
Processors, FPGAs, and ASICs
Part 1: Full Custom to PLDs

Stephen A. Edwards

Columbia University

Spring 2025



Spectrum of IC choices
Flexible, efficient

Cheap, quick to design

Full Custom

ASIC

Gate Array

FPGA

PLD

GP Processor

SP Processor

Multifunction

Fixed-function

You choose

Polygons (Intel)

Circuit (Sony)

Wires

Logic network

Logic function

Program (e.g., ARM)

Program (e.g., DSP)

Settings (e.g., Ethernet Ctrl.)

Part number (e.g., 74HCT00)
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An N-Channel MOS Transistor
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The CMOS NAND Gate
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The CMOS NAND Gate
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The CMOS NAND Gate
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One n-FET turned on, but does not control
output



The CMOS NAND Gate
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Full Custom: Intel 4004 Masks (2,250 Transistors)



Full Custom: Intel 4004 Die Photograph
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FPGAs:
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FPGAs: CLB
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FPGAs: Routing



PLAs/CPLDs:
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