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Overview 

The LCD (Liquid Crystal Display) is currently among the most widely used devices to view images and videos. They 
can be seen in many applications, ranging from cell phones to televisions. This document provides a brief description 
of LCD Controller and its implementation on SiliconBlue FPGAs. 

Features 

 Configurable image resolutions (maximum of 1280 x 800) 

 Configurable Front and Back Porches for both VSYNC and HSYNC signals 

 Configurable VSYNC and HSYNC Pulse widths and polarities 

 IP-XACT version 1.2 compliant 

 

Resource Utilization 

Table 1:  Resource Utilization 

LUTs Registers Memory GBs I/Os 

206 160 0 0 0 

 

Note: Resource Utilization is based on iCECube 2010.12.14856 release. 

System Block Diagram 

 

 

 

 

 

 

 

 

Figure 1:   System Block Diagram 
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Functional Block Diagram 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 2:   Functional Block Diagram 
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Design Interface 

Table 2:  Pin Description 

Signal 
Name 

Pin 
Type 

Signal 
Description 

sys_clk Input System clock 
sys_rst_n Input Asynchronous Active Low System Reset 
lcd_en Input Enable signal to the LCD Controller 
rgb_data[0] Input RGB Data 
rgb_data[1] Input RGB Data 
rgb_data[2] Input RGB Data 
rgb_data[3] Input RGB Data 
rgb_data[4] Input RGB Data 
rgb_data[5] Input RGB Data 
rgb_data[6] Input RGB Data 
rgb_data[7] Input RGB Data 
rgb_data[8] Input RGB Data 
rgb_data[9] Input RGB Data 
rgb_data[10] Input RGB Data 
rgb_data[11] Input RGB Data 
rgb_data[12] Input RGB Data 
rgb_data[13] Input RGB Data 
rgb_data[14] Input RGB Data 
rgb_data[15] Input RGB Data 
rgb_data[16] Input RGB Data 
rgb_data[17] Input RGB Data 
v_sync Output VSYNC signal to the LCD 
h_sync Output HSYNC signal to the LCD 
de Output DE signal to the LCD 
dclk Output DCLK signal to the LCD 
lcd_rst Output Reset signal to the LCD 
r_data[0] Output Red Component Data to the LCD 
r_data[1] Output Red Component Data to the LCD 
r_data[2] Output Red Component Data to the LCD 
r_data[3] Output Red Component Data to the LCD 
r_data[4] Output Red Component Data to the LCD 
r_data[5] Output Red Component Data to the LCD 
g_data[0] Output Green Component Data to the LCD 
g_data[1] Output Green Component Data to the LCD 
g_data[2] Output Green Component Data to the LCD 
g_data[3] Output Green Component Data to the LCD 
g_data[4] Output Green Component Data to the LCD 
g_data[5] Output Green Component Data to the LCD 
b_data[0] Output Blue Component Data to the LCD 
b_data[1] Output Blue Component Data to the LCD 
b_data[2] Output Blue Component Data to the LCD 
b_data[3] Output Blue Component Data to the LCD 
b_data[4] Output Blue Component Data to the LCD 
b_data[5] Output Blue Component Data to the LCD 
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Configurable Parameters 

 V_SYNC_BACK_PORCH : This is the distance between the top of the display to the upper most portion of 
the actual image. Its default value is 20. This can be modified as per the LCD used 

 V_SYNC_FRONT_PORCH : This is the distance between the bottom of the display to the lower most 
portion of the actual image. Its default value is 28. This can be modified as per the LCD used 

 V_SYNC_ACTIVE : The height of the actual image. Its default value is 1280. 

 V_SYNC_PULSE_WIDTH : This is used to signify the beginning of a new frame. Its default value is 2. This 
can be modified as per the LCD used 

 V_SYNC_POL : This is the polarity of the VSYNC signal. It can be active high (1) or active low (0). This can 
be modified as per the LCD used 

 H_SYNC_BACK_PORCH : This is the distance between the left part of the display to the left most portion of 
the actual image. Its default value is 40. This can be modified as per the LCD used 

 H_SYNC_FRONT_PORCH : This is the distance between the right part of the display to the right most 
portion of the actual image. Its default value is 24. This can be modified as per the LCD used 

 H_SYNC_ACTIVE : The width of the actual image. Its default value is 800. 

 H_SYNC_PULSE_WIDTH : This is used to signify the beginning of a new line in the frame. Its default value 
is 6. This can be modified as per the LCD used 

 H_SYNC_POL : This is the polarity of the HSYNC signal. It can be active high (1) or active low (0). This can 
be modified as per the LCD used 

 

Design Details 

HSYNC Generator : Generates the HSYNC signal to the LCD based on a 11-bit pixel counter, which keeps track 
of the active and dummy pixels per frame. It also depends on the HSYNC pulse width, HSYNC back and front porch 
and the image width.  

VSYNC Generator : Generates the VSYNC signal to the LCD based on a 11-bit line counter, which keeps track of 
the active and dummy lines per frame. It also depends on the VSYNC pulse width, VSYNC back porch and the image 
height.  

LCD Control Logic : Generates the DE signal as well as the RGB data to the LCD. The data coming out of the 
Graphics LCD Controller is valid only when DE is high.  

LCD Reset Generator : Generates the LCD Reset signal. The polarity of the Reset signal can be configured in 
the package. The Reset signal is generated after 1 ms.  
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Timing Diagrams 

 

Figure 3: Timing Diagram of a 320 x 240 Graphics LCD Controller 

 

System Designer Flow 

Graphics LCD Controller is compatible with System Designer/IP-XACT 1.2. Following parameters can be configured 
in the System Designer environment, 

 V_SYNC_BACK_PORCH – Default value is 20 

 V_SYNC_FRONT_PORCH – Default value is 28 

 V_SYNC_ACTIVE – The actual image height. Default value is 1280 

 V_SYNC_PULSE_WIDTH – Default value is 2 

 V_SYNC_POL – VSYNC signal polarity. Supports values 0 (active low) and 1 (active high), 0 being the default 
value 

 H_SYNC_BACK_PORCH – Default value is 40 

 H_SYNC_FRONT_PORCH – Default value is 24 

 H_SYNC_ACTIVE – The actual image width. Default value is 800 

 H_SYNC_PULSE_WIDTH – Default value is 6 

 H_SYNC_POL – HSYNC signal polarity. Supports values 0 (active low) and 1 (active high), 0 being the default 
value 

The System Designer flow is as follows, 

1. Launch the System Designer from Synplify Pro using menu 'Import -> Launch System Designer' 
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2. Create a new project (open an existing old project, as necessary) and import the IP-XACT XML file 

3. Drag and place the component from the 'Library' pane to the 'Design' pane. To change any parameters mentioned 
above, right-click the component instance and click on “Open Configuration”. Go to “Edit Instance Parameters” 
tab and change the parameters as required 

4. Click on the “Generate Files” button, which generates the necessary files required for synthesis and simulation  

5. Go to Synplify Pro and click on the “Run” button to synthesize the System Designer generated files. Synplify Pro 
generates all the necessary files for P&R in iCECube2 
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Disclaimer 

Copyright © 2007–2009 by SiliconBlue Technologies LTD. All rights reserved. SiliconBlue is a registered trademark of 
SiliconBlue Technologies LTD in the United States. Specific device designations, and all other words and logos that are 
identified as trademarks are, unless noted otherwise, the trademarks of SiliconBlue Technologies LTD. All other product or 
service names are the property of their respective holders. SiliconBlue products are protected under numerous United States and 
foreign patents and pending applications, maskwork rights, and copyrights. SiliconBlue warrants performance of its 
semiconductor products to current specifications in accordance with SiliconBlue's standard warranty, but reserves the right to 
make changes to any products and services at any time without notice. SiliconBlue assumes no responsibility or liability arising 
out of the application or use of any information, product, or service described herein except as expressly agreed to in writing by 
SiliconBlue Technologies LTD. SiliconBlue customers are advised to obtain the latest version of device specifications before 
relying on any published information and before placing orders for products or services. 
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