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JBDO13VGA

640x480 uLED display with SP1/Quad-SPI interface

Features

e Pixel:

Resolution: 640x480

Total number of pixels: 660x504

Color: monochrome (Red/Blue/Green)
Pixel pitch: 4um

Active area: 2.64mm x 2.02mm (0.13-inch
Diagonal)

Luminance: Max Brightness driving at
50A/cm2

» 450nm is 500K Cd/m2

» 525nm is 4000K Cd/m2

» 625nm is 200K Cd/m2

Gray levels: 16 (4bit)

Data rate: can support maximum 100Hz
video data.

ULED panels can self-refresh internally
and increase the frame rate above 60Hz.

e Memories

1.2M bits of SRAM memory

e Reset and power management

I/Os supply: Vob = 1.62V to 3.6V
» (Typical:2.5v)

Core supply: Voocore = 1.08V to 1.32V
» (Typical:1.2v)

Cathode supply: Vcow=-1.3V to -3.0V
> (Typical:-2v)

Low power modes: Screen off, Deep

power down

January, 2022

Clock management

— 16/8 MHz crystal oscillator
— External clock input

— Internal OSC compatible

Control

— Luminance control: Register configuration

— Control & data transfer interface: Quad-SPI/SPI

— Adjustable Center of image(640x480) in range of
pixel area (660x504)

Display Control
— Display enable/disable
— Image mirror (up down / left right)
— Self-test
Communication interfaces
— Up to two SPI interfaces
» Standard Mode supports normal SPI
protocol, maximum data rate 32 Mbit/s.
» Quad Mode supports Quad-SPI protocol,
maximum data rate 128 Mbps.
IC Power consumption
— Typically, 30mW, variable depending on image
content and global brightness.
— Deep power down current < 50uA.
Temperature range
— Operating temperature range: -20°C to 85°C
— Storage temperature: -40°C to 90°C

www.jb-display.com



http://www.jb-display.com/

JBDO13VGA

Table of Contents

January, 2022

DS CIIPIION e 8
PN DESCIIPLION Lo e e e e 9
] Lo Tod [ B IF=To | -1 ¢ [T 11
Functional DeSCIIPTION ..ccoooee e 12
4.1 DiISPlaY OPEIALION......eiiiiieiiiiiitee et a e e 12
4.1.1 DiSPlay CONEIOL.......coiiiiiieiiiiee et 12

4.1.2 DiISPlay SOIULION ....ccoiiiiieiiiiiii et 13

4.1.3 Brightness CONLrOl...........uviiiiiiiiiie e 13

4.1.4 Display ProCess FIOW........cuuiiiiiiiiiiiiiieee et s s snraae e e e 13

4.2 (D F1 = WO 01T = 1 (o] o [ 15
421 Internal Buffer CONIOl..........cviiie i 15

4.2.2 Partial refresh mechanisSm ... 15

4.3 Serial Peripheral Interface (SPI)......cooviveiiiiii e 16
43.1 Standard SPI INSLIUCHONS .....c..veiiiiieiiiieie e 16

432 QuUAd SPIINSIUCLIONS ..oeeeeiiiieiee e e e e e 16

4.3.3 The timing between SPI/QSPI commands .........cccooceveiiiiiieenniiee e 17

4.4 PoWer ManagemMENT ..........coiiiiiiiii e eennnes 18
4.4.1 Power SUPPIY SChEMES ... ...ooiiiii e 18

4.4.2 LOW-POWET MOUES ......ooiiiiiiiiie ittt 18

4.5 ClOCKS AN STAITUD ...eeeeeeieeeeeiie e e e e e 19
VI g Yo T YA\ F= VoY o1 o TS 20
Status and Configuration RegQiSters.......ccccccvvviiiiiiiiiiiiiiieee 21
6.1 REGISIEIS IMAP ...t e e e 21
6.2 STALUS REGISTEIS ...t e e a e e e 22
6.3 LUMINANCE REQISTET ...eiiiiiiiiiiiiiiiei et e e 24
6.4 (LU =T o[ =T |13 (= 24
6.5 (@Y= il =T o | ] (] 25
T BT £ T o] 1T ) S 26
7.1 Device ID and Instruction Set TablesS .........covvviiviiiiiiiiieiieeieeveeeeeeeeeeeeeeeee 26
2/65 www.jb-display.com



http://www.jb-display.com/

JBDO13VGA

January, 2022

7.2 INStruction Table..........oo o 27
7.3 INStruction DeSCIIPLIONS .....cccoeeiieieeeeeeee 28
7.3.1 Read Identification (RDID) (OFH) .......cviiiiiiiiiiiiee e 28

7.3.2 Release Deep Power DOWN (ABH) .......oooiiiiiiiiiiiiic e 28

7.3.3 Read Chip Information (81H) ...........euiiiiiiiiiiiiiiie e 29

7.3.4 Enable Reset (66H) and Reset (99H) .......cccueiiiiiiiiiiiiiieeeeeeee e 30

7.3.5 Deep Power-Down (DPD) (BOH) ......ovviieiiiiiiiiiice st e e 30

7.3.6 SYNC (O7H) e 32

7.3.7 Display enable (A3H) ......coouiiiiiii e 33

7.3.8 Display disable (AGH)......coouiiiiiie e 34

7.3.9 Luminance Register Write (36H)........ccoueiiiiiiiiiiiiieeiiieeee e 34

7.3.10 Luminance Register Read (B37H) .....cooiiuiiiiiiiieiiiiiiiieeee e 35

7.3.11  Current Register Write (46H) ........cccoviiiiiiiieiiee e 35

7.3.12  Current Register Read (A7H) .....coooiuiiiiiiiiiie e 36

7.3.13 Display Center Register Write (COH) .........oveviiiieiiiiieeiieee e 36

7.3.14 Display Center Register Read (CLH)......ccceeiiiiieiiiiiiiiiiee e 37

7.3.15  SPI Write Buffer Data (02H)........ccoooiiiiiiiieieee e 38

7.3.16  SPI Read Buffer Data (03H) .......cooieiiiiiiiieieieeee e 39

7.3.17  QSPI Write Buffer Data (B2H) .........ccooiiiiiiiiieee it siiree e e 40

7.3.18 QSPI Read Buffer Data (63H)........cuueieiiiiiieiiiiiee e 41

7.3.19  Write Enable (06h) ........oouuiiiiiii e 42

7.3.20  Write Disable (04N) .....coiiiiiiiie e 42

7.3.21  Write Status Register 1 (O1H) ....cooviiiiiiiiiiiiieee e 43

7.3.22 Read Status Register 1 (05H) ........ccooiiiiiiiiiiee e 43

7.3.23  Write Status Register 2 (31H) ...uuiivieiiiiiiieece e 43

7.3.24 Read Status Register 2 (35H) ......coiiiiiiiiii e 44

7.3.25  Mirror (TLHIT2HIT3H).....oi it 44

7.3.26  Self-Test (L13H/LTAH/I5H/LOH) .....ccueiiiiieiieeee e 45

7.3.27 Temperature Sensor Read (26H) ........cc.uuveiiiieiiiiiiieeee e 48

7.3.28  OTP REA (BLH) ...eiiuiieiieiieitie sttt 48
Electrical charaCteriStiCS.....coooio oo 50
8.1 POWer SUPPIY SCREME ... 50
8.2 Power ON/Off SEQUENCE ........uuiiiiiiiieie et 50
8.3 Display Control SEQUENCE. ..........uuiiiii e e e e e eeaeees 51
8.4  Absolute Maximum RatiNgS........ceueeiiiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeee e eeeeeeeee 52
8.5 Operating CONAItIONS.........uuuiieiiiiiii e 53
8.5.1 Recommended Operating Conditions..........ccccceeeeeeiiiiiiiieeeee e 53

3/65 www.jb-display.com



http://www.jb-display.com/

JBDO13VGA

10

January, 2022

8.5.2 Supply current CharaCteristiCS ... ..uuuueiiiiiiieeiie e 53
8.5.3 External Clock Source CharaCteriStiCS. .......vuivivviiiieiieieieieeeeee e e 55
8.5.4 V@ o] ¢ A0 T= T = Toa (=] 1) 1 [0 57
8.5.5 CommUNICALION INTEITACES .....ceveeiiiei ettt e e ees 58
Mechanical SPeCifiCatiONS ........cciiiiii i 60
9.1 Physical SpecCifiCatioNS...........ccvvviiiiiiiiiiiieiieeeeeeeeeeeeeeeee e 60
9.2 Thermal ChRAraCterISTICS ....ovvniiriitee ettt e e e e e e e eenns 63
YAV A ST 101 I o 1] (0 1 S 64

4/65 www.jb-display.com



http://www.jb-display.com/

JBD013VGA Description

List of Tables

Table 1. IBDOL3VGA dEVICE FEALUIES .......uiiiiiiie ettt e et e e e e e e e et e e e et e e e eaaan s 8
Table 2. IBDO13VGA Pin AefiNitiON........uuuiiiiiiiiiiiiiiie et e e 10
Table 3. Register Map and RESEL VAIUES ..........ooiiiiiiiiiiieiii et 21
Table 4. Manufacturer and Device 1dentifiCation ...........oooeuiiieiiiiii e 26
Table 5. INSTIUCTION TaADI ... . e e e e e e e et e e e e b eeeeaaaas 27
Table 6. VOItage CRAIACIEIISTICS .....cciiiiiiiiiie ettt e e e e e e et e e e e e e e e aans 52
Table 7. Thermal CharaCteriStICS .....ccuuiiiie it e e e e et e e e e e e e e raa e eeneens 52
Table 8. General Operating CONAItIONS...........cuviiiiiiiiiiiieeiieeeieeeeee e e e eee e eeeeeeeeeeereeeeeeeraeeaeeeaees 53
Table 9. Power Current under NOMMal RUN ... .couuiiii e e e e e e 53
Table 10. Power Current under Deep Power DOWN SEAtUS...........euiiieiiiiiiiiiiiiieee e eiiiiniieeeee e 54
Table 11. External User CloCK CharacCteriStiCS......cuuiiiiiiiii e e e e e e e 55
Table 12. HSE OSCillator CharacCteriSTICS L .....ceeuiierieiiieiiee e et e ettt e et s e et e e st e e ean e eetaeesrareeenaeens 56
Table 13. HSE OSCillator CharacCteriSTICS 2 .....ccuuiiieiiii et e e e et e e e e e et e e st e e st e eaneens 56
Table 14. 1/O StatiC CharaCleriStiCS......iiue i e e e e st e e e e e e e e et e reneens 57
Table 15. Output voltage CharaCteriStCS.........uvviiiiiiiiiiiiiiiieeieeeeeee e e e eeeeeeeeees 57
= o] (T K TS o W O a T = Toa (=] 1) (o1 TR 58
Table 17. Document ReVISION HISIOMY ........uuiiiii e e e e e e e 64

January, 2022 5/65 www.jb-display.com



http://www.jb-display.com/

JBD013VGA Description

List of figures

Figure 1. Pin Diagram (DiI€ VIEW) ........euiiiiiiiiiiiiieiie e e ettt e e e e e e s e e e e e e e e e nnnbenees 9
Figure 2. Panel [C BIOCK DIQQIaM .......cuiiiiiiiiiiiiiiiieie e ettt e e e e e e e e e eanneees 11
Figure 3. Package Diagram ... 11
Figure 4 Mirror Operation DIBQIAM ........couuiiiiiiiiiiiiie et e e e e e s e e e e e e e aanneees 12
Figure 5 Self-test IMage DIBGIaM ........ueiii i e e e e e anneees 13
Figure 6 Display Process FIOW Diagram .........c.uuuiiiiiiiiiieiiiin et e e e e e e e e e en s 14
Figure 6 Auto wrap diagram ..........cooooeeiiiii i 15
Figure 7. Standard SPI & Quad SPI Status Diagram .............eeeveeeeiiiiiiiiiieeeee e 16
Figure 8 The timing between COMMANAS ............uiiiii i e e e e e e e 17
Figure 9 Clock Management of IBDOL3VGA........ccoo i 19
Figure 10 Display Pixel Row and Column [0Cation Map ..........cccoeiiiiiiiiiiiiiieeeiiiiiieee e 20
Figure 11 Buffer AAdreSS MapPinNg .......cceeeoiiiuiitiiiieeee et e e e e e e s e e e e e e e e ennnees 20
Figure 12. Read ID Sequence Diagram (SPI) .......cooi oot e e e e e e e 28
Figure 13. Release Deep Power Down Diagram (SPI) .........uviiiiiiiiiiiiiiiiieeeeeiieee e 28
Figure 14. Read Chip Information Sequence Diagram (SPI) .......coooiiiiiiiiiiiiiiiiiiieeeee e 29
Figure 15. Enable Reset Diagram (SPI)......coooviiiiiiii e e e e e e e e e 30
Figure 16. Reset command Diagram (SPI) ... 30
Figure 17. Deep Power-Down Sequence Diagram (SPI) ........couiviiiiiiiiiiiiiieeeiiiieeeee e 31
Figure 18 Display ENable DIagram ...t e e e s e e e e e e e 32
Figure 19 Display Enable Diagram ... 33
Figure 20 Display DiSable DIagram...........cuuiiuiiiiiiiiee ettt s s e e e e e aneneees 34
Figure 21 Luminance Register Write DIagraim ...........couiiiuuriiiiieeeeeeeiiiiee e e s e e 34
Figure 22 Luminance Register Read Diagram ...........coeiiviiiiiiiiii e ceeeeiiis e e e e e eesertn s e e e e e e eeeaennes 35
Figure 23 Current Register WILE ......ocoooie i 35
Figure 24 Current Register Read DIAgraIm ...........ccouiiiiiiiiiiiiiiiieeee et e e e e e 36
Figure 25 Display Center Register Write Diagram ..........couuuiiiiiiieiiieeeiiis e e e e e eeeeeaeas 36
Figure 26 Display Center Register Read Diagram............ccccoeeeeeiiie e, 37
Figure 27 Write Buffer Data DISgIaM ..........oiiuiuiiiiiiiee ettt e e e e e e e e eenneees 38
Figure 28 Read Buffer Data DIiagraim............ocuuiiiiiiieeeiiiii et e e e 39
Figure 29 Fast Write Buffer Data Quad Input Diagram .............cccooeeeiiii e, 40
Figure 30 Fast Read Buffer Data Quad Output DIiagram ............ccoooiiiiiiireieeenniniiiieeee e 41
Figure 31. Write Enable Instruction for SPI MOUE .........cooiiiiiiiiiiiee e 42
Figure 32 Write Disable Instruction for SPI MOAE .........ooovuiiiiiii e 42
Figure 33 Write Status Register 1 Diagram ..........ccoooeeiiiiiiii i 43
Figure 34 Read Status RegiSter DIagram ...........uuiiiiiiiiiiiiiiiiiee et 43
Figure 35 Write Status Register 2 DIagram ..........ceiiieiiiieieiiiiii e ee et e e s e e e e e e e e eenaeans 44
Figure 36 Read Status Register 2 Diagram ..........ccoooeeiiiiiiii e 44
Figure 37 Mirror command DiIagram L ........ooiiuuuiiiiiiiieeeiiiiiie e e e e e e anneees 45
Figure 38 Mirror command DIAQIamM 2 ........ooiuiiieiiiieeeeeeaee ettt e e r e e e e e annneees 45
Figure 39 Mirror command DIagram 3 ........ccooeiiiiiiiiiii e e e e e e e e e e e e e e eear e e e e e e eeraenaas 45
Figure 40 Self-Test command Diagram L ............oeiiiiiiiiiiiiiiiiiiie e e e 46
Figure 41 Self-Test command Diagram 2 ............ooeiiiiiiiiiiiiiiiie e e e e 46
Figure 42 Self-Test command Diagram 3 ............oooiiiiiiiiiiiiie e e e a7
Figure 43 Self-Test command Diagram 4 ...........uuoiiii i e e e 47
Figure 44 Temperature Sensor Read Command Diagram ............cccccoeeeeiieiiee 48
Figure 45 SPI OTP ReE&M DIAGIAIM ......cuiiiiiiiiiiiiiiiii ettt e e e e e e e r e e e e e e nnnneees 48
Figure 46 SP1 OTP Read Wave DIagram ...........uciiiiiiiiieeeiiiii e ee et e e e e ee et e e e e e e eeenann s 49
Figure 47 Package power supply diagram ... 50

January, 2022 6/65 www.jb-display.com



http://www.jb-display.com/

JBD013VGA Description

Figure 48 Power On/Off Sequence Diagram for PACKage ...........ccoouviimiiiiiieeiiiiiiieeeee e 50
Figure 49. External Clock Source AC Timing Diagram .........cccooeeiiiiiiiiiiiiieeeee e eeee e 55
Figure 50. Typical Application with an 8 MHz Crystal ...............ccooooio 56
Figure 51 Serial Input TIMING(SCLK MDO).......cuuuiiiiiiiiiiiiiiiiieee e 58
Figure 52 Serial Input TiMiNG (SCLK MD3).....ccuuuiiiiiiiiiiieieiiiis et e e e e e e e e e enaan s 59
Figure 53 Serial Output TIMING ....cooooieiiee i, 59
Figure 54 uLED Panel Package SPeCifiCatiONS...........couuiuiriiiiiiieeieiiiiiiieee e 60
Figure 55 ULED Panel Package Outer LIMIt ..........cooiiiiiiiiiiiiieeeeeeeiii e 61
Figure 56 ULED Panel Connector PiN LISt ......c.cuuiiiiii it e et e e e e e en s 62

January, 2022 7165 www.jb-display.com



http://www.jb-display.com/

JBDO013VGA

Description

1

January, 2022 8/65

Description

The JBD013VGA uLED panel is an active-matrix micro display intended for near-to-eye
applications that demand high brightness, compact size and low power consumption. The active
array is composed of 640*480 circular pixels with 4um pitch. JBD0O13VGA (Core voltage: 1.2V,
10 voltage to 2.5V) is a micro LED display chip with SPI/QSPI interface.

Table 1. JIBD0O13VGA device features

Key Features JBDO13VGA
Format Resolution 640 * 480
Total Pixels 660 * 504
Pixel dimension 4um * 4 um
Active Area 2.64mm * 2.02mm
Die Size 3.64 mm* 4.28mm
Package Size 4.12 mm* 5.82mm
Gray scale 16 (4 bits)
Panel Refresh Rate 25~125 Hz
Interface Quad-SPI/SPI
Integrated memory 1.2Mb
Cable FPC/FFC
uLED Voltage 2.5~3.2V
IC backplane power consumption 30mw
DPD Mode power consumption <50uA
Operating temperature -20°C to 85°C
Storage temperature -40°C to 90°C

Note: DPD > Deep Power Down

The top-level block diagram for JBDO13VGA IC is shown in Figure 2. The IC mainly contains
register & control circuit, buffer circuit, pixel array, and SPI/QSPI interface. Pixel buffer receives
external pixel data and transfers them into pixel array line by line. Pixel buffer can store one full
frame data. After the Pixel buffer receives the correct frame data, Sync command needs to be
sent to transfer buffer data to pixel driver array. High frequency data and control signals are
transferred through SP1/Quad-SPI interface. The corresponding register needs to be configured
with SP1/Quad-SPI command before pixel data can be transferred. The pixel data can also be
directly transferring into the pixel driver array with bypassing the pixel buffer to obtain a lower
display latency. However, this mode can only support frame data with 1-bit gray level.

www.jb-display.com
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2 Pin Description

Figure 1. Pin Diagram (Die view)

I RESET PIN
I DIGITAL PIN
I ANALOG PIN
I GROUND
I INPUT SUPPLY
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8
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Table 2. JBD013VGA pin definition

Name Function Input Output Description
type type
SCLK SCLK ST - Serial clock input
CSB CSB ST - Chip select input
Sl ST - SPI data input
SI/100 :
100 ST CMOS Quad SPI data input output 0
SO ST CMOS SPI data output
SO/101 :
101 ST CMOS Quad SPI data input output 1
102 102 ST CMOS Quad SPI data input output 2
103 103 ST CMOS Quad SPI Data input output 3
XIN XTAL XTAL Crystal in
XIN/CLKIN -
CLKIN ST - External clock input
XOouT XouT XTAL XTAL Crystal output
RSTN RSTN RST - Reset input
VDD2510 VDDIO Power - 10 Power Supply
VDD12I0 VDDIO Power - 1.2V 10 Core Power Supply
VDD12 VDD CORE Power - 1.2V Internal Power Supply
VDD12P VDD Panel Power . 1.2v Power for panel
VCOM VCOM Power - -1.3V~-3.0V Cathode Voltage
GND GND Power - Ground reference

Legend: CMOS= CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels
XTAL = Crystal levels

RST=Reset pin with embedded weak pull-up resistor

January, 2022
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3 Block Diagram
Figure 2. Panel IC Block Diagram
SCLK [ ]—» ]
CSB[ |—>
SI/100 [ ]<> ;
Displa Py
SO/I01 [ J«—> stpél P CFt)ﬂ Y 2 .
102 Mle > S b Pixel array
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A
Y y Y
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> Buffer Gamma
b A\ 4
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Figure 3. Package Diagram
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4 Functional Description

4.1 Display operation

41.1 Display Control

The Panel refresh rate can be set to 25/50/75/100/125/150/175/200Hz through register
configurations.

Display disable: All uLED pixels scan signals are turned off.
Display enable: All uLED pixels scan signals are ready to turn on.

Image mirror: Mirror panel image through corresponding command, Up/Down or Left/Right. Ref
Figure 4.

Self-test: The panel can show internal test patterns through self-test commands, which can be
used to check the quality of panel. Ref Figure 5.

Figure 4 Mirror Operation Diagram

Default Up/Down

Left/Right
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Figure 5 Self-test Image Diagram
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41.2 Display Solution
Resolution: 640x480

Total number of pixels: 660x504, extra 20 columns and 24 rows pixels for optical alignment
purpose.

Color: monochrome (Red/Blue/Green)

4.1.3 Brightness Control

Brightness control: There are above 5000 adjustment levels for global brightness adjusted by
register configurations.

4.1.4 Display Process Flow

Before displaying an image or video on the panel, the value of configuration registers need to
be set at first. Then the Display Enable command is needed to send.

This is followed by transferring the frame data to buffer space. Next, a SYNC command is sent
to update the buffer data to panel.

The screen is turned OFF during SYNC period (about 1ms). The screen turns ON and the panel
displays the image after SYNC is finished. The panel display scan frequency can be adjusted

January, 2022 13/65 www.jb-display.com
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by configuration register.

Master device can transfer subsequent frame data during the period of panel display, another
SYNC command will update the panel image.

If nothing needs to be displayed, the Display disable command is used. See the diagram below:

Figure 6 Display Process Flow Diagram

StartReset Release.

SPICMD Rco':égr DPEN Transfer 1% Frame Data lsmcﬂ Transfer 2" Frame Data J[smc | Transfer 3¢ Frame Data Jlscje o o | Transfer (N+1)* Frame Data
|

A DPDIS j

Cache XXX 1 Frame Data with Compensation 2" Frame Data with Compensation 3" Frame Data with Compensation N+1)* Frame Data with Compensation
J s J i i jeeoe s J

Panel l No Display [ Display 1% Frame | Stop l Display 2" Frame | SRl © ¢ © l Display N* Frame

1 Stop
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4.2 Data Operation

421 Internal Buffer Control

Internal Buffer is used to store frame data. Also, the data in the Buffer can be read out via SPI
interface for confirmation purpose. Once the full frame data is ready in the buffer, a
synchronization command is issued to enable the pixel data in the memory be loaded into the
pixel array circuits.

The IC backplane can support 3 different data transfer modes for pixel data written to or read
from buffer: 4-bit pixel data transferred via SPI interface, 4-bit pixel data transferred via QSPI
interface and 1-bit pixel data transferred via QSPI interface. Customers can configure the data
transfer mode by register configurations.

422 Partial refresh mechanism

Based on the way of SPI/QSPI write buffer by address, the function of pixel partial
update can be realized, so as to achieve the purpose of more efficient update of
panel images. Write the buffer with SPI/QSPI, which can automatically wrap lines
inside the chip, so that it is more flexible to update partial data in buffer.

Figure 7 Auto wrap diagram

Write data from here

Auto wrap

Write data finish
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4.3

43.1

4.3.2
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Serial Peripheral Interface (SPI)

Both standard SPI protocol and Quad SPI protocol can be supported by configuring the
corresponding registers.

The IC backplane can support both standard SPI and Quad SPI interface. Customers can
select one of them with corresponding commands.

Figure 8. Standard SPI & Quad SPI Status Diagram

C Power On >
;

Device Initialization
& Status Register Refresh

l SPI Reset

Standard SPI
Quad SPI

Standard SPI Instructions

The JBD0O13VGA is accessed through an SPI compatible bus consisting of four signals: Serial
Clock (SCLK), Chip Select (CSB), Serial Data Input (SI) and Serial Data Output (SO). Standard
SPI interface uses the Sl input pin to write instructions, addresses or data to the device on the
rising edge of SCLK. The SO output pin is used to read data or status from the device on the
falling edge of SCLK.

SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode
0 and Mode 3 concerns the normal state of the SCLK signal when the SPI bus master is in
standby and data is not being transferred to the Serial Flash. For Mode 0, the CLK signal is
normally low on the falling and rising edges of CSB. For Mode 3, the SCLK signal is normally
high on the falling and rising edges of CSB.

Quad SPI Instructions

The JBD013VGA supports Quad SPI operation when using instructions such as Quad SPI Buffer
Write & Read or One-bit Quad SPI Buffer Write & Read. These instructions allow data to be
transferred into or from the device at four times the rate of ordinary Serial commands. The Quad
Read instructions offer a significant improvement in continuous and random-access transfer
rates allowing frame data to RAM or read directly from the SPI bus. When using Quad SPI
instructions, the Sl and SO pins become bidirectional 100 and 101, and the pins 102 and 103 is
needed respectively.
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4.3.3 The timing between SPI/QSPI commands

It should be the time(Tint) to keep the CSB high for more than 1 us between spi/gspi commands.

Figure 9 The timing between commands

_— — —

Command_N Command_N+1
i Tint > Tus

!
I |
| |
| |
| |
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4.4

44.1

4.4.2
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Power Management

Power Supply Schemes

>

YV V V V

Vpposio = 1.62 to 3.6 V: external power supply for 1/0Os. Provided externally through
VDD25I0 pins. The Vpp2sio Voltage level must be provided first

Vpp12i0 = 1.08 to 1.32 V: external power supply for 1/Os core.
Vppi1z2 = 1.08 to 1.32 V: external power supply for IC core.
Vpp12p = 1.08 to 1.32 V: external power supply for IC Panel.

Vcowm = -1.3V~-3.0V: external power supply for IC Cathode negative voltage.

Low-Power Modes

The JBD013VGA Display chip supports two low-power modes to achieve the best compromise
low power consumption.

Screen OFF

All the uLED display scan signals are disabled and uLED array is turned off. The panel
stays in a power-saving mode.

Deep Power Down

The Deep Power Down mode is used to achieve the lowest power consumption. The
internal OSC or the external crystal oscillators are switched off. Once entering Deep Power
Down mode, the content in buffer and registers keeps unchanged.

The device exits Deep Power Down mode when an external reset (RSTN pin) or Release
Deep Power Down command is generated.
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4.5 Clocks and Startup

System clock selection is performed on startup. However, the internal RC 9.6MHz oscillator is
selected as default clock on reset. And an external clock can also be selected.

Figure 10 Clock Management of JBDO13VGA

SCLK[ ] » SPI/QSPI
» Cache
9.6MHz N
HSIOSC |19 2MHz A
» Driver
1
» Display Control
XIN/CLKIN
HSE OSC
XOUT Legend

clock tree element

clock tree control element
clock line
control line

HSE = high-speed external clock signal
HSI = high-speed internal clock signal
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5 Memory Mapping

Figure 11 Display Pixel Row and Column location map

(Column, Row)
(O’ 0) Controlled by Center Location Register (639, 0)

Controlled by Center Location Register

(0, 479

639, 479)

Figure 12 Buffer Address Mapping

Row: 0~479 Column: 0~639

IIIIIIIII.!IIIIIIIII

Row: OxFO Column: 0x140

i
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JBDO013VGA Status and Configuration Registers

6 Status and Configuration Registers
6.1 Registers Map
Table 3. Register Map and Reset Values
Command Control register 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 | 2 1 0
Lum_H LUM[15:8]
Reset 0 0 0 1 1 0 1 1
. . RIW RIW RIW RIW RIW RIW RIW RIW RIW
Luminance Register
Lum_L LUM[7:0]
Reset 1 1 0 0 0 1 0 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Cur Reserved CUR[5:0]
Current Register R/IW Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Row Reserved ROWI[4:0]
Reset 0 0 0 0 1 1 0 0
R/W RO RO RO R/W R/W R/W R/W R/W
Offset Register R/IW
Column Reserved COL[4:0]
Reset 0 0 0 0 1 0 1 0
R/W RO RO RO R/W R/W R/W R/W R/W
ST1 W0 GMAEN RFFQ[2:0] Reserved
Status Register 1 Reset 1 0 0 1 0 0 0 0
R/W R/W R/W R/W R/W R/W WO wo WO
ST2 Reserved Reserved | SPF RFHF | PORF | SYNC_S | OsScs[l] | OSCS[0]
Status Register 2 Reset 0 0 0 0 0 0 0 0
R/W R R R R R/W R/W R/W R/W
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6.2

Status Registers
Command access: Status Register 1 Read (0x05H) & Write (0x01H)

Reset value: 0x90

7 6 5 4 3 2 1 0
WO GMAEN RFFQ [2:0] Reserved
RIW RIW RW | Rw | Rw [ wo [wo| wo
Bits 7 WO: Write 0 at any reset release status
0: Disable demura function
1: Enable demura function (default)
Bits 6 GMAEN: Gamma enable.
0: Disable gamma correction (default)
1: Enable gamma correction
Note: Gamma enable only after panel initial flow
Bits 5:3  RFFQ [2:0]: Panel Refresh frequency
If internal OSC 9.6MHz is selected. If internal OSC 19.2MHz is selected.
000: 30Hz 000: 60Hz
001: 60Hz 001:120Hz
010: 90Hz (default) 010: 180Hz (default)
011: 120Hz 011: 240Hz
100: 150Hz 100: 300Hz
101: 180Hz 101: 360Hz
110: 210Hz 110: 420Hz
111: 240Hz 111: 480Hz
Bits 2.0  Reserved, if used, need to write 3'b000.
Note: Different refresh frequency(RFFQ) has different luminance register value range, as below:
000: 0~21331,;
001: 0~10664,
010: 0~7109;
011: 0~5331;
100: 0~4264;
101: 0~3366;
110: 0~2907;
111: 0~2558;

January, 2022
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Command access: Status Register 2 Read(0x35H) & Write(0x31H)

Reset value: 0x00

January, 2022

7 6 5 4 3 2 0
Reserved SPF RFHF PORF SYNC_S OSCS [1] OSCS [0]
R/0 R/0 R R R/0 R/W R/W R/W
Bits 7:6  Reserved, must be kept at reset value.
Bits 5 SPF: Panel Scan Period Flag
0: Not panel scan time
1: The panel is scanning
Bits 4 RFHF: Reload buffer data to Pixel Latch flag
0: No reload operation
1: Reload time
Bits 3 PORF: Power on reset flag
0: write O to clean
1: Power on happened
Bits 2 SYNC_S: SYNC command with screen off select
0: SYNC command has screen off function(default)
1: SYNC command has no screen off function(suggestion)
Bits 1:0 OSCS [1:0]: Oscillator Selection

00: Internal oscillator 9.6MHz(default)
01: Internal oscillator 19.2MHz(suggestion)
1x: External Crystal/External CLKIN from Pin XIN
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6.3 Luminance Register
Command access: Luminance Register Read(0x37H) & Write(Ox36H)
Reset value: 0xC5
7 6 5 4 3 2 1 0
LUM [7:0]
RW | rRw | Rw RW | rRw | Rw RIW RIW
Bits 7:0 Lum [7:0]: Low 8 bits luminance value.
Reset value: 0x1B
7 6 5 4 3 2 1 0
LUM [15:8]
RW | rRw | Rw RW | Rw | Rw RIW RIW
Bits 7:0 Lum [15:8]: High 8 bits luminance value
6.4 Current Register

Command access: Current Register Read (0x47H) & Write(0x46H)

Reset value: 0x00
7 6 5 4 3 2 1 0

Reserved CUR [5:0]

RW [ Rw R/W R/W RW [ Rw [ RW RIW

Bits 7:6  Reserved
Bits 5:0  Cur [5:0]: 6 bits micro LED bias current adjust value.
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6.5
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Offset Register
Command access: Offset Register Read(0xC1H) & Write(OxCOH)

Reset value: 0x0C

7 6 5 4 3 2 1 0
Reserved ROW [4:0]
RO | RO | RO RIW RW | RwW [ RWw R/W

Bits 7:5 Reserved, must be kept at reset value.
Bits 4:0 ROW [4:0]: Row offset adjust 5 bits value.

Reset value: Ox0A

7 6 5 4 3 2 1 0
Reserved COL [4:0]
RO | RO RO R/W RW | RwW [ RwW RIW

Bits 7:5 Reserved, must be kept at reset value.
Bits 4:0 COL [4:0]: Column offset adjust 5 bits value.
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v

7.1

January, 2022

Instructions

Device ID and Instruction Set Tables

Table 4. Manufacturer and Device Identification

MANUFACTURER ID (MF7 — MFO)

JBD Serial Display 0xBD

Device ID (ID15 - 1DO)

JBDO13VGA 0x4010
26/65
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7.2 Instruction Table

Table 5. Instruction Table

Command name
Read ID Operations

Deep Power-Down Operations
Software Reset Operations

Display Operations

Luminance Setting

Display Center Setting

Cache Operations

Protect Operations

Status & Flag Register Operations

SELF-TEST - [ |l |

Note: Single commands need keep last SI/IO0 value at least 1us (Tcmdh>1us) after CSB going high.
Single commands include software reset operations, display operations, protect operations and self test operations.
Temperature sensor read refer to 7.3.27.

OTP read referto 7.3.28.
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7.3 Instruction Descriptions
7.3.1 Read Identification (RDID) (9FH)

7.3.2

The Read Identification (RDID) command allows the 8-bit manufacturer identification to be read,

followed by two Bytes of device identification.

The device is first selected by driving CSB low. Then, the 8-bit command code for the command
is shifted in. This is followed by the 24-bit device identification, stored in the memory. Each bit is
shifted out on the falling edge of Serial Clock. The Read ldentification (RDID) command is

terminated by driving CSB high at any time during data output.

Figure 13. Read ID Sequence Diagram (SPI)

—

! Vol

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 28 29 30 31  Mode3

|~ Instruction:9FH - Address: 24bit |

High-z 24 bits ID information

N

SO

Sl | 9FH | ooH 00H 00H
o) (MF7-MFO0) | (ID15-ID8) | (ID7-IDO)

RDID

Release Deep Power Down (ABH)

Release Deep Power Down sequence: CSB goes low = sending Read Unique ID command >

40bit Unique ID information Out = CSB goes high.

Release Deep Power Down is one way to wakeup IC from deep power down status.

Figure 14. Release Deep Power Down Diagram (SPI)

CSsB /

Mode3a O 1 2 3 4 5 6 7 8 9 10 11 43 45 46 47  Mode3

| Mode 0

- Instruction:ABH ]
s XA LU
High-Z - - -
40 bits UID information
SO
DPD \ Wake up from deep powerdown

o o PSS E

S| ABH | 00OH | OOH 00H 00H 00H

Release DPD

so MF | (ID15-ID8) | (ID7-IDO) | Dummy | (MF7-MFO)
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7.3.3

Read Chip Information (81H)

The Read Chip Information command read chip information that is unique to each device.

The Read Chip Information command sequence: CSB goes low - sending Read Chip
Information command - 96bit chip information Out > CSB goes high.

Figure 15. Read Chip Information Sequence Diagram (SPI)

31 32 124125126 127

7

8

<—|—>1FFFIOOH’—|
XXX

Instruction:81H

J

—

Mode 3

High-Z 96 bits Chip information
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7.3.4

7.3.5

Enable Reset (66H) and Reset (99H)

If the Reset command is accepted, any on-going internal operation (except in Continuous Read
Mode) will be terminated and the device will return to its default power-on state and lose all the
current volatile settings, such as Volatile Status Register bits.

The “Enable Reset (66H)” and the “Reset (99H)” commands can be issued in SPI mode. The
“Reset (99H)” command has the following sequence: CSB goes low = Sending Enable Reset
command - CSB goes high > CSB goes low > Sending Reset command > CSB goes high.
Once the Reset command is accepted by the device, the device will take approximately trst /
trsT_E tO reset. During this period, no command will be accepted. Data corruption may happen
when Reset command sequence is accepted by the device. It is recommended to check the
Status Register before issuing the Reset command sequence.

Figure 16. Enable Reset Diagram (SPI)

CsB
.Mode 3 | 6 1 2 3 4 5 6 7_ _ Mode3,
SCLK  Mode o ! Mdde 0
\4 Instruction (66H) F‘
s X -

~Temarr!

SO

Figure 17. Reset command Diagram (SPI)

csB

Mode3 O 1 2 3 4 5 6 7 Made 3

\4 Instruction (99H) F\

~Temarr!

SO

Deep Power-Down (DPD) (B9H)

Executing the Deep Power-Down (DPD) command is the only way to put the device in the lowest
consumption mode (the Deep Power-Down Mode). It can also be used as an extra software
protection mechanism, while the device is not in active use, since in this mode, the device ignores
all other commands. The Deep Power-Down Mode can only be entered by executing the Deep
Power-Down (DP) command. Once the device has entered the Deep Power-Down Mode, all
commands are ignored except the Release from Deep Power-Down (ABH) or Enable Reset (66H)
and Reset (99H) commands. These commands can release the device from this mode. The
Release from Deep Power-Down command releases the device from deep power down mode.

The Deep Power-Down Mode automatically stops at Power-Down, and the device is in the
Standby Mode after Power-Up. The Deep Power-Down command sequence: CSB goes low >
sending Deep Power-Down command - CSB goes high. CSB must be driven high after the
eighth bit of the command code has been latched in; otherwise the Deep Power-Down (DP)
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command is not executed. As soon as CSB is driven high, it requires a delay of Tap (>1us) before
the supply current is reduced to IC and the Deep Power-Down Mode is entered. Any Deep
Power-Down (DPD) command, while other command except RESET or release from Power-
Down is in progress, is rejected without having any effects on the cycle that is in progress.

Figure 18. Deep Power-Down Sequence Diagram (SPI)

CSB
— po R ——_
Mode3 9 1 2 3 4 5 6 7 8 910111213 1415 _________ Mode 3
SCLK' Mode 0 | Mode 0
|-~ Instruction (B9H) = Dummy -]
st _ X/ \UJ \ [
so High Impedance
Normal run Power down§
%Lowcurrent
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7.3.6 Sync (97H)

Reload buffer data to Pixel latch, and start to scan screen, then the screen displays normally. It
iSs necessary to reserve 0.83ms @ 9.6MHz system clock or 0.42ms @ 19.2MHz system clock
time keeping the full reloading period.

Figure 19 Display Enable Diagram

CSB \ /

Mode3 0 1 2 3 4 5 6 7 ﬂ_
SCLK  Mode o ! | | | _Modle 0
|—> Instruction (97H) <—|
s X N\ /NS \C

SO High Impedance

Users need to know that synchronization requires time, and data transfer to the buffer during
synchronization is prohibited, which can lead to unexpected errors. The time required is as

follows:
Clock frequency(MHz) [sync time(ms)

8 1.00
16 0.50

External clock
20 0.40
32 0.25
Internal OSC 9.6 0.83
19.2 0.42
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7.3.7 Display enable (A3H)

Turn on panel scan signals, the panel prepares to drive u-LEDs. And SYNC command is needed
to active LEDs driving signal. The u-LED’s status is based on gray value from SPI or buffer.
Please avoid long-time full screen on since it will generate higher power consumption.

Figure 20 Display Enable Diagram

‘Tcmdh"‘

High Impedance
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7.3.8 Display disable (A9H)

Turn off scan signal, all micro LEDs are not driven, the current will be smaller than any LED on.

In order to release from this status and restore display, Display enable and SYNC command is

needed.

Figure 21 Display Disable Diagram

| Instruction (A9H)

SO High Impedance

S _X /NS S

|
}‘Tcmdhd‘
|
|
|

7.3.9 Luminance Register Write (36H)

Set 16 bits luminance.

Figure 22 Luminance Register Write Diagram

High Impedance

|—> Instruction (36H) <—|—> Lum15-Lum8

s _ X\ 9060000600
*

Mode3_‘0123456789101112131415

SO
CSB /
__________ 15 16 17 18 19 20 21 22 23 _ _l\_/lgd_e_3_
SCLK Mode 0O
|—’ Lum7-LumO <—|

S 200068660 W
*

so High Impedance

*=MSB
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Luminance Register Read (37H)

Read 16 bits luminance.

Figure 23 Luminance Register Read Diagram

CsB

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

|—> Instruction (37H) <—|

Sl >< \< ><
SO High Impedance :7 . . . . . . . : .....
[ Lum15-Lumg o

CSB /

__________ 15 16 17 18 19 20 21 22 23 Mode3_
SCLK Mode 0
S X
S 000060080

*=MSB |—> Lum7-LumO <—|

*

Current Register Write (46H)

Set 8 bits register value for global current adjustment.

Figure 24 Current Register Write

—

SO

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
- Instruction (46H) ] > Cur6-Cur0 ]
s X\ 90000080
*

High Impedance

*=MSB
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Current Register Read (47H)

Read 8 bits register value for global current adjustment.

Figure 25 Current Register Read Diagram

—

9 10 11 12 13 14 15 _ Mode 3

8

Instruction (47H)
Sl

SO High Impedance

* |- Cur5-Cur0 ]

*=MSB

Display Center Register Write (COH)

Set the position of display zone

Figure 26 Display Center Register Write Diagram

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCLK Mode 0 |
- Instruction (COH) ] [ R4-RO  +
S X/ (AXBX2RAXON
*

High Impedance

SO
CSB /
__________ 15 16 17 18 19 20 21 22 23 Mode 3
SCLK Mode 0
|- ca-co
\/
S (4 X3 X2 XXX
*
o) High Impedance

*=MSB
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Display Center Register Read (C1H)

Read Row & Column of display center.

Figure 27 Display Center Register Read Diagram

M0d6‘310123456789

10 11 12 13 14 15

SCLK Mode 0 |
e Instruction (C1H) ]

" X /X X

SO High Impedance
(aX3X2X1X0)
' Raro

CSB /

__________ 15 16 17 18 19 20 21 22 23 Mode3
SCLK

S X

________

*
|- ca-co

SO
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7.3.15 SPI Write Buffer Data (02H)
Write Buffer Data in SPI protocol.

Figure 28 Write Buffer Data Diagram

SI

SO

CSB

SCLK

Sl

SO

CSsB

SCLK

Sl

SO

XA 00806

4 5 6 7 8 9 10 11 28 29 30 31

0o 1 2 3
| AU -

|—> Instruction:02H <—|—' Address N: 24bit ‘_|

*
High-Z

""""" me.

31 32 33 34 35 36 37 38 39 40 41 42 43

|—> Dummy V 4 |—> Pixel 0

*

High-Z
* MSB
/7
|- PixeIN-1 > PixelN <> Wit |
_____ Dummy
_____ 00806060
High-Z
* MSB

Note: Address = {5’b00000, ROW [8:0], COL [9:0]}
Final 4 dummy clocks are needed.
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7.3.16 SPI Read Buffer Data (03H)
Read Buffer Data in SPI protocol.

Figure 29 Read Buffer Data Diagram

csB \

Mode3 0 1 2 3 4 56 7 8 9 1011 2829 30 31

SCLK Mode 0 )

[ Instruction:03H - Address N: 24bit “
st XA 23/22(2120)—(3X2X LX)
*
SO High-Z
CSB
SCLK oo 31 32 33 34 35 36 37 38 39 40 41 42 43
_
|— Dummy |- Pixel0 «|
SI High-Z
> 3X2XT)Y0)

CSB /
SCLK - m m m m m —m 1 M — & o S
N Y

|- PixelN «|

S High-Z

50 X XOOOKOCOOOO+EX X ——

* =MSB
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7.3.17 QSPI Write Buffer Data (62H)
Fast Write Buffer Data in Quad SPI protocol.

Figure 30 Fast Write Buffer Data Quad Input Diagram

CsB

Mode3 O 1 2 3 4 56 7 8 91011 2829 3031

|~ Instruction:62H —t Address N: 24bit |
SI/S00 [\ (23X22)(21)20)+~3 X2 X 1 X0)
sSo1 High-Z
so2 High-Z
sO3 High-Z
CSB

31 32 33 34 35 36 37 38 39 40

susoo 000000
- Dummy -~
OEOO-—DDD
22222
EEEEEE®E
Pixel Pixel Pixel Pixel
CSB /
] Made 3 .
nnhns Mode 0
‘ Write 4
SIS O 0.0 O e i
*
SO1 onn ,,,,,,,
X222
*
BXEE)XE)
I‘;\xe\ Pixel Pixel Pixel
N N+1 N+2 N+3
*
=MSB

Note: Address = {5’b00000, ROW [8:0], COL [9:0]}
Final 4 dummy clocks are needed.
One SCLK transfers 1-pixel data with 4bit gray value.
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7.3.18 QSPI Read Buffer Data (63H)
Fast Read Buffer Data in Quad SPI protocol.

Figure 31 Fast Read Buffer Data Quad Output Diagram

csB\

Mode3d3 O 1 2 3 4 5 6 7 8 9 1011 28 29 30 31

SCLK Mode 0

Instruction:63H Address N: 24bit
SIUS00 X X / @@@@ QQG@
sSo1 High-Z
sSO?2 High-Z
sSO3 High-Z

8 SCLK Dummy 39 40 41 42 43 44 45 Maode 3

sisoo T

e (XXX AN )
X (2X2X2X2X2X 22X 2)——

pos QOO OO ENE)

Pixel Pixel Pixel Pixel Pixel Pixel Pixel  Pixel
0 1 2 3 4 5 N-1 N

Note: One SCLK reads 1-pixel data with 4bit gray value.
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Write Enable (06h)

The Write Enable instruction sets the Write Enable Latch (WEL) bit in the Status Register to 1.
The WEL bit must be set prior to write status registers instruction. The Write Enable instruction
is entered by driving CSB low, shifting the instruction code “06h” into the Data Input (DI) pin on
the rising edge of CLK, and then driving CSB high.

Figure 32. Write Enable Instruction for SPI Mode

CSB \ /

Mode3 o 1 2 3 4 5 6 7. Mode3

SO High Impedance

Write Disable (04h)

The Write Disable instruction (Figure 33) resets the Write Enable Latch (WEL) bit in the Status
Register to a 0, and then the status registers can’t be written. The Write Disable instruction is
entered by driving /CS low, shifting the instruction code “04h” into the DI pin and then driving /CS
high. Note that the WEL bit is automatically reset after Power-up.

Figure 33 Write Disable Instruction for SPI Mode

CSB \ /'

[~ Instruction (04H)  ~| | |

s XA J ST
1Tomarr|
s0 High Impedance o
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7.3.21 Write Status Register 1 (01H)
Write Status Register 1.

Figure 34 Write Status Register 1 Diagram

cSB \ /
Modes O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 yodes
SCLK
|'— Instruction:01H I Register Data —>|
s XA 92.0.6,0,00.000:
so High-Z
* MSB

7.3.22 Read Status Register 1 (05H)
Read Status Register 1.

Figure 35 Read Status Register Diagram

Modes O 1 2 3 4 5 6 7 8 9 10 11 12 13 1415 .,

|<— Instruction:05H —'l

s! X\ /N N\
|'— Status Register data out —-|

High-Z
) 2000600860,

* MSB

* MSB

7.3.23 Write Status Register 2 (31H)
Write Status Register 2.
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Figure 36 Write Status Register 2 Diagram
CSB \ /
Modes O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 pyodes
SCLK
|'— Instruction:31H I Register Data —>|
\/ \/
s X\ 20,000,000 0:
SO High-Z
* MSB
7.3.24 Read Status Register 2 (35H)

7.3.25

January, 2022

Read Status Register 2.

Figure 37 Read Status Register 2 Diagram

cse\ /7

2 3 4 5 6 7 8 9 10 11 12 13 1415 .5

|<— Instruction:35H —’l

s XAL NN

High-Z —— Status Register data out ——
so 7 X6 X5 X4 X3X2 X1 X0)

* MSB

* MSB

Mirror (71H/72H/73H)

Mirror command can change the image to mirror view automatically.
Command (71H) returns to default image.

Command (72H) changes image to up/down mirror view.

Command (73H) changes image to left/right mirror view.

Note: After mirror command, the SYNC command is needed.

The mirror image diagram ref Figure 4.
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Figure 38 Mirror command Diagram 1

: ST O

High Impedance

SO

Figure 39 Mirror command Diagram 2

. e lauls

High Impedance

SO

Figure 40 Mirror command Diagram 3

|—> Instruction (73H) <—|
S! ANV 3

High Impedance

SO

Self-Test (13H/14H/15H/16H)
Self-test command can be used to test the panel performance.

Command (13H) makes the screen all off.
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Command (14H) makes the screen all on.

Command (15H) makes the screen enter 3X3 check | mode.
Command (16H) makes the screen enter 3X3 check Il mode.
Note: After self-test command, the SYNC command is needed.

The self-test diagram ref Figure 5.

Figure 41 Self-Test command Diagram 1

s /NS C

High Impedance

SO

Figure 42 Self-Test command Diagram 2

. /NS

High Impedance

SO
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Figure 43 Self-Test command Diagram 3

s /NSNS C

High Impedance

SO

Figure 44 Self-Test command Diagram 4

s AVaRNY e

High Impedance

SO
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7.3.27 Temperature Sensor Read (26H)

Temperature Sensor Read command can read temperature sensor value. Users can get
temperature of panel corners through corresponding calculation.

Ref Figure 45
Note: Address = 0x02

Figure 45 Temperature Sensor Read Command Diagram

csB
Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(e Instruction:26H - Address: 8bit |
Sl | \ | \
High-Z
o] | S
CSB /
——— o & & & ] Mode3
SCLK 1 Mode 0
—_ P T I At
|- Wait SO 1001B ~]
Sl
. [\ [\ 12bits TPS Value \

Please check design note for detail.

7.3.28 OTP Read (81H)
OTP address range is from 0x0000 to Ox1FFF

Figure 46 SPI OTP Read Diagram

SCLK number 8
Dumm OTP_DO
y (Get data through 101)
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Figure 47 SPI OTP Read Wave Diagram

SPI OTP Read

CSB \

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

SCLK
s Instruction (81H) e ADR15-ADRO ]
s\ /XXX KA
NN NANANIN AN
SO High Impedance

CSB /_

16 17 18 19 20 21 22 23 24

SCLK

|- DUM7-DUMO ]

)
* = OTP_DA95-OTP_DAO |

% High impedance XX X XXX
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8 Electrical characteristics

8.1 Power Supply Scheme

For package, pins ref Figure 57

Figure 48 Package power supply diagram

JBD013VGA Package

VCC 2.5v GND VCC 12V VCOM
1
zsvg%;

8.2 Power On/Off Sequence

Figure 49 Power On/Off Sequence Diagram for Package

T1>=100us T4 >= 10us
T2 >=10us T5>=10us
T3 >=5ms T6 >= 10us
T1 T2 T3 T4, T5 76 |
VCC_2.5V
VCC_1.2V
VCOM
Negative Volt
SPI Signal i
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8.3 Display Control Sequence

Initial panel flow:

Power on 1. Disable demura register write enable(command: 0x06), set status register 1, bit7 to 0(command: 0x01)
. Write all cache data to 0 (command: 0x02)

2
3. Write offset (0,0)-->0x0000(command: 0xC0), SYNC(command: 0x97)
4. Write offset (0,20)-->0x0014(command: 0xC0), SYNC(command: 0x97)
Wait 5ms 5. Write offset (24,0)-->0x1800(command: 0xC0), SYNC(command: 0x97)
6.  Write offset (24,20)-->0x1814(command: 0xC0), SYNC(command: 0x97)
7. Setactual position, example: for center display, write offset (12,10)-->0x0C0A(command: 0xC0)
RDID

Disable
demura

Write 0 to
cache

!

Set offset to 4 value (0,0),
(0,20), (24,0), (24,20) with

A

Initial Panel [ —

SYNC
: v
Display
Enable Set actual
l offset
Transfer data [ Note: SYNC needs 1ms time(8MHz system clock) or 0.5ms time(16 MHz system clock) to finish

operation.

Change frame data

SYNC

Panel start to
display with
setting offset,

Note:
1. Config REG needs to set current at first. Demura enable default, if the function is not

needed, disable the function at configuration register status. Refer to 7.3.21. And any
change in status register 1 or status register 3 will change luminance to max value, so
luminance setting after the status register operation is needed.

2. Initial Panel must be done before normal operation, otherwise the edge of panel maybe lit
up unexpected. Sync command is heeded after setting offset, and corresponding delay is
necessary.

3. Setting offset refer to 7.3.13 , offset register value mapping: (0,0) - 0x0000, (0,20) >
0x0014, (24,0)->0x1800, (24,20)>0x1814.
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8.4 Absolute Maximum Ratings

Stresses above the absolute maximum ratings listed in Table 6. VVoltage characteristics, Table 7.
Thermal characteristics may cause permanent damage to the device. These are absolute
maximum ratings and regular operation of the device at these conditions is not implied. Exposure
to maximum rating conditions for extended periods may affect device reliability.

Table 6. Voltage characteristics

Symbol Ratings Min Max Unit
Vpp2s—Vss | External main supply voltage -0.3 3.6 \%
Vpp12—Vss | External analog supply voltage -0.3 1.32 \Y

Vin Input voltage Vss-0.3 | Vppgsio+0.3| V

[AVppyl Variations between different Vpp power pins - 50 mV

Ve Vas| Variations between all the different ground pins i 50 mv

1. All main power and ground pins must always be connected to the external power supply, in the permitted range.

Table 7. Thermal characteristics

Symbol Ratings Value Unit
Tsto Storage temperature range —40 to +90 °C
T, Maximum junction temperature 125 °C
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8.5 Operating Conditions

8.5.1 Recommended Operating Conditions

Table 8. General Operating Conditions

Symbol Parameter Min Max Unit
fuck | Internal clock frequency 0 16 MHz
Vpposio | Standard 10 operating voltage 1.62 3.6 \
Vop1z2io |10 IP to internal digital voltage 1.08 1.32 \
Vpp12 | Internal operating voltage 1.08 1.32 Vv
Vppizp | External power supply for IC 1.08 1.32 \Y
Cathode positive voltage.
Vcom External power supply for IC -3.0 -1.3 \%
Cathode negative voltage.
ViN I/O input voltage -0.3 Vpp2siot0.3 | V
8.5.2 Supply current characteristics
Table 9. Power Current under Normal Run
Symbol Description Conditions Typ Max Unit
Ippzsio :SSSE%VOE‘;”W SCLK @ 32MHz 3.39 4.49 mA
10 to internal logic
Ibp1210 supply current in SCLK @ 32MHz 335 33.7 UuA
Run mode
Core digital
Ibp12 supply current in SCLK @ 32MHz 3.33 3.55 mA
Run mode

Micro LED panel
positive supply SCLK @ 32MHz with full

lg2" current in Run screen on 480 550 mA
mode
Micro LED panel

lcon posmve_supply SCLK @ 32MHz with full 480 550 mA
current in Run screen on
mode
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Table 10. Power Current under Deep Power Down Status

Symbol Description Conditions Typ Max Unit
10 Supply current | Deep power down, SPI

Ipb2sio in DPD mode stop 35.4 40.1 UA
10 to internal logic

Ibp12i0 Supply current in Sth(e)ep power down, SPI 335 33.7 uA
DPD mode P
Core digital

Iop12 Supply current in Etgep power down, SP! 0.33 0.42 mA
DPD mode P
Micro LED panel
positive supply Deep power down, SPI

Iop12p current in DPD stop 30.1 33.1 UA
mode
Micro LED panel

lcom positive supply Deep power down, SPI 30.1 331 UA

current in DPD
mode

stop

January, 2022

54/65

www.jb-display.com



http://www.jb-display.com/

JBDO13VGA Electrical characteristics

8.5.3 External Clock Source Characteristics
8.5.3.1 External User Clock Generated From An External Source

When OSC select external clock and the Crystal is switched off, external clock can input from

XIN pin.
The recommended clock input waveform is shown in Figure 50. External Clock Source AC
Timing
Table 11. External User Clock Characteristics
Symbol Parameter Min Typ Max Unit
fHSE_ext User external clock source frequency 8 MHz
VHsEH CLKIN input pin high level voltage 0.7 Vppasio - Vpp2sio
Vs CLKIN input pin low level voltage Vss - 0.3 Vpposio v
bw(rser) Wwise) CLKIN high o low time 15 - -
ns
tse) tise) | CLKIN rise or fall time - . 20
Figure 50. External Clock Source AC Timing Diagram
bw(HSEH)
—p
VHSEH
VHSEL

January, 2022 55/65 www.jb-display.com



http://www.jb-display.com/

JBDO013VGA

Electrical characteristics

8.5.3.2

January, 2022

External Clock Generated From a Crystal/Ceramic Resonator

The high-speed external (HSE) clock can be supplied with an 8/16 MHz crystal/ceramic resonator
oscillator. All the information given in this paragraph are based on design simulation results
obtained with typical external components specified in Table 12. In the application, the resonator
and the load capacitors have to be placed as close as possible to the oscillator pins in order to
minimize output distortion and startup stabilization time. Refer to the crystal resonator
manufacturer for more details on the resonator characteristics (frequency, package, accuracy).

Table 12. HSE Oscillator Characteristics 1

Symbol Parameter Conditions® Min@| Typ | Max@| Unit
fosc_in | Oscillator frequency - 4 8 32 MHz
RE Feedback resistor - - 200 - kQ

Table 13. HSE Oscillator Characteristics 2

Symbol Parameter Conditions®@ Min@| Typ | Max® | pit
i (©) - -
HSE current consumption Dunigg stgy¥ip 8.5
Vpp=2.5V,Rm mA
=45Q, - 0.5 -
lbp CL = 10 pF@8 MHz
Om Oscillator transconductance Startup 10 - - mANV
tsu®mse) | Startup time Vpp is stabilized - 2 - Vs

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
2. Guaranteed by design, not tested in production.

3. This consumption level occurs during the first 2/3 of the tsysg) startup time

4

tsu(Hse) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz oscillation
is reached. This value is measured for a standard crystal resonator and it can vary significantly with the crystal

manufacturer
For CL1 and CL2, it is recommended to use high-quality external ceramic capacitors in the 5 pF
to 20 pF range (Typ.), designed for high-frequency applications, and selected to match the
requirements of the crystal or resonator (see Figure 51). CL1 and CL2 are usually
the same size. The crystal manufacturer typically specifies a load capacitance which is the series
combination of CL1 and CL2. PCB and IC pin capacitance must be included (10 pF can be used
as a rough estimate of the combined pin and board capacitance) when sizing CL1 and CL2.

Figure 51. Typical Application with a resonator

resonator

~ | \%f
- i
T
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8.5.4 I/O Port Characteristics
8.5.4.1 General Input/Output Characteristics
Unless otherwise specified, the parameters given in Table 14 are derived from tests performed.
All'l/Os are designed as CMOS- and TTL-compliant.
Table 14. 1/O Static Characteristics
Symbol Parameter Conditions Min Typ Max Unit
Low level input
Vi voltage Al 1/0s - - 0.3 Vppio
High level input
Vi voltage All 1/0s 0.7 Vppio - S
Schmitt trigger 7
Vhys hysteresis Input 1/0 - 200 - mv
| Input leakage
lkg current@ Vss<Vin<Vopio ) ) 0.1 LA
Cio I/O pin capacitance |- - 5 - pF

1. Data based on design simulation only. Not tested in production.

2. The leakage could be higher than the maximum value, if negative current is injected on adjacent pins.

8.5.4.2 Output Driving Current
The GPIOs (general purpose input/outputs) can sink or source up to +/-8 mA, or sink or source
up to +/- 20 mA (with a relaxed VOL/VOH).
In the user application, the number of I/O pins which can drive current must be limited to respect
the absolute maximum rating specified in 8.4:
8.5.4.3 Output Voltage Levels
Unless otherwise specified, the parameters given in the table below are derived from tests
performed. All I/Os are CMOS- and TTL-compliant.
Table 15. Output voltage characteristics
Symbol Parameter Conditions Min Max | Unit
Voo Output low level voltage for an I/O pin o = 8 mA - 0.4
\%
Von Output high level voltage for an 1/O pin Vopio > 2.0V Vopio-0.4 | -
VoL Output low level voltage for an I/O pin [liol = 20 mA - 1.3
\%
VoH Output high level voltage for an 1/0O pin Vopiox > 2.0V Vppio—1.3 -
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855 Communication Interfaces

855.1 SPI Characteristics

Unless otherwise specified, the parameters given in Table 16 for SPI are derived from tests
performed under the ambient temperature and supply voltage conditions summarized in Table 8.
General Operating

Table 16. SPI Characteristics

Symbol Parameter Conditions Min Max Unit
fsck SPI clock frequency - 32 MHz
CSB falling to sclk rising
t - -
sf2ckr time 31.25
SCLK falling to CSB
t -
ckf2sr rising time 31.25
tsy Data input setup time 10 -
th Data input hold time 10 -
CSB falling to sclk falling
t -
sf2ckf time 31.25
SCLK rising to CSB rising
t -
ckr2sr time 31.25
ty(so) Data output valid time after SCLK falling edge - 10 ns
th(so) Data output hold time after SCLK falling edge 0 -
SPI slave input clock duty

1. Data based on characterization results, not tested in production.
2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate the data.

3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put the data in Hi-Z

Figure 52 Serial Input Timing(SCLK MDO)

—
CSB \
te(scLk)
Tekf2sr
4 T \—/—
—_/ thi(scLk) /]
SCLK
tsfockr
SO
th(s))
tsu(sl) _f
sI MSB IN BIT 1IN X LSB IN
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Figure 53 Serial Input Timing (SCLK MD3)

tsfockf
CSB \\ //
te(scLK) |
tckr2sr
SCLK ——\ — — ———
SO
th(sl) |
tsusn _y le—
Sl / ” / »: MSB IN BT 1-|§ X =T
Figure 54 Serial Output Timing
/
CSB - _

te(scLk)
teki2sr

SCLK N/ / N/ \—/ \;_

tv(so)
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Sl
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Figure 55 uLED Panel Package Specifications
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Figure 56 uLED Panel Package Outer Limit

4 )

(uter Limit of Profective Glue

Quter Limit of Die Attach Film
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Figure 57 uLED Panel Connector Pin List

|__Index | PINName |10

| 1 XIN

o 2 Cs_Flash

3 3 VCC 2.5V
4 4 NC

5 5-7 GND

6 8 101/Flash_S0O
7 9 NC

8 10 100/Flash_SI
9 11 CS_chip
10 12 103
11 13 SCLK

(Flash_SCLK

12 14 102
13 Pl VCC 1.2V
14 P2 VCOM
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9.2 Thermal Characteristics

Ref Table 7. Thermal characteristics
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10 Revision History

Table 17. Document Revision History

Date Revision Changes
07-Jan-2020 1.00 Initial release.
08-Jan-2020 1.01 Updated diagram P10, P36, P37, P38, P39

Changed HSE OSC voltage from 3.3v to 2.5v at P46
Updated SPI timing P49, P50

Updated some diagrams, adjust some descriptions
Update package information

IAdjust some diagrams, adjust some error descriptions
Update instruction table P26

Update QSPI read buffer data diagram P40

IAdd QSPI fast write data diagram P42

IAdd write status register 3 content P44

Update registers description P20~P24

Update deep power down diagram P30

Update instruction set table P27

Update diagram about status register P45~P48
IAdjust register table P21

Change screen on/off to display enable/disable P32
P33

IAdjust header and footer
IAdjust current register 8bits to 6bits P21 P25

IAdd single command last bit keeps value description
P28 and all the single command diagram

IAdjust display sequence description P53

Delete check sum description

Change step description to GMS P21 P24

Delete Status register RFTM description P21 P22
Update package diagram P62

21-May-2021 2.03 Update VCOM voltage P52

Update Luminance feature P1

Update operating temperature P1

Update Max fucik to 16Mhz on P55

Update mechanical specifications on P63~64
09-Jul-2021 2.12 Update Read UID command P30

IAdd Read Chip Information Command P30
Update Current Description P56 P57

Change VDD25I0 range from 2.4v~2.6v to 1.62v~3.6v
Update description on page 8.

Update figure 55 about physical specifications
Change name “cache” to “buffer”

16-Nov-2021 2.13 Update power diagram P53

Update panel mechanical specifications.

Update panel connector pin list (RSTN connected to
\VDD25)

23-Nov-2021 2.14 Update register map P21

Change DMEN to WO (P22), and disable internal
demura function forever.

Delete status register function P46
Delete 1bit operation
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IAdjust instruction table P27
IAdjust release deep power down diagram P28

10-Jan-2022 2.15 Update all figures of mechanical specifications

15-Mar-2022 2.16 Change VDDIO to VDD25I0 in Table.11

09-Jan-2023 2.17 IAdjust Internal oscillator frequency P23
IAdjust scan frequency P22

08-Mar-2023 2.18 Delete reset pin description

Delete IC power description P48

IAdd package power description P48
Update temperature sensor information P46
13-Mar-2023 2.19 IAdd OTP read description

20-Mar-2023 2.20 IAdd Sync timing description P32
IAdjust RFFQ description P22

IAdd package diagram
30-Mar-2023 2.21 IAdd Partial refresh mechanism P15
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