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Refs: 
Cyclone II device Handbook, Altera corp. 
Quartus II Handbook , Altera corp. 
DE2 documentation 
Verilog HDL, S. Palnitkar, Prentice Hall 

•VGA display 

Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you) 

www.lip.pt/~pedjor/PCLD 
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Which clock 
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Which clock 
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For completeness! 
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The 4th lab 

The VGA test screen 
(It is not a picture!!) 

Remember to split the program in blocks!! 
(Will be usefull for your next project) 
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Active Matrix LCD 
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Video(analog signals) 
Means DAC 
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luminance (luminosity) 
two chrominance (color) components 



How does DE2 FPGA controls 
VGA? 
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VGA 

VGA output 
· Uses the ADV7123 240-MHz triple 10-bit high-speed video DAC 
· With 15-pin high-density D-sub connector 
· Supports up to 1600 x 1200 at 100-Hz refresh rate 
· Can be used with the Cyclone II FPGA to implement a high-performance TV 
Encoder 

DE2 User manual: page 37: 4.7 Using VGA 
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What kind of clock do you 
need? 
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e.g. 1024x768 @ 60Hz 
In each period of refresh rate we need to scan ALL pixels 

How many pixels? 

Scanline part Pixels 

Visible area 1024 

Front porch 24 

Sync pulse 136 

Back porch 160 

Whole line 1344 

Frame part Lines 

Visible area 768 

Front porch 3 

Sync pulse 6 

Back porch 29 

Whole frame 806 

Total Number of pixels: 1344 x 806 = 1083264 
 
To Have a full scan in 60 MHZ we need a clock w/  
 f = 60 x 1083264 = 64995840 = 65 MHz 

http://tinyvga.com/vga-timing 
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The Phase Locked Loop (PLL) 

A feature available in Cyclone II devices that employs a phase-locked loop (PLL). The 
Cyclone II PLL provides advanced multiplication, programmable duty cycle, phase shifting, 
programmable bandwidth, manual clock switchover, clock outputs driving all networks, and a 
source synchronous mode. 
You can take advantage of the Cyclone II PLL with the altpll megafunction. 

http://upload.wikimedia.org/wikipedia/en/d/d9/PLL_generic_inline.svg
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Memories 
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Memories 
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Address 
Data 
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Memories external to the FPGA 

When interfacing external memories you should look at the datasheet! 
Need to understand the exact protocol, adressing, timing, etc. 
Some tools may build you the interface to external memories 
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Tools – Mega Wizard 
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Mega Wizard – What you get 

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf  

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf
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Clocking 



60 



61 

Clocking in 
and ideal 
world 

Clocking in a 
not so perfect 
reality 

FPGAs contain global 
clock lines that have 
low skew. Number is 
limited 
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Clocks with periods multiple of two 
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The Phase Locked Loop (PLL) 

A feature available in Cyclone II devices that employs a phase-locked loop (PLL). The 
Cyclone II PLL provides advanced multiplication, programmable duty cycle, phase shifting, 
programmable bandwidth, manual clock switchover, clock outputs driving all networks, and a 
source synchronous mode. 
You can take advantage of the Cyclone II PLL with the altpll megafunction. 

http://upload.wikimedia.org/wikipedia/en/d/d9/PLL_generic_inline.svg
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