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Motivation

CENTER

Wafer-Level Testing detects failures before final
packaging
Especially helpful for SoPs as:

Each component — CMOS, MEMSs, RF, etc. can be
tested separately, thus reducing test complexity

Defective chips may be identified between process steps

Significant cost savings as only good chips need be
packaged

Substantial time savings as test done at the wafer level
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Advantages of Wafer-Level f
Testin g
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Significantly lower costs than conventional ATE test
methods

ATE - $2 million to $4 million in addition to $30,000 to
$70,000 per year in housing costs

Wafer-level testers cost just a fraction and provide
similar high speed capabilities and high-quality
resolution

Customizable to specific functionalities

Easily adaptable to incorporate growing need for
multi-functional design with integrated components



ITRS Roadmaps
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ITRS Roadmaps
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Test Roadmap of SOPs

TEST Technology State-of-the- 2003 2005 2007
Art Mfg

Data Rate (Gbps) 2.5 2.5 5.0 10.0
Bit Period (ps) 400 400 200 100
Random (rms) 8 8 3 1
Jitter (ps)
Total Jitter (ps) 140 140 50 25
Number of Signals at 16 - 64 16 - 64 64 -256 256 - 512
Max Data rate
Aggregate Data Rate ~0.040 ~0.040 ~0.320 >1.25
(Tbps)
ATE cost per channel $10k $2k - $4k $2k - $4k $2k - $4k
at Fmax
Typical ATE cost $4M to $8M $1M - $3M $1M - $3M $2 - $4M




Test Methodology

Develop low-cost automated test techniques for Wafer Level
Packaged (WLP) devices with high data rates

Use Mini-Tester during Wafer-Probe for functional test of WLP
devices

Use Interposer for contact to WLP devices

Apply Test Support Processor (TSP) concept to develop low-
cost, self-contained “Mini-Tester”

Use Digital Logic Core (DLC) for the control and sequencing in
generating and sampling high speed signals
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Digital Logic Core

Advantages of a Digital Logic Core:
Utilizes off-the-shelf components
Drastically reduces development
time
Lower cost
Easily customizable

Can be made into a stand alone
system

Used to produce multi-gigahertz
signals
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Array of Mini-Testers

Testers can be miniaturized and aligned In
arrays

One tester for one die site

Testers make contact to wafer via MEMS
based interposer
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Interposer

Nano wafer-level devices have pin densities
up to 200,000 I/Os per cm2

Traditional probe cards cannot
accommodate higher pin densities needed
in 2010

Interposer serves as an electromechanical
Interface between the TSP and the device
under test
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High Speed Signal
Generation
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High Speed Signal

Generation
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High Speed Signal
Generation - Results

High Speed Signal:
Low jitter ~ 50ps
Fast rise/fall times 100-
125ps

Large eye openings

Eye Diagram @ 1.0 Gbps




High Speed Signal
Generation - Results

Eye diagram @ 5.0 Gbps



High Speed Signal
Generation - Results

5.0 Gbps programmable data




High Speed Signal
Generation - Results

Pushing the limits - eye diagram @ 6.0 Gbps




High Speed Signal

Sampling
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High Speed Signal

Sampling

Multi-pass Sampling
Flip-Flop latches single bit of data on rising

clock edge

Clock edge can be programmed to sweep
across entire bit pattern

Flip-Flop data can be read back through DLC
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High Speed Signal
Sampling - Results

Actual high speed signal
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Delay Calibration

Off-the-shelf programmable delay chips used in order to keep
costs low.

Delay chips exhibit non-linearities between programmed delay
and actual delay.

Look up tables can be created to translate programmed delay
into actual delay.
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Delay Calibration (cont.)
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Summary and Conclusions

High speed 5 Gbps signals generated with about 50ps of jitter.
Higher speeds must be attained to satisfy ever-increasing
clock rates

Faster materials, e.g. SiGe, must be used to accomplish higher
speeds. Currently our new designs include SiGe devices.

High speed signal sampling demonstrated using multi-pass
sampling techniques.
Tighter timing <+25ps accuracy must obtained.

Delay calibration must be effective and automated.

Higher density probe technologies must be developed to
accommodate nano-scale devices.

Faster, cheaper and more efficient Wafer-level testing will
assist industry leaders to realize tomorrow’s vision of
integrated multi-function devices.
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