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1 GENERAL DESCRIPTION

SSD1680 is an Active Matrix EPD display driver with controller for Red/Black/White EPD displays.

It consists of 176 source outputs, 296 gate outputs, 1 VCOM and 1VBD (for border), which can support displays
with resolution up to 176x 296. In addition, SSD1680 has a cascade mode which provides two-chip solutions for
displays with higher resolution.

In the SSD1680, data and commands are sent from MCU through hardware selectable serial peripheral interface.
It has embedded booster, regulator and oscillator which is suitable for EPD display applications.

2 FEATURES

. Design for dot matrix type active matrix EPD display, support Red/Black/White color
. Resolution: 176 source outputs, 296 gate outputs, 1 VCOM and 1VBD (for border)
e Power supply:
. VCI:  2.2t0 3.7V
. VDDIO: Connect to VCI
. VDD: 1.8V, regulate from VCI supply
*  On chip display RAM
. Mono B/W: 176x296 bits
. Mono Red: 176x296 bits
e On-chip booster and regulator for generating VCOM, Gate and Source driving voltage
»  Gate driving output voltage: 2-level outputs (VGH, VGL), Max 40Vp-p
* VGH: 10V to 20V (Voltage adjustment step: 500mV)
 VGL: -VGH (Voltage adjustment step: 500mV)
*  Source / VBD driving output voltage: 4-levels outputs (VSH1, VSH2, VSS and VSL)
 VSH1/VSH2: 2.4V to 17V (Voltage adjustment step: 100mV for 2.4V to 8.8V, 200mV for 8.8V to
17V)
e« VSL:-5Vto-17V (Voltage adjustment step: 500mV)
e VCOM output voltage
« DCVCOM: -3V to -0.2V in 100mV resolution
e ACVCOM: 3-level outputs (VSH1+DCVCOM, DCVCOM, VSL+DCVCOM)
e On-chip oscillator, adjustable frame rate from 25Hz to 200Hz
. Programmable output Waveform Settings:
* Individual setting of 5 LUT [LUTO0~4]
- VS: 2-bit per 4 phases
e« Common setting of 5 LUT
- 48 phases (4 phases/group, 12 groups with repeat and state repeat function)
- TP: Max. 255 frame/phase
- RP: 1to 256 times for repeat count
- SR: 1 to 256 times for state repeat count; state repeat count for phase A,B and 1 state
repeat count for phase C,D
- FR: Selective Frame Rate for each group
- XON: All Gate On Selection for each phase A,B and phase C,D
. Embedded OTP to store the waveform settings and parameters:
» 36 sets of Waveform Settings (WS) including
- waveform look up table (LUT),
- Gate/Source voltage, VCOM value
- Option for LUT end
» 36 sets of Temperature Range (TR)
» Display mode selection
*  4-byte waveform version
* 10-byte User ID
 Embedded OTP to store the init code setting
» External or internal generated voltage for burning OTP
*  Built-in CRC checking method for RAM content and WS & TR in OTP
* Panel break diagnostic
* VCI low voltage detection
»  Driving voltage ready detection
e Support display partial update
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*  Auto write RAM command for regular patterns
* Internal Temperature Sensor of +/-2degC accuracy from -25degC to 50degC
» 12C single master interface to communicate with external temperature sensor
MCU interface: 4-wire or 3-wire Serial peripheral interface (maximum SPI write speed 20MHZz)
» Cascade mode to support displays with higher resolution
* Available in COG package

3 ORDERING INFORMATION

Table 3-1 : Ordering Information

Ordering Part Number Package Form Remark
Bump Face Up
. On Waffle pack
SSD16807 Gold Bump Die Die thickness: 300um
Bump height: 12um
Bump Face Down
. On Waffle pack
SSD1680Z8 Gold Bump Die Die thickness: 300um
Bump height: 12um
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Figure 4-1 : SSD1680 Block Diagram
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5 PIN DESCRIPTION

Key:
| = Input
O =Output
IO = Bi-directional (input/output)
P = Power pin
C = Capacitor Pin
NC = Not Connected
Table 5-1: Power Supply Pins
Name Type | Connect to Function Description Wizeﬂsgm
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 circuit.
VDDIO P | Power Power for Power input pin for the Interface. -
Supply interface logic |- Connect to VCI in the application circuit.
pins
VDD P | Capacitor | Regulator Core logic power pin -
output VDD can be regulated internally from VCI.
- For the single chip application, a capacitor
should be connected between VDD and VSS
under all circumstances.
- For the cascade mode application, a capacitor
should be connected between VDD and VSS in
the master chip under all circumstances. For the
slave chip, the capacitor is not necessary as
VDD will be supplied from the cascade master
chip externally.
VSS P |VSS GND Ground (Digital). -
VSSA P |VSS GND Ground (Analog) -
- Connect to VSS in the application circuit.
VSSBG P |VSS GND Ground (Reference) pin. -
- Connect to VSS in the application circuit.
VSSGS P |VSS GND Ground (Output) pin. -
- Connect to VSS in the application circuit.
VPP P | Power OTP power Power Supply for OTP Programming. Open
Supply
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Table 5-2: Interface Logic Pins

Name Type | Connect to Function Description Wirr]]elngm
SCL I MPU Data Bus This pin is serial clock pin for interface. -
Refer to MCU interface in Section 6.1.
SDA I/0 MPU Data Bus This pin is serial data pin for interface. -
Refer to MCU interface in Section 6.1.
CS# I MPU Logic Control | This pin is the chip select input connecting to the VDDIO or
MCU. Refer to MCU interface in Section 6.1. VSS
D/C# I MPU Logic Control | This pin is Data/Command control pin connecting VDDIO or
to the MCU. Refer to MCU interface in Section 6.1. VSS
RES# I MPU System Reset | This pin is reset signal input. -
Active Low.
BUSY @] MPU Device Busy This pin is Busy state output pin. Open
Signal When Busy is High, the operation of the chip
should not be interrupted, and command should
not be sent.
For example., The chip would output Busy pin as
High when
- Outputting display waveform; or
- Programming with OTP
- Communicating with digital temperature sensor
In the cascade mode, the BUSY pin of the slave
chip should be left open.
M/S# I VDDIO/VSS | Cascade This pin is Master and Slave selection pin. -
Mode - For the single chip application, the M/S# pin
Selection should be connected to VDDIO.
- In the cascade mode:
For Master Chip, the M/S# pin should be
connected to VDDIO.
For Slave Chip, the M/S# pin should be
connected to VSS. The oscillator, booster and
regulator circuits of the slave chip will be
disabled. The corresponding pins including CL,
VDD, VDDIO, VGH, VGL, VSH1, VSH2, VSL
and VCOM must be connected to the master
chip.
CL 1/0 NC Clock signal This pin is the clock signal pin. Open
- For the single chip application, the CL pin should
be left open.
- In the cascade mode, the CL pin of the slave
chip should be connected to the CL pin of the
master chip.
BS1 I VDDIO/VSS | MCU Interface | This pin is for selecting 3-wire or 4-wire SPI bus. -
Mode
Selection BS1 MCU Interface
L 4-wire SPI
H 3-wire SPI (9-hit SPI)
TSDA I/O | Temperature | Interface to This pin is I12C Interface to digital temperature Open
sensor SDA | Digital Temp. | sensor Data pin.
Sensor External pull up resistor is required when
connecting to 12C slave.
TSCL O | Temperature | Interface to This pin is I12C Interface to digital temperature Open
sensor SCL | Digital Temp. |sensor Clock pin.
Sensor External pull up resistor is required when
connecting to I°C slave.
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Table 5-3: Analog Pins

Name Type | Connect to Function Description Wi?]el:]sgm
GDR O |POWER VGH, VGL This pin is N-Channel MOSFET gate drive control -
MOSFET Generation pin.
Driver
Control
RESE I Booster This pin is Current sense input pin for the control -
Control Loop.
Input
VGH C | Stabilizing This pin is Positive Gate driving voltage. -
capacitor Connect a stabilizing capacitor between VGH and
VSS in the application circuit.
VGL C | Stabilizing This pin is Negative Gate driving voltage. -
capacitor Connect a stabilizing capacitor between VGL and
VSS in the application circuit.
VSH1 C | Stabilizing |VSH1, VSH2, | This pinis Positive Source driving voltage, VSH1 -
capacitor VSL Connect a stabilizing capacitor between VSH1 and
Generation VSS in the application circuit.
VSH2 C | Stabilizing This pin is Positive Source driving voltage, VSH2
capacitor Connect a stabilizing capacitor between VSH2 and
VSS in the application circuit.
VSL C | Stabilizing This pin is Negative Source driving voltage. -
capacitor Connect a stabilizing capacitor between VSL and
VSS in the application circuit.
VCOM C | Panel/ VCOM This pins is VCOM driving voltage -
Stabilizing | Generation Connect a stabilizing capacitor between VCOM
capacitor and VSS in the application circuit.
Table 5-4: Driver Output Pins
Name Type | Connect to Function Description Wirrllet:]sgm
S [175:0] O |Panel Source driving | Source output pin. Open
signal
G [295:0] O |Panel Gate driving Gate output pin. Open
signal
VBD O |Panel Border driving | Border output pin. Open
signal
Table 5-5: Miscellaneous Pins
Name Type | Connect to Function Description Wirr\]eSSZOt

NC NC NC Not Connected | This is dummy pin. It should not be connected with Open

other NC pins.

RSV NC NC Reserved This is a reserved pin and should be kept open. Open
TPA, TPB, NC NC Reserved for Reserved pins. Open
TPC, TPD, Testing - Keep open.

TPF, FB - Do not connect to other NC pins and test pins
including TPA, TPB, TPC, TPD, TPE, TPF, TIN
and FB.
TIN I NC Reserved for This is a reserved pin and should be kept open. Open
Testing
TPE (0] NC Reserved for This is a reserved pin and should be kept open. Open
Testing
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6 Functional Block Description

6.1 MCU Interface
6.1.1 MCU Interface selection

The SSD1680 can support 3-wire/4-wire serial peripheral. MCU interface is pin selectable by BS1
shown in Table 6-1.

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

Pin Name
MCU Interface BS1 RES# CS# D/C# SCL SDA
4—W|re serial peripheral L RES# Cs# DC# scL SDA
interface (SPI)
3-wire serial peripheral
interface (SPI) — 9 bits SPI H RES# CS# L SCL SDA

Note
@ L is connected to Vssand H is connected to Vppio

6.1.2 MCU Serial Interface (4-wire SPI)
The 4-wire SPI consists of serial clock SCL, serial data SDA, D/C# and CS#. The control pins status in
4-wire SPI in writing command/data is shown in Table 6-2 and the write procedure 4-wire SPI is shown

in Table 6-2
Table 6-2 : Control pins status of 4-wire SPI
Function SCL pin SDA pin D/C# pin CS# pin
Write command 1 Command bit L L
Write data 0 Data bit H L
Note:

(1) L is connected to VSS and H is connected to VDDIO

(2) 1 stands for rising edge of signal

(3) SDA (Write Mode) is shifted into an 8-bit shift register on every rising edge of SCL 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 written to the Graphic Display Data RAM (RAM)/Data Byte register or command Byte
register according to D/C# pin.

=7 r

% [ EEEEEEE0000

RE I Tk

Figure 6-1 : Write procedure in 4-wire SPI mode
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In the read operation (Command 0x1B, 0x27, 0x2D, Ox2E, Ox2F, 0x35). After CS# is pulled low, the
first byte sent is command byte, D/C# is pulled low. After command byte sent, the following byte(s)
read are data byte(s), so D/C# bit is then pulled high. An 8-bit data will be shifted out on every clock
falling edge. The serial data SDA bit shifting sequence is D7, D6, to DO bit. Figure 6-2 shows the read
procedure in 4-wire SPI.

-7 r

. 1/
Register Parameter

SDA D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do \ ”
(Write Mode) / )i
SDA
A —

Figure 6-2 : Read procedure in 4-wire SPI mode

6.1.3 MCU Serial Peripheral Interface (3-wire SPI)
The 3-wire SPI consists of serial clock SCL, serial data SDA and CS#. The operation is similar to 4-

wire SPI 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. Table 6-3 shows the write procedure in 3-wire SPI

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

Function SCL pin SDA pin D/C# pin CS# pin
Write command 1 Command bit Tie LOW L
Write data 1 Data bit Tie LOW L

Note:
(1) L isconnected to Vss and H is connected to Vppio
(2 1 stands for rising edge of signal

SDA
(Write
Mode)

Rupisiv Tarmmncr

Figure 6-3 : Write procedure in 3-wire SPI
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6.2

6.3

6.4

In the read operation (Register 0x1B, 0x27, 0x2D, 0x2E, O0x2F, 0x35). SDA data are transferred in the
unit of 9 bits. After CS# pull low, the first byte is command byte, the D/C# bit is as 0 and following with
the register byte. After command byte send, the following byte(s) are data byte(s), with D/C# bit is 1.
After D/C# bit sending from MCU, an 8-bit data will be shifted out on every clock falling edge. The serial
data SDA bit shifting sequence is D7, D6, to DO bit. Figure 6-4"r shows the read procedure in 3-wire SPI.

o) | 18

Register ! Parameter

SDA : U
o D €0 €9 €3 £ €3 €3 £ €) € e s
mode) : |
SDA : ‘
(Read ! 7
Mode) i

|

|

|

Figure 6-4 : Read procedure in 3-wire SPI mode

OSCILLATOR
The oscillator module generates the clock reference for waveform timing and analog operations.

BOOSTER & REGULATOR

A voltage generation system is included in the driver. It provides all necessary driving voltages required for an
AMEPD panel including VGH, VGL, VSH1, VSH2, VSL and VCOM. External application circuit is needed to make
the on-chip booster & regulator circuit work properly.

L1
Y\
— 3
VeI GDR —{C Q1
VDDIO RESE VGH & VGL
R1 D1 D2 ZsD3
0 l 1 i VDD ¥ Generator
'f 'f VSS VGH o
T
VGL L
C4
T
VSHI[ T L VSHI
T Generator
VSH2 = 6 VSH2
T Generator
VCOM L | vCcoM VSL 1 VSL
-
Generator 8 T T 7 Generator

VCOM SENSING

This functional block provides the scheme to select the optimal VCOM DC level. The sensed value can be
programmed into OTP.

The flow of VCOM sensing:

. Active Gate is scanning during the VCOM sense Period.

. Source are VSS.

. VCOM pin used for sensing.

. During Sensing period, BUSY is high.

. After Sensing, Active Gate return to non-select stage.
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6.5

RAM

The On chip display RAM is holding the image data.

1 set of RAM is built for Mono B/W. The RAM size is 176x296 bits.
1 set of RAM is built for Mono Red. The RAM size is 176x296 bits.

Table 6-4 : RAM bit and LUT mapping for 3-color display

Data bit in R RAM Data bit in B/W RAM Image Color LUT
0 0 Black LUT O for driving Black
0 1 White LUT 1 for driving White
1 0 Red LUT 2 for driving Red
1 1 Red LUT 3=LUT2

Table 6-5 : RAM bit and LUT mapping for black/white display

Data bitin R RAM | Data bit in B/W RAM Image Color LUT
0 0 Black LUT O for driving Black
0 1 White LUT 1 for driving White
1 0 Black LUT 2 = LUTO
1 1 White LUT 3=LUT1

6.6 Programmable Waveform for Gate, Source and VCOM

Source
Signal

Gate
Signal

{

SR:repeat times between two Sub Groups from 1 to 256
RP:repeat times for Group from 1 to 256
RP[1]

RP[0]
1 1
RS i N
1 1
:SR[OAB] SR[0CD] :SR[lAB] SR[1CD]
1 AN AN 1 A ~ A .
r phase0A phaseOB\/ phase0C phaseOD \{phaselA phaselB phaselC phaselD
I/—H—H 1 (_i_\
VSH1 :
1
VSH2 :
VSs :
VSL H
1
1 1
I I
1 1
VGH [ e [
1 1
I I
VGL 1 1

TP[0A] TP[0B] TPOC] TP[OD] TP[1A] TP[1B] TP[1C]

TP[1D]

RP[llK

1

|

1

| groupll

SR[11CD]

TP[11A] TP[11B] TP[11C] TP[11D]

XON[OAB] I XON[OCD] YON[IAB] |

XON[1CD]

YON[1IAB] | _ XON[LICD]

FR[O]

FR[1]

FR[11]

Option
for LUT
end

TP: time of phase length from 0 to 255* frames
Oindicates phase skipped

XON: All Gate On selection for each nAB or nCD.

FR: Frame frequency selection for each group.

EOPT: Option for LUT end

Figure 6-5 : Gate waveform and Programmable Source and VCOM waveform illustration

SSD1680

| Rev 0.14 | P 13/46 Jun 2019

Solomon Systech




In the programmable waveform for Source and VCOM, there are 12 groups (GroupO to Group11) and each group
has 4 phases (Phase A to Phase D) and 2 state repeats (Phase A and B, Phase C and D). Totally, there are 48

phases.

In addition, in each phase, the phase length (TP[nX]) can be set by number of frame from 0 to 255

frames. Also, each group can be repeated with repeat counting number (RP[n]) from 1 to 256 times; each AB /
CD phases can be repeated with state repeat counting number (SR[NAB]/SR[nCD]) from 1 to 256 times. For the
voltage, there is four levels for Source voltage (VSS, VSH1, VSH2, VSL) and three levels for VCOM voltage
(DCVCOM, VSH1+DCVCOM, VSL+DCVOM).

The description of each parameter is as follows.

1)

2)

TP[nX] represents the phase length set by the number of frame.

The range of TP[nX] is from 0 to 255.

n represents the Group number from 0 to 11; X represents the phase number from A to D.

When TP[nX] = 0, the phase is skipped. When TP[nX] = 1, the phase is 1 frame, and so on. The
maximum phase length is 255 frame.

RP[n] represents the repeat counting number for the Group.

The range of RP[n] is from 0 to 255.

n represents the Group number from 0 to 11.

RP[n] = 0 indicates that the repeat times =1, RP[n] = 1 indicates that the repeat times = 2, and so on.
The maximum repeat times is 256.

SR[nAB] and SR[nCD] represent the state repeat counting number for Phase A & B and Phase C & D
respectively.

The range of SR[nXY] is from 0 to 255.

n represents the Group number from 0 to 11.

SR[nXY] = 0 indicates that the repeat times =1, SR[nXY] = 1 indicates that the repeat times = 2, and so
on. The maximum repeat times is 256.

VS[nX-LUTm] represents Source and VCOM voltage level which is used in each phase. Table 6-6
shows the voltage settings for source voltage and VCOM voltage.

n represents the Group number from 0 to 11.

m represents the LUT number from 0-4.

Table 6-6 : VS[nX-LUTm] settings for Source voltage and VCOM voltage

VS[nX-LUTm] Source voltage VCOM voltage
00 VSS DCVCOM
01 VSH1 VSH1 + DCVCOM
10 VSL VSL + DCVCOM
11 VSH2 N/A

FR[n] indicates the frame rate of group n
The range of FR [n]is from 0 to 7.
n represents the Group number from 0 to 11.

XON[nAB] and XON[nCD], indicates the gate scan selection.

n represents the Group number from 0 to 11.

XONI[nXY] = 0 indicates Normal gate scan in Phase[nX] & Phase[nY].

XON[nXY] = 1 indicates All gate on, that Gate keeps High until the phase for normal gate scan, in
Phase[nX] & Phase[nY].

SSD1680

| Rev0.14 | P 14/46 Jun 2019 Solomon Systech



6.7 WAVEFORM SETTING

As described in Section 6.6, parameters VS[nX-LUTm], TP[nX], RP[n], SR[nXY], FR[n] and XON[nXY] are used
to define the driving waveform. In the SSD1680, there are 159 bytes in the waveform setting to store LUTO, LUT1,
The waveform LUT of a particular

LUT2, LUT3 and LUT4, gate voltage, source voltage and frame rate.
temperature range can be loaded from OTP or written by MCU.

. WS byte 0~152, the content of VS[nX-LUTm], TP[nX], RP[n], SR[nXY], FR[n] and XON[nXY] are defined

by Register 0x32
. WS byte 153, the content of Option for LUT end, is the parameter belonging to Register 0x3F.
. WS byte 154, the content of gate level, is the parameter defined by Register 0x03.
. WS byte 155~157, the content of source level, is the parameter defined by Register 0x04.
. WS byte 158, the content of VCOM level, is the parameter defined by Register 0x2C.

The SSD1680 waveform setting is shown in Figure 6-6 : Waveform Setting mapping

addr, D7 | ©6 | b5 [ b4 [ b3 | B2 [ bi_ [ D0
VS[0A-LO] VS[0B-LO] VS[0C-LO] VS[0D-LO] 81 TP[3A]
VS[1A-LO] VS[1B-L0] VS[1C-LO] VS[1D-L0] 82 TP[3B]
VS[2A-L0] VS[2B-L0] VS[2C-L0] VS[2D-L0] 83 SR[3AB]
VS[3A-LO] VS[3B-L0] VS[3C-LO] VS[3D-L0] 84 TP[3C]
VS[4A-LO] VS[4B-L0] VS[4C-LO] VS[4D-L0] 85 TP[3D]
VS[5A-L0] VS[5B-L0] VS[5C-LO] VS[5D-L0] 86 SR[3CD]
VS[6A-LO] VS[6B-L0] VS[6C-LO] VS[6D-L0] 87 RP[3]
VS[7A-LO] VS[7B-L0] VS[7C-LO] VS[7D-L0] 88 TP[4A]
VS[8A-LO] VS[8B-L0] VS[8C-LO] VS[8D-L0] 89 TP[4B]
VS[9A-LO] VS[9B-L0] VS[9C-LO] VS[9D-LO] 90 SR[4AB]
VS[10A-L0] VS[108-L0] VS[10C-L0] VS[10D-L0] o1 TPl4C]
VS[11A-L0] VS[11B-L0] VS[11C-L0] VS[11D-L0] 92 TP[4D]
VS[OA-L1] 0B-L1] VS[OC-L1] 0D-L1 93 SR[4CD]
13 VS[IALL] VS[1B-L1] VS[IC-L1] VS[1D-L1] o4 RP[4]
14 VS[2A-L1] VS[2B-L1 VS[2C-L1] VS[2D-L1 95 TP[5A]
15 VS[3A-L1] VS[3B-L1 VS[3C-L1] VS[3D-L1 96 TP[5B]
6 VS[AAL] VS[4B-L1] VS[AC-L] VS[ADL1 97 SR[5AB]
17 VS[5A-L1] VS[5B-L1] VS[5C-L1] VS[5D-L1] 98 TP[5C]
8 VS[6ALL] VS[6B-L1] VS[6CL] VS[6D-LT 99 TP[50]
19 VS[7A-L1] VS[7B-L1] VS[7C-L1] VS[7D-L1] 100 SR[5CD]
20 VS[BALL VS[8B-LL VS[8CLL VS[8DLL 101 RP[5]
21 VS[9A-L1] VS[9B-L1] VS[9C-L1] VS[9D-L1] 102 TP[6A]
22 VS[10A-LL VS[108-L1] VS[10C-L1 VS[10DL1] 103 TP[6B]
VS[1IA-LL] VS[11B-L1) VS[11C-L1] VS[11D-L1) 104 SRI6AB]
105 TP[6C]
106 TP[6D]
107 SRI6CD]
108 RP[6]
109 TPI7A]
110 TP[7B]
111 SRI7AB]
112 TP[7C]
113 TP[7D]
114 SRI7CD]
115 RP[7]
116 TP[8A]
VS[0A-L3] VS[0B-L3] VS[0C-L3] VS[0D-L3] 117 TP[8B]
VS[1A-L3] VS[1B-L3] VS[1C-L3] VS[1D-L3] 118 SR[BAB]
VS[2A-L3] VS[2B-L3] VS[2C-L3] VS[2D-L3] 119 TP[8C]
VS[3A-L3] VS[3B-L3] VS[3C-L3] VS[3D-L3] 120 TP[8D]
VS[AAL3] VS[4B-L3) VS[ACL3] VS[4D13 121 SR[8CD]
71 VS[AL3 VS[5B-L3 VS[ECL3 VS[EDL3 122 RP[8]
42 VS[6A-L3] VS[6B-L3] VS[6C-L3] VS[6D-L3] 123 TP[9A]
43 VS[7A-L3] VS[7B-L3] VS[7C-L3] VS[7D-L3] 124 TP[9B]
24 VS[EAL3 VS[8BL3 ISESE VS[BD-L3] 5 SRI9AB]
45 VS[9A-L3] VS[9B-L3] VS[9C-L3] VS[9D-L3] 126 TP[9C]
46 VS[10A-L VS[10B-L3] VS[10C-L VS[10D-L3] 127 TP[9D]
a7 VS[11A13] VS[11B8-13] VS[11c13] VS[11D-13] 128 SRISCD]
78 VS[0A LA VS[0BL4 VS[0C L4 VS[OD L4 129 RP[9]
49 VS[1A-L4] VS[1B-L4] VS[1C-L4] VS[1D-L4] 130 TP[10A]
50 VS[2A-L4] VS[2B-L4] VS[2C-L4] VS[2D-L4] 131 TP[10B]
51 VS[3A-L4] VS[3B-L4] VS[3C-L4] VS[3D-L4] 132 SR[10AB]
52 VS[4A-L4] VS[4B-L4] VS[4C-L4] VS[4D-L4] 133 TP[10C]
53 VS[5A-L4] VS[5B-L4] VS[5C-L4] VS[5D-L4] 134 TP[10D]
54 VS[6A-L4] VS[6B-L4] VS[6C-L4] VS[6D-L4] 135 SR[10CD]
55 VS[ALA VS[7BL4 VS[CL4 VS[7D L4 136 RPI10]
56 VS[8A-L4] VS[8B-L4] VS[8C-L4] VS[8D-L4] 137 TP[11A]
57 VS[9A-L4] VS[9B-L4] VS[9C-L4] VS[9D-L4] 138 TP[11B]
58 VS[10A-L VS[10B-L4 VS[10C-L VS[10D-L4 139 SR[11AB]
59 VS[LIALA] VS[11B-14] VS[IiCL4] VS[11D-L4] 140 TP[LIC]
60 TP[0A] 141 TP[11D]
61 TP[0B] 142 SRILICD]
62 SRIOAB] 143 RPI1L]
63 TPloc] 144 FRIO] FRI]
54 TP[0D] 145 FRZ) FRI3]
65 SRI0CD] 146 FRI4] FRI5]
66 RP[O] 147 FRI6] FRI7]
67 TPLIA] 148 FRIS] FRIS]
58 TP[18] 149 FRI10] FRILL]
69 SRILAB] 150__| XON[OAB] | XON[OCD] | XON[1AB] | XON[1CD] | XON[2AB] | XON[2CD] | XON[3AB] | XON[3CD]
70 TP[iC] 151 | XON[4AB] | XON[4CD] | XON[5AB] | XON[5CD] | XON[6AB] | XON[6CD] | XON[7AB] | XON[7CD]
71 TP[1D] 152 | XON[8AB] | XON[8CD] | XON[9AB] | XON[9CD] XON[lOABTIXON[lOCD] XON[LIAB][XON[11CD]
72 SR[1CD] 153 EOPT
73 RP[1] 154 VGH
74 TP[2A] 155 VSHL
75 TP[28] 156 VSH2
76 SRI2AB] 157 VSL
77 P[C] 158 VCOM
78 TP[2D]
79 SR[2CD]
80 RP[2]
Figure 6-6 : Waveform Setting mapping
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6.8 Temperature Searching

The SSD1680 has internal temperature sensor to detect the environment temperature or can communicate with
the external temperature sensor by I2C single master interface or can communicate with the external MCU to get
the temperature value through SPI. In the SSD1680, there is a dedicated format for the temperature value so

that the driver IC can understand it. The format of temperature value is described in Section 6.8.3.

6.8.1 Internal Temperature Sensor

The internal temperature sensor can be selected by command register. The accuracy of it is +2degC from -
25degC to 50degC.

6.8.2 External Temperature Sensor 12C Single Master Interface
The driver IC can communicate with the external temperature sensor through 12C single master interface (TSDA
and TSCL). TSDA will be SDA and TSCL will be SCL. TSDA and TSCL are required to connect with external pull-
up resistor. Temperature register value of external temperature sensor can be read by command register.

6.8.3 Format of temperature value
The temperature value is defined by 12-bit binary. The rules are shown as below.

» If the Temperature value MSByte bit D11 = 0, then
the temperature is positive and value (DegC) = + (Temperature value) / 16

e If the Temperature value MSByte bit D11 = 1, then

the temperature is negative and value (DegC) = - (2's complement of Temperature value) / 16

Table 6-7 shows some examples of 12-bit binary temperature value:

Table 6-7 : Example of 12-bit binary temperature settings for temperature ranges

12-bit binary Hexadecimal TR Value
(2's complement) Value [DegC]
011111111111 7FF 128
011111111111 7FF 127.9
0110 0100 0000 640 100
0101 0000 0000 500 80
0100 1011 0000 4B0 75
0011 0010 0000 320 50
0001 1001 0000 190 25
0000 0000 0100 004 0.25
0000 0000 0000 000 0
11111111 1100 FFC -0.25
11100111 0000 E70 -25
1100 1001 0000 C90 -55
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6.9 Waveform Setting searching mechanism

As mentioned in Section 6.7, the SSD1680 OTP can store waveform setting and temperature range. If waveform
setting and temperature range are programmed in OTP memory, corresponding waveform LUT can be selected
according to the sensed temperature to drive the display. The Waveform Setting searching mechanism by driver
IC is as follows.

1) Read temperature value by command register in the format of 12-bit binary.

2) According to read temperature and display mode selection, search LUT in OTP from TRO to TR35 in
sequence. The last match will be selected, then, the corresponding WS will be loaded in the LUT register
to drive the display.

Remark: Waveform LUT selection criteria is “Lower temperature bound < Sensed temperature < Upper
temperature bound”.

Table 6-8 shows an example for the waveform LUT searching from OTP:

« If the read temperature is 25degC, then, WS4 will be selected.

« If the read temperature is 34degC, then, WS7 will be selected. Although 34degC is also in the temperature
range TR6, according to searching mechanism, the last match should be selected. Therefore, WS7 is
selected.

Table 6-8 : Example of waveform settings selection based on temperature ranges.

Waveform Temperature | TR Lower Limit |TR Upper Limit Temperature range in OTP

LUT in OTP | Range in OTP [Hex] [Hex]
WSO TRO 800 050 -128 DegC < Temperature < 5 DegC
WS1 TR1 050 0AO0 5 DegC < Temperature < 10DegC
WS2 TR2 0AO OFO0 10 DegC < Temperature < 15DegC
WS3 TR3 OFO0 140 15 DegC < Temperature £ 20DegC
WS4 TR4 140 190 20 DegC < Temperature < 25DegC
WS5 TR5 190 1EO 25 DegC < Temperature < 30DegC
WS6 TR6 1EO 230 30 DegC < Temperature < 35DegC
WS7 TR7 210 TFF 33 DegC < Temperature £ 127.9DegC
Others Others 000 000
Precaution:

Please ensure the temperature range covers whole range of application temperatures, display will not be
updated if no suitable temperature range matches the sensed temperature.
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6.10 One Time Programmable (OTP) Memory
In the SSD1680, there is an embedded OTP memory which is designed to store the waveform settings of different
temperature range and some variables/parameters. The OTP memory can store 36 sets of waveform LUT settings
(WS), 36 sets of temperature range (TR), VCOM value, display mode selection, waveform version and user ID.
Figure 6 7 shows the address mapping of the 36 waveform setting (WSO to WS35) and temperature range (TRO to

TR35).
addr. D7 | D6 [ D5 D4 D3 | Db2 [ b1 | DO
0
. WSO
158
159
. ws1
317
318
. ws2
476
477
B ws3
635
636
. ws4
794
5406
. ws34
5564
5565
. WS35
5723
5724
5725 TRO
5726
5727
5728 TR1
5729
5730
5731 TR2
5732
5733
5734 TR3
5735
5736
5737 TR4
5738
5826
5827 TR34
5828
5829
5830 TR35
5831

Figure 6-7 : The Waveform setting mapping in OTP for waveform setting and temperature range

6.11 The Format for Temperature Range (TR)
The format of TR Lower limit and Upper limit as shown in Figure 6-8 which temp_L[11:0] is the lower limit and
temp_H[11:0] is the upper limit of the temperature range. There has 36sets of TR for waveform LUT searching.

D7 | b6 | b5 | b4 | D3 | D2 | DI | DO
temp L[7:0]
temp_HI[3:0] | temp L[11:8]
temp_ H[11:4]

Figure 6-8 : Format of Temperature Range (TR) in OTP
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6.12 Cascade Mode

SSD1680 has a cascade mode that can cascade 2 chips to achieve the display resolution up to 352 (sources) x 296
(gates). The pin M/S# is used to configure the chip. When M/S# is connected to VDDIO,