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Image: http://denethor.wlu.ca/common/images/clean.jpg 
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Image: http://denethor.wlu.ca/common/images/messywires.jpg 
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Image: http://dangerousprototypes.com/2012/05/04/diy-ir-toy-and-cpld-breakout-boards/ 
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𝑌 = 𝐴 ∙ 𝐵  + 𝐴 ∙ 𝐵  

A B 
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OR Matrix A B 

Location of connection array varies by device! 

AND Matrix Inputs and Inverters 
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Image: https://upload.wikimedia.org/wikipedia/commons/3/39/EPROM_Intel_C1702A.jpg 
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Type AND Array OR Array 

ROM Fixed Programmed 

PLA Programmed Programmed 

PAL/GAL Programmed Fixed 
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X3 X2 X1 X0

Z1 Z0

Z0  X1  X3  X0  X2

Z1  X1  X2  X3

X0  X1  X2  X3

X0  X3
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Image: https://en.wikipedia.org/wiki/File:AMD_PAL_22V10.jpg 
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Image: https://en.wikipedia.org/wiki/File:AMD_22V10_Macrocell.jpg 
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X3 X2 X1 X0

Z2 Z1 Z0

𝑍0 = 𝑋1 ⋅ 𝑋3 + 
                 𝑋0 ⋅ 𝑋2 

 
𝑍1 = 𝑋1 ⋅ 𝑋2 ⋅ 𝑋3 + 

                             𝑋0 ⋅ 𝑋1 ⋅ 𝑋2 ⋅ 𝑋3 + 
𝑍1 = +                    𝑋0 ⋅ 𝑋3 

 
𝑍2 = 𝑋1 ⋅ 𝑋3 + 
𝑍1 =  + 𝑋1 ⋅ 𝑋2 ⋅ 𝑋3 
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Image: https://commons.wikimedia.org/wiki/File:Altera_MAX_7128_2500_gate_CPLD.jpg 
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Image from: FPGAs!? Now What? By Dave Vendenbout, XESS Corporation 
Available at: http://www.xess.com/static/media/appnotes/FpgasNowWhatBook.pdf 
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FPGAs CPLDs 

Based on look-up table (LUT), 

resulting in higher density. 

Based on programmable AND 
array and fixed OR array. 

Volatile SRAM technology. Non-volatile EEPROM 
technology. 

Programmed using either 
 schematic entry or text entry. 

Up to 250,000 logic 
elements, suitable for more 

complex applications. 

Up to 500 logic elements, 
often used for simpler logic 

applications. 

More expensive (> $15) Cheaper (> $10) 
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Image: http://saaubi.people.wm.edu/TeachingWebPages/Physics351_Fall2009/Week0/Physics351_Fall2009_ad.html 

Approach 1: Develop schematic, compile, and program device. 
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Image:https://commons.wikimedia.org/wiki/File:Vhdl_signed_adder.png 

Approach 2: Write code, compile, and program device. 
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library IEEE; 
use IEEE.std_logic_1164.all; 
 
entity ANDGATE is 
    port ( 
        I1 : in std_logic; 
        I2 : in std_logic;  
        O  : out std_logic); 
end entity ANDGATE; 
 
architecture RTL of ANDGATE is 
begin 
 O <= I1 and I2; 
end architecture RTL; 
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// andgate.v 
 

module andgate(A, B, Y); 
 

   input A, B; 

   output Y; 
    

   assign Y = A & B; 

endmodule 
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