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1. General Description

1.1 Overview

The document introduces how to drive the 1.52” EPD with OTP LUT. This EPD use single
driver and that embedded T-con. The major control interface of the driver is SPI. The host
sends both the setting commands and the display image to driver through the SPI bus.

System SPI
Host ¢ EPD
(Mcu) Vci/Vooio FP I Panel

r _—_———————
EPD |
Boost |

| Circuit

|

1.2 Definition of operation mode

The section will define and clarify several update modes, their names are easy to confuse.

Normal update: it will perform the complete waveform for image update. The process
will go through the inverse, shaking and imaging phases. The mode will take more time,
but it will bring better image performance.

Fast update: the short waveform will be executed. COG compares the pixel data of the

current image and the new image pixel by pixel, and then only drives the transition pixels.
The mode can quickly complete the image update.
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1.3 Panel drawing
1.52-inch EPD
(1,1)Data direction, (200,1
Scan
direction
Pin 1
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1.4 EPD Driving Flow Chart

Doc. No.

The flowchart below provides an overview of the necessary actions to update the EPD.
The steps below refer to the detailed descriptions in the respective sections.

Get the temperature
from temp sensor

I

Make sure BUSY = Low

Power on Tcon
(COG)

b

I

Send update command
to COG

Input temperature
to COG

.

.

Make sure BUSY = Low

.

Send initial commands Turn-off
! :
Send image data
to COG End
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1.5 Overall Waveform

The diagram below provides a signal control overview during an EPD update cycle.

VDD
RES#
BUSY
SCLK_DO
SDIN_D1
Image Data Update
command
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1.6 SPI Timing Format

SPI commands are used to communicate between the MCU and the COG Driver. The SPI
format used differs from the standard in that two-way communications are not used.

When setting up the SPI timing, PDI recommends verify both the SPI command format
and SPI command timing in this section.

. SPI pin description:
SCLK_DO : Serial communication clock.
SDIN_D1 : Serial communication data input/output.

When send register index/data, the pin must be an output of MCU.
When read data, the pin must be an input of MCU.

D/C# : The pin is used to distinguish between register index and data.
L : Register index. H : Data.
CS# : Serial communication chip select.

. Below is a description of the SPI Format:
SPI(0xI, OxDo, OxD1, 0xD2, ...)
Where:

I is the Register Index and the length is 1 byte

Do~n is the Register Data. The Data length is variable by different
Register Index.
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SPI command signals and flowchart:

SCLK_DO | | JWJWWL

SDIN_D1
D/C#

Cs#

For example:

Register
Index

Register
Data #0

]
—

Register
Data #n

To send two SPI commands:
SPI((0x08,0x9D) and SPI(0x09, 0xDO)

SCLK_DO || | || || | |

SDIN_D1 ‘ 0x08 ‘ ‘ 0x9D ‘ ‘ 0x09 ‘ ‘ 0xDO ‘

I

Doc. No.

SPI(0xI,,0xD0~Dn)

D/C#=0

v

CS#=0

v

Register Index
(ox1)

v

D/C#=1

v

Send data

(0xD,)

Data send
Complete?

D/C# |
cs# 1 r CSt=1
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SPI read command signals and flowchart:

SPI(0xl,Read Data)

D/C#=0

Y

Cs#=0

v

Register Index
(Ox1)

v

D/C# =1

¥

Set SDIN_D1 to Hi-z

SCLK_DO=0

Data read
Complete?

SCLK_DO
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Register

SDIN_D1 Index

|

Data i)

. Jinm__

D/C#

CsH _I

—

Yes

L

—»  SCLK. D=0

v

SCLK_DO=1

v

Read bit
(MSB first)

Read a byte
Complete?

'

Csi=1

No
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*  SPI command timing
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CS#
Vi 7
| B fotom N
SCLK Jess o Tsovew | « Tesioy
) ‘TSH@ J—SLV‘L f \ / \ 4/_\_7[ \| Tsce
Ve
D/C# Tocs, o Toon )
) ) X
Y ]
SDIN ‘TSD§ TSDH>
/ Ve
2 D7 K D6 X D5 X: X DO X
h Ve
Write mode
VIR 7
CsS# Tenw
VIL y _ Jle ;\
dess e Tsorer <«
SCLK ]I JSHE ‘TSLR} Il \ / \ 4/_\_% \ Tsee
/ V4
TDCS' JocH N
Va h '\
D/C# :X K
L // b
<> Tace € Tace > leTon
SD z \
our —{ D7 :X D6 X D5 X Do )
ya 1
Read mode
SPI AC Characteristics
Item Symbol Min. Typ. Max Unit Remark
Chip Select Setup Time Tess 60 - - ns
Chip Select Hold Time Tesn 65 - - ns
Chip Select Setup Time Tscc 25 - - ns
Chip Select Setup Time Terw 100 - - ns
Serial Clock Cycle (Write) Tocvew 50 - - ns
SCLK “H” Pulse Width (Write) Tshw 25 - - ns
SCLK “L” Pulse Width (Write) Tsiw 25 - - ns
Serial Clock Cycle (Read) Tscven 400 - - ns
SCLK “H” Pulse Width (Read) Tsur 180 - - ns
SCLK “L” Pulse Width (Read)  Tsir 180 - - ns
DC Setup Time Tocs 40 - - ns
DC Hold Time Tocu 40 - - ns
Data Setup Time Tsps 30 - - ns
Data Hold Time Tson 30 - - ns
Access Time Tacc - - 100 ns
Output Disable Time Ton 15 - - ns
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2. Power on COG driver

This flowchart describes power sequence for driver chip.

2 No
Turn-on VCC / VDD
lDeIay 5ms Yes
Soft-reset
RES# =1 o
SPI(0x12)
lDeIay 5ms
RES#=0 BUSY = Low?
lDeIay 10ms
A 4
RES#=1 4
COG type error
Delay 20ms
Note:

1. Start: initial state the VCC/VDD, RES#, CS#, SDIN, SCLK = 0

2. In order to the inrush current will case other issue. It is recommended to add
soft-start when VCC/VDD is turned on. (as the circuit below)

Q
VCC/VDD input 2 3 VCC/VDD_ output

i

-

Control R

(@]

H-

3. This register does not have data, just need send the index.

4. This document does not apply to the EPD.
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3. Input initial command

Please send the initial command to EPD according to the flowchart.

Normal undate Fast undate

A 4 A 4
Input Temperature Input Temperature
SPI(Ox1A,TSSET) SPI(Ox1A,TSSET)
Panel Settings Border Settings
SPI(0x22,0xD7) SPI(0x3C,0xC0)

v

Panel Settings
SP1(0x22,0xDF)

End

Note:
1. Start: Follow the end of the power on sequence.

TSSET: is the temperature value and unit are degree of Celsius. The highest bit of the
data represents positive/negative in temperature.

If it's positive, the data = (temperature value)

If it's negative, the data = (2's complement of temperature value)

Example:
Temperature value data
25°C 0x19
-5°C 0xFB
-15°C OxF1

The operate temperature range for wide temperature EPD is different between Normal
and Fast update.

Normal update : 60°C ~ -15°C

Fast update : 50°C ~ 0°C

*¥**x The TSSET cannot be set outside of this range. ***
**x* Otherwise, the EPD will be update abnormal. ***
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4. Input image to the EPD

This section describes how to send the image data into the COG driver. EPD needs to
receive two frames image data each update but the image data definitions of "Normal”

update and “Fast” update are different. The two frames image data must be sent into EPD
from register of 0x24 and 0x26 respectively.

Normal undate Fast update

A A

Send New image data Send Old image data
SP1(0x24,DTM1) SP1(0x24,DTM1)
\ 4 \ 4
Send dummy data Send New image data
SP1(0x26,DTM2) SP1(0x26,DTM2)
End

Note:

1. Start: Follow the end of the initial command.
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5.1 DTM1, DTM2 Definition

DTM1 and DTM2 mean the image data of the first frame and the second frame,
respectively. Their definitions are different between “"Normal update” and “Fast update”.

DTM1:

For Normal update, it is the NEW image data that you want displaying next
moment.

For Fast update, it is the OLD image data that already displayed on the EPD.

DTM2:

For Normal update, it is dummy data. It just needs to be filled with the enough
amount of 0x00.

For Fast update, it is the NEW image data that you want displaying next moment.

Pixel
Data ‘ Color
1 Black
0 White
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5.2 Image data sending (DTM1, DTM2)
This section describes how to send the DTM1 and DTM2 data and how mapping to real

pixel. User needs to send enough image data into COG through both register 0x24(DTM1)
and 0x26(DTM2).

scii_po [ ANIIE — JOUUIUOUL_ MU A

Image data Image data Image data Image data
SDIN D1 0x24 byte 1 byte N*M 0x26 byte 1 byte N*M

D/C#
CS# —[ ’_[ r

-f}——First Frame————pp -}——Second Frame—————»

Note 1: n=(N*M)/8

The data of image frame, one bit represents 1 pixel. (e.g. the first byte represents
the 1st ~ 8th pixels of the first line, the second byte represents the 9th ~ 16th
pixels of the first line, ...... and so on).

Data Byte | D[7] | D[6] | D[5] | D[4] | D[3] | D[2] | D[1] | D[O]

Pixel | PIn] | P[n+1] | P[n+2] | P[n+3] | P[n+4] | P[n+5] | P[n+6] | Pn+7]

Image data input sequence :

(1,1) (2,1) (N, 1) Linel s (1,1)>(2,1)>...(N.1)>

(1,2) ———p

LineM e, >(N,M)

(LM) o (N, M),
g — Q A Frame Total : 1 xN x M
— — =N x M bits
= (N x M) / 8 Bytes
E EPD size N M  Total bytes/frame
1.52" 200 200 5,000
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5. Send updating command

Make sure BUSY = Low

A 4

Display Refresh
sPI(0x20)

P
<
4

BUSY = Low ?

Note:
1. Start: Follow the end of the input image sequence

2. This register does not have data, just need send the index
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6. Turn-off DC/DC

( Start*l )

Set RES# to floating

A 4

Clear CS#, SDIN and SCLK
to low level

A 4

Cut-off the Vcc/Vdd of
COG

End

Note:
1. Start: Follow the end of the send updating command sequence
2. Finished the all of the steps for update the EPD
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EPD Electrophoretic Display (e-Paper Display)

EPD Panel EPD

TCon Timing Controller

FPL Front Plane Laminate (e-Paper Film)

SPI Serial Peripheral Interface

COG Chip on Glass

PDI, PDi Pervasive Displays Incorporated
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