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FPGA Manufacturing
c© EVC

• Integrated circuit manufacturing

– Imperfect

? Device defects

• Manufacturing test

– Detect defects
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Manufacturing Test
c© EVC

• Iterate

– Configure device

? Test configuration

– Apply test vectors

– Observe output response

• Billions of possible configurations

– Configurable interconnection network

• Adequate defect coverage

/ Many test configurations
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Test Time
c© EVC

• Time = $$$

• Configuration

– Slow

? 4–8 ms per configuration

• Test stimulus and response

– Fast

? µseconds per configuration
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Test Time Reduction
c© EVC

• Reduce number of test configurations

– Logic resources

? [Renovell et al., 1999a] [Renovell et al., 1999b]

[Renovell et al., 1997]

– Routing resources

? [Tahoori and Mitra, 2003] [Sun et al., 2002a]

[Sun et al., 2002b]

• Reduce number of external device configurations

– [Doumar and Ito, 1999]

, Reduce configuration time
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FPGA Structure
c© EVC

• Very regular structure

– Array of tiles

? Replication of identical tiles

• Tile

– Switch matrix

? Programmable Interconnect Points

– Logic block or input/output block

– Local routing
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Tiled Layout
c© EVC
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Test Configurations
c© EVC

• Very regular

– Based on tiled FPGA structure

• Stamping

– Design configuration for one tile

– Replicate configuration over all identical tiles

• Templating

– Design configuration using specific resources in each tile
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Tiled Test Configurations
c© EVC
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Configuration Hardware
c© EVC

• Configuration Memory

– Distributed SRAM cells

– Organized by frames

? 1-bit wide

? Spans height of FPGA

· P frames per column

• Frame Data Input Register

– Stores data for one frame

? Serial shift-in

? Parallel shift-out
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Configuration Memory (sideways)
c© EVC
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Standard Device Configuration
c© EVC

• Shift each frame into FDIR serially

– aRNunits of time

? a units of time per bit shift-in

? R rows × N bits per row

• Shift each frame out to memory location in parallel

– bCPunits of time

? b units of time per frame shift-out

? C columns × P frames per column

• Total configuration time

– Θ(aRN+bCP) units of time
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Test Configuration Data
c© EVC
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Improved Device Configuration
c© EVC

• Multi-frame

– Configuration time reduction

? Shift frame out to multiple memory locations

• Subframe Repeating

– Configuration data file size reduction

? Store identical subframes once

/ Must shift every subframe into FDIR

, Subframe Multiplexing

– Configuration time reduction

– Shift identical subframes into FDIR in parallel

February 2004 c©2004 Center for Reliable Computing 14

Twelfth ACM International Symposium on Field-programmable Gate Arrays

Subframe Multiplexing
c© EVC

• Divide frame into Rsubframes

• Modify frame data input register

– Add R−3 2-bit multiplexers

• Shift identical subframes into FDIR in parallel
subframeR−1subframe1 subframe2 subframe3 subframe4 subframeR

XX X XX X XX X XX X XX X XX X

LB_data

IOB_data R XX X XX X XX X XX X XX X

XX XIOB_data R IOB_data R IOB_data R IOB_data R

IOB_data 1 LB_data LB_data LB_data LB_data IOB_data R

1. Shift in row 1 IOB subframe configuration data

3. Shift in row R subframe configuration data

2. Shift in row 2 through row R−1 subframe configuration data

FDIR Multiplexed Data Input (sideways)
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Frame Data Input Register (sideways)
c© EVC
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Subframe Multiplexing Results
c© EVC

• Greatly reduced configuration time

– Function of device size

? 5x reduction for XCV50

? 30x reduction for XCV3200E
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Configuration Methods Comparison
c© EVC
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