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1. HICDMT04 Development Board User Manual 

1.1. Introduction 

This user manual describes the features, options and connections of the HICDMT04 
Graphics Development Board. This board employs iEagle original – iEM8000 High 
Performance Graphics Controller and intent to support (but not limited to) standard 
5.7” 320x240 Color STN LCD module, 3.5” 320x240 Color TFT LCD module and 
3.2” 320x240 Color STN LCD module. iEM8000 is the world first 2D geometry 
drawing engine as well as font data (ASCII, Big5, GB2312 and user-defined) color 
expansion drawing engine to support 1bpp, 2bpp, 4bpp and 16bpp display modes. For 
detail descriptions of the iEM8000, please go to Section 2 of this Technical Manual. 

1.2. Features Highlight 

� Single 5V supply voltage input to support both 3V and 5V host interfaces 
� On-board 8051 MCU for fast system development (89LS51) 
� On-board PCM audio output 
� On-board LCD negative OR positive bias power supply (factory pre-defined) 
� Separated LCD backlight power supply voltage pin for flexible external control 
� Support RS-232 type serial host interface for fast software development 
� Embedded 8x8 ASCII font table 
� On-board font flash to support 16x16 Big5, GB2312 or user-defined fonts 

1.3. Board Layout and Mechanical Specification 

 
 
 
 
 



HICDMT04  2 of 63 
   

Technical Manual  iEAGLE 
   

LED_A 

BL_K 

 
1.4. Block Diagram 
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1.5. System Configuration Jumper Settings 

Position 
Jumper 

OPEN CLOSE 
Descriptions 

JP10 48MHz 144MHz Audio output need 144MHz 

JP11 - 64Kx16 SRAM 

JP12 - 64Kx16 SRAM 
Select external SRAM 

JP13 No Fonts ROM Fonts ROM installed Fonts ROM Selection 

JP26 Not protected Protected 

JP27 Protected Not protected 

Write Protect font 

ROM/flash 

 

1.6. Host / MCU Interface  

1.6.1. Configuration Jumper Settings 

Jumpers 
  

JP16 JP14 
Descriptions 

OPEN OPEN 8-bit generic 

OPEN CLOSE 16-bit generic 

CLOSE OPEN UART 

 

Host  

Interface  

  CLOSE CLOSE Reserved 

Position  
Jumper 

OPEN CLOSE 
Descriptions 

JP17 Required settings - 

JP15 Required settings - 
Host Selection 

 

1.6.2. Terminals 

HICDMT04 Connector CN4 Pin Assignments (for Serial Host Interface) 
 

Pin Name Description 

1 RX Transmit Signal direct connect to iEM8000 

2 TX Receive Signal direct connect to iEM8000 

3 VDD_3v3 3.3V  

4 VSS Ground 

5 U_T232 Transmit Signal connect through a MAX3232 

6 U_R232 Transmit Signal connect through a MAX3232 
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HICDMT04 Connector CN7 Pin Assignments (for 8051 in-circuit programming) 
 

Pin Name Description 

1 VDD_3v3 3.3V  

2 U_RST Reset signal 

3 U_SCK Serial clock  

4 MOSI Serial Input Data 

5 MISO Serial Output Data 

6 VSS Ground 

 
HICDMT041 Connector CN6 Pin Assignments (for not using the on-board 8051) 

 
Pin Name Description 

1 - 18 A0 – A17 Address Bus A[0:17] 

19 NCS Chip Select 

20 NRESET Reset Signal 

21 - 36 D0 – D15 Data Bus D[0:15] 

37 NWAIT Wait Signal 

38 NRD Read Signal 

39 NW0 Write Signal (low byte) 

40 NW1 Write Signal (high byte) 

41 VDD_3v3 3.3V 

42 VDD_2v5 2.5V 

43 VSS Ground 

44 VSS Ground 

 
1.7. Power Supply Terminal (CN3) 

Pin Name Descriptions 

1 VDD5  5V Power Supply Input 

2 VSS Ground 

 
1.8. PCM Audio Ouput Terminal (CN5) 

Pin Name Descriptions 

1 Audio_L PCM Audio output left channel 
2 Audio_R PCM Audio output right channel 

3 VSS Ground 
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1.9. LCD Interface  

1.9.1. Configuration Jumper Settings 

Jumpers Panel 

Type JP19 JP18 
Descriptions 

Mono OPEN OPEN 1 bit-per-pixel 

Mono OPEN CLOSE 2 bit-per-pixel 

Mono CLOSE OPEN 4 bit-per-pixel 

Mono CLOSE CLOSE Reserved 

Color OPEN OPEN 16 bit-per-pixel (5-6-5) 

Color OPEN CLOSE 12 bit-per-pixel (4-4-4) 

Color CLOSE OPEN Reserved 

Color CLOSE CLOSE Reserved 

 
Position  

Jumper 
OPEN CLOSE 

Descriptions 

JP20 Mono Color Panel Type Selection 

JP21 4-bit 8-bit STN LCD Data Bus Width 

JP22-24 Required setting - 

JP25 - 320x240 
Select 320x240 LCD Panel 

 
NOTE:  

(1) JP18 through JP25 can be overridden by software after power-on and before 
switching-on the LCD modules. 

(2) When JP25 is “OPEN”, user-defined panel type is selected. Users MUST setup the 
LCD panel parameters through LCD Controller Registers before switching-on the 
LCD modules. 

Please contact iEagle at support@ieagle.com.hk if you need assistance to setup 
user-defined LCD panels. 
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1.9.2. Terminals 
HICDMT04 Connector CN1 Pin Assignments (for 4 bit LCD interface) 

 
Pin Name Descriptions 

1 YD Frame Start 
2 LP Line Pulse 

3 XSCL Data Shift Clock 

4 WF / DRDY AC Driving Signal (STN) or Data Ready (TFT) 

5 V0 LCD Contrast Reference 

6 VDD_3v3 3.3V supply 

7 VSS Ground 

8 VLCD Negative Power Supply for LCD Drivers 

9 - 12 FD0 – FD3 LCD Data Bit0-3 

13 LCDPWR Programmable Signal to control /DISP_OFF (ENB) 

14 NC - 

15 VDD5 5V supply (or LED Backlight Positive Supply)  

16 VSS Ground 

 
HICDMT04 Connector CN2 Pin Assignments (for 8 or 16 bit LCD interface) 

 
Pin Name Descriptions 

1 VSS Ground 
2 - 4 FD4 – FD6 LCD Data Bit4-6 

5 VSS Ground 

6 - 8 FD7 – FD9 LCD Data Bit7-9 

9 VSS Ground 

10 - 12 FD10 – FD12 LCD Data Bit10-12 

13 VSS Ground 

14 - 16 FD13 – FD15 LCD Data Bit13-15 
 

1.10. Font Flash, Audio Amplifier and RS232 IC locations 

Location Name Descriptions 

U3 

 

SST39VF020 or 

SST39VF040  

Fonts Flash – 256x8 Kbytes (GB2312) 

Fonts Flash – 512x8 Kbytes (Big5) 

U6 MAX3232 RS232 Serial Interface 

U7 LM4880 Audio Amplifier 



HICDMT04  7 of 63 
   

Technical Manual  iEAGLE 
   

 
1.11. Absolute Maximum Ratings 

 
Parameter Symbol Min. Max. Unit Condition 

Supply Voltage  VDD5 -0.3 6.0 V VSS = 0V 
Input Voltage VIN -0.3 VDD5+0.3 V VSS = 0V 
DC-Dc Booster Output ILVCD - 20 mA - 
Operation Temperature TOP 0 50 ℃ No Condensation 
Storage Temperature TST -10 60 ℃ No Condensation 

Cautions: 

Any Stresses exceeding the Absolute Maximum Ratings may cause substantial 
damage to the device. Functional operation of this device at other conditions beyond 
those listed in the specification is not implied and prolonged exposure to extreme 
conditions may affect device reliability. 
 

1.12. D.C Characteristics 
 

Parameter Symbol Min. Typ. Max. Unit Remarks 
Operating Voltage VDD5 4.5 - 5.5 V  
DC-DC Booster Output VLCD -17 - -22 V Negative 
DC-DC Booster Output VLCD - +21 - V Positive 

Input High Voltage VIN 0.6VDD5 - VDD5 V Host / MCU 
Interface 

Input Low Voltage VIL VSS - 0.1VDD5 V Host / MCU 
Interface 

Input High Voltage VIN 3.0 - 3.6 V All other input 
pins 

Input Low Voltage VIL VSS - 0.1VDD5 V All other input 
pins 

Output High Voltage VOH 3.0 - - V Host / MCU 
Interface (*1) 

Output Low Voltage VOL - - VSS+0.5 V Host / MCU 
Interface (*2) 

Operating frequency fOSC - 32.768 - KHz Use internal PLL 
Operating Current IDD - 20 - mA 6MHz pixel clock 
Note: 
*1 IOH = -6mA 
*2 IOL = 6mA 
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1.13. A.C. Characteristics 

See Section 3 iEM8000 A.C. Characteristics. 
 

1.14. Design and Handling Precaution 

1. Any mechanical shock (e.g. dropping from high place) will damage the device. 
2. Do not add excessive force on the device. 
3. Never attempt to disassemble or rework the device. 
4. When mounting the device, make sure that it is free from twisting, warping or 

distortion. 
5. Only hold the device by its side. 
6. Never add force to component of the device. It may cause invisible damage or 

degrade of the reliability. 
7. The device could easily be damaged by static electricity. Be careful to maintain an 

optimum anti-static work environment to protect it. 
8. Take care and prevent to be hurt by the sharp edge of the device. 
9. Never operate the device exceeding the absolute maximum ratings. 
10. Keep the signal line as short as possible to prevent noisy signal applying to the 

device. 
11. Never apply signal to the device without power supply. 
12. Device reliability may be reduced by temperature shock. 
13. When storing the device, avoid exposure to direct sunlight, high humidity, high 

temperature or low temperature. 
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1.15. Schematics Version 1.0  
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2. iEM8000 Graphics Controller  

2.1. Features 

� Display Modes 

� Up to 64K colors on TFT panels 
� Up to 4096 colors on color passive panels (CSTN) 
� Up to 16 gray shades on mono passive panels 

� Display Support 

� 16-bit active matrix TFT displays 
� 4-bit / 8-bit color single-panel, single-drive STN LCD displays 
� 4-bit / 8-bit monochrome single-panel, single-drive LCD displays 

� Display Buffer 

� 56Kbytes of Embedded SRAM 
� Support up to 128Kbytes external SRAM that is cascaded to the  

Embedded SRAM. 

� Host Interface 

� 8-bit data and 1-bit address command type Interface 
� 8-bit data and full 16-bit addresses Interface 
� 16-bit data and full 16-bit addresses Interface 
� Serial Interface (RS232) 

� Hardware-acceleration 

� 2D drawing engine  
- Line draw 
- Circle draw & Circle draw with solid fill 
- Box draw & Box draw with solid fill  

� Font drawing engine with color expansion 
- Support 8x8, 8x16 and 16x16 font sizes 
- Support user-defined CGRAM 
- Built-in standard 8x8 ASCII font table 

 - Support up to 512Kbytes of external Character ROM: 
(1) Over 14,000 16x16 Big-5 fonts,  
(2) Over 8000 16x16 GB 2312 fonts and  
(3) Over 60,000 8x8 user-defined encoding fonts. 
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� Display Features 

� Virtual display with pixel panning  
� Hardware Sprite / Overlay 
� Display Blank 
� Display Invert 

� Audio Functions 

� Delta-Sigma Modulator for direct audio output 
� Built-in volume control 
� Built-in internal circular buffer for audio data playback 
� Software ADPCM decoder 

� Other Features 

� Built-in power-on self-configuration mode 
� Built-in PLL with 32.768KHz crystal as clock source 
� Advance power management  
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2.2. Embedded and External Memory Mappings 

2.2.1. 56Kbytes embedded memory with 128Kbytes of external memory 

Address Line A17 – A0 

A17 A16 A15 – A0 
Mappings 

0 0 0000 - FFFF 1st 64Kbytes of the 128Kbytes at CS0 
0 1 0000 - FFFF 2nd 64Kbytes of the 128Kbytes at CS0 

1 0 0000 - DFFF Embedded 56KBytes 

1 0 E000 - EFFF Reserved 

1 0 F000 - FFFF Peripherals Configuration Registers 

1 1 0000 - FFFF Reserved 

Table 2-1 56Kbytes embedded memory with 128Kbytes of external memory 

2.2.2. No external memory, only 56Kbytes embedded memory 

Address Line A17 – A0 

A17 A16 A15 – A0 
Mappings 

NC NC 0000 - DFFF Embedded 56KBytes 
NC NC E000 - EFFF Reserved 

NC NC F000 - FFFF Peripherals Configuration Registers 

Table 2-2 No external memory, only 56Kbytes embedded memory 

2.2.3. Memory Mapped Peripherals 

Address Line A17 – A0 (HEX) 

A17 A16 A15 – A0 
Peripherals 

See Section 2.2.1 – 2.2.2 F000 – F001 System Configuration – Chip ID 
See Section 2.2.1 – 2.2.2 F004 – F006  Command Interpreter 

See Section 2.2.1 – 2.2.2 F010 – F07F Reserved 

See Section 2.2.1 – 2.2.2 F080 – F0FF LCD Controller 

See Section 2.2.1 – 2.2.2 F100 – F17F Sprite Controller 

See Section 2.2.1 – 2.2.2 F180 – F1FF 2D Hardware-acceleration Controller 

See Section 2.2.1 – 2.2.2 F200 – F27F Reserved 

See Section 2.2.1 – 2.2.2 F280 – F2FF Delta-Sigma Audio DAC 

See Section 2.2.1 – 2.2.2 F300 – F4FF Reserved 

See Section 2.2.1 – 2.2.2 F500 – F6CF Memory Controller 

See Section 2.2.1 – 2.2.2 F6D0 – FFFF Reserved 

Table 2-3 Memory Mapped Peripherals 
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2.3. Display Buffer Allocation 
 
The Display Buffer is divided into 5 parts. The first is 50KB of display memory. The 
second part is 1.5KB of sprite/overlay memory. The third part is 0.5KB of audio 
circular buffer to be used by the Delta-Sigma module. The fourth part is 2KB of 
built-in 256 8x8 ASCII font data. The last part is 2 KB of user-defined CGRAM (e.g. 
it can hold 64 16x16 font bitmap data). 
However, if necessary all 56KB can be used for display memory or the display 
memory can be 37.5KB (320x240x4bpp) and the sprite size can be 14KB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-1 Display Buffer Allocation
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2.4. Command Interpreter    

2.4.1. Command Interpreter Structure 

 

Figure 2-2 Command Interpreter Block Diagram 

The Pseudo-processor along with its associated Firmware and Working RAM is 
responsible for the interpretation of the commands that stored in the Command FIFO. 

It executes the commands by setting the appropriate internal registers of the 
corresponding functional blocks (e.g. 2D hardware acceleration controller). 

Except in RS232 serial host mode, the Command FIFO can store up to eight 
commands. Each command consists of 1 byte op-code and up to 64 bytes of 
parameters (data).  

In RS232 serial host mode, only one command can be stored in the Command FIFO 
with a maximum length of 65 bytes.  

Furthermore, there is no read back path for the Command Interpreter, i.e. it is a write 
only system. However in RS232 serial host mode, register content can be read back 
through the “Acknowledge Packet” (see Section 2.5 for details). 
 

 
Pseudo-processor 

Firmware 

Working RAM 

Command FIFO 
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2.4.2. Command Packet Format 

All commands are organized in packet with a 1 byte “Opcode” followed by optional 
parameters / data up to 64 bytes. 
 
Command Packet Format: 
 

Opcode (1 byte) Parameters / Data (up to 64 bytes) 
 
Opcode Group: 
00 - 0F Reserved for Serial Communication 
10 - 1F 2D Hardware-acceleration : Fonts Drawing Operations 
20 - 2F 2D Hardware-acceleration : Geometric Drawing Operations 
30 - 3F Audio Operations 
40 - 4F Reserved 
50 - 5F Reserved 
60 - 6F Communication 
70 - 7F Reserved 
80 - 8F System Control 
F0 - FF Reserved for serial mode synchronization 
 

2.4.3. Opcode Descriptions 

For Opcode “F0 – FF”, see section 2.5 on RS232 serial host Communication Packet 
Format. 
 
(1) Serial Communication: Opcode = 00 - 0F (HEX) 

Opcode (HEX) Operations Parameters / Data 

00 Set “Control & 

Status Port” of the 

Command 

Interpreter 

The value of this data (one byte) will be directly 

written to the Control & Status register. 

See Section 2.13.2 for the descriptions of the 

Control & Status register 
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(2) 2D – 2D Hardware-acceleration : Font Drawing operation 

Opcode = 10 - 1F (HEX) 
 
Opcode (HEX) Operations Parameters / Data 

10 charset_config Character Set (1 byte): 

00: Built in 8x8 ASCII 

01: 8x8 CGRAM (Embedded RAM) 

02: 8x16 CGRAM (Embedded RAM) 

03: 16x16 CGRAM (Embedded RAM) 

04: 16x16 GB2312-80 (External ROM) 

05: 16x16 BIG5 (External ROM) 

06: 8x8 Custom 8-bit encoding (External ROM) 

07: 8x8 Custom 16-bit encoding (External ROM) 

12 set_print_coord Character Print Coordinates (4 bytes) 

- x (2 bytes) 

- y (2 bytes) 

For Mono LCD, x = (multiple of 8) – 1 

For Color LCD, no restriction on the value of x 

coordinate 

14 set_font_fgcolor Character Foreground Color (2 bytes) 

(same as td_fgcolor, with opcode = (20 HEX)) 

Mono LCD: 1bpp, 2bpp, 4bpp 

Color LCD: 16-bit TFT (5R:6G:5B) 

12-bit STN (4R:4G:4B) 

15 set_font_bgcolor Character Background Color (2 bytes) 

Mono LCD: 1bpp, 2bpp, 4bpp 

Color LCD: 16-bit TFT (5R:6G:5B) 

12-bit STN (4R:4G:4B) 

16 show_char Display Character (1 or 2 bytes) 

17 show_string Display String 

- Character count (1 byte) 

(0 ≤ character count ≤ 63) 

- String (≤ 63 bytes) 

19 define_CGRAM CGRAM Bitmap  

- Character code (1 byte) 

- Bitmap pattern (up to 32 bytes)  
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(3) 2D Hardware-acceleration : Geometric Drawing operation  

Opcode = 20 to 2F (HEX) 
 

Opcode (HEX) Operations Parameters / Data 

20 td_fgcolor Set Foreground Color (2 bytes) 

Mono LCD: 1bpp, 2bpp, 4bpp 

Color LCD: 16-bit TFT (5R:6G:5B) 

12-bit STN (4R:4G:4B) 

23 draw_pixel Draw Pixel 

- x (2 bytes) 

- y (2 bytes) 

24 draw_line Draw Line 

- x_start (2 bytes) 

- y_start (2 bytes) 

- x_end (2 bytes) 

- y_end (2 bytes) 

26 draw_rect Draw Hollow Rectangle (Box) 

- x_start (2 bytes) 

- y_start (2 bytes) 

- x_end (2 bytes) 

- y_end (2 bytes) 

27 fill_rect Fill Rectangle (Box) 

- x_start (2 bytes) 

- y_start (2 bytes) 

- x_end (2 bytes) 

- y_end (2 bytes) 

28 draw_circle Draw Circle 

- x_center (2 bytes) 

- y_center (2 bytes) 

- radius (1 byte) 

29 fill_circle Fill Circle 

- x_center (2 bytes) 

- y_center (2 bytes) 

- radius (1 byte) 
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(4) Audio – Operations Opcode = 30 to 3F (HEX) 

Opcode (HEX) Operations Parameters / Data 

30 audio_config Delta-Sigma DAC mode 0 (1st byte):  

Bit [7]: Audio DAC Enable 

0: Disable 

1: Enable 

Bit [6:5]: Data Source 

00, 01, 10: Reserved 

11: Internal circular buffer  

Bit [4]: Mono / Stereo 

0: Mono 

1: Stereo 

Bit [3]: Audio Sampling Size 

0: 16-bit PCM 

1: 8-bit PCM 

Bit [2:1]: Reserved 

Bit [0]: Software Reset 

0: Normal operation 

1: Reset 

 

Delta-Sigma DAC mode 1 (2nd byte): 

Bit [7:5]:  Sampling Rate 

000: 8.000kHz 

001: 11.025kHz 

010: 16.000kHz 

011: 22.050kHz 

100: 32.000kHz 

101: 44.100kHz 

110: 48.000kHz 

111: Reserved 

Bit [4]: DSDAC Clock Select 

0: Reserved 

1: Internal PLL clock 

Bit [3]: Reserved  
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Opcode (HEX) Operations Parameters / Data 

30 continued Bit [2:0]: Dither Method 

000, 001: No dither 
010: RPDF amplitude 1 
011: TPDF amplitude 1 
100: RPDF amplitude 2 
101: TPDF amplitude 2 
110: RPDF amplitude 3 
111: TPDF amplitude 3 

32 vol_ctrl Volume (1 byte): 00 (loudest) to 3F (mute) 

34 
PCM_data 

Audio data: 64 bytes (8-bit or 16-bit) 

Interleave if operate in stereo mode 

35 ADPCM_data0 ADPCM data packet 0 (64 bytes): 
Mono: 
Byte 0, 1 - PCM value for initial sample, S0 
(lower byte, upper byte) 
Byte 2 - Initial index 
Byte 3 - Unused 
Byte 4…63 - ADPCM data (120 samples)  
(S1 =LB4, S2 =UB4, S3 = LB5, S4 = UB5…) 
Stereo: 
Byte 0, 1 - PCM value for left channel initial 
sample, L0 (lower byte, upper byte) 
Byte 2 - Initial index for left channel 
Byte 3 - Unused 
Byte 4, 5 - PCM value for right channel initial 
sample, R0 (lower byte, upper byte) 
Byte 6 - Initial index for right channel 
Byte 7 - Unused 
Byte 8…63 - ADPCM data (56 x 2 samples) (L1 
=LB8, R1 =UB8, L2 = LB9, R2 = UB9…) 

36 ADPCM_data1 ADPCM data packet 1 (64 bytes): 
Mono: 
Byte 0…63 - ADPCM data (128 samples)  
(S0 =LB0, S1 = UB0, S2 =LB1, S3 = UB1…) 
Stereo: 
Byte 0…63 - ADPCM data (64 x 2 samples)  
(L0 = LB0, R0 = UB0, L1 = LB1, R1 = UB1…) 
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(5) Communication: Opcode = 60 to 6F (HEX) 
 

Opcode (HEX) Operations Parameters / Data 

60 set_baud Set baud rate  

- divisor (lower byte) (1 byte) 

- divisor (upper byte) (1 byte) 

  
 
(6) System Control: Opcode = 80 to 8F (HEX) 
 

Opcode (HEX) Operations Parameters / Data 

80 refresh_setting N/A 

81 set_mem_ptr Set memory pointer 

- address (3 bytes) 

82 read_reg Read register 

- address (2 bytes) 

ONLY used in RS232 serial host mode 

83 write_reg Write register 

- address (2 bytes) 

- data (1 byte) 

84 write_mem Write memory 

- count (1 byte) 

- data (up to 63 bytes) 

8F mem_clk_en Enable memory clock  

“69 45 61 67 6C 65” (6 bytes in HEX) 
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2.5. RS232 Serial host Communication Packet Format 

In RS232 serial host mode, each communication packet starts with a byte of “FF” and 
ended with “FE”. Length of parameters (one byte) is required to be embedded into the 
packet. An Acknowledge Packet will be sent back to the RS232 serial host by the 
iEM8000 once the command is finished execution. 
 
RS232 Serial host Communication Packet Format: 
 

FF Opcode Len of Parameters Parameters / Data (up to 64 bytes) FE 
 
A “FF” bytes sequence of length equal to or more than 65 will caused 
re-synchronization. 
 
RS232 Serial host re-synchronization Packet Format: 
 

FF FF ... FF FF (Length ≥ 65 bytes) 
 
For commands required read data (Opcode 82) from the iEM8000, the read data will 
be embedded in the Acknowledge Packet automatically when data is ready.  
 
RS232 Serial host Acknowledge Packet Format - no “register read data”: 
 

00 
 
RS232 Serial host Acknowledge Packet Format - with “register read data”: 
 

One byte of “register read data” 00 
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2.6. LCD Controller 

2.6.1. LCD Controller Structure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-3 LCD Controller Functional Block Diagram 

 
The LCD Controller consists of five modules, 

(1) LCDC Sequencer –  

The LCDC Sequencer controls the data flow either from the Sprite Controller or the 
Memory Controller to the Look-up Table or the FRM. It also generates the display 
refresh addresses to be sent to the Memory Controller 

(2) FRM (Frame Rate Modulator) -  

A FRM produces 16 different levels of shade out of 4 bit input data. In Monochrome 
STN panel mode, one FRM output will be used to support 16 simultaneous gray 
levels. In Color STN panel mode, there are three FRMs to produce 3 sets (R-G-B) of 
16 levels of shade to support 4096 simultaneous colors. These outputs are then passed 
to the LCD Data Formatter. 

 

LCD Controller 

LCDC Sequencer 

16-bit data and Enable signals 
from Sprite/Overlay Controller 

16-bit data from 
Memory Controller 

LCD data 
Formatter 

LCD 
Panel 

Look-up 
Table 

FRMs 

LCD 
Panel I/F 
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4-bit Display 

Data Output

4

LCD_LUT0[7:4]

LCD_LUT0[3:0]

LCD_LUT1[7:4]

LCD_LUT1[3:0]

Display Memory 

Data Input (4bpp)

Not used

Not used

Not used

Not used

4

4

4

4

4-bit Display 

Data Output

1

4

4

LCD_LUT0[7:4]

LCD_LUT0[3:0]

LCD_LUT1[7:4]

LCD_LUT1[3:0]

Display Memory 

Data Input (1bpp)

Gray Level 0

Gray Level 1

Not used

Not used

4

4

0

4
1

4-bit Display 

Data Output

2

4

4

4

4

4

LCD_LUT0[7:4]

LCD_LUT0[3:0]

LCD_LUT1[7:4]

LCD_LUT1[3:0]

Display Memory 

Data Input (2bpp)

Gray Level 0

Gray Level 1

Gray Level 2

Gray Level 3

0

1

2

3

 
(3) LCD Data Formatter 

According to different panel type, the Formatter packs and shifts the incoming data 
and directs them out to the connected LCD panel. 

(4) LCD Panel Interface 

According to different panel type, The Panel Interface generates the necessary signals 
to drive the connected panel. 

(5) Look-up Table 

There is a 4x4 look-up table for the translation of pixel data read from the display 
memory to display data output in 1 bit-per-pixel and 2 bit-per-pixel modes. In 4 
bit-per-pixel and color modes, the look-up table is shut down and the pixel data is 
piped out as display data. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4 LCDC Look-up Table Format 
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G3

R3 R2 R1 R0

Address

0

1

2

3

P0

P1

MSB LSB

Display RAM

P0

LCD Panel

0 1 2 3 4 5 6 7 8 9

0

1

2

X

Y

P1 P2 P3 P4 P5 P6 P7 P8 P9

3

Bit Order

Address

0

1

2

3

P4 P5

P6 P7

P0 P1

P2 P3

MSB LSB

Display RAM

P0

LCD Panel

0 1 2 3 4 5 6 7 8 9

0

1

2

X

Y

P1 P2 P3 P4 P5 P6 P7 P8 P9

3

D3 D2 D1 D0 Bit Order

P4 P5 P6 P7

P0 P1 P2 P3

Address

0

1

2

MSB LSB

Display RAM

3

P0

LCD Panel

0 1 2 3 4 5 6 7 8 9

0

1

2

X

Y

P1 P2 P3 P4 P5 P6 P7 P8 P9

3D1 D0 Bit Order

P8 P9

P4 P5 P6 P7P0 P1 P2 P3

Address

0

1

2

MSB LSB

Display RAM

3

P0

LCD Panel

0 1 2 3 4 5 6 7 8 9

0

1

2

X

Y

P1 P2 P3 P4 P5 P6 P7 P8 P9

3D0 Bit Order

Address

0

1

2

3

P0

P1

MSB LSB

Display RAM

P0

LCD Panel

0 1 2 3 4 5 6 7 8 9

0

1

2

X

Y

P1 P2 P3 P4 P5 P6 P7 P8 P9

3

R4 R3 R2 R1 R0 G4 G3

G2 G1 G0

G5

B4 B3 B2 B1 B0

Bit Order

G2 G1 G0 B3 B2 B1 B0

1-bpp B/W:

2-bpp Gray scale :

4-bpp Gray scale :

12-bpp RGB (4:4:4):

16-bpp RGB (5:6:5):

2.6.2. LCD Panel Display Data Format 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 2-5 LCD Panel Display Data Format 
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2.7. Sprite / Overlay Controller 
 
A small image, which is overlaid on a background picture, is called “sprite”.  A 
sprite may consist of a sequence of images. Viewers can experience animation effect 
if the sequence of images is loaded to screen continually. Moreover, the sprite image 
colors can be changed at anytime through the built-in look-up table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-6 Sprite Controller Functional Block Diagram 

 
The Sprite Controller consists of two modules, 

(1) Sprite Sequencer - 

The Sprite Sequencer controls the data flow read from the Memory Controller to 
either the Look-up Table, then to the LCD Controller or directly to the LCD 
Controller. It also generates the Enable signal to be sent to the LCD Controller and the 
Sprite refresh addresses to be sent to the Memory Controller. 

 

 

Sprite / Overlay Controller 

 

Sprite Sequencer 

16-bit data from 
Memory Controller 

LCD 
Controller

Look-up 
Table 

16-bit Sprite data 

Enable 
Signal
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16-bit Display 

Data Output

2

SP_LUT3L

Sprite Display 
Data Input (2bpp)

Sprite Color 0

Sprite Color 1

Sprite Color 2

Sprite Color 3

0

1

2

3
16

16

16

16

16

SP_LUT3H

SP_LUT2LSP_LUT2H

SP_LUT1LSP_LUT1H

SP_LUT0LSP_LUT0H

MSB LSB MSB LSB

MSB LSBMSB LSB

MSB LSB MSB LSB

MSB LSB MSB LSB

 
(2) Look-up Table 

There is a 4x16 look-up table for the translation of Sprite data (2 bits) read from the 
memory and output (16 bits) to the LCD Controller. When Enable signal is high, these  
data bits will be passed to the LCD Data Formatter. When Enable signal is low, the 
data bits from the LCD Sequencer will be used instead. 
 
 
 
 
 

 

 

Figure 2-7 Sprite Look-up Table 
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2.8. 2D Hardware-acceleration Controller 

The 2D Hardware Acceleration Controller has two drawing engines. They are 
geometry drawing engine and font drawing engine. All drawing functions must be 
initiated through the Command Interpreter except the read back of foreground color 
and background color. 

Geometry Drawing Engine 

The Geometry Drawing Engine will perform line draw, circle draw, circle draw with 
solid fill, box draw and box draw with solid fill by using the assigned foreground 
color. 

Font Drawing Engine 

According to the input character code, the Font Drawing Engine will first read the 
corresponding font bitmap data either from the internal font data area or from an 
external ROM/flash and then rendering the character on the LCD screen with color 
expansion. Color expansion is the mapping of the font bitmap data (1bpp) to a 
different (target) color depth system. The supported target color depth of iEM8000 is 
2bpp, 4bpp, 12bpp (CSTN) and 16bpp (TFT). The supported character formats are 
ASCII, user-defined custom encoding RAM (CGRAM), GB2312-80, BIG5 and 
user-defined custom encoding stored in external ROM/flash. The supported font sizes 
are 8x8, 8x16 and 16x16. 
The Font Drawing Engine uses both the foreground color and background color. 
 
 
 
 
 
 
 

Figure 2-8 Usage of foreground color and background color in font drawing 

 
 
 
  

Font 
background color 

Font 
foreground color 
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Memory 

Controller 
LCD 

Controller 
56Kbytes 
Display 
Buffer 

Sprite 
Controller 

2D Hardware 
-acceleration

Controller 

Host Hub 

iEM8000 Graphics Controller 

Up to 
512Kbytes 
Character 

ROM 

CS1 

Up to 128 
Kbytes of 

SRAM 

CS0 

Delta-Sigma 
Buffer 

2.9. Memory Controller 

The Memory Controller arbitrates between five input modules, LCD Controller, Sprite 
Controller, 2D Hardware-acceleration Controller, Host Hub and Delta-Sigma Buffer 
Manager, and three memory devices, 56Kbytes embedded SRAM, up to 128Kbytes of 
external SRAM and up to 512Kbytes of external ROM/Flash. It also generates the 
necessary signals to interface with these memory devices. 
 
In general, the first 50Kbytes of the 56Kbytes embedded SRAM serves as display 
memory. For large display resolution that needs a bigger display memory. A 
128Kbytes of external SRAM can be cascaded to the iEM8000 (CS0). 
 
Furthermore, a ROM/flash with size up to 512Kbytes can be connected to the 
iEM8000 (CS1) to serve as the font data bitmap storage. This storage can hold up to 
16,000 16x16 Chinese characters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-9 Memory Controller Functional Block Diagram 

 
 



iEM8000  35 of 63 
 
 

 
Hardware Functional Specification V1.1  iEAGLE 

2.10. Delta-Sigma Audio DAC & Buffer Manager 

The Delta-Sigma audio DAC renders digital sound data and output them directly to an 
external speaker through an audio filter network. Both PCM and ADPCM sound input 
file formats are supported. 
 
For playing a PCM sound file, PCM data should be loaded into the internal circular 
buffer for digital-to-analog conversion. 
 
For playing an ADPCM sound file, ADPCM data must be first decoded by the 
iEM8000 to PCM data and then the decoded PCM data is stored into the internal 
circular buffer. The stored PCM data is then converted into playable sound (analog 
pulses) by digital-to-analog converter (DAC). 
 
It is noted that internal circular buffer is allocated in the embedded memory. There is a 
set of commands that allows external host rendering sounds through the iEM8000. 
 
 
 
 
 
 
 

Figure 2-10 Audio output connection 

2.10.1. Audio Clock Input 

Audio clock input for iEM8000 is from the internal PLL. In this case, a system clock 
of 144MHz is subdivided in a pre-scalar to meet with different sampling rate 
requirements. However, in some cases, this sampling frequency output has an error of 
bigger than 3%.  
 

2.10.2. Internal Circular Buffer 

Internal circular buffer is by default located in the embedded memory of iEM8000. 
The starting address “A15-0” of the circular buffer is “CE00 (HEX)”, see Section 2.2 
for details. Sound data is transferred from a host to the internal circular buffer through 
the Command Interpreter. The stored PCM data will then be processed and sent to the 
two audio output pins. 

 

iEM8000 

AUDIO_L 

AUDIO_R 
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Internal circular buffer pointer accompanies with the circular buffer indicates the 
current rendering position of the circular buffer. The pointer starts scanning from the 
top to the bottom of the circular buffer. Meanwhile, PCM data stored in the circular 
buffer is rendered as playable sound (analog pulses). When the pointer reaches the 
bottom of the buffer, it points back to the top, and starts scanning again. 
 
The iEM8000 contains an internal circular buffer interrupt. This interrupt occurs when 
the circular buffer pointer points to the middle or end of the buffer. Once the interrupt 
is set, the preceding half of the circular buffer should be overwritten with new PCM 
data. The following figure shows interrupt generates when the circular buffer pointer 
reached the middle or end of the buffer. The default size of the circular buffer is 512 
Bytes, so that interrupt occurs when the pointer has reached 256 bytes and 512 bytes. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-11 Circular Buffer Interrupt 

2.10.3. Dithering 

Audio sound rendered through Delta-Sigma DAC would be resulted in quantization 
noise over the spectrum. This quantization noise is sometimes audible. Applying a 
dithered noise shaper, noise would be shifted away from the audio band to a higher 
frequency band, thus lowering audio band noise. That means signal-to-noise ratio in 
audio band is increased. This noisy high frequency band can then be cut out by a 
low-pass filter. 

iEM8000 provides two noise shapers for selection, they are rectangular dithered noise 
shaper and triangular dithered noise shaper. In general, the performance of the noise 
shapers becomes better when the amplitude level decreases. 

 

Circular Buffer 

Interrupt generated 

Interrupt generated 
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32.768kHz1M

20P

iEM8000

O32K

I32K

20P

2.11. Host Hub 

Host Hub acts as a communication bridge between the Host Interface and the Memory 
Controller. 
 

2.12. OSC and PLL 

The value of the crystal oscillator is 32.768KHz. This clock source would enable the 
internal PLL to generate all the necessary operating clocks to different internal 
modules. The operating memory clock (MCLK) frequency is 24MHz and the 
operating pixel clock frequency would be divided from this memory clock. The pixel 
clock is either auto-set by the iEM8000 during power-up or by the host through the 
LCD Controller register (see Section 2.13.3 for details).  
 
 
 
 
 
 
 
 

Figure 2-12 Recommended RC load values for crystal oscillator connection 
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2.13. Registers Settings 
 
2.13.1. System Configuration Registers 

Address A17- A16 - See Section 2.2 

Address (HEX) 
A15 – A0 

Read / 
Write 

Reset Value 
Descriptions 

F000 Read 
 
 
 

Write 

1000 0000 Chip ID Port 
Always read back 80 (HEX) for  
iEM8000 
 
Write “DE FC 0B” (HEX) to enable 
memory clock, same as command with 
OPCODE “8F”. 

F001 Read 
only 

0000 0000 Chip Revision Port 
Always read back 00 (HEX) for 
iEM8000 

 

2.13.2. Command Interpreter Registers 

Address A17- A16 - See Section 2.2 

Address (HEX) 
A15 – A0 

Read / 
Write 

Reset Value 
Descriptions 

F004 Write 
only 

- Command Packet Port -  
Writing of Command Packets. 

F006  
Write 

 
 
 
 
 
 

 
Read 

 
Don’t Care 
Bit[4] = 1 
 
 
Don’t Care 
Bit[0] = 0 
 
 
Don’t Care 
Bit[0] = 0 

Port for writing control or reading status  
Bit[7:5]: Reserved 
Bit[4] : DISPLAY ON / OFF 
0 : DISPLAY ON 
1 : DISPLAY OFF 
Bit[3:1] : Reserved 
Bit[0] : End of Command 
Write “1” after each command packet 
 
Bit[7:1] : Reserved 
Bit[0] : FIFO full 
Read “1” if Command FIFO is full. 
Hosts must read this bit = “0” before 
writing to Command Packet Port. 
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2.13.3. LCD Controller Registers 

Address A17- A16 - See Section 2.2 

Address 
(HEX) 

A15 – A0 

Read / 
Write 

 
Reset 
Value 

Descriptions 

F080 Read / 
Write 

0000 0000 
 

Bit[7:4] : Reserved 
Bit[3] : STN Panel I/F Data Width 
0: 4-bit single 
1: 8-bit single 
Bit[2] : Color Mode Select 
0: Monochrome 
1: Color 
Bit[1:0] : Color Depth Select 

If Monochrome (Bit[2] = 0) 
00: 1 bit-per-pixel 
01: 2 bit-per-pixel 
10: 4 bit-per-pixel 
11: Reserved 

If Color (Bit[2] = 1) 
01: 12 bit-per-pixel (CSTN panel) 
00, 10, 11: Reserved 

F081 Read / 
Write 

000 0000 Bit[7] : Reserved 
Bit[6:0] : Panel Horizontal Character Count – 1, 
Panel Horizontal Character Count[8:0] supports 
horizontal panel size up to 128 characters or 1024 
pixels. 

F082 Read / 
Write 

0000 0000 Bit[7:0] : Panel Line Count - 1 bit[7:0] 

F083 Read / 
Write 

0 Bit[7:1] : Reserved 
Bit[0] : Panel Line Count – 1 bit[8], 
Panel Line Count[8:0] supports vertical panel size 
up to 512 lines. 

F084 Read / 
Write 

0000 0000 Bit[7:0] : 
Display Start Position X Coordinate – 1 bit[7:0]  

F085 Read / 
Write 

00 Bit[7:2] : Reserved 
Bit[1:0] : 
Display Start Position X Coordinate – 1 bit[9:8] 
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F086 Read / 
Write 

0000 0000 Bit[7:0] 
Display Start Position Y Coordinate – 1 bit[7:0]  

F087 Read / 
Write 

00 Bit[7:2] : Reserved 
Bit[1:0] : 
Display Start Position Y Coordinate – 1 bit[9:8] 
Display Start Position (X,Y) is for panning of the 
view port on a virtual display. 

F088 Read / 
Write 

0000 0000 LCD_LUT1 
Bit[7:4] : for Gray level 3  
Bit[3:0] : for Gray level 2 

F089 Read / 
Write 

0000 0000 LCD_LUT0 
Bit[7:4] : for Gray level 1  
Bit[3:0] : for Gray level 0 

F08A Read / 
Write 

 000 0000 Bit[7] : Reserved 
Bit[6:0] : Virtual Display Character count – 1 
It supports horizontal virtual size up to 128 
characters or 1024 pixels. 

F08B Read / 
Write 

00 0000 Bit[7:6] : Reserved 
Bit[5:0] : WF count for STN panels 
000000: WF pin toggles every frame 
000001: WF pin toggles every 2 LP pulses 
000010: WF pin toggles every 3 LP pulses ……… 
……………………………………………………. 
111111: WF pin toggles every 64 LP pulses 

F08C Read / 
Write 

0000 Bit[7:4] : Reserved 
Bit[3:0] : Horizontal non-display period 
0000: 2 characters (16 pixels) 
0001: 3 characters (24 pixels) …………………. 
………………………………………………….. 
1111: 17 characters (136 pixels) 

F08D Read / 
Write 

0000 Bit[7:4] : Reserved 
Bit[3:0] : Vertical non-display period 
0000: 1 line 
0001: 2 lines ……………………………………... 
…………………………………………………… 
1111: 16 lines 
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F08E Read / 
Write 

0000 000 Bit[7:4] : Pixel Clock Divider 
0000: 24 MHz (divided by 1) 
0001: 12 MHz (divided by 2) 
0010: 8 MHz (divided by 3) 
0011: 6MHz (divided by 4) …………………… 
…………………………………………………. 
1111: 1.5MHz (divided by 16) 
Bit[3] : Display Blank 
0: Normal 
1: Blank 
Bit[2] : Display Invert 
0: Normal 
1: Invert 
Bit[1] : LCD_ON Polarity 
0: LCD_ON pin active low 
1: LCD_ON pin active high 
Bit[0] : Reserved 

F08F Read / 
Write 

000 0000 Bit[7] : Reserved 
Bit[6:0] : Number of frames to start – 1 
Maximum 128 frames  
(see section 2.15.1 for detail) 

F093 Read / 
Write 

0000 0000 Bit[7:0] : Scratch Pad register 
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2.13.4. Sprite / Overlay Registers 

Address A17- A16 - See Section 2.2 

Address 
(HEX) 

A15 – A0 

Read / 
Write 

 
Reset 
Value 

Descriptions 

F100 Read / 
Write 

Bit[7:6] 
= 00 

 
 
 
 
 
 
 

Bit[1:0] 
= 00 

 

Bit[7] – Enable / Disable 
0: Disable Sprite 
1: Enable Sprite 
Bit[6] – Transparency 
0: Transparency disable 
1: Transparency enable  
When enabled: Sprite data = 00 becomes 
transparent and LCD background will be 
displayed instead. 
Bit[5:2] – Reserved 
Bit[1:0] – Sprite Modes Select 
01: Sprite with 2 bit-per-pixel 
00, 10, 11: Reserved  

F102 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT0L[7:0] 

F103 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT0H[7:0] 

F104 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT1L[7:0] 

F105 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT1H[7:0] 

F106 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT2L[7:0] 

F107 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT2H[7:0] 

F108 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT3L[7:0] 

F109 Read / 
Write 

0000 0000 Bit[7:0] - SP_LUT3H[7:0] 

F10A Read / 
Write 

0000 0000 Bit[7:0] – Sprite Horizontal Pixel Count – 1 
Maximum 256 pixels 
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F10B Read / 
Write 

0000 0000 Bit[7:0] – Sprite Vertical Line Count – 1 
Maximum 256 lines 

F10C Read / 
Write 

0000 0000 Bit[7:0] –  
Sprite Horizontal Start Position bit[7:0] 

F10D Read / 
Write 

00 Bit[7:2] – Reserved 
Bit[1:0] - Sprite Horizontal Start Position bit[9:8] 
 
Sprite Horizontal Start Position bit[9:0] is 
measured in pixels and counted from left to right 
of the edge of the panel display (i.e. not virtual 
display). 

F10E Read / 
Write 

0000 0000 Bit[7:0] –  
Sprite Vertical Start Position bit[7:0] 

F10F Read / 
Write 

0 Bit[7:1] – Reserved 
Bit[0] - Sprite Vertical Start Position bit[8] 
 
Sprite Vertical Start Position bit[8:0] is measured 
in lines and counted from top to bottom of the 
edge of the panel display (i.e. not virtual display). 

F142 Write 
Only 

0000 0000 Bit[7:0] –  
Sprite / overlay storage starting address bit[7:0] 

F143 Write 
Only 

0000 0000 Bit[7:0] –  
Sprite / overlay storage starting address bit[15:8] 

F144 Write 
Only 

0000 0000 Bit[7:2] – Reserved 
Bit[1:0] –  
Sprite / overlay storage starting address bit[17:16] 
 
This is the starting address to put the 
sprite/overlay image 
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2.13.5. 2D Hardware-acceleration Registers 

Address A17- A16 - See Section 2.2 

Address 
(HEX) 

A15 – A0 

Read / 
Write 

 
Reset Value Descriptions 

F180 Read 
Only 

0000 0000 
 

Bit[7:0] – Background Color bit[7:0] 
  

F181 Read 
Only 

0000 0000 
 

Bit[7:0] –Background Color bit[15:8] 
 

F182 Read 
Only 

0000 0000 
 

Bit[7:0] – Foreground Color bit[7:0] 
 

F183 Read 
Only 

0000 0000 
 

Bit[7:0] –Foreground Color bit[15:8] 
 

2.13.6. Memory Controller Registers 

Address A17- A16 - See Section 2.2 

Address (HEX) 
A15 – A0 

Read / 
Write 

Reset 
Value 

Descriptions 

F500 Read / 
Write 

 
Bit[7:4] = 

1110 
 
 
 
Bit[3:0] = 

1110 
 

CS0 Configuration Port – Pulse Width 
Bit[7:4] : Write Cycle Pulse Width  
0000: 1 memory clock (24 MHz -> 41.6ns) 
0001: 2 memory clocks 
 ……………………………………………. 
1110:15 memory clocks 
1111: Reserved 
Bit[3:0] : Read Cycle Pulse Width  
0000: 1 memory clock (24 MHz -> 41.6ns) 
0001: 2 memory clocks 
 …………………………………………… 
1110:15 memory clocks 
1111: Reserved 

F501 Read / 
Write 

0000 0000 CS0 Configuration Port – Control 
Bit[7] : Enable bit 
0:Disable CS0 
1:Enable CS0 
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Bit[6] : Memory data bus width 
0: 8-bit memory data bus width  
1: 16-bit memory data bus width 
 
Bit[5] : 16-bit SRAM option 
0:two 8-bit SRAMs  
1:one 16-bit SRAM 
Bit[4] : Reserved 
Bit[3] : CS0 assertion time relative to 
address assertion. 
0:CS0 and address assert at the same time 
1:CS0 lags address by 1 memory clock. 
Bit[2] : CS0 Negation Timing 
0:CS0 and Address negate at the same time 
1:CS0 leads Address by 1 memory clock in 
write access. 
 
Bit[1] : Write Enable Assertion Time 
0: Write Enable and Address Assert at the 
same time. 
1: Write Enable lags Address by 1 memory 
clock. 
Bit[0] : Write Enable Negation Time 
0: Write Enable and Address negate at the 
same time. 
1: Write Enable leads Address by 1 memory 
clock. 

F504 Read / 
Write 

 
 
Bit[3:0] = 

1110 
 

CS1 Configuration Port – Pulse Width 
Bit[7:4] : Reserved 
Bit[3:0] : Read Cycle Pulse Width  
0000: 1 memory clock (24 MHz -> 41.6ns) 
0001: 2 memory clocks 
0001: 3 memory clocks 
……………………………………………… 
1101:14 memory clocks 
1110:15 memory clocks 
1111: Reserved 
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F505 Read / 
Write 

0000 0000 CS1 Configuration Port – Control 
Bit[7] : Enable bit 
0:Disable CS1 
1:Enable CS1 
Bit[6] : Memory data bus width 
0: 8-bit memory data bus width  
1: 16-bit memory data bus width 
Bit[5] : Reserved 
Bit[4] : Reserved 
Bit[3] : CS1 assertion time relative to 
address assertion. 
0:CS1 and Address assert at the same time 
1:CS1 lags Address by 1 memory clock. 
Bit[2] : CS1 Negation Timing 
0:CS1 and Address negate at the same time 
1:CS1 leads Address by 1 memory clock in 
write access. 
Bit[1:0] : Reserved 

F6C4 Read / 
Write 

Bit[5:0] = 
11 0011 

Set Memory Clock Divide 
Bit[7:6] = Reserved 
Bit[5:0] = 010000 to set 24MHz memory 
clock for proper operations 
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2.13.7. Delta-Sigma Audio DAC (DSDAC) Registers 

Address A17- A16 - See Section 2.2 

Address 
(HEX) 

A15 – A0 

Read / 
Write 

 
Reset Value Descriptions 

F280 Read / 
Write 

Bit[7:3] =  
00000 

Bit[0] = 0 

DSDAC mode register 0 
Bit[7] – Enable bit 
0: Disable  
1: Enable 
Bit[6:5] – PCM data input source 
00, 01, 10: Reserved  
11: Internal Circular Buffer 
Bit[4] – Stereo / Mono 
0: Mono 
1: Stereo 
Bit[3] – PCM data length 
0: 16-bit 
1: 8-bit 
Bit[2:1] - Reserved 
Bit[0]–Software Reset 
0: normal 
1: Reset DSDAC 

F281 Read / 
Write 

0000 0000 
 

DSDAC mode register 1 
Bit[7:5] – Sampling Frequency 
000: 8 KHz 
001: 11.025 KHz 
010: 16 KHz 
011: 22.05 KHz 
100: 32 KHz 
101: 44.1 KHz 
110: 48 KHz 
111: Reserved 
Bit[4] – Clock Source 
0: Reserved 
1: Internal clock from PLL 
Bit[3] – Reserved 
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Bit[2:0] – Dither Control 
000: No dither 
001: No dither 
010: Dither with rectangular PDF amplitude 1 
011: Dither with triangular PDF amplitude 1 
100: Dither with rectangular PDF amplitude 2 
101: Dither with triangular PDF amplitude 2 
110: Dither with rectangular PDF amplitude 3 
111: Dither with triangular PDF amplitude 3 

F282 Read / 
Write 

0000 0000 
 

Bit[7:0] – Internal Circular Buffer Starting 
Address bit[7:0] 

F283 Read / 
Write 

0000 0000 
 

Bit[7:0] – Internal Circular Buffer Starting 
Address bit[15:8] 

F284 Read / 
Write 

 
00 0000 

 

Bit[7:6] - Reserved 
Bit[5:0] – Internal Circular Buffer Starting 
Address bit[21:16] 

F285 Read / 
Write 

0000 0000 
 

Bit[7:0] – Internal Circular Buffer Size bit[7:0] 

F286 Read / 
Write 

 
00 

 

Bit[7:2] – Reserved 
Bit[1:0] - Internal Circular Buffer Size bit[9:8] 
 

F287 Write 
Only 

0000 0001 Bit[7:0] – Dither Seed 0 

F288 Write 
Only 

0000 0000 
 

Bit[7:0] – Dither Seed 1 

F289 Write 
Only 

0000 0000 
 

Bit[7:0] – Dither Seed 2 

F28A Write 
Only 

0000 0000 
 

Bit[7:0] – Dither Seed 3 

F28B Write 
Only 

0000 0000 
 

Bit[7:0] – Dither Seed 4 

F28C Write 
Only 

0000 0000 
 

Bit[7:0] – Dither Seed 5 

F28D Read / 
Write 

 
00 0000 

 

Bit[7:6] – Reserved 
Bit[5:0] – Volume Control 
000000 – 0 db -> 000001 – 1.5 db -> 
000010 – 3.0db ….111110 – 93db -> 
111111 – Mute 
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2.14. D.C Characteristics 
 

Parameter Symbol Limits Unit 

Supply Voltage  HVDD
*1 -0.3 to 4.0 V 

Supply Voltage LVDD
*2 -0.3 to 3.0 V 

Input Voltage VI -0.3 to HVDD + 0.5  V 

Input Voltage VI5V
*3 -0.3 to 5.5 V 

Output Voltage VO -0.3 to HVDD + 0.5 V 

Storage Temperature TST -65 to 150 ℃ 

*1 HVDD  includes VDD_IO and VDD_AUDIO. 

*2 LVDD  includes VDD_CORE and VDD_PLL. 

*3 VI5V is for 5V tolerance inputs. 

Table 2-4 Absolute Maximum Ratings 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage  HVDD 3.0 3.3 3.6 V 

Supply Voltage LVDD 2.3 2.5 2.7 V 

Input Voltage VI VSS  HVDD V 

Operation Temperature TOP -20 25 70 ℃ 

Table 2-5 Recommended Operating Conditions 

Parameter Symbol Conditions Min. Typ. Max. Unit 

High Level Input Voltage VIH CMOS level, HVDD = 3.6V 2.2 - - V 

Low Level Input Voltage VIL CMOS level, HVDD = 3.0V - - 0.8 V 

Positive Trigger Voltage VT+ CMOS Schmitt 1.4 - 2.7 V 

Negative Trigger Voltage VT- CMOS Schmitt 0.6 - 1.8 V 

Input Leakage Current ILI - -5 - 5 uA 

Input Pin Capacitance CI f = 1MHz, HVDD = 0 V - - 8 pF 

Pull Down Resistance RPD VI = HVDD 60 120 240 KΩ 

High Level Output Voltage VOH IOH = -3mA (Type 1) 
IOH = -6mA (Type 2) 
IOH = -12mA (Type 3) 
 

HVDD 

- 0.4 

- - V 

Low Level Output Voltage VOL IOL = 3mA (Type 1) 
IOL = 6mA (Type 2) 
IOL = 12mA (Type 3) 

- - 0.4 V 

Output leakage Current ILO - -5 - 5 uA 

Output Pin Capacitance CO f = 1MHz, HVDD = 0 V - - 8 pF 

Bi-directional Pin Capacitance CIO f = 1MHz, HVDD = 0 V - - 8 pF 

Table 2-6 Electrical Characteristics 
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tOHZ

tWPtCW tWC

tWRtAS

tDH

nCS

nRD

nWE0

A[17:0]

tDS

D[7:0] VALID DATA

nWAIT

tWAIT

High-Z

2.15. A.C Characteristics 
 
Conditions: 
HVDD = 3.0V ± 10%, 
LVDD = 2.5V ± 10%, 
TOP = -40 ℃ - 85 ℃ 
TRISE and TFALL for all inputs must be ≤ 5 nsec (10% - 90%) 
Output Loading = 20 pF on all interface 
 
2.15.1.  Host Interface - Write Timing 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-13 Host Interface Write Timing 

Symbol Parameter Min Max Unit 

tOHZ Output Disable to Data Output in High-Z 0 8 ns 

tWAIT Write (nWE) Assertion to Wait (nWAIT) Assertion 0 9 ns 

tAS Address Setup Time 9 - ns 

tWP Write Pulse Width 2*T - ns 

tCW Chip Select Assertion to Write Assertion 0 - ns 

tWC Write Negation to Chip Select Negation 0 - ns 

tWR Write Recovery Time T - ns 

tDS Write Data to Write Assertion Setup 0 - ns 

tDH Write Data to Write Negation Hold 0 - ns 

Where T = Memory Clock period (default setting is 24MHz or 41.6 nsec) 

Table 2-7 Host Interface Write Timing 
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nWAIT
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nRD

2.15.2.  Host Interface – Read Timing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2-14 Host Interface Read Timing 

Symbol Parameter Min Max Unit 

tCR Chip Select Assertion to Read Assertion 0 - ns 

tRC Read Negation to Chip Select Negation 0 - ns 

tAS Address Setup Time 9 - ns 

tRP Read Pulse Width 2*T - ns 

tAH Address Hold Time to Read Negation T - ns 

tOLZ Read to Output in Low-Z 3 - ns 

tAC Access Time - 11 ns 

tWAIT Read (nRD) Assertion to Wait (nWAIT) Assertion 0 9 ns 

tWDS Valid Data before nWAIT Negation 10 - ns 

tOHZ Output Disable to Data Output in High-Z 0 8 ns 

Where T = Memory Clock period (default setting is 24MHz or 41.6 nsec) 

Table 2-8 Host Interface Read Timing 

Read Cycle without nWAIT asserted. 
(for registers 0xF004 & 0xF006 only) 

Read Cycle with nWAIT asserted. 
(for all other registers & memory accesses) 
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2.15.3.  LCD Panel Interface - 4-bit Single Monochrome STN Panel Timing 
 
 

 
Where VDIS = Vertical Display Period  = <Register “0xF083” bit[0] & “0xF082” bit[7:0]> + 1 lines 

 VNDIS = Vertical Non-display Period = <Register “0xF08D” bit[3:0]> + 1 lines 

 HDIS = Horizontal Display Period = <Register “0xF082” bit[6:0] + 1> * 8 * Pixel Clock period 

 HNDIS = Horizontal Non-display Period = <Register “0xF08C” bit[3:0] + 2> * 8 * Pixel Clock period 

 Pixel Clock is defined in Register “0xF08E” bit[7:4] (see Section 6.4.4 on page 36 for details) 

Figure 2-15 4-bit Single Monochrome STN Panel Timing 
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Figure 2-16 4-bit Single Monochrome STN Panel A.C. Timing 

 
Symbol Parameter Min Max Unit 

t1 YD setup to LP falling edge t3 - t2  ns 

t2 YD hold from LP falling edge 2*Ptime - 2  ns 

t3 LP period HDIS + HNDIS - 2  ns 

t4 LP pulse width 8*Ptime - 2  ns 

t5 DRDY (WF) changes state from LP rising edge 2  ns 

t6 XSCL falling edge to LP rising edge 4*Ptime - 2  ns 

t7 XSCL falling edge to LP falling edge 12*Ptime - 5  ns 

t8 LP falling edge to XSCL falling edge 8*Ptime - 2  ns 

t9 XSCL period 4*Ptime - 2  ns 

t10 XSCL “low” pulse width 2*Ptime - 2  ns 

t11 XSCL “high” pulse width 2*Ptime - 2  ns 

t12 PD[3:0] setup to XSCL falling edge 2*Ptime - 5  ns 

t13 PD[3:0] hold from XSCL falling edge 2*Ptime + 2  ns 

t14 LP falling edge to XSCL rising edge 6*Ptime - 2  ns 

Where Ptime = Pixel clock period  

Table 2-9 4-bit Single Monochrome STN Panel A.C. Timing 



iEM8000  54 of 63 
 
 

 
Hardware Functional Specification V1.1  iEAGLE 

YD

LP

DRDY

PD[7:0] LINE 1 LINE 2 LINE 3 LINE 4 LINE 319 LINE 320 LINE 1 LINE 2LINE 318

LP

XSCL

DRDY

PD7

PD6

PD5

PD4

0,0

1,0

2,0

3,0

8,0

9,0

10,0

11,0

16,0

17,0

18,0

19,0

304,0

305,0

306,0

307,0

312,0

313 ,0

314 ,0

315 ,0

0,1

1,1

2,1

3,1

8,1

9,1

10,1

11,1

PD3

PD2

PD1

PD0

4,0

5,0

6,0

7,0

12,0

13,0

14,0

15,0

20,0

21,0

22,0

23,0

308,0

309,0

310,0

311,0

316,0

31 7,0

31 8,0

31 9,0

4,1

5,1

6,1

7,1

12,1

13,1

14,1

15,1

VDIS VNDIS

HDIS HNDIS

2.15.4.  LCD Panel Interface - 8-bit Single Monochrome STN Panel Timing 
 
 
 

 
 
Where VDIS = Vertical Display Period  = <Register “0xF083” bit[0] & “0xF082” bit[7:0]> + 1 lines 

 VNDIS = Vertical Non-display Period = <Register “0xF08D” bit[3:0]> + 1 lines 

 HDIS = Horizontal Display Period = <Register “0xF082” bit[6:0] + 1> * 8 * Pixel Clock period 

 HNDIS = Horizontal Non-display Period = <Register “0xF08C” bit[3:0] + 2> * 8 * Pixel Clock period 

 Pixel Clock is defined in Register “0xF08E” bit[7:4] (see Section 6.4.4 on page 36 for details) 

Figure 2-17 8-bit Single Monochrome STN Panel Timing 
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Figure 2-18 8-bit Single Monochrome STN Panel A.C. Timing 

 
Symbol Parameter Min Max Unit 

t1 YD setup to LP falling edge t3 - t2  ns 

t2 YD hold from LP falling edge 2*Ptime - 2  ns 

t3 LP period HDIS + HNDIS - 2  ns 

t4 LP pulse width 8*Ptime - 2  ns 

t5 DRDY (WF) changes state from LP rising edge 2  ns 

t6 XSCL falling edge to LP rising edge 2*Ptime - 2  ns 

t7 XSCL falling edge to LP falling edge 10*Ptime - 5  ns 

t8 LP falling edge to XSCL falling edge 14*Ptime - 2  ns 

t9 XSCL period 8*Ptime - 2  ns 

t10 XSCL “low” pulse width 4*Ptime - 2  ns 

t11 XSCL “high” pulse width 4*Ptime - 2  ns 

t12 PD[7:0] setup to XSCL falling edge 4*Ptime - 5  ns 

t13 PD[7:0] hold from XSCL falling edge 4*Ptime + 2  ns 

t14 LP falling edge to XSCL rising edge 10*Ptime - 2  ns 

Where Ptime = Pixel clock period  

Table 2-10 8-bit Single Monochrome STN Panel A.C. Timing 
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2.15.5.  LCD Panel Interface - 4-bit Single Color STN Panel Timing 
 
 

 

 

Where VDIS = Vertical Display Period  = <Register “0xF083” bit[0] & “0xF082” bit[7:0]> + 1 lines 

 VNDIS = Vertical Non-display Period = <Register “0xF08D” bit[3:0]> + 1 lines 

 HDIS = Horizontal Display Period = <Register “0xF082” bit[6:0] + 1> * 8 * Pixel Clock period 

 HNDIS = Horizontal Non-display Period = <Register “0xF08C” bit[3:0] + 2> * 8 * Pixel Clock period 

 Pixel Clock is defined in Register “0xF08E” bit[7:4] (see Section 6.4.4 on page 36 for details) 

Figure 2-19 4-bit Single Color STN Panel Timing 
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Figure 2-20 4-bit Single Color STN Panel A.C. Timing 

 
Symbol Parameter Min Max Unit 

t1 YD setup to LP falling edge t3 - t2  ns 

t2 YD hold from LP falling edge 2*Ptime - 2  ns 

t3 LP period HDIS + HNDIS - 2  ns 

t4 LP pulse width 8*Ptime - 2  ns 

t5 DRDY (WF) changes state from LP rising edge 2  ns 

t6 XSCL falling edge to LP rising edge 3.5*Ptime - 2  ns 

t7 XSCL falling edge to LP falling edge 11.5*Ptime - 5  ns 

t8 LP falling edge to XSCL falling edge 6.5*Ptime - 2  ns 

t9 XSCL period Ptime - 2  ns 

t10 XSCL “low” pulse width Ptime/2 - 2  ns 

t11 XSCL “high” pulse width Ptime/2 - 2  ns 

t12 PD[3:0] setup to XSCL falling edge Ptime/2 - 5  ns 

t13 PD[3:0] hold from XSCL falling edge Ptime/2 + 2  ns 

t14 LP falling edge to XSCL rising edge 6*Ptime - 2  ns 

Where Ptime = Pixel clock period 

Table 2-11 4-bit Single Color STN Panel A.C. Timing 



iEM8000  58 of 63 
 
 

 
Hardware Functional Specification V1.1  iEAGLE 

YD

LP

DRDY

PD[7:0] LINE 1 LINE 2 LINE 3 LINE 4 LINE 159 LINE 160 LINE 1 LINE 2LINE 158

LP

XSCL

DRDY

PD7

PD6

PD5

PD4

PD3

PD2

PD1

PD0

R(0,0 )

G(0 ,0)

B(0,0)

R(1,0)

B(2,0 )

R(3,0)

G(3,0)

B(3,0 )

G(5 ,0)

B(5,0)

R(6,0)

G(6,0)

R(0,1)

G(0,1)

B(0,1)

R(1 ,1)

B(2,1)

R(3,1)

G(3,1)

B(3,1)

G(1,0)

B(1,0)

R(2,0)

G(2 ,0)

R(4,0)

G(4,0)

B(4,0 )

R(5,0)

B(6,0)

R(7,0)

G(7,0)

B(7,0)

G(1,1)

B(1,1)

R(2 ,1)

G(2,1)

R(4,1)

G(4,1)

B(4,1)

R(5,1)

R(8,0)

G(8 ,0)

B(8,0)

R(9,0)

G(9,0)

B(9,0)

R (10,0)

G(10 ,0)

G(157,0)

B(157,0)

R(158 ,0)

G(158 ,0)

B(158, 0)

R(159 ,0)

G(159 ,0)

B(159,0)

VDIS VNDIS

HDIS HNDIS

2.15.6.  LCD Panel Interface - 8-bit Single Color STN Panel Timing 
 
 

 

 

Where VDIS = Vertical Display Period  = <Register “0xF083” bit[0] & “0xF082” bit[7:0]> + 1 lines 
 VNDIS = Vertical Non-display Period = <Register “0xF08D” bit[3:0]> + 1 lines 

 HDIS = Horizontal Display Period = <Register “0xF082” bit[6:0] + 1> * 8 * Pixel Clock period 

 HNDIS = Horizontal Non-display Period = <Register “0xF08C” bit[3:0] + 2> * 8 * Pixel Clock period 

 Pixel Clock is defined in Register “0xF08E” bit[7:4] (see Section 6.4.4 on page 36 for details) 

Figure 2-21 8-bit Single Color STN Panel Timing 
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Figure 2-22 8-bit Single Color STN Panel A.C. Timing 

 
Symbol Parameter Min Max Unit 

t1 YD setup to LP falling edge t3 - t2  ns 

t2 YD hold from LP falling edge 2*Ptime - 2  ns 

t3 LP period HDIS + HNDIS - 2  ns 

t4 LP pulse width 8*Ptime - 2  ns 

t5 DRDY (WF) changes state from LP rising edge 2  ns 

t6 XSCL falling edge to LP rising edge Ptime - 2  ns 

t7 XSCL falling edge to LP falling edge 9*Ptime - 5  ns 

t8 LP falling edge to XSCL falling edge 11*Ptime - 2  ns 

t9 XSCL period 2*Ptime - 2  ns 

t10 XSCL “low” pulse width Ptime - 2  ns 

t11 XSCL “high” pulse width Ptime - 2  ns 

t12 PD[7:0] setup to XSCL falling edge Ptime - 5  ns 

t13 PD[7:0] hold from XSCL falling edge Ptime + 2  ns 

t14 LP falling edge to XSCL rising edge 10*Ptime - 2  ns 

Where Ptime = Pixel clock period 

Table 2-12 8-bit Single Color STN Panel A.C. Timing 
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DRDY
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2.15.7. 16-bit TFT Panel Timing 
 
 
 
 

 

 

 

 

Where VDIS = Vertical Display Period  = <Register “0xF083” bit[0] & “0xF082” bit[7:0]> + 1 lines 

 VFP = Vertical Front Porch Period = <Register “0xF094” bit[5:0]> + 1 lines 

 VBP = Vertical Back Porch Period = <Register “0xF095” bit[5:0]> + 1 lines 

 VSW = Vertical Sync Pulse Width = <Register “0xF096” bit[4:0]> + 1 lines 

 HDIS = Horizontal Display Period = <Register “0xF082” bit[6:0] + 1> * 8 * Pixel Clock period 

 HFP = Horizontal Front Porch Period = <Register “0xF090” bit[5:0] + 1> * Pixel Clock period 

 HBP = Horizontal Back Porch Period = <Register “0xF091” bit[5:0] + 1> * Pixel Clock period 

 HSW = Horizontal Sync Pulse Width = <Register “0xF092” bit[4:0] + 1> * Pixel Clock period 

 Pixel Clock is defined in Register “0xF08E” bit[7:4] (see Section 6.4.4 on page 36 for details) 

 YD period = VDIS + VFP + VBP +VSW (lines) 

 LP period = HDIS + HFP + HBP +HSW (nsec) 

 DRDY period = Active Display period = HDIS (nsec) 

Figure 2-23 16-bit TFT Panel Timing 
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Figure 2-24 16-bit Single TFT Panel A.C. Timing (both YD and LP have active low sync pulse) 

 
Symbol Parameter Min Max Unit 

t1 YD falling edge to LP falling edge LP period – HSW - t2  ns 

t2 LP rising edge to YD falling edge 3*Ptime - 2  ns 

t3 LP falling edge to DRDY active HSW + HBP - 2  ns 

t4 DRDY inactive to LP falling edge HFP - 2  ns 

t5 LP pulse setup to XSCL rising edge  Ptime/2 - 2  ns 

t6 DRDY setup to XSCL rising edge Ptime - 3  ns 

t7 DRDY hold from XSCL rising edge 3  ns 

t8 XSCL period Ptime - 2  ns 

t9 XSCL “low” pulse width Ptime/2 - 2  ns 

t10 XSCL “high” pulse width Ptime/2 - 2  ns 

t11 Data setup to XSCL rising edge Ptime - 5  ns 

t12 Data hold from XSCL rising edge 5  ns 

Where Ptime = Pixel clock period 

Table 2-13 16-bit Single TFT Panel A.C. Timing (both YD and LP have active low sync pulse) 
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LCDPWR

Operation Mode Power Save Normal Power Save

LCD Panel Signal

t1

t3 t4

t2

2.16. Power Save Mode 

Power Save mode, register “0xF006” bit[3] = 1. (Hardware reset default value) 
Normal operating mode, register “0xF006” bit[3] = 0.  

2.16.1. LCDPWR Pin Sequence when Entering / Exiting Power Save mode  

 
 
 

 
 
 
 

Figure 2-25 LCDPWR (LCD_ON Pin) Sequence Timing 

Symbol Parameter Min Max Unit 

t1 Exit Power Save mode to LCD panel signals active 0  Frames 

t2 Enter Power Save mode to LCD panel signals inactive 0  Frames 

t3 LCD panel signal active to LCD_ON pin active 0 128 Frames 

t4 LCD panel signal inactive to LCD_ON pin inactive 3  Frames 

Table 2-14 LCD_ON Pin Sequence Timing 

Timing of t3 is programmed through register “0xF08F” bit[6:0], and the default value 
of t3 is 128 frames. 
Furthermore, the active state (polarity) of the LCD_ON pin can be programmed 
through register “0xF08E” bit[1]. Default LCD_ON pin polarity is active low. 

2.16.2. Power Consumption   

As a reference, Table 2.6 below shows the power consumption of the iEM8000 when 
connecting to a 320x240 monochrome LCD panel. 

Power Consumption  

(current in mA) 

Conditions : IO VDD = 3.3V,  CORE VDD = 2.5V, 4 bit-per-pixel   

Pixel Clock = 6MHz & Memory Clock = 24MHz 

IO  1.4 

CORE 9.2 

CORE (Power Save) 0.85 

Table 2-15 Power Consumption of the iEM8000 when connecting to a 320x240 monochrome LCD panel 
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