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Outline

ωDigital design fundamentals

ωWhat is FPGA?

ωSteps for constructing FPGA

ωTesting the design

ωVHDL basics
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Digital Design Fundamentals

ωBuilding blocks for ALL LOGIC ??

NAND Gate

Input A Input B Output

0 0 1

0 1 1

1 0 1

1 1 0
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Single Bit Adder

ωHalf Adder

Á Sum = (not A).B + A.(not B)

Á Carry = A.B

Input A Input B Carry Sum

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 0
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Single Bit Adder

ωFull Adder Input
A

Input 
B

Carry 
in

Carry 
Out

Sum

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1

A       B

Sum

CinCout
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Four Bit Adder

ωCascade Four Single Bit Full Adders

A0 B0

S0

C0
C1

A1 B1

S1

C2

A2 B2

S2

C3

A3 B3

S3

C4

Quiz: Propagation Delay ?
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What is an FPGA?
ωWhat it is

Á Field-programmable gate array

Á A silicon chip with unconnected gates

Á User can define and re-define 
functionality

ω How it works

Á Define behavior in software

Á Compile and download to the hardware

Á Hardware implementation of code

ωWhen it is used

Á Custom hardware or ICs, replacement for 
ASICs 

Á Reconfiguration required after 
deployment

http://www.xilinx.com/
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Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Logic 

Element

Interconnect

Interconnect

Interconnect

Interconnect

Input/Output Block connect internal 

FPGA architecture to the external 

design via interfacing pins

Logic Elements are 

basic building 

blocks of an FPGA 

and can be 

programmed to 

carry out different 

function as required 

by the design

Interconnects 

wire different 

logic cells 

together to form 

more complex 

design blocks

Note: Precise architecture of an FPGA various from 

manufacturers to manufacturers.

Every manufacturers has different version of a specific FPGA; 

basically increasing the number of logic cells.  

FPGA Hardware Fabric

IOB

IOB

IOB

IOB

IOB

IOB
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Active �,�Q�W�H�U�F�R�Q�Q�H�F�W�Œ

�‡Fully buffered
�‡Fast, predictable

�‡18b x 18b multiplier
�‡200+ MHz pipelined

Multipliers
�‡18KBit True 

Dual-Port
�‡Up to 3 Mbits 

per device

Block RAM

Switch
Matrix

Slice
S0

Slice 
S1

Slice
S2

Slice
S3

Powerful CLB

BRAM

Switch
Matrix

CLB,
IOB,
DCM

Typical FPGA Architecture (Xilinx Virtex II & Virtex II Pro) 

�‡8 LUTs
�‡128b distributed RAM
�‡Wide input functions (32:1)
�‡Support for slice-based multipliers


