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1 Introduction 
This lab aimed to implement a VGA controller using the DE-1 FPGA board to explore 

VGA interface concepts. Specifically, the project involved configuring the VGA 

display to show red, green, or blue colors based on switch inputs, along with a 7-

segment HEX display to indicate the selected color. This work provided hands-on 

experience with VHDL design, synchronization protocols, and interfacing digital and 

analog signals via the DE-1 FPGA board. 

2 Requirements 
The project required the following design elements inputs and outputs specified below: 

Signal  Direction Width  description 

SW[2:0] 
Input 

 

3 bits Switches used to 

select the 

displayed color 

(red, green, or 

blue). Active high. 

VGA_R[7:0] Output 8 bits 
Represents the 

red color 

intensity for the 

VGA display. 
 

VGA_G[7:0] Output 8 bits 
Represents the 

green color 

intensity for the 

VGA display. 
 

VGA_B[7:0] Output 8 bits 
Represents the 

blue color 

intensity for the 

VGA display. 
 

VGA_CLK Output 1 bit Pixel clock for 

driving the VGA 

display. 

VGA_SYNC_N Output 1 bit 
Syncs with the 

DAC to switch 

between green 

and RGB DAC. 

Active low. 
 

VGA_BLANK_N Output 1 bit Active low during 

retrace periods. 

HEX0-5[6:0] Output 7 bits  Displays “R”, 

“G”, or “B” based 

on the selected 

color. And also or 

initials 
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3 Theoretical Design 

3.1 Design Narrative 

The VGA controller generates color signals (VGA_R, VGA_G, VGA_B) for 

display, synchronized with horizontal and vertical sync signals. The Pixel Clock 

(VGA_CLK) drives the timing. The switches (SW[2:0]) determine the active color, 

while the 7-segment display (HEX0) indicates the selected color. The design 

utilizes VHDL to describe behavior and connect signals. 

3.2 Top-level design 

Below is a block diagram depicting the top-level design 

 
 

Components Description 

  VGA Controller 

Inputs: SW[2:0], VGA_CLK 

Outputs: VGA_R[7:0], VGA_G[7:0], VGA_B[7:0], VGA_SYNC_N, 

VGA_BLANK_N 

Function: Decodes switch inputs to set the appropriate color signals and generates 

synchronization signals. 

  HEX Display Controller 

Inputs: SW[2:0] 

Outputs: HEX0[6:0] 

Function: Maps switch values to display “R”, “G”, or “B” for selected color or turns 

off for invalid inputs. 

 

4 Synthesized Design 
Below is the VHDL code used for the VGA controller and HEX display modules. 

 



EEL-4710L VHDLs Laboratory Report Lab Project 
 

Ruth Massock  Page 5 of  10 
 

 

VGA Controller Code 
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5 Results 
On the FPGA board, the monitor displayed red, green, and blue colors successfully. The 

7-segment HEX display correctly indicated "R", "G", or "B" based on the selected color, it 

also displays our initials on hex display “rmks”.  

 

Switches are off and so black screen 

 
 

Red switch on red screen and R display on board 

 
Blue Switch on blue screen and B display on board 
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Green switch on Green screen and G display on board 

 

 
 

All switches on White  

 
Green and Red switch ON                             Blue and Green Switch ON 
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Red and Blue Switch ON 

 
           

6 Summary and Lessons Learned 
The project successfully implemented a VGA controller and HEX display interface. 

Observations include: 

• Correct synchronization between the DE-1 FPGA and the VGA display. 

• Challenges in aligning timing constraints between horizontal and vertical sync 

signals were resolved by adjusting the Pixel Clock frequency. 

Key lessons: 

• Proper pin assignments and clock signal configuration are critical in FPGA 

designs. 

• Understanding VGA timing diagrams is essential for display interfacing. 

Future recommendations: 

• Implement advanced VGA patterns, such as gradients or animations, to further 

test VGA capabilities. 

• Utilize additional debugging tools to streamline the design process. 
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