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Outline: High Performance Modules on Copper Substrates

Copper module perspectives
= Size & weight
= Materials
= Testing
= Cooling
= Manufacturing
Construction concepts
= Copper substrate with feedthroughs
= Build up layers
= Chip attach
= Wafer level processing & rework

Related structures
= Semiconductor wafer tester
= Adaptive heat sink for IC chip
= Optical fiber interface
= Alternative repairable semiconductor subsystem (no water)
= Summary of copper properties

Conclusion



Copper Module Perspectives



Conventional approach

Copper Module: Size & weight perspective

IC chips

Cooling channels Copper substrates

/

Optical Copper module approach  gider

fibers connections

<5% Size and Weight



Copper Module: Materials perspective

Conventional approach
Copper module approach

Al heat sink ~ 40%

FR4 ~ 4%

Silicon ~ 0.1%

Air ~ 55% Copper ~ 40%
Water ~ 35%
Silicon ~ 20%
Air ~ 5%

The work is done in the silicon; the rest is infrastructure




Copper Module: Testing perspective

Embedded test chips

Product nodes and tester
nodes are far apart

Much of the expense is in = JTAG + high speed functional test
the interface = Sample & compare using system bus
~ $M tester = ~ $100’'s computer + ~$5 test chip/module

The beginning of a test revolution




Copper Module: Cooling perspective

PCB substrate is FR4

Air cooling: ~ 2,000 Watts at 325 cfm

1 cubic foot = 28.3 liters

0.2 Watts per liter/min of air

Copper is 1600 times more thermally conductive
than FR4

Water cooling: ~ 20,000 Watts at 5 liters per minute

4,000 Watts per liter/min of water




Copper Module: Manufacturing perspective

= 3-tier system
= Chip » module » system

= Eliminate conventional packages
= Standard design constraints
= Reliable chip attach (low stress, low shock)

4-tier system = More pins for power distribution
Chip » package » board » system = More test pins
Each package is unique = Standard thermal environment

= Custom design constraints
Signal integrity issues
Power distribution issues

Thermal issues . _
Reliability issues Less material, working harder

Manual test & rework

= Automated test & rework
= Using embedded test chips

More standardization; improved automation potential




Construction concepts



Construction: Copper substrate with feedthroughs
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Construction: Build-up layers - I

Treat the copper substrate like a semiconductor wafer or a flat glass panel
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Construction: Build-up layers - I1

Well with conductive walls

Copper substrate
Feedthrough

Copper provides support, controlled impedance capability, shielding, and excellent heat conduction
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