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ODbjectives

* Defineyield and explain its importance

« Describe the basic structure of a cleanroom.

e Explain the importance of cleanroom protocols
e List four basic operations of 1C processing
 Name at least six process baysin an |C fab

e Explain the purposes of chip packaging

 Describe the standard wire bonding and flip-chip
bump bonding processes
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Fab Cost

e Fab cost isvery high, > $1B for 8" fab
e Cleanroom

« Equipment, >$1M per tool

o Materials, high purity, ultrahigh purity
o Facilities

* People, training and pay
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Wafer Yidd
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DieYidd
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Packaging Yield
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Overdl Yided

Y-=Y,, Yy Ye

Overall Yield determines whether afab is
making profit or losing money
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How Does Fab Make Money

e Cost:
— Wafer (8”): ~$150/wafer+
— Processing: ~$200 (1%/wafer, 200 process steps)
— Packing: ~$1/chip
o Sdle:
— ~100 chips/wafer
— ~$50/chip (low-end microprocessor in 2000)

*Cost of wafer and price of chip are changing daily, numbers
are choosing randomly based on general information.
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How Does a Fab Make (Loss) Money

e 100% vyield: 150+200+100 = $450/wafer
Cost: « 50% yield: 150+200+50 = $400/wafer
e 0% yield: 150+ 200 = $350/wafer

+ 100% yield: 100" 50 = $5,000/wafer
Sale: . 500 yield: 50" 50 = $2,500/wafer
0% vyield: 0" 50 = $0.00/wafer

e 100% vyield: 5000 - 450 = $4550/wafer
e 50% yield : 2500 - 400 = $2100/wafer
e 0% vield: 0- 350 = - $350/wafer

Hong Xiao, Ph. D. www2.austin.cc.tx.us’HongXiao/Book.htm 10

Profit
Margin:




Throughput

 Number of wafers able to process
— Fab: wafers/month (typically 10,000)
— Tool: wafers/hour (typically 60)

« At high yield, high throughput brought
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Yield and Die Size
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|llustration of a Production Wafer
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|llustration of a Production Wafer
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Clean Room

e Particleskillsyield

e |C fabrication must in aclean room

 Artificial environment with low particle counts
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Clean Room

First used for surgery room to avoid bacteria
contamination

Adopted in semiconductor industry in 1950
Smaller device needs higher grade clean room
L ess particle, more expensive to build
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Clean Room Class

e Class 10 isdefined aslessthan 10 particles
with diameter larger than 0.5 nm per cubic
foot.

e Class 1 isdefined aslessthan 1 such particles
per cubic foot.

e 0.18 mm device require higher than Class 1
grade clean room.
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Cleanroom Classes
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Definition of Airborne Particulate
Cleanliness Class per Fed. Std. 209E

Particleg/ft3
Class
0.1 mm 0.2 M 0.3 mMm 0.5mMm 5 nmm
M-1 0.8 2.12 0.865 0.28
1 35 7.5 3 1
10 350 75 30 10
100 750 300 100
1000 1000 7
10000 10000 70
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Effect of Particles on Masks
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Effect of Particle Contamination
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Cleanroom Structure
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| C Fabrication Process Module
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|llustration of Fab Floor
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Wet Processes
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Horizontal Furnace
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Vertical Furnace
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Schematic of a Track Stepper
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Cluster Tool with PVD Chambers
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Process Bay and Equipment Areas
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Chip-Bond Structure

Microel ectronics Devices and Circuits

I S

Chip Backside Chip (Silicon)

Metallization — i i Mdlt and
Substrate — Conadense
Metallization

Substrate (Metal or Ceramic)

Hong Xiao, Ph. D.

www2.austin.cc.tx.us’HongXiao/Book.htm

37



Wire Bonding
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Wire Bonding

o

Bonding Pad Lead Bonding Pad Lead
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|C Chip with Bonding Pads

Bonding Pads

|\

Hong Xiao, Ph. D. www2.austin.cc.tx.us’HongXiao/Book.htm



|C Chip Packaging
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Chip with Bumps
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Flip Chip Packaging
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Heating and Bumps Melt

Socket Pins
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Flip Chip Packaging
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Molding Cavity for Plastic Packaging
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Ceramic Sed
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Summary

. Overal yidd

* Yield determines|osing money or making
profit

» Cleanroom and cleanroom protocols
* Process bays
* Process, equipment, and facility areas

e Dietedt, wafer thinning, die separation, chip
nackaging, and final test
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