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The BT81 X Series is an easy to use graphic 
control ler s targeted at  embedded application s to 

generate high -quality Human Machine Interfaces 
(HMIs) . It has  the following features:  

¶ Advanced Embedded Video Engine(EVE) with 
high resolution graphics and video playback  

¶ BT815/6  functionality includes graphic co nt rol , 
audio control , and touch control  interface . 

¶ Support multiple  widget s for simplified design 
implementation  

¶ Built - in graphics operations allow user s with 
little expertise to create high -quality display s 

¶ Support Adaptive Scalable Texture Compression  
(AST C) format to save considerable memory 
space for larger fonts and graphics images  

¶ Support external QSPI  NOR flash up to 2Gbit to  
store and  fetch graphic elements ( image, font, 
widget etc. )  

¶ Support 4 -wire resistive touch screen ( BT816 )  

¶ Support capacitive tou ch screen with up to 5 
touch  point  detection  (BT815 ) 

¶ Hardware engine  can  recognize touch tags and 

track touch movement. Provides notification for 
up to 255 touch tag s.  

¶ Enhanced sketch processing  

¶ Built - in 12MHz crystal oscillator with PLL  
provid ing  programmable  system clock  up to 
72MHz  

¶ Support crystal - less operation  with internal 
relaxation clock source  

¶ Video RGB parallel output ;  configurable to 
support PCLK up to 72 MHz and R/G/B outpu t  of 
1 to 8 bits  

¶ Programmable timing to adjust HSYNC and 
VSYNC timing, enabling interface to  numerous  

displays  

¶ Support for LCD display with resolution up to 
SVGA (800x 600 ) and formats  with data enable 

(DE) mode or  VSYNC/HSYNC mode    

¶ Support landscape and  portrait orientations  

¶ Display enable  control output to LCD panel  

¶ Integrated 1MByte graphics RAM, no frame 
buffer RAM required  

¶ Support playback of motion -JPEG encoded AVI 

videos  

¶ Mono audio  channel output with Sigma -delta 
modulation  

¶ Built - in sound synthesi zer  

¶ Audio wave playback for mono 8 -bi t l inear PCM, 
4-bit ADPCM and µ -Law coding format at 
sampling frequenc ies from 8 kHz  to 48 kHz . 

Built - in digital filter reduce s the system desig n 
complexity of external filter ing  

¶ PWM output  for  display backlight dimming  
control  

¶ Advanced object oriented architecture enables 
low cost MPU /MCU  as system host using SPI 
interfaces  

¶ Support SPI data lines in single, dual or quad 
mode ; SPI clock up to 30MHz  

¶ Power mode control allow s the chip to be put in 
power down, sleep and standby states  

¶ Supports I/O voltage from 1. 8V to 3. 3V 

¶ Internal  voltage regulator supplies 1.2 V to the 

digital core  

¶ Built - in Power -on- reset circuit  

¶ -40°C to 85°C exten ded operating temperature 
range  

¶ Available in a compact Pb - free , VQFN-64 
package , RoHS compli ant  

Neither the whole nor any part of the information contained in, or the product described in this manual, may be adapted or 

reproduced in any material or electronic form without the prior written consent of the copyright holder. This product and its  

documentation are supplied on an as - is basis and no warranty as to their suitability for any particular purpose is either made or 
implied. Bridgetek Pte Ltd will not accept any claim for damages howsoever arising as a result of use or failure of this prod uct . 

Your statutory rights are not affected. This product or any variant of it is not intended for use in any medical appliance, d evice or 

system in which the failure of the product might reasonably be expected to result in personal injury. This document prov ides 

preliminary information that may be subject to change without notice. No freedom to use patents or other intellectual propert y 

rights is implied by the publication of this document. Bridgetek Pte Ltd, 178 Paya Lebar Road, #07 -03, Singapore 409030. 

Sin gapore Registered Company Number: 201542387H  
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1  Typical Applications  

¶ Point of Sale s Machine s 

¶ Multi - function Printer s 

¶ I nstrumentation  

¶ Home Security  Systems  

¶ Graphic touch pad ï remote, dial pad  

¶ Tele / Video Conference Systems  

¶ Phones and Switchboards  

¶ Medical A ppli ances  

¶ Blood Pressure displays  

¶ Heart monitors  

¶ Glucose level displays  

¶ Breathalyzers  

¶ Gas chromatographs   

¶ Power meter  

¶ Home appliance devices  

¶ Set - top box  

¶ Thermostats  

¶ Sprinkler system displays  

¶ Medical Appliances  

¶ GPS / Satnav  

¶ Vending Machine Control Panels  

¶ Elevator Controls  

¶ ééand many more 

 

  

1.1  Part Numbers  

Part Number  Description  Package  

BT81 5Q-x 
EVE with ASTC and external NOR flash , 
capacitive touch  

64  Pin VQFN , body 9 x 9 mm , pitch 0.5mm  

BT81 6Q-x 
EVE with ASTC and external NOR flash , 
resistive touch  

64  Pin VQFN , body 9 x 9 mm , pitch 0.5mm  

Table 1 -  BT815/6  Embedded Video Engine  Part  Numbers  

 

Note:  Packaging codes for x is:  

-R: Taped and Reel  (3000  pcs per reel )  

-T: Tray packing  (260 pcs per tray )  

For example: BT815 Q-R is 30 00 VQFN pieces in taped and reel packaging  
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2  Block Diagram  

 

Figure 2 - 1  BT815/6  Block Diagram  

 

For a description of each function please refer to Section 4.  

 

 
 

Figure 2 - 2  BT815/6  System Design Diagram  
 

BT815/6  with EVE (Embedded Video Engine )  technology  simplifies the system architecture for advanced 

human machine interfaces (HMIs) by providing  support  for display,  audio, and touch as well as an object 

oriented architecture approach that extends from display creation to the rendering of the graphics.   
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3  Device Pin Out and Signal Description  

3.1  BT815  VQFN - 64  Package  Pin Out  

 

Figure 3 - 1  Pin Configuration BT815  VQFN - 64 ( Top  View)  
 

3.2  BT816  VQFN - 64  Package Pin Out  

 

Figure 3 - 2  Pin Configuration BT816 VQFN - 64  ( Top View)  
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3.3  Pin Description  

 

Pin Number  

Pin Name  Type  Description  

BT81 5  BT81 6  

1 1 R0 O 

Bit 0 of Red RGB signals  

Powered from pin VCCIO2  

2 2 VCC1V2  P 1.2V digital core supply. Connect to VOUT1V2 pin.  

3 3 SCK I  
SPI clock input  

Powered from pin VCCIO1  

4 4 MISO  I/O  

SPI Single mode: SPI MISO output  

SPI Dual/Quad mode: SPI data line 1  

Powered from pin VCCIO1  

5 5 MOSI  I/O  

SPI Single mode: SPI MOSI input  

SPI Dual/Quad mode: SPI data line 0  

Powered from pin VCCIO1  

6 6 CS_N I  

SPI slave select input  

Powered from pin VCCIO1  

7 7 GPIO0/IO2  I/O  

SPI Single/Dual mode:  General purpose IO 0  

SPI Quad mode: SPI data line 2  

Powered from pin VCCIO1  

8 8 GPIO1/IO3  I/O  

SPI Single/Dual mode: General purpose IO 1  

SPI Quad m ode: SPI data line 3  

Powered from pin VCCIO1  

9 9 VCCIO1  P 
I/O power supply for host interface pins. Support 

1.8V, 2.5V or 3.3V.  

10 10 GPIO2  I/O  

General purpose IO 2  

Powered from pin VCCIO1  

11 11 INT_N  OD/O  
Interrupt to host, open drain output(default) or push -
pull output, active low  

12 12 PD_N I  

Chip power down mode control input, active low. 

Connect to MCU GPIO for power management or 

hardware reset function, or pulled up to VCCIO1 

through 47 kǹ resistor and 100nF to ground. 

Powered from pin VCCIO1  

13 13 GPIO3  I/O  

General purpose IO 3  

Powered from pin VCCIO1  

14  14  SPIM_SCLK O 
SPI flash clock output line  

Powered from pin VCCIO3 

15  15  SPIM_SS_N O 

SPI flash chip select output line  

Powered from pin VCCIO3  

16  16  SPIM_MOSI  I/O  
SPI flash MOSI line  

Powered from pin VCCIO3  
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Pin Number  

Pin Name  Type  Description  

BT81 5  BT81 6  

17  17  VCCIO3 P 

I/O power supply for SPIM pins. Support 1.8V, 2.5V 

or 3.3V.  

VCCIO3 can be connected to different voltage with 
VCCIO1  or VCCIO2 . 

18  18  SPIM_MISO  I/O  
SPI flash MISO line  

Powered from pin VCCIO3  

19  19  SPIM_IO2  I/O  
SPI flash IO2 line  

Powered from pin VCCIO3  

20  20  SPIM_IO3  I/O  
SPI flash IO3 line  

Powered from pin VCCIO3  

21  21  X1/CLK  I  

Crystal oscillator or clock input  

3.3V peak input allowed.  

Powered from pin VCC.  

22  22  X2 O 

Crystal oscillator output  

Powered from pin VCC.  

23  23  GND P Ground  

24  24  VCC P 3.3V power supply input.  

25  25  VOUT1V2  P 
1.2V regulator output pin. Connect a 4.7uF 
decoupling capacitor to GND.  

26  26  AUDIO_L  O 

Audio Sigma -delta  out put  

Powered from pin VCC A 

27  27  VCCA P 3.3V power supply input.  

28 28 VCCIO2  P 

I/O power supply for RGB and touch pins.  Supports 

1.8V, 2.5V or 3.3V. VCCIO2 can be connected to 

different voltage with VCCIO1  or VCCIO3 . 

-  29 XP AI/O  

Connect to X right electrode of 4 -wire resistive touch -
screen panel.  

Powered from pin VCCIO2.  

-  30  YP AI/O  

Connect to Y top electrode of 4 -wire resistive touch -
screen panel.  

Powered from pin VCCIO2.  

-  31  XM AI/O  

Connect to X left electrode of 4 -wire resistive touch -
screen panel.  

Powered from pin VCCIO2.  

-  32  YM AI/O  

Connect to Y bottom electrode o f 4 -wire resistive 
touch -screen panel.  

Powered from pin VCCIO2.  

29 -  CTP_RST_N O 

Connect to reset pin of the CTPM.  

Powered from pin VCCIO2.  

30  -  CTP_INT_N  I /O  

Connect to interrupt pin of the CTPM.  

Powered from pin VCCIO2.  
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Pin Number  

Pin Name  Type  Description  

BT81 5  BT81 6  

31  -  CTP_SCL I/OD  

Connect to I2C SCL pin of the CTPM.  

Powered from pin VCCIO2.  

32  -  CTP_SDA I/OD  

Connect to I2C SDA pin of the CTPM.  

Powered from pin VCCIO2.  

33  33  GND P Ground  

34  34  BACKLIGHT  O 

LED Backlight brightness PWM control  signal . 

Powered from pin VCCIO2.  

35  35  DE O 

LCD Data Enable . 

Powered from pin VCCIO2.  

36  36  VSYNC O 

LCD Vertical Sync . 

Powered from pin VCCIO2.  

37 37 HSYNC O 

LCD Horizontal Sync.  

Powered from pin VCCIO2.  

38 38 DISP O 

LCD Display Enable .  

Powered from pin VCCIO2.  

39 39 PCLK O 

LCD Pixel Clock . 

Power ed from pin VCCIO2.  

40  40  B7 O 

Bit 7 of Blue RGB signals . 

Powered from pin VCCIO2.  

41  41  B6 O 

Bit 6 of Blue RGB signals . 

Powered from pin VCCIO2.  

42  42  B5 O 

Bit 5 of Blue RGB signals . 

Powered from pin VCCIO2.  

43  43  B4 O 

Bit 4 of Blue RGB signals . 

Power ed from pin VCCIO2.  

44  44  B3 O 

Bit 3 of Blue RGB signals . 

Powered from pin VCCIO2.  

45  45  B2 O 

Bit 2 of Blue RGB signals . 

Powered from pin VCCIO2.  

46  46  B1 O 

Bit 1 of Blue RGB signals . 

Powered from pin VCCIO2.  

47  47  B0 O 

Bit 0 of Blue RGB signals . 

Power ed from pin VCCIO2.  

48  48  GND P Ground  

49  49  G7 O 

Bit 7 of Green RGB signals . 

Powered from pin VCCIO2.  

50  50  G6 O 

Bit 6 of Green RGB signals . 

Powered from pin VCCIO2.  

51  51  G5 O  Bit 5 of Green RGB signals . 
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Pin Number  

Pin Name  Type  Description  

BT81 5  BT81 6  

Powered from pin VCCIO2.  

52  52  G4 O 

Bit 4 of  Green RGB signals . 

Powered from pin VCCIO2.  

53  53  G3 O 

Bit 3 of Green RGB signals . 

Powered from pin VCCIO2.  

54  54  G2 O 

Bit 2 of Green RGB signals . 

Powered from pin VCCIO2.  

55  55  G1 O 

Bit 1 of Green RGB signals . 

Powered from pin VCCIO2.  

56  56  G0 O 

Bit 0 of Green RGB signals . 

Powered from pin VCCIO2.  

57  57  VCC1V2  P 1.2V digital core supply. Connect to VOUT1V2 pin.  

58  58  R7 O 

Bit 7 of Red RGB signals . 

Powered from pin VCCIO2.  

59  59  R6 O 

Bit 6 of Red RGB signals . 

Powered from pin VCCIO2.  

60  60  R5 O 

Bit  5 of Red RGB signals . 

Powered from pin VCCIO2.  

61  61  R4 O 

Bit 4 of Red RGB signals . 

Powered from pin VCCIO2.  

62  62  R3 O 

Bit 3 of Red RGB signals .  

Powered from pin VCCIO2.  

63  63  R2 O 

Bit 2 of Red RGB signals . 

Powered from pin VCCIO2.  

64  64  R1 O 

Bit 1 of Red RGB signals  

Powered from pin VCCIO2  

EP EP GND P Ground. Exposed thermal pad.  

Table 3 - 1  BT815/6  Pin Description  

 
Note:  

P : Powe r or ground  

I  : Input  

O : Output  

OD : Open drain output  

I/ O : Bi -direction  Input and Output  

AI/O: Analog Input and Output  
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4  Function al  Description  

The BT815/6  is a single chip , embedded video  controller with the following  function al  blocks :  
 

¶ Quad SPI Host Interface  
¶ Quad SPI Flash Interface  
¶ System Clock  
¶ Graphics  Engine  

¶ Parallel RGB video interface  
¶ Audio Engine  
¶ Touch -screen support and interface  (Resistive = BT816 / Capacitive ï BT815)  
¶ Power Management  

The functions for each block are briefly described in the following subsections.  

 

4.1  Quad SPI  Host Interface   

The BT815/6  uses  a quad  serial peripheral  interface  (QSPI)  to communicate with host microcontrollers 
and microprocessors .  
 

4.1.1  QSPI Interface  

The QSPI slave interface operates up to 30MHz. Only SPI mode 0 is supported. Refer to section 6.4.2  for 
detailed timing specification.  The QSPI can be configured as a SPI slave in SINGLE , DUAL or QUAD 
channel  mode s.  

By default the SPI slave operates in the SINGLE channel mode with MOSI as input from the master and 
MISO as output to the mas ter. DUAL and QUAD channel modes can be configure d through the SPI slave 
itself. To change the channel modes, write to register REG_SPI_WIDTH. The table below depicts the 
setting.  

 

REG_SPI_WIDTH[1:0]  Channel Mode  Data pins  Max bus speed  

00  SINGLE ï defaul t mode  MISO, MOSI  30 MHz  

01  DUAL MOSI , MISO  30 MHz  

10  QUAD MOSI , MISO , IO2, IO3  30  MHz 

11  Reserved  -  -  

Table 4 - 1  QSPI Channel Selection  

With DUAL/QUAD channel modes, the SPI data ports are now unidirection al. In these modes, each SPI 
transaction (signified by CS_N going active low) will begin with the data ports set as inputs.  

Hence, for writ ing  to the BT815/6 , the protocol will operate as in FT800, with ñWR-Command/Addr2, 

Addr1, Addr0, DataX, DataY, DataZ éò The write operation is considered complete when CS_N goes 
inactive high.  

For read ing  from the BT815/6 , the protocol will still operate as in FT800, with ñRD-Command/Addr2, 
Addr1, Addr0, Dummy -Byte, DataX, DataY, DataZò. However as the data ports are now unidirectional, a 
change of port direction will occur before DataX is clocked out of the BT815/6 . Therefore it is important 
that the firmware controlling the SPI master changes the SPI master data port direction to ñinputò after 
transmitting Addr0. The BT815/6  will not change the port direction till it starts to clock out DataX. Hence, 

the Dummy -Byte cycles will be used as a change -over period when neither the SPI master nor slave will 
be driving the bus; the data paths thus must have pull -ups/pull -downs. The SPI slave from  the  BT815/6  
will reset all its data portsô direction to input once CS_N goes inactive high (i.e. at the end of the current 
SPI master transaction).  

The diagram depicts the behaviour of both the SPI master and slave in the master read cas e.  
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Figure 4 - 1  SPI Master and Slave in the Master Read Case  

 

In the DUAL channel mode, MISO (MSB) and MOSI are used while in the QUAD channel mode. IO3 
(MSB), IO2, MISO and MOSI are us ed.  

Figure 4-2 illustrates a direct connection to a 1.8 -3.3V IO MPU/MCU with single  or dual  SPI interface.  

Figure 4-3 illustrates a direct connection to a 1.8 -3.3V IO MPU/M CU with Quad SPI interface.  

 

 

Figure 4 - 2  Single /Dual  SPI Interface connection  
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Figure 4 - 3  Quad SPI Interfac e connection  

 

4.1.2  Serial Data Protocol  

The  BT815/6  appears to the host MPU/MCU  as a memory -mapped SPI device. The  host communicates 
with the BT815/6  using reads and writes to a large ( 4 megabyte)  address space. Within this address 
space are dedicated areas for graphics, audio  and touch control.  Refer to section 5 for  the detailed  
memory map .  

The host reads and writes the BT815/6  address space using SPI transactions. The se transactions are 
memory read , memory write and command  write . Serial data is sent by the  most significant bit first.   
Each transaction starts with CS_N goes low, and ends when CS_N goes high. Thereôs no limit on data 
length within one transaction, as long as the memory address is continuous.  
 

4.1.3  Host M emory Read  

For SPI memory read transaction s, t he host sends two zero bit s, followed  by the 2 2-bit address. This is  

followed by a dummy byte . After the dummy byte, the  BT815/6  responds to each  host byte with read 
data bytes.  

 

 

 

Byte n 

Table 4 - 2  Host Memory Read  Transaction  

 

7 6 5 4 3 2 1 0 

0 0 Address [2 1:16]  

Address [15:8]  

Address [7:0]  

Dummy  byte  

Byte 0  

GND GND 

SCLK 

MISO 

IO2 

SS# 

PD# 

INT# 

SCK 

MISO 

IO2 

CS_N 

PD_N 

INT_N 

BT815/6 

1.8-3.3V 

VCCIO1 

3.3V 

VCC 

4.7k MPU/MCU 

MOSI 

IO3 

 MOSI 

IO3 

Read Data  

Write 
Address  
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4.1.4  Host Memory Write  

For SPI memory write transaction s, the host sends a ó1ô bit and ó0ô bit, follow ed by the 22 -bit address. 
This is followed by the write data.  

 

 

 

 

Byte n  

Table 4 - 3  Host Memory W rite Transaction  

 

4.1.5  Host Command  

When sending a command , th e host transmit s a 3 byte  command . Table 4-5 Host Command List  Error! 
Reference source not found.  lists  all the host command fu nctions . 

For SPI command transaction s, the host sends a ó0ô bit and ó1ô bit, followed by the 6-bit command code. 
The 2 nd  byte can be either 00h, or the parameter of that command. The 3 rd  byte is fixed at 00h . 

All SPI commands except the system reset can on ly be executed when the SPI is in the Single channel 
mode. They will be ignored when the SPI is in either Dual or Quad channel mode.  

Some commands are used to configure the device and these configurations will be reset upon receiving 
the SPI PWRDOWN comman d, except those that configure the pin  state during power down. The se 
commands  will be sticky unless reconfigured or power -on- reset  (POR)  occurs.  

 

 

 

1st  Byte  

2nd  Byte  

3 rd  Byte  

 

Table 4 - 4  Host Command Transaction  
 

1 st  Byte  2 nd  byte  3 rd  byte  Command  Description  

Power Modes  

00000000 b 00000000 b 00000000 b 
00 h 

 ACTIVE 

Switch from Standby/Sleep /PWRDOWN  
modes to active mode . Dummy memory 
read from address 0 (read twice) generate s 
ACTIVE command . 

01000001 b 00000000 b 00000000 b 
41h 

STANDBY 

Put BT815/6  core to standby mode.  Clock 
gate off, PLL and Oscillator remain on  
(default) . ACTIVE command to wake up.  

7 6 5 4 3 2 1 0 

1 0 Address [21:16]  

Address [15:8]  

Address [7:0]  

Byte 0  

7 6 5 4 3 2 1 0 

0 1 Command [5:0]  

Parameter for the command  

0 0 0 0 0 0 0 0 

Write Data  

Write 
Address  




































































































