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1. Over View

The display is a TFT active matrix electrophoretic display, with interface and a reference

system design. The 0.97” active area contains 184 X 88 pixels, and has 1-bit white/black full

display capabilities. An integrated circuit contains gate buffer, source buffer, interface, timing
control logic, oscillator, DC-DC, SRAM, LUT, VCOM, and border are supplied with each panel.

2.Features
® High contrast
® High reflectance
® Ultra wide viewing angle
® Ultra low power consumption
® Pure reflective mode
® Bi-stable
® Commercial temperature range
® [andscape, portrait mode
® Antiglare hard-coated front-surface
® [ow current deep sleep mode
® On chip display RAM
® Waveform stored in On-chip OTP
® Scrial peripheral interface available
® On-chip oscillator
® On-chip booster and regulator control for generating VCOM, Gate and source driving voltage
® [2C Signal Master Interface to read external temperature sensor
® Available in COG package IC thickness 280um

3. Mechanical Specifications

Parameter Specifications Unit Remark
Screen Size 0.97 Inch
Display Resolution B88(H) X 184(V) Pixel Dpi:210
Active Area 10.684(H) X 22.264(V) mm
Pixel Pitch 0.121X0.121 mm
Pixel Configuration Square
Outline Dimension 14.3(H)X30.15(V) X0.98(D) mm
Weight 1+0.5 g
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4. Mechanical Drawing of EPD module
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5. Input /Output Pin Assignment
5-1) Pin out List

Pin # Tape Single Description Remark
1 NC No connection and do not connect with other NC pins Keep Open
2 O GDR N-Channel MOSFET Gate Drive Control
3 O RESE Current Sense Input for the Control Loop
4 C VGL Negative Gate driving voltage
5 C VGH Positive Gate doving voltage
[ O TSCL I*C Interface to digital temperature sensor Clock pin
7 I'c TSDA I°C Interface to digital temperature sensor Date pin
8 I BSI Bus selection pin Note 5-3
9 8] BUSY Busy state output pin Mote 5-4
10 1 RES # Reset Mote 5-3
11 I Ve # Drata /Command control pin MNote 5-2
12 1 CS# Chip Select input pin Note 5-1
13 I'c 1] sertal clock pin (SPI)
14 I'c D1 serial data pin (SPI)
15 I VDDIO Power for nterface logic pins
16 1 VIl Power Supply pin for the chip
17 V58 Ground
18 C VDD Core logic power pin
19 C VFP Power Supply for OTP Programming
pli] C ViH Positive Source driving voltage
21 C PREVGH Power Supply pin for VGH and VSH
22 C V5L Negative Source driving voltage
23 C PREVGL Power Supply pin for VCOM, VGL and VSL
24 C VCOM VCOM driving veltage
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Note 5-1: This pin (CS#) is the chip select input connecting to the MCU. The chip is enabled
for MCU communication only when CS# is pulled Low.

Note 5-2: This pin (D/C#) is Data/Command control pin connecting to the MCU. When the
pin is pulled HIGH, the data will be interpreted as data. When the pin is pulled Low, the data will
be interpreted as command.

Note 5-3: This pin (RES#) is reset signal input. The Reset is active Low.

Note 5-4: This pin (BUSY) is Busy state output pin. When Busy is Low, the operation of
chip should not be interrupted and any commands should not be issued to the module. The driver
IC will put Busy pin Low when the driver IC is working such as:

- Outputting display waveform; or

- Programming with OTP

- Communicating with digital temperature sensor

Note 5-5: This pin (BS1) is for 3-line SPI or 4-line SPI selection. When itis “Low” , 4-line
SPIis selected. When it is “High”, 3-line SPI(9 bits SPI) is selected. Please refer to below Table.

Table: Bus interface selection

BSs1 MPU Interface

L 4-lines senal peripheral mterface (SPI)
H 3-lines serial peripheral interface (SPI) — 9 bits SPI
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6.Command Table
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LR

R N Y e e T e I e L | N T LT Y

[ R T

VDH Voltage VDH VDOH Voltage VDOH Vol
000000 24V | 001100 4BV | 011000 72v | 100100 DSV
000001 26V 001101 50V o100 74V 100101 9BV
000010 28V Do1110 52V 011010 75V 100110 100V
000011 30V 001111 54V 011011 TAV 100111 102V

| 000100 az2v 010000 56V 011100 B.OV 101000 10.4 ¥
000101 34V 010001 58V 01110 B.2v 101001 10.6
000110 36V 010010 | &0V | 011110 B4V | 101010 108V
000111 38V 010011 62V 011111 BEV 101011 1.0V
001000 40V 010100 G4V 100000 BBV (others) 1oV
001001 42V o1mm 66V 100001 2.0V
001010 44V 010110 6.8V 100010 32V
001011 4.6V 010111 70V 100011 94V

VOL[S:0]:  Internal VOL power selaction far BW plxel. (Default value: 100110k)

VDL Voltage VDL VDL Voltage VDL Vol
oooooo 24V 001100 4.8V 011000 T2V 100100 ECTA
000001 28V 001101 5.0V 011001 74V | 100101 QBV
DOOOTD | 28V | 001110 | 52V | 011010 | 76V | 100110 | -10.0V
000011 30V 001111 -S4y LANTEE -7AYV 1001141 102V
000100 32V 010000 56V a11100 B0V 101000 -10.4 V
000101 34V 010001 5.8V 011101 -B.2V 101001 106V
000110 | -3.6v | 010010 60V | 011110 84V | 101010 108V
000111 38V 010011 62V 011111 86V 101011 -11.0V
001000 4.0V 010100 6.4y 100000 BRV (olhers) 110V
001001 4.2V 01010 66V 100001 9.0V
001010 4.4V 010110 6.8V 100010 G2V
001011 4.6V 010111 1.0V 100011 94V

VDHR[5:0]: Internal VDHRA power selection for Red pikel. (Default value: 000011b)

VDHR Voltage VDHR Voltage VDHR Voltage VDHR Vaoltage
000000 24V 001100 48V 011000 72V 100100 9.6V
00000 26V 001101 5.0V 011007 74N 100107 98V
000010 28V | 0O1d0 | B2V 011010 76% | 100110 100V |

~ 000011 3oV o61111 54V 011011 7BV 100111 102V
000100 32V 10000 56V 017100 BOv 101000 104V
pooi0l | 34V | 010001 5V _ | 011101 _82v_ | 10i00d MEYV
oo0110 36V 010010 B0V 011110 B4V 101010 108V
000111 3BV 010011 6.2V 011111 BE W 101011 1.0V
001000 40V | 0000 | B4V 100000 | &8V | (others) 10V
001001 | 42V ol | BBV 100001 a0V e
001010 44V 010110 6.8Y 00010 a2V
001011 4.6V (A [ARN] 7oV 100011 94V
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1111 1111b: 255 frames
Bytes 7. 13,19, 25 31, 37,43
Times to Repaat
0000 0000b: O time

11171 1111b: 255 imes
Bytes 44;
All Gate ON (Each bit controls one state, ST_XON [0] for state-1, ST_XOM [1] for state-2 .....)
Qo000 p0000: no All-Gate-0ON
0000 pO01B: State-1 All-Gate-ON
0000 0011b: State-1 and State2 All-Gate-ON

Bytes 45:
VCOM High Veitage (Each bit cantrols one state, ST_CHV [0] for state-1, ST_CHV 1] for state-2 ..
0000 p0O0Ob: no VCOM-High-Voltage
0000 0001b: State-1 VCOM-High-Voltage
0000 001 1b: State-1 and Stale2 YCOM-High-Vollage
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1111 1111b: 255 frames
Bytes 7, 13, 19, 25, 31, 37, 43:
Times 10 Repeal
0000 CO00L: O time

1111 1111b; 255 times

(15) B2W LUT (LUTBW/LUTR) (R22H)
This command bulids Look-up Table for Black-Ta-White. Please refar to Wa2W LUT (LUTWW) far simiiar definition details
(16) W2B LUT (LUTWB /LUTW) (R23H)

This command bulids Look-up Table far White-to-Black. Please reler to W2W LUT (LUTWW] far simlilar detinition detalls.

(17) BZB LUT (LUTBB/LUTE) (R24H)
Thiz command bullds Look-up Table for Black-to-Black. Please refer to W2W LUT (LUTWW) for similar definitlon delalls.
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(Default)

0
11

Floating

[LOTBW (05 1)

DDX[1:0]: Data polallty,

DOX[1] for RED data, DDX(0] for BW dala in the BAW/Aed mode.
DOX[0] for BAW mode.
KEWR mode (KW/R=0)

DOX[1:0] | Data [Red, BW] | LUT DD¥[1:0] | Data (Red, BW] | LUT
00 Lutw 00 LUTR
ao 01 LuUTE 10 o1 LUTR
10 LUTR 10 | LUTW
11 LUTR 11 | LUTB
00 LUTB 00 LUTR
01 01 LUTW 11 01 LUTR
(Default) 10 LUTR 10 | LUTB
1] LUTR 11 | LUTW
KW meda (KW/R=1)
" DOX[0] | Data [New, Oid] | T
00 | LUTWW (0= 0)
0 01 [LUTBW (1 =0)
10 JLUTWB  (0>1)
11 |LUTBBE (1= 1)
00 |LUTBBE (0 =0)
1 01 LUTWE (1 = Q)
(Detault) 10 LUTBW (0= 1)
i 11 LUTWW (1=1)
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7. Electrical Characteristics
7-1) Absolute maximum rating

Parameter Symbal Rating Unit
Logic Supply Voltage Ve 0.3 o +6.0 WV
Logic Input Voltage Vi V3w VCI+24 v
Operating Temp. range Topr 0 to +50 T
Storage Temp. range Tem =25 1o +70 T
7-2) Panel DC Characteristics
The following specifications apply for: VSS =0V, VCI=3.3V, TA=25C
Parameter Symbaol Conditions Min Typ Max Unit
Single ground Vs - - 0 - v
Logie Supply Voltage VI - 23 33 i6 W
High level input voltage VIH Digital input pins 0.7Vl - VI v
Low level input voltage VIL Dugital iput pins 0 - 0.3VCT v
High level cutput voltage VOH Digital input pans , IOH= 400mA | VCI-0.4 - - v
Low level output voltage WVOL | Digital input pins | I0L= -400u4 0 - 0.4 v
Image update current Luppate - - 2 1 112"
Standby panel current Istandby - - - 5 A
Power panel {update) PrppaTe - - 7 15 mW
Stancdby power panel Perav - - - 0.0165 mW
Operaling lemperature - - 0 - 50 T
Storage temperature - - 225 - T0 L+
Image update Time at 25 C - - - 2.6 i Sec
DC/DC off
Deep sleep mode current Iver o clock - P 5 uA
Mo nput load
Ram data not retain
DC/DC off
Sleep mode current Ly e Flmk - 35 30 uA
No mput load
Ram data retain

- The Typical power consumption is measured with following pattern transition: from horizontal 2 gray scale pattern to vertical 2 gray

scale pattern.(WNote 7-1)

= The standby power 15 the consumed power when the panel controller 15 in standby mode,

= The hsted elecinical/optical charactenistics are only guaranteed under the controller & waveform provided by YES

- Veom is recommended to be set in the range of assigned value & 0.1V

MNote 7-1
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The Typical power consumption

7-3) Panel AC Characteristics

7-3-1) Oscillator frequency

The following specifications apply for : VS5 =0V, VCI =33V, T, = 2571

Parameter Syvmbaol Conditions Min Typ Max Unit

Internal Oscillator frequency Fosc VCI=2353 to 3.0V - 1.625 - MHz

7-3-23 MCU Interface
7-3-2-1) MCU Interface Selection
Inn this medule, there are 4=wire SPLand 3-wire SPI that can comummumcate with MCLU. The MCU mnterface mode can be set by hardware

selection on BS1 pims. When it is “Low™, 4=wire SPI 15 selected. When it 1s “High”, 3-wire SPI (9 bits 5PI) 15 selected.

Pin Name Data/Command Interface Control Signal
Bus interface D1 [ C5# DiCw RES#
SPI4 - SDIN SCLK C5# DV CH RES#
SPI3 ' SDIN SCLK C5# L | RES#

Table 7-1: MCU mrerface assignment under different bus interface mode
MNote 7-2: L is connected to VS5

MNote 7-3: H is connected to VI
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7-4) Power Consumption

Parameter Syvimbaol Conditions TYP Max Unit Remark
Panel power consumption during update - 257 7 15 mW -
Power consumption in standby mode - 257 - 0.0165 | mW -
7-5) Reference Circuit

Figure . 7-5 (1)
Figure . 7-5 (2)
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Figure . 7-5 (3)

Figure . 7-5 (4)
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8. Typical Operating Sequence
8-1) Normal Operation Flow

1. BWR mode & LUT form Register

Y

System Power

h 4

Reset the EPD driver IC

h 4

Booster soft start

h 4

Power setting

h 4

Power on

Y

Panel setting

Y

PLL control

A 4

Resolution setting

h 4

Load image data

Y

Display refresh

h

Border floating

h 4

Turn off

Y

Enter into deep

sleep mode
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2. BWE mode & LUT form OTP

® System Power

A J

Reset the EPD driver 1C

:

Booster soft start

:

Power on

:

Panel setting

h 4

Resolution setting

I

Load image data

'

Dsplay refresh

A 4

Border floating

h
Tumn off Enter into deep
sleep mode
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8-2) Reference Program Code

1. BWE mode & LUT from regster

System power

L J

Reset the EPD driver IC

4

Booster soft stan

SPL(0x06,0x17.0x17.0x17)

'

Power setting

SPL(0x01,0x03,0500,0520,052b,0509)

h J

Power on

SPL0x04)

L J

Check BUSY pin

BUSY=Low

¥ BLSY=Figh

Panel setting

SPI (000, 0xbf)

L J

PLL control

SPL{0x30.0x3a)

A J

Fesolution setting
SPL(0x61,0x58 0x00,0xbE)

L 4

VOM_DC setting
SPI{0x82.0x12)

L 4

Veom and data interval setting

SPI{0%50.0x87)

Wotel: Set border 1o floatng.

LUT

Data start transnmssion 1

SPI{0x 1)

I

Transpont old data

'

Dhata start transnnssion 2

SPL{0x13)

¥

Transport new data

Display refresh

SPI(0x12)

-
o

h

Check BUSY pin IUSY=Low
BUSY=High

4

Veom and data interval setting

SPI (0550, value) ™!

Power off

SPI(0x02)

r

Deep sleep
SPI(0x07,0xa5)
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2. BWR mode & LUT from OTP

System power
Data start transmussion 2
4 SPI(0x13)
Reset the EPD driver IC
¥
v Transport new data
Booster soft stant
r
SPI{0x060x17.0x17.0x17)
Dusplay refresh
v SPI(0x12)
Power on |.‘
SPL{0x04) et
] Check BUSY pin BUSY=Low
i e BUSY=Low BUSY=Hioh ¥
Check BUSY pin
Veom and data interval setting
BUSY=High ¢ SPI [I'J'}-;."\!'Jl.1.':!]L|1:j|'“"'"l
Panel setting
h
SPL{0x00.0x1f)
Power off
X SPL{0x02)
Resolution setming
¥
SPL0x61,0x%58,0m00,0xbE)
Deep sleep
i SPI{0x07.0xa5)
Veom and data interval setting
SPI{0x50.0x87)
r
Diata start transnussion |
SPL{0x10)
Transport old data
Notel: Set border to floating.
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9.Optical Specifications

9-1) Specifications
Measurements are made with that the illumination is under an angle of 45 degrees, the detection is
perpendicular unless otherwise specified.

T=25C

SYMBOL PARAMETER CONDITIONS MIN TYPE MAX UNIT Nole
) Mole
B Feflectance White 30 i5 - %y
9-1
Gm 4 Grev Level - - DE4(WE-DS) *n(m-1) - L* -
CR Contrast Katio incloor 4 - - -
. . Note
Panel’s life 0C-~50C 1000000 times or 5 years
9-2

WS: White state, DS: Dark state

Gray state from Dark to White : DS. WS

m: 2

Note 9-1: Luminance meter: Eye - One Pro Spectrophotometer.

Note 9-2: Panel life will not guaranteed when work in temperature below 0 degree or above 50 degree.
Each update interval time should be minimum at 180 seconds.

9-2) Definition of contrast ratio

The contrast ratio (CR) is the ratio between the reflectance in a full white area (R1) and the reflectance in
a dark area (Rd)() :
R1: white reflectance =~ Rd: dark reflectance = CR =RI1/Rd

splay

D1
7 |
“\
8

|
|
|
Ring light e

iDETEETGY:
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9-3) Reflection Ratio

The reflection ratio is expressed as:

R = Reflectance FACTOr qgievomad % (L couer ! Lot

i board)

L. copser 15 the Inminance measured at center in a white area (K= =B=1). L ,yee bozqa 15 the luminance of a standard white board. Both are

measured with equivalent illumuination source. The viewing angle shall be no more than 2 degrees.

Viewing
direction

D\ ‘
.I \
\ —
Y

12 o’ clock

/ direction 90°

i\

\
\
/N

3 o' clock

LI —
9 o clock
direction 180°

g %/

direction 0°

/

6 o' clock
direction

270° '
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10.

Handling, Safety and Environment Requirements

WARNING
The display glass may break when it 15 dropped or bumped on a hard surface. Handle with care.

Should the display break, do not touch the e¢lecmophoretic material. In case of comtact with electrophoretic material, wash with

water and S0P

CAUTION
The display module should not be exposed to harmfinl gases, such as acid and alkali gases, which corrode electronic components.

Disassembling the display module can cause permanent damage and mvahidate the warranty agreements.

Observe general precautions that are common to handling delicate electronic components. The glass can
break and front surfaces can easily be damaged. Moreover the display is sensitive to static electricity and
other rough environmental conditions.

Data sheet status

Product specification The data sheet contains final product specifications.
Limiting values
Limiting values given are in accordance with the Absolute Maximum Rating System (TEC 134).
Stress above one or more of the limiting values mav canse permanent damage to the device.
These are stress ratings only and operation of the device at these or any other conditions above those given in the Characteristics

sections of the specification 1s not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given , it is advisory and dose not form part of the specification.

Product Environmental cevtification

RoHS3
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11.Reliability test

TEST CONDITION METHOD REMARK
When the experimental cvcle finished, the EFD samples When experiment
will be taken ot from the Tigh fimshed, the EPD
| High-Temperam | T =507 RH=3%% | temperature envirommental chamber and set aside for a few | must meet elecineal
re Operation for 240 hrs minutes, As EFDs retwrn to room temperature, testers will and optical
observe the appearance, and test electneal and optical performance
performance based on standard # [EC 60 068-2-2Bp. standards.
When the experimental cycle finished, the EFD samples When experiment
will be taken out from the low fimshed, the EPD
. Low-Temperatu T=00C for 240 | temperature envirommental chamber and set aside for a few | must meet elecincal
- re Operation s minutes. As EPDs retum romm temperature. testers will and oprical
observe the appearance, and test electnical and oprical performance
performance based on standard # [EC 60 068-2-2Ah. standards.
'C When the experimental cycle finished, the EFD samples When experiment
T==70C.
will be taken out from the Tugh funshed, the EPD
FH=35%
High-Temperatu X temperature envirommental chamber and set aside for a few | must meet electnecal
3 for 240 lus ) ) )
re Storage minutes. As EPDs return to room temperature, testers will and oprical
Test in white ) )
observe the appearance, and test electnical and oprical performance
patterm
performance based on standard # [EC 60 068-2-2Bp. standards.
When the experimental evele finished, the EFD samples When experiment
T=-257TC will be taken ont from the low finished, the EPD
Low-Temperatu for 240 hrs temperature envirommental chamber and set aside for a few | must meet electncal
4
re Storage Test in white minuies. As EPDs return to room emperature, testers will and oprical
pattern observe the appearance, and test electnical and oprical performance
performance based on standard # TEC 60 068-2-2Ab standards.
Hig When the experimental cvele finished, the EFD samples When experiment
igh
will be taken our from the environmental chamber and sat finished, the EFD
Temperature, T=+407T, ) ) ) )
_ aside for a few punutes, As EPDs refum to room | must meet electncal
5 High- RH=80% _ _
o temperature, testers will observe the appearance, and test and optical
Humdaty For 240 lus ) )
) electrical and optical performance based on standard # IEC performance
Operanon
60 06E-2-3CA. standards.
) When the experimental cvele finished, the EFD samples )
High T=+6071, ) ) When experiment
will be taken our from the environmental chamber and sat
Temperature, RH=802% i X ) funshed, the EPD
) aside for a few munutes, As EPDs retum to room )
& Hizh- for 192 hrs minst meet electrical
o ) i temperature, festers will observe the appearance, and fest
Humidity Test in white ) ) performance
electrical and optical performance based on standard # [EC
Storage pattern standards.
60 068-2-3C A
[-257C 30mins]— | 1. Samples are put in the Temp & Homid, Environmental When experiment
Temperanre ) )
7 Cwd [+70°C, RH=35% Chamber. Temperature cvele starts with =25 T, storape finished, the EPD
vcle ) ) ) ) ) . .
30mins]. period 30 mimtes. After 30 minutes, it needs 30min to | must meet electrical
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100 cycles
Test in white

pattern

1

let temperature nse to 70T, After 30mumn. temperature
will be adjusted o 70T, RH=35%. and storage period
15 30 munutes. After 30 minutes, it needs 30min to let
temperature rise o =250, One temperature oyele
(2hirs) 15 complete,

Temperature cycle repeats 100 fimes,

When 100 cyeles finished. the samples will be taken
ont from expenment chamber and set aside a few
minutes, As EPDs retum to room temperatire, tests
will observe the appearance, and test electrical and
optical perfornmance based on standard # IEC &0
068-2-14NB.

and optical
performance

standards,

IV exposure 765 W' for 168
& Standard # IEC 60 068-2-5 Sa
Resistance hirs, 407
) Machine maoddel:
Electrostatic
o _ H-250W, Standard & TECG1000-4-2
discharze
014 200pF
104G Frequency .
10--500Hz
Package
10 o Direction : 3, Y.7 Full packed for shipment
Vibration )
Duration: L hours
i each direction
Dwop from height
of 122 cm oon
Concrete surface
Package Drop Drop sequence: 1
11 Full packed for shipment
Lmpact corner, Jedpes,

aface
Ome drop for

each.

Actnal EMC level to be measured on customer application.

Mote; (1) The protective film must be removed before temperanme test.

(2} In order to make sure the display moduale can provide the best display quality, the update should be made after putting the

displav module in stable temperature environment for 4 hours at 257,
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12. Point and line standard
Shipment Inspection Standard

Part-A: Active area

Part-B: Border area

Equipment: Electrical test fixture, Point gauge

Outline dimension:

L4 3(H) 30, 150V)=0.98(D)

Temperature Hunidiry | Mnminance Distance Time Angle
Environment 55t . 1200
234+2C 300 mm 15 Sec
5%RH 15300Lux
Mame Canses Spot size Part-A Part-B
BW spot in glass or D = 0.15mm lgnore
Spot proteciion sheet, 0.15mm << D = 0.25mm 2 lrmore
foreign mat. Pin hole 0.25mm == D 0
Scratch on glass or Length Width Part-A
Seratch on FPL or L =1.0mm W=0.1 mm Igmore
Scratch or line defect lgnore
Particle is Protection | 1.0mm<1= 2.5mm | 0.1 mm<W= 0.2mm 2
sheet. 25mm<L 0. 2mm < W 0
DL.D2 = 0.15mm lamore
Aar bubble Adr bubble 015 mm=D1.D2 = 0.2nun 2 Imoe
0.2um < D1, D2 0
Side Fragmemt
X=3mm. Y=05mm & display 1s ok, [more

Remarks: Spot define: That only can be seen under WS or DS defiects.

Any defect wluch 15 visible under gray pattemn or transition process but mvisible under black and wlute 1s disregarded,

Here is definition of the “Spot” and “Secratch or line defeet”.

Spot: W > 14L

Scratch or line defecr; W = 1/4L

Definmon for LW and D (major axis)

FPC bonding area pad doesn’t allowed visual inspection.

w

o ®1
—w | ®

Agerepate of small air

Big air bbbl

O Majox Major
= (ath}/2 D%) I avis D1 is D2
1} AXIN
L
Mote: AQL=10.4
13. Packaging
TBD
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