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Introduction & Background
 High Speed Market (LCD, Memory, Logic...)
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Introduction & Background
 High Frequency Market
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Introduction & Background

Customer / Market Requirement — “Smile Curve”

Quality
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ervice
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Objectives & Goal

* Objectives — Reduce the total cost for

high speed device testing
— High performance (>3GHz, >1Gbps)
— Low total cost (CP/FT test cost...)
— Short delivery time (< 2 weeks)
— Fine pitch (< 35 um)
e Strategy — How 7?7

— Improve the “Signal Integrity” issue of the normal
cantilever probe card.

» June 8 to 11, 2008 IEEE SW TestWorkshop



Modeling & Analysis

 Modeling — The EM model of the probe card
EM model(Probe), Circuit model (Probe Card)
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Modeling & Analysis

 Modeling—Inductance of the cantilever probe

Inductance Formula for Round Wire
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Modeling & Analysis

 Modeling — The impedance compensated
cantilever probe (R+)

MPI Patent Pending
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Modeling & Analysis

 Modeling — Inductance comparison
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Modeling & Analysis

 Improve the R+ probe’s impedance matching
With DOE method ( EM Simulation result )
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Modeling & Analysis
+ ANOVA

Target . high frequency @ S11(-10dB)
Quality judgment : Larger the better
ANOVA Result :

~ Pareto Chart
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Modeling & Analysis
 S/N Chart

Factors Effects on S/N Ratio :
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Modeling & Analysis

 Modeling — The impedance compensated
cantilever probe (R+ probe)
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Modeling & Analysis

* Analysis — Freqguency Domain response
S21,511 (R+ probe vs. normal probe )

MPI Patent Pending

m— Ormal Cantilever PFrole - R+ Cantilever Probe
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Modeling & Analysis

Analysis — Time Domain response
Impedance (R+ probe vs. normal probe )
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Modeling & Analysis

e Analysis — Time Domain response
Rising time 20~80% (R+ probe vs. normal probe )

e Coa¥ialcable

m Normal probe

R+ probe

1.0 1.2 14

time nsec

783 pe-751.3ps=27 ps
Rising time for Normal probe {20 %-80%)

106 ps —879.3 ps = 2267 ps
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Modeling & Analysis

e Analysis — Time Domain response
Rising time 10~90% (R+ probe vs. normal probe )
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Experiment & Validation
e Experiment structure

. Callbratlon (SOLT+Port extensmn TRL)




Experiment & Validation

* Freqguency Domalin response result
S11 - R+ probe vs. normal probe

Return Loss

511 BWC-10dE) va. Frobe Fitch
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Normal cantileyver
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Experiment & Validation

 Frequency Domain response result
S21 - R+ probe vs. normal probe | —-——

Insertion Loss
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Experiment & Validation
e Circuit model vs. experiment result

) Returnloss measured == Returnless simulated

O Insertion loss measured = |nsertion loss simulated

—_
]
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Experiment & Validation

e Time Domain response result
Impedance (R+ probe vs. normal probe )
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Experiment & Validation

Time Domain response result
LCD - mini-LVDS (R+ probe vs. normal probe )

Input Data Rate : 500 Mbps
Input Voltage: +/- 150 mV

R+ Probe Normal Probe

wtup  MHeasure Analyse Lisk P
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Experiment & Validation

 Time Domain response result
LCD — MDDI (R+ probe vs. normal probe )

Input Data Rate : 500 Mbps
Input Voltage: +/- 250 mV

E+ Probe Normal Probe
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Experiment & Validation

 Time Domain response result
Memory - DDR-IIl (R+ probe vs. normal probe )

Input Data Rate : 1.6 Gbps
Input Voltage: +/- 1V
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Experiment & Validation

 Time Domain response result
Logic - SATA-IlI (R+ probe vs. normal probe )

Input Data Rate : 3.0 Gbps
Input Voltage: +/- 250 mV

Normal Probe

apure  Analyie  Ushtes  Help
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Experiment & Validation

 Time Domain response result
Logic - USB 2.0 (R+ probe vs. normal probe )

Input Data Rate : 480 Mbps
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Experiment & Validation

 Time Domain response result
Logic - PCI Express-| (R+ probe vs. normal probe )

PCI E-I (Tx)
Input Data Rate : 2.5GMbps
Input Voltage: +/- 650 mV

R+ Probe Normal Probe
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Experiment & Validation

 Time Domain response result
Logic - HDMI (R+ probe vs. normal probe )

HDMI (Source)
Input Data Rate : 2.5 Gbps
Input Voltage: +/- 400 mV

E+ Probe Normal Probe
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Experiment & Validation
Time Domain response result

Logic - Display Port (R+ probe vs. normal probe )

Display Port (Sink)
Input Data Rate : 2.7 Gbps
Input Voltage: +/- 400 mV

Normmal Probe
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Experiment & Validation

* Frequency Domain response result
R+ probe card (PCB + needle)
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Experiment & Validation

 Time Domain response result
probe card (PCB+
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Customer Verification

« Shmoo comparison

Interface: mini-LVDS
Data Rate: 500 Mbps
Application: Large Panel

R+ Cantilever Probe Normal Cantilever Probe
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Summary & Conclusion

 The probe is the main factor to decrease

the
the

pro

frequency bandwidth performance of
cantilever probe card.

The impedance compensated cantilever

ne (R+) has successful been developed

and validated the superior Sl performance

of t

ne probe card. (Patent pending)

Hundreds of R+ probe cards have been

released to mass production of customer’s
highispeed-device testing.
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Application & Specification

o S21:::Bandwidth: > 3GHz

* Inductance: 7~10 nH

* Fine pitch: < 35 um

* Real application of R+ probe cards =>

LCD (mini-LVDS, MDDI, ...), Memory (DDR-III),
Logic (USB2.0, PCI E-I, ...)

o-lead-time < 2 weeks

LS June 8 to 11, 2008 IEEE SW TestWorkshop
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Follow-On Work

e Improving the impedance compensated
structure toward to the needle tip.

e Ongoing work ~ higher speed device testing
probe card for RF application devices.
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Q& A

Thank you very much .
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