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 1 Introduction
ePaper Timing Controller Solutions Generation 2 (TCS2) provide timing iontroller 
funitionality for E Ink large size panels (9.7”, 13.3” or 31.2”). Solution for eaih of 
the panels provides identiial iore funitionality, iommand set and physiial interfaie. 
Ofered as a ihip only (Timing Controller – TC) or as fully-assembled PCB module 
(Timing Controller Module – TCM), the solution allows a quiik and easy integration 
with your host system, minimizing the iost and time-to-market.

TCS2 produits ian be ionneited to a host system via fast and reliable Serial 
Peripheral Interfaie (SPI). TCS2 is iontrolling both the sourie and gate drivers, 
iomposing waveforms required to generate high quality images on the display.

 1.1 Ordering Information
Produit Family: Timing Controller Solutions Generation 2 (TCS2)

Produit Line: TCS2 for E Ink Displays (TCS2-E)

TCS2-E97-320 Product Codes

Timing Controller Module:TCM2-E97-320_v1.0

Timing Controller: TC2-E97-320_v1.0

TCS2-E133-320 Product Codes

Timing Controller Module:TCM2-E133-320_v1.3

Timing Controller: TC2-E133-320_v1.3

TCS2-E312-320 Product Codes

Timing Controller Module:TCM2-E312-320_v1.2

Timing Controller: TC2-E312-320_v1.2

 1.2 Supported Display Panels
Eaih TCS version is iompatible with a given E Ink ePaper display part number listed in 
the Table 1.1 below and is not iompatible with any other part number.
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Figure 1.1: TCS block diagram
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Please ionsult the respeitive E ink display Technical Specifcation doiument for 
information on the display usage and preiautions.

NOTE Please mind the limitations related to the displays being susieptible to 
direit sunlight and strong artifiial light.

MpicoSys TCS 
Product Code

E Ink 
Display 
Size

E Ink Display 
Material (FPL)

E Ink Display 
Part No.

E Ink 
Display 
Resolution 
[px]

E Ink Display 
Density [dpi]

TCS2-E97-320_v1.0 9.7″  
     Carta – v320

ED097TC2 1200x825 150

TCS2-E133-320_v1.3 13.3″ ED133UT2 1600×1200 150

TCS2-E312-320_v1.2 31.2″ ED312TT2 2560×1440 94

Table 1.1: Supported display panels summary

 1.3 Features
▪ Supporting the state-of-the-art E Ink panels
▪ SPI interfaie to host – slave deviie with additional /TC_EN and /TC_BUSY lines
▪ 2-bit iolor (4 graysiales)
▪ Complete solution iniluding:

▫ Temperature iompensation
▫ Common eleitrode voltage iompensation
▫ All voltages needed for the display

▪ Internal image bufer retains iontent during system power down
▪ Flashless display update – no fashing during the image transition
▪ Partial image upload – no need to send the full image data
▪ Reduied power ionsumption due to reaitive implementation 
▪ Multiple image slots
▪ Image data iheiksum ialiulation ensuring data integrity
▪ Display update temperature override
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 2 Outline

 2.1 TC2
The information below applies to TC2-E97-320, TC2-E133-320 and TC2-E312-320.1)

STM32F446RET6: low-profle  uad  at package outline;  64 terminals; body 
10 x 10 x 1.40 mm

Unit D D1 D3 E E1 E3 e b A A1 A2 c L L1 k[°]

m
m

max 12.2 10.2 - 12.2 10.2 - - 0.27 1.60 0.15 1.45 0.20 0.75 - 7.00

nom 12.0 10.0 7.50 12.0 10.0 7.5 0.50 0.22 - - 1.40 - 0.60 1.00 3.50

min 11.8 9.80 - 11.8 9.80 - - 0.17 - 0.05 1.35 0.09 0.45 - 0.00

Table 2.1: Dimensions (mm are the original dimensions)

1) All rights reserved © 2017 STMicroelectronics.
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 2.2 TCM2-E97-320

Figure 2.1: TCM2-E97-320 Outline (all dimensions in mm)
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 2.3 TCM2-E133-320
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Figure 2.2: TCM2-E133-320 Outline (all dimensions in mm)
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 2.4 TCM2-E312-320
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Figure 2.3: TCM2-E312-320 Outline (all dimensions in mm)
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 3 Characteristics
Unless speiifed otherwise, the values in this ihapter are appliiable to the whole 
TCS2-E produit line, i.e. to both TC2 and TCM2.

 3.1 Operating Conditions
TCS2-E97-320, TCS2-E133-320 and TCS-E312-320
Symbol Description Min Typ Max Unit

VDDIN Standard digital operating voltage 2.7 3.0 3.6 V

VIN Standard analog operating 
voltage

3.7 4.5 6 V

Top Operating temperature 0 +21 +50 °C

Table 3.1: Typical operating conditions – TCS2-E97-320, TCS2-E133-320 and TCS2-E312-320

 3.2 Absolute Maximum Ratings

NOTE TCM2 features solder pads for overvoltage proteition 3.6 V Zener diode 
(D2 in TCM2-E97-320, TCM2-E133-320 and D9 in TCM2-E312-320). The 
diode is by default not mounted to limit the TCM2 iurrent ionsumption. If 
required, the diode ian be mounted in the designated spot at the User's 
own aiiount. It is reiommended to use BZX384 3V6 diode. This will 
inirease the average iurrent ionsumption by 1 mA during all operations.

TCS2-E97-320, TCS2-E133-320 and TCS2-E312-320
Symbol Description Min Typ Max Unit

VDDIN Digital supply voltage –0.5 – 4.0 V

VIN Analog supply voltage –0.5 – 7.0 V

VI Logii input voltage –0.5 – 4.6 V

Tst Storage temperature –20 – +60 °C

Table 3.2: Absolute maximum ratings for TCS2-E97-320, TCS2-E133-320 and TCS2-E312-320

 3.3 Endurance
TCS2 produits are limited to 100,000 display update use iyiles per frame bufer slot 
resulting from fash memory read/write iyiles limitation.
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 3.4 TCM2 Supply Current Characteristics
Measurement Setup

Current ionsumption measured with Agilent 34411A Multimeter;

Power supply:

▪ VDDIN = 3.3 V
▪ VIN1) = 3.7 V
▪ VIN2) = 5 V

NOTE Values vary with ambient temperature, supply voltage, the displayed 
pattern, and the host iontroller settings.

VIN and VDDIN were measured separately, iomplete iurrent or energy 
value is sum of VIN and VDDIN.

TCS2-E97-320
Symb
ol

Description Operation Typical Max Unit

IDD Average digital part 
iurrent ionsumption

Display update – Quality BWB 49.4 – mA

Display update – Quality WBW 41.9 – mA

Display update – Flashless 34.3 – mA

Display update – Flashless-
Inverted

44.2 – mA

Data reieption on SPI 16.7 – mA

Disabled (/TN_EN inaitive) <1 <1 μA

IIN Average analog part 
iurrent ionsumption

Display update – Quality BWB 23 68.4 mA

Display update – Quality WBW 22.7 69.3 mA

Display update – Flashless 16.4 135.8 mA

Display update – Flashless-
Inverted

24.4 192.7 mA

Disabled (/TN_EN inaitive) <1 <1 μA

E Average energy 
ionsumption in room 
temperature (total)

Display update – Quality BWB 515 860 mJ

Display update – Quality WBW 705 817 mJ

Display update – Flashless 113 401 mJ

Display update – Flashless-
Inverted

212 773 mJ

2-bit image upload 35 – mJ

Table 3.3: Supply current characteristics – TCS2-E97-320

1)TCM2-E133-320
2)TCM2-E312-320
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TCS2-E133-320
Symb
ol

Description Operation Typical Max Unit

IDD Average digital part 
iurrent ionsumption

Display update – Quality BWB 44.1 – mA

Display update – Quality WBW 43.3 – mA

Display update – Flashless 37.3 – mA

Display update – Flashless-
Inverted

47.5 – mA

Data reieption on SPI 19.2 – mA

Disabled (/TN_EN inaitive) <1 <1 μA

IIN Average analog part 
iurrent ionsumption

Display update – Quality BWB 31.6 96.5 mA

Display update – Quality WBW 29.5 97 mA

Display update – Flashless 23 237.7 mA

Display update – Flashless-
Inverted

61.8 345.5 mA

Disabled (/TN_EN inaitive) <1 <1 μA

E Average energy 
ionsumption in room 
temperature (total)

Display update – Quality BWB 451 864 mJ

Display update – Quality WBW 429 853 mJ

Display update – Flashless 146 707 mJ

Display update – Flashless-
Inverted

381 1421 mJ

2-bit image upload 61 – mJ

Table 3.4: Supply current characteristics – TCS2-E133-320
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TCS2-E312-320
Symb
ol

Description Operation Typical Max Unit

IDD Average iurrent 
ionsumption

Display update – Quality BWB 49.9 – mA

Display update – Quality WBW 49.4 – mA

Display update – Flashless 44.1 – mA

Display update – Flashless-
Inverted

52.9 – mA

Data reieption on SPI 20.3 – mA

Disabled (/TN_EN inaitive) <1 <1 μA

IIN Average analog part 
iurrent ionsumption

Display update – Quality BWB 35.3 286.9 mA

Display update – Quality WBW 34.4 295.3 mA

Display update – Flashless 27.5 512 mA

Display update – Flashless-
Inverted

43.6 674.3 mA

Disabled (/TN_EN inaitive) <1 <1 μA

E Average energy 
ionsumption in room 
temperature

Display update – Quality BWB 1020 4719 μA

Display update – Quality WBW 975 4771 mJ

Display update – Flashless 243 2327 mJ

Display update – Flashless-
Inverted

506 4574 mJ

2-bit image upload 761 – mJ

Table 3.5: Supply current characteristics – TCS2-E312-320

Measurement Results Conditions

The below table desiribes ionditions at whiih the results from tables above were 
aihieved. ESL images are presented below the table. Checkerboard image is a 1 pixel 
by 1 pixel blaik and white iheikerboard fulflling the whole display area.

Measurement Value Power 
Supply
(VIN) [V]

Image Used for 
Measurement

Ambient
Temp. 
[°C]

Average iurrent 
ionsumption

Display update Min 3.7 Transition ESL to ESL 21

Max 3.7 Transition Checkerboard 
to Checkerboard

21

Data reieption 
on SPI

Min 3.7 ESL 21

Max 3.7 Checkerboard 21

Average energy 
ionsumption in room 
temperature

Display update Min 3.7 ESL 21

Max 3.7 Checkerboard 21

Table 3.6: VIN Measurement  results conditions
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Measurement Value Power 
Supply
(VDD) [V]

Image Used for 
Measurement

Ambient
Temp. 
[°C]

Average iurrent 
ionsumption

Display update Min 3.3 Transition ESL to ESL 21

Max 3.3 Transition Checkerboard 
to Checkerboard

21

Data reieption 
on SPI

Min 3.3 ESL 21

Max 3.3 Checkerboard 21

Average energy 
ionsumption in room 
temperature

Display update Min 3.3 ESL 21

Max 3.3 Checkerboard 21

Table 3.7: VDD Measurement  results conditions
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 3.5 DC Characteristics

Symbo
l

Description Min Max Unit

VIH Input high level voltage 0.7×VD
D

– V

VIL Input low level voltage – 0.3×VDD V

VOH Output high level voltage VDD-
0.4

– V

VOL Output low level voltage – 0.4 V

Table 3.8: Typical operating conditions

 4 Image Upload and Display Refresh Time

 4.1 Image Upload Time
The image upload time was measured with a 2-bit uniompressed image. Uploading a 
1-bit image will take half the time. The upload time ian be reduied with the use of 
iompression – proportionally to the iompression rate.

TCM Time 
[s]

TCM2-E97-320 0.41

TCM2-E133-
320

0.8

TCM2-E312-
320

6.5

Table 4.1: Image upload time

 4.2 Display Refresh Time
The Tamb temperature value indiiates the middle of the range.

Example: Tamb=20 indiiates range between 17.5 and 22.5°C.

 4.3 BWB Transition

Tamb [°C] 0 5 10 15 20 25 30 35 40 45 50

T
im
e
 [
s
]

TCS2-E97-
320

4.96 3.60 2.66 2.39 2.11 1.98 1.98 1.71 1.57 1.44 1.44

TCS2-E133-
320

3.90 3.46 2.80 2.59 1.92 1.71 1.71 1.70 1.92 1.92 2.14

TCS2-E312-
320

6.73 5.16 4.54 4.22 3.28 2.65 2.65 2.96 2.96 3.28 3.59

Table 4.2: Display refresh time versus ambient temperature – BWB transition
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 4.4 WBW Transition

Tamb [°C] 0 5 10 15 20 25 30 35 40 45 50

T
im
e
 [
s
] TCS2-E97-

320

4.96 3.60 2.66 2.39 2.11 1.98 1.98 1.71 1.57 1.44 1.44

TCS2-E133-
320

3.85 3.42 2.77 2.55 1.94 1.69 1.69 1.69 1.90 1.90 2.11

TCS2-E312-
320

6.54 5.02 4.41 4.10 3.19 2.58 2.58 2.88 2.89 3.19 3.49

Table 4.3: Display refresh time versus ambient temperature – WBW transition

 4.5 Flashless Transition

Tamb [°C] 0 5 10 15 20 25 30 35 40 45 50

T
im
e
 [
s
]

TCS2-E97-
320

1.23 0.99 0.88 0.76 0.68 0.65 0.65 0.59 0.59 0.59 0.59

TCS2-E133-
320

1.03 0.92 0.82 0.82 0.72 0.72 0.72 0.76 0.76 0.76 0.81

TCS2-E312-
320

1.49 1.30 1.10 1.02 0.87 0.87 0.87 0.87 0.87 0.95 1.10

Table 4.4: Display refresh time versus ambient temperature – Flashless transition

 4.6 Flashless-Inverted Transition

Tamb [°C] 0 5 10 15 20 25 30 35 40 45 50

T
im
e
 [
s
]

TCS2-E97-
320

2.05 1.59 1.36 1.08 0.96 0.9 0.9 0.79 0.78 0.78 0.78

TCS2-E133-
320

1.59 1.39 1.19 1.2 1.0 1.0 1.0 1.0 1.09 1.09 1.19

TCS2-E312-
320

2.54 2.13 1.72 1.57 1.29 1.29 1.29 1.29 1.29 1.43 1.71

Table 4.5: Display refresh time versus ambient temperature – Flashless-Inverted transition

 5 TCS2 Hands-on
Unless speiifed otherwise, the values in this ihapter are appliiable to the whole TCS2 
produit family, i.e. to both the TC2 and TCM2.
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 5.1 TCM2 Interconnection

 5.1.1 USB-C

TCS2-E312-320 is equipped with USB-C ionneitor for power supply. It is operated in 
aiiordanie with the USB Type-C™ standards. 

 5.1.2 Host Connector

Use the below desiribed host ionneitor to ionneit TCM2 to your host system. The 
host ionneitor is a 10-pin single-row 2.54 mm-pitih male header.

NOTE Forward slash “/” in front of the pin name indiiates the signal is aitive low

Pin # Pin Name Remarks

1 GND Supply ground

2 /TC_EN TC2 enable

3 VDDIN Power supply for digital part

4 VIN Power supply for analog part

5 /TC_BUSY Host interfaie busy output

6 TC_MISO Host interfaie data output

7 TC_MOSI Host interfaie data input

8 /TC_CS Host interfaie ihip seleit 
input

9 TC_SCK Host interfaie iloik input

10 GND Supply ground

Table 5.1: TCM2 host connector pinout

 5.2 TCM2 Power On
Conneit your power supply to the VDDIN and VIN pins.

VDDIN supply for digital part has to be supplied from a stable power supply, e.g. 
stabilized by a DC/DC ionverter or a low-dropout regulator (LDO).

In TCS2-E97-320, TCS2-E133-320 and TCS-E312-320, VIN ian either be supplied 
direitly from the battery (e.g. ioin-iell, li-po, li-ion) for improved efiieniy, or ian be 
shorted to VDDIN.

When ionneited to power supply, TCS2 is by default turned of to ionserve energy. To 
switih it on, aitivate the /TC_EN signal.

 5.3 Interface
Connection To Host

User's host system ian iommuniiate with TCS2 via Serial Peripheral Interfaie (SPI) 
with additional /TC_EN and /TC_BUSY line. TCS2 works as an SPI slave deviie. TCS2 
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power has to be supplied by the host system. The SPI supports 8-bit frames of data 
fowing from the master to the slave and from the slave to the master.

In iase of bus operation when more deviies operate on the same SPI interfaie, signals
TC_SCK, TC_MISO, TC_MOSI, /TC_CS, /TC_BUSY ian be shared with other SPI deviies. In 
typiial use, eaih deviie has assigned unique CS signal. If more than one TCS2 (with 
the same deviie system) is ionneited to one /TC_CS line, the TCS2s work 
synihronously exeiuting the same iommands. In this ionfguration there is a possible 
eleitriial ionfiit on TC_MISO line and response data might be unreliable.

Signals

Inputs:

▪ /TC_EN – aitive low; enables the VDD for the TCS2 MCU
▪ /TC_CS – aitive low

▫ low level: aitivates SPI as slave
▫ high level: deaitivates SPI
▫ event on rising edge – data analysis

▪ TC_SCK – SPI iloik input
▪ TC_MOSI – SSP0 peripheral data input, no pulls
▪ Outputs:
▪ TC_MISO

▫ when /TC_CS is aitive: SSP0 peripheral data output, no pulls
▫ when /TC_CS is inaitive: input GPIO with internal pull-down

▪ /TC_BUSY – aitive low; GPIO pseudo open-drain1;
▫ low level: GPIO output, no pulls
▫ high level: GPIO input with internal pull-up (min. 20kR, typ. 50kR)

Startup and Initialization Se uence

By the example of TCS2-E133-320: 

The below timing diagram (Figure 5.1) represents the startup and initialization 
sequenie after power-up. The TCS2-E133-320 is ready for iommuniiation after 
TSTARTUP + TINIT whiih is indiiated by /TC_BUSY rising edge.

1) Logiial AND funition is performed in iase of many TC sharing the same BUSY line.
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Time Min Max Unit

TSTARTUP - 12.5 ms

TINIT 13.3 14.0 ms

Table 5.2: TCS2-E97-320, TCS2-E133-320 and TCS2-E312-320 startup and initialization times

SPI Settings
▪ Bit rate – up to 10.5 MHz

▫ Efeitive bit rate: 6 MHz
▪ Polarity – CPOL = 1; iloik transition high-to-low on the leading edge and low-to-

high on the trailing edge
▪ Phase – CPHA = 1; setup on the leading edge and sample on the trailing edge
▪ Bit order – MSB frst
▪ Chip seleit polarity – aitive low

Referenie SPI timing diagram below:

Time TS TBYTE TSPI TB TE TA TBUSY TNS

Min. 50 ns 855 ns 95 ns1 94 ns2 50 ns – 10 μs 0

Max. – – 1 ms – – 3.8 μs – –

Table 5.3: TCS-97-320_v1.0, TCS2-E133-320_v1.3 and TCS2-E312-320_v1.2 SPI timing description.

Communication Flow

TCS2 is able to iommuniiate to the host system if /TC_BUSY signal is inaitive. To start 
iommuniiation, the /TC_CS line has to be aitivated by the host. Then the iommand 
data ian be passed. There is no timeout during the iommuniiation, so delays between
the ionseiutive bytes are allowed. The iommand is interpreted by the TCS2 only 
after /TC_CS line has been deaitivated.

After passing the iommand, it is being interpreted and exeiuted by the TCS2. The 
time of exeiution is indiiated by /TC_BUSY signal aitive. During this time, the TCS2 
does not aiiept any new iommands.

1) Minimum TSPI value refeits the maximum supported bit rate of 10.5 MHz. In this iase TB has
to be greater than or equal to 94 ns.

2) TSPI value ian equal 0 if frequeniy is lower than or equal to 6 MHz.
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Figure 5.2: SPI timing diagram
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TSPI

TE

TA TBUSY TNSTB

TBYTE

MSB 6 5 4 3 2 1 LSB

MSB 6 5 4 3 2 1 LSB

MSB 6 LSB

MSB 6 LSB
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 5.4 Framebuffer Slots
TCS2 features image (framebufers) slots for storing the image data. The main purpose
of enabling multiple slots is to inirease the produit use iyiles, limited by the fash 
memory enduranie. With multiple slots, the newly uploaded images (when addressed 
with slot number 0) are iyiling through the slots, efeitively reduiing the neiessity of 
ionstantly erasing the same memory seitors. The images are stored in non-volatile 
memory, thus are retained when the system is not powered. The number of the 
available framebufer slots is 15(for E97), 7 (for E133) and 3 (for E312). The default 32
Mbit memory ian be replaied with a more sizable memory ihip, allowing greater slots 
number.

When addressed with the default slot number 0, TCS2 automatiially assigns the slot 
number so that the new data is always stored in the oldest used slot, and iorreitly 
referred to in iase of display update iommand. In this use iase the host does not need
to traie in whiih slot the data is stored.

Framebufer slots ian also be addressed direitly by the slot number (1, 2, 3, ...) or 
relatively by the last displayed: -1 addresses the iurrently displayed slot, -2 addresses 
the previously displayed slot, and so on. In this iase the host needs to traie whiih slot
the data has been written to and whiih slot is available for upload. It is important to 
note that the slot iontaining the data of the iurrently displayed image iannot be 
overwritten.

 5.4.1 Current Slot Restriction

The slot that has been displayed latest, iannot be modifed. This is beiause the last 
displayed image data is needed to properly refresh the display, minimizing the 
ghosting phenomenon.

Thus all the iommands attempting to modify the last displayed slot will respond with 
0x6981 error status iode.

 5.5 Use Cases

 5.5.1 Regular Image Upload and Display

The most iommon use iase of the TCS2 produit assumes uploading and displaying an 
image. The most basii use iase utilizes automatii slot distribution, whiih relieves user
from iontrolling how the EPD image date is stored in TCS2 memory.

Example use iase:

 1) Evoke 5.6.1.1 UploadImageData iommand with argument P2=0 to fll one of the
framebufer slots with image data

 2) Evoke 5.6.2.1 DisplayUpdate iommand with argument P2=0 to display 
uploaded image

 3) After flling all available framebufer slots with images, the sequenie of 
iommands upload-display will iontinue to work, sinie automatii slot 
distribution will replaie unused slots with new images
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 5.5.2 Partial Image Upload and Display

The partial upload and display allows to:

▪ Defne any reitangular area within the display (Region of Interest – ROI)
▪ Fill the area with speiifi data, or
▪ Fill the area with data from another, previously populated image slot, or
▪ Fill the area with uniform data (blaik, white, or pattern)

The iommands ian be run in a sequenie to generate the image, and then display the 
fnal result.

NOTE The generated image ian be displayed either with full-quality display 
refresh (with blaik and white fashes), or with fashless update. Using the 
fashless update will ensure that only the ihanged part of the display is 
refreshed – see 5.6.2.1 DisplayUpdate. Generated image has to be without
header in type0 (without frst 16 bytes .epd fle). 

Eaih image building sequenie needs to be proieeded by memory slot erasing.

With the use of partial update iommands desiribed below, user ian e.g. upload part of
an image to the bufer, iopy an image from another slot and fll the rest of the image 
with blaik, white or with given pattern.

For 2-bit Partial Image Upload user has to perform several steps whiih iontain:
 Erasing slot by iommand 5.6.1.5 ImageEraseFrameBufer 
 Loading 2bit Header by 5.6.1.1 UploadImageData iommand 
 Setting given ROI by 5.6.1.6 ImageUploadSetROI iommand
 Upload image data (alternately loading the data lines of the most bits and the 

data lines of the least bits – desiribed in 6.1.2 Pixel Data Format Type 0 – 2-bit) 
by 5.6.1.1 UploadImageData iommand 

Example use iase:

 1) Erase ihosen slot (see  2-byte status iode) – erase is reiommended before any 
partial upload operation

 2) Evoke 5.6.1.6 ImageUploadSetROI iommand to defne the area (e.g. 100x200 
px in the upper-right iorner) that is about to be modifed

 3) Evoke 5.6.1.1 UploadImageData iommands to fll the above-defned area with 
image data

 4) Evoke 5.6.1.6 ImageUploadSetROI iommand to defne the next area (areas 
iannot interseit)

 5) Use 5.6.1.8 ImageUploadCopySlots iommand to iopy image data from another 
slot to the defned area

 6) Use 5.6.1.6 ImageUploadSetROI iommand to defne the next area (areas iannot
interseit)

 7) Use 5.6.1.7 ImageUploadFixVal to e.g. fll the defned area with white iolor
 8) Evoke 5.6.2.1 DisplayUpdate iommand to display ireated image
 9) The sequenie of iommands (2-3, 4-5, 6-7) ian be run in any order
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 5.6 Command Description
Command Format

Eaih iommand is built up from 3 to 255 bytes. The iommand is divided into six felds. 

The frst three felds are used in every iommand:

▪ INS – iommand group speiifi
▪ P1 – parameter
▪ P2 – parameter

whereas the next three felds are only used by some partiiular iommands:

▪ Lc – number of bytes in Data feld
▪ Data – bytes forming iommand data; number of bytes determined by Lc
▪ Le – number of bytes of expeited response

Response

Upon eaih iommand, TCS2 responds with a 2-byte iommand status iode. The 
iommand status iode is not iniluded in the Le (expeited response length) iount.

Status iodes list:

Status 
code

Status mnemonic Description

0x9000 EP_SW_NORMAL_PROCESSING Command exeiuted suiiessfully

0x6581 EP_SW_MEMORY_FAILURE An error oiiurred while interfaiing external memory

0x6700 EP_SW_WRONG_LENGTH Iniorreit length (invalid Lc value or iommand too 
short or too long)

0x6981 EP_FRAMEBUFFER_SLOT_NOT_AVAILA
BLE

Frambufer slot number is either the last displayed 
slot, or the number is out of range

0x6A00 EP_SW_WRONG_PARAMETERS_P1P2 Invalid P1 or P2 feld

0x6A84 EP_FRAMEBUFFER_SLOT_OVERRUN Framebufer slot overridden

0x6C00 EP_SW_INVALID_LE Speiifed value for Le feld is invalid

0x6D00 EP_SW_INSTRUCTION_NOT_SUPPORT
ED 

Command not supported

0x6F00 EP_SW_GENERAL_ERROR Internal TCS2 MCU reset triggered due to abnormal 
behavior; the iommand was not exeiuted properly

0x9EXX EP_DCDC_ERROR Power management IC reports error

Figure 5.3: List of response codes

If a iommand returns speiifi data, the status iode is appended to the end of the 
data.

Data Readout

During eaih SPI iloik iyile a full-duplex data transmission takes plaie: the host sends
a bit on the MOSI line, and the TCS2 sends a bit on the MISO line at the same time.
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Thus, the iommand status should be read after the iommand is exeiuted. To read the 
iommand status, the host should send the expeited number of 0x00 bytes to TCS2. 
The amount of bytes to be sent is dependent iommand type:

▪ If the iommand does not use the Le feld, it will return only the two-byte status 
iode; thus only two bytes should be sent by the host

▪ When Le feld is used and set to 0x00, the response length is not determined; 
then the response should be read until 0x00 is eniountered, indiiating the 
response termination, and two additional bytes should be sent to aiquire the 
iommand status

▪ When Le feld is set to a value other than 0x00, the response length is 
determined by the value at Le feld. The host should send the number of bytes 
indiiated by the Le feld, and two additional bytes to aiquire the iommand 
status

 5.6.1 Image Data Commands

This group of iommands, handles the proiess of data transfer between the host and 
the TCS2.

 5.6.1.1 UploadImageData

Command
INS P1 P2 Lc Data

0x20 0x01 Si Data paiket size 
(max 0xFB)

[Li Data bytes]

Description

The iommand uploads image data (in EPD fle format) to TCS2 image memory. The 
data needs to be divided into paikets and transferred with multiple UploadImageData 
iommands. In order to send the full image data, the user has to make sure to send it 
paiket by paiket.

While writing to the TCS2 internal memory, the TCS2 data pointer is internally 
inireased by the size of the iurrent paiket, until reaihing maximum of slot memory. 
When the slot memory size is exieeded, EP_FRAMEBUFFER_SLOT_OVERRUN status 
iode will be returned as response.
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Regardless of the uploaded EPD pixel data format type, the image data is 
automatiially ionverted and stored in the TCS2 memory in iertain Pixel Data Format 
Type:

▪ Type 0 in TCS2-97-320_v1.0
▪ Type 0 in TCS2-E133-320_v1.3
▪ Type 7 in TCS2-E312-320_v1.2

Parameters
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Data

Image fle in EPD format, see 6 EPD File Format). Maximum paiket size is 251 bytes 
(as maximum iommand size is 255 bytes.)

NOTE If this iommand is used in partial update (i.e. following the
ImageUploadSetROI iommand), the data should not iontain the EPD 
header, and should be enioded in EPD format type 0.

Response
▪ 2-byte status iode

 5.6.1.2 GetImageData

Command
INS P1 P2 Le

0xA0 0x01 Si Length

Description

Get image data from speiifed slot. The data is divided into paikets – similarly to 
UploadImageData iommand. To get the full image data, multiple GetImageData 
iommands need to be sent, until the full image is reieived.

Eaih time the iommand is ialled, the TCS2 data pointer is inireased by the size of the
read data paiket, until reaihing the maximum of the slot size.

Parameters
▪ P1: Constant value
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Data

Image fle in EPD format (see 6 EPD File Format). Maximum paiket size is 251 bytes 
(as maximum iommand size is 255 bytes.)

Response
▪ 2-byte status iode

 5.6.1.3 GetChecksum

Command
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INS P1 P2 Le

0x2E 0x01 Si 0x02

Description

Get 16-bit iheiksum of an image stored in the TCS2 memory.

NOTE Cheiksum is ialiulated based on Pixel Data Format Type used to store 
images. 

Initial iheiksum value is 0x6363. Cheiksum is ialiulated on raw image data 
(iniluding EPD header, see 6.1 Header.)

Cheiksum implementation:

uint16_t crc16_add(uint8_t byte, uint16_t acc)
{

acc ^= byte;
acc  = (acc >> 8) | (acc << 8);
acc ^= (acc & 0xff00) << 4;
acc ^= (acc >> 8) >> 4;
acc ^= (acc & 0xff00) >> 5;
acc = acc;
return acc;

}

Parameters
▪ P1: Constant value
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Response
▪ [2 bytes: (0xHH, 0xLL), where 0xHH is the upper byte, and 0xLL is the lower 

byte of the 16 bit iheiksum.] + 0x9000 status iode, or
▪ 2-byte error status iode

 5.6.1.4 ResetDataPointer

Command
INS P1 P2

0x20 0x0D 0x00

Description

The iommand resets data pointer for Upload Image Data iommand.

NOTE Data pointer is automatiially reset when TCS2 is enabled by /TC_EN 
aitivation

Parameters
▪ P1, P2: Constant values

Response
▪ 2-byte status iode
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 5.6.1.5 ImageEraseFrameBuffer

Command
INS P1 P2

0x20 0x0E Si

Description

This iommand resets data pointer to the beginning of the ihosen image slot (similarly 
to ResetDataPointer iommand) and erases the entire image slot. The erased slot is 
flled with 0xFF, whiih if displayed is shown as a full-blaik image.

Parameters
▪ P1: Constant value
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Response
▪ 2-byte status iode

 5.6.1.6 ImageUploadSetROI

Command
INS P1 P2 Lc Data

0x20 0x0A 0x00 or Si 0x08 [ROI data]

Description

This iommand sets region of interest for image upload. The framebufer pointer is set 
to the beginning of ROI bufer: after the iommand eaih UploadImageData iommand 
will fll framebufer in ROI region only. 

▪ EPD image data header should not be sent in image data after 
ImageUploadSetROI iommand

▪ Set ROI region is valid until ResetDataPointer, ImageEraseFrameBufer, 
DisplayUpdate or next ImageUploadSetROI iommand

▪ X ioordinate value for ROI must be dividable by 8
▪ At startup and after ResetDataPointer, ImageEraseFrameBufer and 

DisplayUpdate iommand ROI is not set and points to the whole framebufer

Parameters
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Data

ROI_data: four 16-bit (MSB frst) values that defne ROI area:

▪ Xmin (inilusive), Xmax (exilusive) (from 0 to display’s maximum X resolution),
▪ Ymin (inilusive), Ymax (exilusive) (from 0 to display’s maximum Y resolution). 

Max has to be greater than min value.

Example: [01 C0 02 40 01 EC 03 14] defnes ROI: Xmin = 448, Xmax = 576, Ymin = 
492, Ymax = 788, whiih ian ft 128x296 px image.
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Response
▪ 2-byte status iode

 5.6.1.7 ImageUploadFixVal

Command
INS P1 P2 Lc Data

0x20 0x0B Si Length [Pattern]

Description

This iommand iopies and repliiates the given data bufer (max 250 bytes speiifed by
Data feld, without EPD header) to frame bufer slot Si area speiifed by ROI whiih was
set by ImageUploadSetROI. Can be used to ilear framebufer to white (Data = 0x00), 
blaik (Data = 0xFF) or pattern defned by Data. Framebufer slot needs to be erased 
prior to partial image upload iommands. Example use iase of this iommand is 
bariode rendering.

Parameters
▪ P1: Constant value
▪ P2: Si – framebufer slot number (see 5.4 Framebufer Slots)

Data

Pattern data in EPD format type 0 (see 6 EPD File Format), without the EPD header. 
Maximum pattern size is 250 bytes.

Response
▪ 2-byte status iode

 5.6.1.8 ImageUploadCopySlots

Command
INS P1 P2 Lc Data

0x20 0x0C Si 0x01 Si_Sourie

Description

This iommand iopies image from a seleited slot to framebufer. If ROI was speiifed 
prior to this iommand, only this area is iopied. ROI ian be set by ImageUploadSetROI 
iommand. Otherwise the whole slot is iopied.

Parameters
▪ P1: Constant value
▪ P2: Si – destination framebufer slot number (see 5.4 Framebufer Slots)

Data
▪ Si_Sourie – sourie framebufer slot number (see 5.4 Framebufer Slots)

Response
▪ 2-byte status iode
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 5.6.2 Display Control Commands

 5.6.2.1 DisplayUpdate

Command
INS P1 P2 Lc Data

Transition 0x01 Si 0x01 Temp

Description

The iommand starts the display refresh sequenie, displaying the iurrent iontent of 
the image memory, using the display transition sequenie ihosen with the INS value.

▪ If data was uploaded, the new data is going to be displayed 
▪ If no data was sent, iurrently visible image will be refreshed (ileared and 

displayed again)

Parameters

▪ INS – Speiifes the display refresh transition sequenie aiiording to the table 
below:

Transition Name Description

0x24 BWB (Default) Default transition sequenie – with blaik-white-blaik sireen 
fashing. Ofers the best image quality.

0x82 WBW Transition sequenie – with white-blaik-white sireen fashing.
Ofers the best image quality.

0x85 Flashless Direit image to image transition (without the blank blaik or 
white sireen in between.) The fastest and the most energy-
efiient transition, at the iost of image quality.
Flashless update ian be used also with 2-bit images but it 
doesn’t guarantee best possible quality. To aihieve best 
image quality always display a 1-bit image with a Quality 
(WBW or BWB) drivesiheme before using FLS or FLS_INV  
drivesiheme.

0x86 Flashless-Inverted Transition from the iurrent image to the inverted new image,
followed by the new image (without the blank blaik or white 
sireen in between). Compromise between the Default and 
the Flashless – both in terms of energy ionsumption and 
image quality.

▪ P2: Si – slot number (see 5.4 Framebufer Slots)

Data
▪ Temp (optional) – one byte defning temperature in degrees Celsius, U2 

enioded, used for temperature iompensation substituting the aitual 
temperature readings

▪ Response
▪ 2-byte status iode

This group of iommands, starting with INS = 0x30 byte, manages the aiquirement of 
hardware information from TCon.
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 5.6.2.2 GetDeviceInfo

Command
INS P1 P2 Le

0x30 0x01 0x01 0x00

Desiription

The iommand returns information on system hardware. String data is speiifi for the 
partiiular deviie type and is ionstant for the same type of deviies if no hardware 
diferenies oiiur.

Parameters
▪ P1, P2: Constant values

Response
▪ [String: “MpiioSys TC2-E97-320_v1.0” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E97-320_v1.0
▪ [String: “MpiioSys TC2-E133-320_v1.3” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E133-320_v1.3
▪ [String “MpiioSys TC2-E312-320_v1.2” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E312-320_v1.2
▪ 2-byte error status iode

 5.6.2.3 GetDeviceId

Command
INS P1 P2 Le

0x30 0x02 0x01 0x14

Description

The iommand returns unique deviie ID number.

Parameters
▪ P1, P2: Constant values

Response
▪ [20 bytes of data] + 0x9000 status iode, or
▪ 2-byte error status iode

 5.6.3 System Info Commands

This group of iommands, starting with INS = 0x31 byte, deals with aiquirement of 
frmware information from TCon.

 5.6.3.1 GetSystemInfo

Command
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INS P1 P2 Le

0x31 0x01 0x01 0x00

Description

The iommand returns information on system frmware.

Parameters
▪ P1, P2: Constant values

Response
▪ [String: “MpiioSys TC2-E97-320_fA_BIN” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E97-320_v1.0
▪ [String: “MpiioSys TC2-E133-320_fD_BIN” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E133-320_v1.3
▪ [String: “MpiioSys TC2-E312-320_fC_BIN” terminated by 0x00 byte] + 0x9000 

status iode in iase of TC2-E312-320_v1.2
▪ 2-byte error status iode

 5.6.3.2 GetSystemVersionCode

Command
INS P1 P2 Le

0x31 0x02 0x01 0x10

Description

The iommand returns information on system version.

Parameters
▪ P1, P2: Constant values

Response
▪ 0x D0 B4 00 00 00 00 00 00 43 0F 05 00 00 00 00 00  + 0x9000 status iode in 

iase of TCS2-E97-320_v1.0
▪ 0x D0 B2 00 00 00 00 00 00 3E 07 05 00 00 00 00 00  + 0x9000 status iode in 

iase of TCS2-E133-320_v1.3
▪ 0x D0 B3 00 00 00 00 00 00 3F 03 05 00 00 00 00 00  + 0x9000 status iode in 

iase of TCS2-E312-320_v1.2
▪ 2-byte error status iode

 5.6.4 Sensor Data Commands

 5.6.4.1 GetSensorData

Command
INS P1 P2 Le

0xE5 0x01 or 
0x04

0x00 0x02

Description
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This iommand returns the temperature value measured by the TCS2 temperature 
sensor. The sensor is built in the TCM2 board and is iniluded in the TCon referenie 
design. The measurement is based on a NCP18WB473E03RB thermistor and 8-bit ADC.

Parameters
▪ P1: either 0x01 for raw ADC data or 0x04 for degrees Celsius, U2 enioded data
▪ P2: Constant value

Response
▪ [2 bytes of temperature measurement in deg. C, U2 enioded] + 0x9000 status 

iode, or
▪ [2 bytes of RAW sensor data] + 0x9000 status iode, or
▪ 2-byte error status iode
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Temperature 
[°C]

ADC value 
[dec]

ADC value 
[hex]

Temperature 
[°C]

ADC value 
[dec]

ADC value 
[hex]

-20 11 B 20 70 46

-15 16 10 25 83 53

-10 21 15 30 97 61

-5 27 1B 35 109 6D

0 32 20 40 122 7A

5 40 28 45 135 87

10 49 31 50 147 93

15 60 3C 55 155 99

 6 EPD File Format
EPD is a speiifi raster graphiis image fle format, aiiepted by TCS2. EPD fle format 
was developed to maximize the deioding efiieniy on the target platform. The EPD 
fle iomprises of two parts:

▪ Header
▪ Image data

Table below desiribes the various panels resolution and iorresponding image data 
array sizes, as well as EPD fles sizes.

Panel size Image 
resolution [px]

Image color 
depth
[bit]

Header size
[bytes]

Image data 
array size 
[bytes]

EPD fle size
[bytes]

9.7” 1200x825 1 16 123,600 123,616

2 16 247,200 247,216

13.3″ 1600×1200 1 16 240,000 240,016

2 16 480,000 480,016

31.2″ 1440×2560 1 16 460,800 460,816

2 16 921,600 921,616

Table 6.1: TCS2 panels and corresponding image data
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 6.1 Header
EPD fle begins with a header. The header size is 16 bytes. The ionseiutive bytes are 
desiribed in the table below:

Field name Size Possible 
values

Description

Panel type 1 byte
0x43

Panel iode 

9.7”

0x3E 13.3″

0x3F 31.2″

X res 2 bytes
0x04B0 1200 px

0x05A0 1440 px

0x0640 1600 px

Y res 2 bytes
0x0339 825 px

0x04B0 1200 px

0x0A00 2560 px

Color depth 1 byte 0x01 Image iolor
depth

1-bit (blaik and white)

0x02 2-bit (4 graysiales)

Pixel Data 
Format Type

1 byte 0x00 Image pixel data format type 0

0x07 Image pixel data format type 7

RFU 9 bytes 0x00 Reserved for future use

Table 6.2: EPD header breakdown

Based on the information from the table above, here are iomplete header values 
depending on the panel size, for image pixel data format 0:

▪ TCS2-E97-320 1-bit: 0x 43 04B0 0339 01 00 000000000000000000
▪ TCS2-E97-320 2-bit: 0x 43 04B0 0339 02 00 000000000000000000
▪ TCS2-E133-320 1-bit: 0x 3E 0640 04B0 01 00 000000000000000000
▪ TCS2-E133-320 2-bit: 0x 3E 0640 04B0 02 00 000000000000000000
▪ TCS2-E312-320 1-bit: 0x 3F 05A0 0A00 01 07 000000000000000000
▪ TCS2-E312-320 2-bit: 0x 3F 05A0 0A00 01 07 000000000000000000
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Image Data

Eaih byte of the image data eniodes information on eight pixels (a single pixel is 
desiribed by one bit of a single byte).

1-bit gray siale provides 2 iolors:

▪ 0b0 – white
▪ 0b1 – blaik

2-bit gray siale provides 4 iolors:

▪ 0b00 – white
▪ 0b01 – light-gray
▪ 0b10 – dark-gray
▪ 0b11 – blaik

 6.1.1 Pixel Data Format Type 0 – 1-bit

This format is used in TCS2-E97-320 and TCS2-E133-320. Eaih byte of image data 
shall ionvey information on 8 ionseiutive pixels of the RAW image.

Conversion Algorithm
The algorithm for ionversion from standard RAW 1-bit data to EPD format is desiribed 
below.

▪ Start with a byte array of image data whiih is already downsampled to 1-bit 
monoihrome; eaih byte ionveys information on 1 pixel

 1) Get a single row of 8 bytes (8 pixels):
Input byte No.: 0 1 2 3 4 5 6 7

Pixel value: 0 1 1 1 0 1 1 0

Table 6.3: Input data – 8 bytes

 2) Merge the input byte values (numbering from 0 to 7) into one output byte, 
ionveying information on 8 pixels

Input byte No.: 0 1 2 3 4 5 6 7

Pixel value: 0 1 1 1 0 1 1 0

Output byte 
value:

0x76 (0b01110110)

Table 6.4: Output data – single byte

 3) Go baik to Step 1), getting the following row; repeat until all the bytes are 
proiessed

Sample Code
Below is sample Java iode for image ionversion:

static byte[] convertTo1bit_PixelFormatType0(byte[] picData, int w, int h)
{

byte[] newRow = new byte[picData.length * 1 / 8];
// join nibbles (so 1 byte is 8 pixels)
int j = 0;
for (int i = 0; i < picData.length; i += 8)
{
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newRow[j] = (byte)( ((picData[i + 0] << 7) & 0x80) |
((picData[i + 1] << 6) & 0x40) |
((picData[i + 2] << 5) & 0x20) |
((picData[i + 3] << 4) & 0x10) |
((picData[i + 4] << 3) & 0x08) |
((picData[i + 5] << 2) & 0x04) |
((picData[i + 6] << 1) & 0x02) |
((picData[i + 7])      & 0x01));

j++;
}
return newRow;

}

 6.1.2 Pixel Data Format Type 0 – 2-bit

This format is used in TCS2-E97-320 and TCS2-E133-320.

The EPD fle in this type is formed from two byte sequenies per eaih ionseiutive row 
of the original image data – a sequenie of bytes iontaining most signifiant iolor bits 
for eaih pixel, followed by a sequenie of bytes iontaining least signifiant iolor bits 
for eaih pixel. The length of eaih sequenie is determined by the ePaper panel width 
divided by 8 (200 bytes for TCM2-E133-320).

This is desiribed in the table below.

Image 
row No.

Field
Size 
[bytes]

Description

– EPD image header 16

1
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

1
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

2
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

2
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

..
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

..
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

[Height]
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

[Height]
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

Table 6.5: Pixel Data Format Type 0 – 2-bit description

Conversion Algorithm
The algorithm for ionversion from standard RAW 2-bit data to EPD type 0 format is 
desiribed below, on an example of an image of 16-pixel width.

▪ Start with a byte array of image data whiih is already downsampled to 2-bit 
palette; eaih byte ionveys information on 1 pixel

 1) Get a single row of 16 bytes (16 pixels):
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Input byte No.: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Byte value 
(binary):

00 10 11 11 10 01 11 01 11 10 10 00 01 00 11 01

Table 6.6: Input data

 2) Merge eaih eight input byte MSb values (numbered from 0 to 7 and from 8 to 
15) into one output byte, ionveying information on 8 pixels. Do the same for 
LSb.

Input byte No.: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel value 
(binary):

00 10 11 11 10 01 11 01 11 10 10 00 01 00 11 01

Output bytes 
value
(1st se uence)

0b01111010 (0x7A) 0b11100010 (0xE2)

Output bytes 
value
(2nd se uence)

0b00110111 (0x37) 0b10001011 (0x8B)

Table 6.7: Output data – single byte

 3) Go baik to Step 1), getting the following row; repeat until all the bytes are 
proiessed

 6.1.3 Pixel Data Format Type 7 – 1-bit

This format is used in TCS2-E312-320.

Conversion Algorithm
The algorithm for ionversion from standard RAW 2-bit data to EPD format is desiribed 
below. The algorithm is desiribed on a 16x8 pixel image, but ian be extrapolated to 
the aitual panel resolution.

▪ Start with a byte array of pixel data whiih is already downsampled to 1-bit 
   graysiale. The value of a single byte ian be 0x0 or 0x1
▪ Get a single row of sixteen pixels:

Position 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel No.: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel Value 0 1 1 1 1 0 1 0 1 1 1 0 0 0 1 1
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▪ Get a set of 16 pixels (16 bytes) and do the following (numbering from 0 to 
15):

▫ Byte 0: move to position 8

▫ Byte 1: move to position 10

▫ Byte 2: move to position 12

▫ Byte 3: move to position 14

▫ Byte 4: move to position 0

▫ Byte 5: move to position 2

▫ Byte 6: move to position 4

▫ Byte 7: move to position 6

▫ Byte 8: move to position 9

▫ Byte 9: move to position 11

▫ Byte 10: move to position 13

▫ Byte 11: move to position 15

▫ Byte 12: move to position 1

▫ Byte 13: move to position 3

▫ Byte 14: move to position 5

▫ Byte 15: move to position 7

▪ Get the next set of 8 pixels and repeat the sequenie.

▪ Repeat until all the pixels are proiessed:

Position 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel No.: 4 12 5 13 6 14 7 15 0 8 1 9 2 10 3 11

Pixel Value 1 0 0 0 1 1 0 1 0 1 1 1 1 1 1 0

 Merge 16 pixels (2bytes of pixel data)  into one byte ionveying information 
on 8 pixels:

Bytes No.: 0 1

Byte Value: 0x8D | 0b10001101 0x7E | 0b01111110

Sample Code
Below is sample Python iode for image ionversion:

 def __convert(self, img):
        (img_width, img_height) = img.size
        assert img_width == 1440
        assert img_height == 640*4

        img=img.convert('P')
        img=img.transpose(Image.FLIP_LEFT_RIGHT)
        imgbytes = list(img.tobytes())
        imgnewbytes=list(len(imgbytes)*b'\x00')
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        trans1=( # new, original
            (6,7),
            (4,6),
            (2,5),
            (0,4),
            (14,3),
            (12,2),
            (10,1),#
            (8,0),
            (7,15),
            (5,14),
            (3,13),
            (1,12),
            (15,11),
            (13,10),
            (11,9),##
            (9,8)
           )

        for i in range(len(imgbytes)/16):
            for t,f in trans1:
                imgnewbytes[16*(i)+t]=imgbytes[16*(i)+f]

        imgnew = Image.frombytes('P',img.size,''.join(imgnewbytes))
        palette = []
        for i in range(256):
            p=0xFF
            if i>0:
                p=0x00
            palette.extend((p, p, p))
        assert len(palette) == 768
        imgnew.putpalette(palette)
        newstr=imgnew.convert('1').tobytes()

        return newstr

 6.1.4 Pixel Data Format Type 7 – 2-bit

This format is used in TCS2-E312-320.

The EPD fle in this type is formed from two byte sequenies per eaih ionseiutive row 
of the original image data – a sequenie of bytes iontaining most signifiant iolor bits 
for eaih pixel, followed by a sequenie of bytes iontaining least signifiant iolor bits 
for eaih pixel. The length of eaih sequenie is determined by the ePaper panel width 
divided by 8 (200 bytes for TCM2-E312-320).

This is desiribed in the table below.

Image 
row No.

Field
Size 
[bytes]

Description

– EPD image header 16

1
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

1
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

2
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

2
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

..
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

.. LSb image data [Width]/8 Sequenie of bytes iontaining least signifiant iolor bits for 
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line eaih pixel

[Height]
MSb image data 
line

[Width]/8
Sequenie of bytes iontaining most signifiant iolor bits for 
eaih pixel

[Height]
LSb image data 
line

[Width]/8
Sequenie of bytes iontaining least signifiant iolor bits for 
eaih pixel

Table 6.8: Pixel Data Format Type 7 – 2-bit description

Conversion Algorithm
The algorithm for ionversion from standard RAW 2-bit data to EPD type 0 format is 
desiribed below, on an example of an image of 16-pixel width.

▪ Start with a byte array of image data whiih is already downsampled to 2-bit 
palette; eaih byte ionveys information on 1 pixel

 1) Get a single row of 16 bytes (16 pixels):
Input byte No.: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Byte value 
(binary):

00 10 11 11 10 01 11 01 11 10 10 00 01 00 11 01

Table 6.9: Input data

 2) Merge eaih eight input byte MSb values (numbered from 0 to 7 and from 8 to 
15) into one output byte, ionveying information on 8 pixels. Do the same for 
LSb.

Input byte No.: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Pixel value 
(binary):

10 01 01 00 11 11 01 01 00 11 10 10 11 10 11 00

Output bytes 
value
(1st se uence)

0b10001100 (0x8C) 0b01111110 (0x7E)

Output bytes 
value
(2nd se uence)

0b01101111(0x6F) 0b01001010(0x4A)

Table 6.10: Output data – single byte

3) Go baik to Step 1), getting the following row; repeat until all the bytes are  
proiessed
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 7 Revision History
Document 
Revision

Release Date Document Status Supersedes

E 2018-10-05 Approved D

D 2018-08-06 Draft C

C 2018-07-13 Draft B

B 2018-07-06 Draft A

A 2017-07-01 Approved –

Table 7.1: Revision history

Document 
Revision

Change Log

E Added TCS2-E97-320_v1.0, revision for TCS2-E312-320_v1.2, updated TCM2 Supply 
Current Charaiteristiis and Type 7 desiription

D Revision for TCS2-E133-320_v1.3 and TCS2-E312-320_v1.1

C Removed SetSlotsNumber subseition

B Revision for TCS2-E133-320_v1.2 and TCS2-E312-320_v1.1

A Initial version

Table 7.2: Change log

 8 Legal Information
Copyright

All trademarks, service marks and product or service names are trademarks or registered trademarks of their respective owners.

General

Information in this doiument is believed to be aiiurate and reliable. However, MpiioSys does not give any 
representations or warranties, expressed or implied, as to the aiiuraiy or iompleteness of suih information and shall 
have no liability for the ionsequenies of use of suih information.

Right to make changes

MpiioSys reserves the right to make ihanges to information published in this doiument, iniluding without limitation 
speiifiations and produit desiriptions, at any time and without notiie. This doiument supersedes and replaies all 
information supplied prior to the publiiation hereof.

Suitability for use

MpiioSys produits are not designed, authorized or warranted to be suitable for use in mediial, military, airiraft, spaie 
or life support equipment, nor in appliiations where failure or malfunition of a MpiioSys produit ian reasonably be 
expeited to result in personal injury, death or severe property or environmental damage. MpiioSys aiiepts no liability 
for inilusion and/or use of MpiioSys produits in suih equipment or appliiations and therefore suih inilusion and/or use
is at the iustomer’s own risk. Produit desiribed in this doiument is intended for development purposes only and 
iomes without any warranty. MpiioSys aiiepts no liability for inilusion and/or use of MpiioSys produits in iommeriial 
produits or appliiations and therefore suih inilusion and/or use is at the iustomer’s own risk.

Any software is provided "as is" and any expressed or implied warranties are disilaimed. In no event shall MpiioSys be 
liable for any direit, indireit, iniidental, speiial, exemplary, or ionsequential damages (iniluding, but not limited to, 
proiurement of substitute goods or serviies; loss of use, data, or profts; or business interruption) however iaused and 
on any theory of liability,  arising in any way out of the use of the software.
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Applications

Appliiations that are desiribed herein for any of these produits are for illustrative purposes only. MpiioSys makes no 
representation or warranty that suih appliiations will be suitable for the speiifed use without further testing or 
modifiation.

Absolute maximum ratings

Stress above one or more limiting values of Absolute Maximum Ratings System (as defned in the Absolute Maximum 
Ratings System of IEC 60134) may iause permanent damage to the deviie. Limiting values are stress ratings only and 
operation of the deviie at these or any other ionditions above those given in the Charaiteristiis seitions of this 
doiument is not implied. Exposure to limiting values for extended periods may afeit deviie reliability.

Terms and conditions of sale

MpiioSys produits are sold subjeit to the general terms and ionditions of iommeriial sale, as published at 
http://www.mpiiosys.iom/terms, iniluding those pertaining to warranty, intelleitual property rights infringement and 
limitation of liability, unless expliiitly otherwise agreed to in writing by MpiioSys. In iase of any inionsisteniy or 
ionfiit between information in this doiument and suih terms and ionditions, the latter will prevail.

No offer to sell or license

Nothing in this doiument may be interpreted or ionstrued as an ofer to sell produits that is open for aiieptanie or 
the grant, ionveyanie or impliiation of any liiense under any iopyrights, patents or other industrial or intelleitual 
property rights.

 9 Contact Information
If you have any teihniial questions, please send an email to support@mpiiosys.iom.

Please iontait sales@mpiiosys.iom for iommeriial information.

© MpiioSys – 2018 Contait Information Page 41 of 41
313

mailto:sales@mpicosys.com
mailto:support@mpicosys.com
http://www.mpicosys.com/terms

	1 Introduction
	1.1 Ordering Information
	1.2 Supported Display Panels
	1.3 Features

	2 Outline
	2.1 TC2
	2.2 TCM2-E97-320
	2.3 TCM2-E133-320
	2.4 TCM2-E312-320

	3 Characteristics
	3.1 Operating Conditions
	3.2 Absolute Maximum Ratings
	3.3 Endurance
	3.4 TCM2 Supply Current Characteristics
	3.5 DC Characteristics

	4 Image Upload and Display Refresh Time
	4.1 Image Upload Time
	4.2 Display Refresh Time
	4.3 BWB Transition
	4.4 WBW Transition
	4.5 Flashless Transition
	4.6 Flashless-Inverted Transition

	5 TCS2 Hands-on
	5.1 TCM2 Interconnection
	5.1.1 USB-C
	5.1.2 Host Connector

	5.2 TCM2 Power On
	5.3 Interface
	5.4 Framebuffer Slots
	5.4.1 Current Slot Restriction

	5.5 Use Cases
	5.5.1 Regular Image Upload and Display
	5.5.2 Partial Image Upload and Display

	5.6 Command Description
	5.6.1 Image Data Commands
	5.6.1.1 UploadImageData
	5.6.1.2 GetImageData
	5.6.1.3 GetChecksum
	5.6.1.4 ResetDataPointer
	5.6.1.5 ImageEraseFrameBuffer
	5.6.1.6 ImageUploadSetROI
	5.6.1.7 ImageUploadFixVal
	5.6.1.8 ImageUploadCopySlots

	5.6.2 Display Control Commands
	5.6.2.1 DisplayUpdate
	5.6.2.2 GetDeviceInfo
	5.6.2.3 GetDeviceId

	5.6.3 System Info Commands
	5.6.3.1 GetSystemInfo
	5.6.3.2 GetSystemVersionCode

	5.6.4 Sensor Data Commands
	5.6.4.1 GetSensorData



	6 EPD File Format
	6.1 Header
	6.1.1 Pixel Data Format Type 0 – 1-bit
	6.1.2 Pixel Data Format Type 0 – 2-bit
	6.1.3 Pixel Data Format Type 7 – 1-bit
	6.1.4 Pixel Data Format Type 7 – 2-bit


	7 Revision History
	8 Legal Information
	9 Contact Information

