Figure 12-1:

Table 12-2 : Serial Peripheral Interface Timing Characteristics
(Vopio - Vss = 2.4V t0 3.7V, Torr = 25°C, CL.=20pF)

Symbol | Parameter Min | Typ | Max | Unit
teycle Clock Cycle Time 250 . - ns
tas Address Setup Time 150 - _!» = | ns
tan Address Hold Time 150 -] - ] .ns
tcss Chip Select Setup Time 120 - ol - |/ ns
tesh Chip Select Hold Time 760 | - < | _ns
tosw Write Data Setup Time 50 A\ /7 ns
toHw Write Data Hold Time A5 | - - ns
teLke Clock Low Time | 1200 ~J - ns
teLk Clock High Time | 100 - - ns
tr Rise Time [20% ~ 80%)] R 15 ns
tr Fall Time [20% ~ 80%] ~ [ 15 | ns

Figure 12-1: Serial peripheral interface characteristics

DICH ><
p’

tAS tAH

Uess | TesH /

|
foLkL Icy,de teikn
4 N
SCLK(D 0) / \
te K N\ 7 tr
|

DSW tDHW

SDIN(D 1) Valid Data

CS#

et N\ ya

SCLK(DO0)
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12.2.2 12C Interface
The 12C Interface Timing Characteristics is shown in Table 12-3 and Figure 12-2:

Table 12-3 :12C Interface Timing Characteristics
(Vopio - Vss = 2.4V to 3.7V, Topr = 25°C, C.=20pF)

ISymbo Parameter Min Typ Max_ | Unit
teycle Clock Cycle Time 2.5 - - T us
tustart | Start condition Hold Time 06 | - | us |
tHp Data Hold Time (for “TOUT1” pin) 0 - - s
Data Hold Time (for “D1” pin) 300 - ns
tsp Data Setup Time 100 - < ns
tsstarr | Start condition Setup Time (Only relevant for a| g | - _ us
repeated Start condition) N ‘
tsstop Stop condition Setup Time C.6 - - us
tr Rise Time for data and clock pin S - 300 ns
te Fall Time for data and clock pin - - 300 ns
tioLE Idle Time before a new transmission can start 13 - - us
Figure 12-2 : 12C interface Timing/characteristics
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13 APPLICATION CIRCUIT

Figure 13-1: Booster Connection Diagram
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Table 13-1:

Reference Component Value

Part Name Value Max Volt. Pins Connected MAX COG ITO
Rating resistance [in Ohm]
[In V]
CO 1uF 6 VCI, VDDIO, VSS 5
C1 1uF 6 VDD, VSS 30
Cc2 1uF 50 VGH 5
C3 1uF 50 Lland D2/D3 <[ NA
C4 1uF 50 PREVGL N\ 5
C5 1uF 25 VSH .5
C6 1uF 25 VGL RN 18
c7 1uF 25 VSL 5
C8 1uF 6 VCOM 5
L1 47uH NS
Q1 NMOS [Vishay: Si1304BDL] GDR, RESE _r_ 5
D1 Diode [OnSemi: MBR0530] VGH ] NA
D2 Diode [OnSemi: MBR0530] U NA
D3 Diode [OnSemi: MBR0530] PREVCGL, VSS NA
R1 2.2 Ohm . RESE 5
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14 PACKAGE INFORMATION
14.1 DIE TRAY DIMENSIONS

Figure 14-1: SSD1673Z d

ie tray information
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Solomon Systech reserves the right to rnake charges  without notice to any products herein. Solomon Systech makes no
warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does Solomon
Systech assume any liability arisiiig-cut of.the.application or use of any product or circuit, and specifically disclaims any, and
all, liability, including without limitation consequernitial-or/incidental damages. “Typical” parameters can and do vary in different
applications. All operating paremeters, including “T'ypical” must be validated for each customer application by the customer’s
technical experts. Solomon Systech does nat convey any license under its patent rights nor the rights of others. Solomon
Systech products are not designed, intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applicatiens-intended, to/support or sustain life, or for any other application in which the failure of the
Solomon Systech product could create a situation where personal injury or death may occur. Should Buyer purchase or use
Solomon Systech products for any such unintended or unauthorized application, Buyer shall indemnify and hold Solomon
Systech and its offices, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated
with such unintended or unauthorized use, even if such claim alleges that Solomon Systech was negligent regarding the
design or manufacture of the part.

@The product(s) listed in this datasheet comply with Directive 2011/65/EU of the European Parliament and of the council of 8 June
2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment and People’s Republic of China
Electronic Industry Standard SJ/T 11363-2006 “Requirements for concentration limits for certain hazardous substances in electronic

information products (BB 715 R m P BEBE =M RMREEK)’. Hazardous Substances test report is available upon request.

http://www.solomon-systech.com
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