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What are FPGAs

The field-programmable gate array (FPGA) is a 
semiconductor device that can be programmed 
after manufacturing. Instead of being 
restricted to any predetermined hardware 
function, an FPGA allows you to program 
product features and functions [...] . You can 
use an FPGA to implement any logical 
function ...

Altera Corporation - FPGAs , http://www.altera.com/products/fpga.html , 17.1.15, 19:21 
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What are FPGAs

Structure:

National Instruments Corporation - Wie funktionieren FPGAs? 
 http://www.ni.com/white-paper/6983/de/ , 17.1.15, 19:33
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What are FPGAs

Structure of a logic block:

Xilinx Inc. - Spartan-3E FPGA Family Data Sheet, 19.7.2013 ,P.23
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What are FPGAs

Structure of a SLICE:

Xilinx Inc. - Spartan-3E FPGA Family Data Sheet, 19.7.2013 ,P.23
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Fields of applications

- Digital systems with small to medium 
quantities

- Prototyping of digital systems for evaluation 
and verification
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Fields of applications

Reasons:
● All possible digital functions can be 

implemented
● User programmable
● Easy changes of the Implementation
● No mask costs
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Fields of applications

Disadvantages:
● No (flexible) analogue elements
● FPGA is slower and needs more power than 

an ASIC with same function
● Price per chip in High Volume Production 

relatively high
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Basic FPGA Design Flow
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Basic FPGA Design Flow

Functional Specification Minimal Example:
● Implement a Fibonacci number generator
● Inputs: Reset (positive), Enable, Clock
● Outputs: 16-Bit – Fibonacci Number
● Target Frequency: 300 Mhz
● Frequency of sampling device: 200 Mhz
● IO-Standard: LVCMOS25
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Basic FPGA Design Flow
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Vivado Standard Design Flow

Xilinx Inc. - Vivado Design SuiteUser Guide Design Flows Overview, 1.10.14,   P.6
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Vivado Standard Design Flow
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Incremental Compile

Xilinx Inc. - 
Vivado Design Suite
User Guide
Implementation
15.10.14 
P.83
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Incremental Compile
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Incremental Compile
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Incremental Compile

Short Summary:
● A minimum of 85% match between original 

and new netlist required
●  Design Checkpoint from previous 

Implementation needed
● Checkpoint can be (partially) placed or 

(partially) placed and (partially) routed
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Test Setup & Results

● Starting Point: Fully implemented design with 
checkpoints

● List of small to big changes
● 2 runs for every list entry – One with Standard 

Flow, One with Incremental Compile
● Compare: Runtime, Timing, Resource 

Utilization
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Test Setup & Results
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Test Setup & Results
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Test Setup & Results

Runtime Facts:
● Best measured runtime reduction: 21.22 %
● Best theoretical reduction: 26.81 %
● Average runtime reduction: 6.19 %
● Additional runtime inducted trough 

Incremental Compile: 1:45 min
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Test Setup & Results

Timing results:
● No influence, all required timings met
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Test Setup & Results

Resource utilization:
● No influence on used Block Ram and Slice 

Registers
● Utilization of Slice LUTs, LUT FF-Pairs and used 

Slices stayed same or dropped a bit 
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Conclusion 

Incremental Compile:
● Easy to use 
● Overall small runtime reductions
● Sometimes small resource utilization 

reductions

=> Only minor improvements, still 
recommended for usage
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Discussion

Any Questions?

Xilinx IC: http://en.wikipedia.org/wiki/Xilinx#mediaviewer/File:Xilinx_Spartan-3E_%28XC3S500E%29.jpg
      

http://en.wikipedia.org/wiki/Xilinx#mediaviewer/File:Xilinx_Spartan-3E_%28XC3S500E%29.jpg
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