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FPGA Background Information

• Programmable Logic
 Programmable Array Logic (PALs) & Generic Array Logic 

(GALs)
• Sum-of-Products
• No Interconnectivity

 Complex Programmable Logic Device (CPLD)
• Collection of PALs
• Basic Interconnect

 Field Programmable Gate Arrays (FPGAs)
• Lookup Tables (LUTs)
• Robust Interconnect

4Source: [1], [2]



FPGA Background Information

• 1985
 Xilinx

 64 Logic Block

 61 I/O Pins

• 2009
 Xilinx & Altera  80% Market Share

 750,000 Logic Blocks

 1,200 I/O Pins

5Source: [3], [4]
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Key Contributions

• Four Key FPGA Obstacles
 Closed-Source Community

• Difficult to Ascertain Implementation Details

 High Energy Requirements
• Focus Traditionally on Performance

 Complex Structures
• Highly Regular

 Porting to New Technologies
• Moore’s Law Dictates New Process Every 18 Months
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Standard-Practice FPGA

• SRAM Configuration Bitcell (ConfigBit)

 6T Cell for Stability
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Standard-Practice FPGA

• Look-Up Table (LUT)

 4-Inputs
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Standard-Practice FPGA

• Basic Logic Element (BLE)
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Standard-Practice FPGA

• BLE Cluster

 Higher Cluster  Less Interconnect

Higher Cluster  Possibly Lower Utilization
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Standard-Practice FPGA

• Configurable Logic Block (CLB)
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Standard-Practice FPGA

• Connection Block
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Standard-Practice FPGA

• Switch Point and Switch Block
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Standard-Practice FPGA

• Wire Segments

 Connect Every 4 Switch Blocks (Wire Length = 4)

(Example Shows Wire Length = 2)
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Standard-Practice FPGA

CLB

Connection Block
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Sub-Threshold FPGA

• Three Deviations from Standard Practice

 5T SRAM BitCell

• Smaller Footprint than 6T

• Lower Bitline Capacitance & Overhead
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Sub-Threshold FPGA

 High-Vt Bitcell Transistors

• Common Technique

• Reduce Leakage

 Sub-Vt Optimized Buffer Placement

• Two Buffers Added to BLE

• Between 3rd and 4th LUT Mux Stages

• End of BLE
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Sub-Threshold FPGA
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Sub-Threshold FPGA

10 % Increase in Delay  7.5x Drop in Energy
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Sub-Threshold FPGA

• Physical Implementation

 90 nm Commercial Process

 CLB Shown
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FPGA Array Generator

• Requires FPGA Components

 CLB, Switch Block, and Connection Block

• Builds NxM FPGA Array

 Valid Schematics

 LVS & DRC Clean Layout

33



• Rapid Design Modification

 Template Driven  Easy Architecture Changes

• Base Array Ported to Cstm Array in Hours

 Automated Array  Quick Size Changes

• Size Misestimation Corrected in Seconds

FPGA Array Generator
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FPGA Array Generator

• Final FPGA with Two Arrays
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Technology Agnostic Simulation Environment

• New Technology Node Every 18 Months

 New Process Development Kits (PDKs) Must be 
Characterized

 Designs Must be Ported to New Nodes

 Exacerbated in Academia by Limited Resources

38Source: [15]



Technology Agnostic Simulation Environment

• Technology Agnostic Simulation Environment 
(TASE)

 Test Circuits Devoid of PDK-Specific Parameters

 Replaces XML-Style Parameter Tags in Simulation Files 
on the Fly at Runtime

 Simulates Suites of Tests and Collects Results

 Uses Matlab Templates to Plot Simulation Outputs

 Compiles Final Graphs into Single PDF Report

 Parameters Managed Via Plain-Text Configuration File

39



Technology Agnostic Simulation Environment

• TASE Success

 Used Regularly by Several UVA Students

 Now Under Development by Satya Nalam

<varA >    valueA

<varB >    valueB

<varC >    valueC

<varD >    valueD

<varE >    valueE

<varF >    valueF

<varG >    valueG

<varH >    valueH

<varI >    valueI
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Technology Agnostic Simulation Environment

• TASE Graphical User Interface (GUI)

 Simplifies Creation & Management of TASE 
Configuration Files

 Encapsulate Large Configuration Sets (up to 999)

41



Technology Agnostic Simulation Environment

 Provides Parameter Sweep Tools

 Includes Basic Simulation Visualization
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Conclusions

• Four Key FPGA Obstacles
 Closed-Source Community

• Outline of a Standard-Practice FPGA Architecture

 High Energy Requirements
• Implementation of a Sub-Threshold FPGA

 Complex Structures
• Creation of an FPGA Array Generation Tool

 Porting to New Technologies
• Design of a Technology Agnostic Simulation Environment
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