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Logic design with FPGAs 

Synchronous logic and logic synthesis 

BASYS2 FPGA board 

Spartan FPGA 

Xilinx ISE WebPACK 
Verilog & Gateway “HelloWorld” exercise 
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1. Fast global clock 

2. Bit-perfect deterministic logical state 
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Combinational Logic 

Registers 

(memory elements) 

(ANDs, ORs, inverters) 

Clock 

Synchronous logic 

Logic bus  
(many wires representing a digital symbol) 
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How logic is designed now 

Hardware Description Language  
(VHDL syntax used here) 

By using HDLs, industry can design complex chips with >100 million logic 
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Field Programmable Gate Arrays (FPGAs) 

• Reconfigurable logic chips with lots of registers, 
compared with CPLDs and PALs. 

• Range in price from $10 to $10,000 per chip 
depending on number of “gate equivalents”. 

• They do not provide you a processor with 
instructions, ALU and memory (although you can 
embed a processor in a larger FPGA). 

• Sold by Xilinx, Altera, Lattice, Actel, etc 

CPLD = Complex Programmable Logic Device 
PAL = Programmable Array Logic 
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BASYS2 FPGA board 
Xilinx Spartan 3E XCS100E 

T. Delbruck, Electronics for Physicists II (Digital) 



4/1/2011 

2 

BASYS2 
oscillator 
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BASYS2 
power 
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BASYS2 IO 
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BASYS2 
PMOD 

connectors 
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Digilent external modules (PMODs) 
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BASYS2 capabilities 
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Spartan architecture 

CLB=Configurable Logic Block 

Digital Clock Manager 
Input Output Buffers 
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Spartan 3 XC3S100E 
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Device datasheet (233 pages…) 
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XC3S100E package 
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CLBs (Config. Logic Blocks) 
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CLB structure 
• Each CLB has 4 slices 

• Each slice has 4-input LUT (look-up table) logic block and 
single bit latch (register), plus multiplexors, shift registers, 
carry bits, RAM, etc. 

• One slice simplified: The LUT is programmed to compute any 
desired logic function of 4 inputs. 

 

 

 

 

 

• Generally you don’t need to know about this; just to be aware 
of what fabric your synthesized logic is finally mapped to. 
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Spartan IOB structure (part) 
(Input Output Buffer) 
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“Gateway” lab exercises 

HellowWorld_Lab1 

HelloLotsofWorlds_Lab2 

HelloWorldSynchronous_Lab3 

ShiftingTheWorld_Lab4 

ShiftingManyWorlds_Lab5 

CountingTheWorld_Lab6 

TimingTheWorld_Lab7 

DecodingTheWorld_Lab8 

CountingInDecimal_Lab9 

ColouringTheWorld_Lab10 

WorldofStateMachines_Lab11 

LinkedStateMachine_Lab12 
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Xilinx ISE Project Navigator 
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HelloWorld.v 
verilog hardware description language (HDL) 

module HelloWorld( 

    input IN, 

    output OUT 

    ); 

 

 assign OUT = IN; 

  

endmodule 
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HelloWorld.ucf 
User Constraints 

File (UCF) 

NET "IN" LOC = G12;  

// IN connects to pin G12 

NET "OUT" LOC = M5;  

// OUT to M5 
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