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Introduction

One of the modern world’s driving engines is theneenductor
also referred to as the IC (Integrated CircuifBhese ICs are
fabricated, assembled and tested in billions ofsuewery year. The
semiconductor industry is being driven by the matgmall, fast
and cheap”. Testing challenges grow largely dugmaller size and
faster performance (bandwidth) of IC devices. Tdekst industry
that enables testing of semiconductor devicesasihetaxed by
smaller and faster devicesaddition to the other supporting
segments of the semiconductor market. IC deviceufaaturers and
test houses require reliable socket solutionshese high
performance devices. Smaller and faster devicetypigally more
sensitive to changes in the electrical configuratiased for testing,
particularly in the case of AC performance ofteiemesd as “signal
integrity”.

Automatic Test Equipment System

e

A typical test system includes hardware and softviarun different
tests to validate the performance of an IC. Testesys can be
categorized as consisting of four distinct compdsertester, load
board, test socket, and handler. The test soskabunted to the
load board, which in turn is interfaced to thegestA handler includes compartments for trays wHaUTs
(devices under test) are stored. A vacuum heaugeluinside the handler inserts the DUT into tlst $ecket
(bringing the IC contacts together with the testket contactors) while the tester component perfaie necessary
tests. If we think of a test socket as the ‘heafrin ATE (Automatic Test Equipment) system thes $pring
probes are the ‘arteries’ that transfer the sifnmath the device under test to the tester througHdhd board. The
health of these spring probes is essential to ¢hfmpmance of the test socket — but how do wethesspring probes
or rate their health?

Figure 1: Spring pin socket showing
features of spring probe contact

Signal Integrity

Insertion loss of the spring probe is one of thet fparameters verified by the electrical test megr. This
determines whether the socket / interconnect syst#rpass the functional test of devices. There seven
principles for Optimized Insertion Loss mentiongdlyic Bogatin[BiTS 2005 Signal Integrity of Test Sockets —
Simplified, page 32jvhich are listed below.

. Match the characteristic impedance of the sockB0 Ohms
. Keep the impedance constant through the socket

. Optimize (minimize) pad stack up capacitance

. Keep the socket contacts short

. The dielectric loss of the socket is not critica

. The conductor loss of the socket is not critical

. The contact resistance of the socket is natatit
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Spring pins are a common interconnect medium us#aki socketKigure 1) and there is no established relation
between critical spring probe parameters and thééirence on signal integrity other than keepingsi contacts
short. There is no baseline reference (or stagigt) for spring probe design which is an everydagd due to
emerging new application requirements becauseeofdinying functionality of IC devices. For examme IC with
a data rate of 5Gbit/s requires a bandwidth of Pi5GANnd when functions are extended @ 5" harmonics,
depending upon the requirement, a correspondindviaidth of 7.5GHz or 12.5GHz is needed. One way to
accomplish this requirement is to over design aggerobe by making it extremely short which means
compromising mechanical features for electricakesigpity. In addition to electrically testing th& devices, the
spring probes needs to repeat the test for millain€ devices. This can mean mechanical featbeesme as
critical as the electrical requirements. How caa etrike a balance between electrical requirermamdsmechanical
features?

Design of Experiment

This following paragraph demonstrates developméatrnodel using DOE (Design of Experiment) to idfgrthe
optimized frequency without compromising mechanfeatures. To develop a model, the first step iwatesign a
set of experiments by identifying key input factarsl output responses. In our experiment, we siggdg pin
length, width and the ground pattern as input e We defined bandwidth as our output paranieterach
experiment. Spring pin length was varied from 1tomdmm while spring pin diameter was varied fro25nm to
0.35mm. We used two ground patterns in our expartmThe first configuration was the typical ‘G&3-and the
second employed ground pins surrounding the siginalin all four directions. Pitch was kept comstat 0.5mm.
Full factorial design with 2 levels for each factesulted in 8 experimental runs. Blocks wereus®d as the
experiment is not dependant on the time fackgure 2 shows run order, input variables and the outpritisée.

Standard Diameter | Length Ground | Bandwidth
Order (mm) (mm) pattern | (GHz)

7 1 Block1 0.25 4 c2 14

4 2 Block 1 0.25 4 1 5.6

2 3 Block1 0.25 4 €1 12.9

8 4 Block1 0.35 4 2 4

5 5 Block1 0:25 1 c2 21

6 6 Block1 .35 1 c2 14.8

2 7 Block1 0.35 1 c1 19

1 g Block 1 0.25 1 c1 23

Figure 2: Design of Experiments table showing run order, input variables and the output variable



Statistical M odel

After running experiments, results were analyzedgiBIOE softwar. The first step in analyzing the dewas to
identify which input variables and their interactiohid significant hfluence on the output variablTypically, half
normal plot and pareto charts aiged to separate the significant varialfrom the insignificant one: FromFigure
3, it can be seen clearly that spring pin lengid the ultimate effect on bandwidtfollowed byspring pin diameter.

Half-Normal Plot Pareto Chart
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Figure 3: Half normal plot and Pareto charts showing the significant input factors from the insignificant ones

These are known as ‘main effectThe ¢round pattern did not have any influence on thediédih and so does the
interaction of input variablesThe next stejwasto generate an equation using these two inputhas DOE
software presents this model through regressiolysine

Bandwidth = 65.85 - 121.25 * Diameter - 5.025* Length.

Analysis of Variance

The abovesquation is valid within the limits used in our exinents (spring pin lengfrom 1mm to 4mm an
spring pin diameter fro.25mm to 0.35mm). The next step is to verify\hkdity of the model using analysis
the variance function (ANOVAI)n the DOE software The Model F-value of 62.7@enerated by ANOV. implies
the model is significantThere is always a question «ror percentage. There is ordy0.03% chance that

"Model F-Value" this&rge could occur due to nois "Prob > F" value is less than 0.05 whinbicates that the
model terms are significant witho®% confidenc interval criteria. In this casepring pin length and diameter ¢
significant model termsValues greater than (indicate the model terms are not sfgrint (i.e.ground pattern and
other interactions between input varial). Another factor used to validate the model iscRare correlation
factor). The maximum correlation is 1.0 In our case, the Rguare value is 0.96 which means the model is
much coherent with the experimental di

M odel Validation

After developing the model arseterminingthe relationship of spring pin length and diamédrandwidth, the
next step was to verify the modarough experimentatic. The main objective v&ato maximizespring pin
bandwidth. Once this criterion waet in te DOE software, many solutions were fourithe selected solution fq
our experiment recommendé&cm longand 0.25mm diameter spring pins with the G-S-Gepatt The softwar



also predicted the output bandwidth to be 30.5 G#tlz a desirability of this outcome at 91%. Th@esment was
run using the selected solution variables andehkalts are shown iRigure 4.

S-Parameter Magnitude in dB
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Figure 4: Maximum bandwidth criteria represented in frequency versus insertion loss graph

From the graph, it can be seen that the insertiss 6f -1dB = 30.9GHz. This frequency is withiB%.of the
predicted value of 30.5GHz. The verification expent proved the model was valid.

In order to be sure, a second experiment was pthtmeerify the model. We chose two parametergrapation.

In this case, the main objective was to maximizéalspring pin bandwidth and spring pin length. Maizing
spring pin bandwidth and spring pin length gaimseechanical advantage without losing electrical regoents.
Maximum pin length (and thus a maximum spring lehgnsures proper contact force. This ‘must héaature in
direct correlation to DC resistance also suitsdvetiterconnect compliance. Target PCBs need cmmgpliance to
accommodate co-planarity variations due to masikitgss or plating thickness variations. 1C devigéh
warpage, ball height variation also need more c@npé to engage all pins, leads or balls. Onceedtiierion of
maximum spring pin bandwidth and maximum springlpirgth was set in the DOE software, many solutivese
found. The selected solution for our experimenbremended 0.25mm diameter and 3.64mm long sprimg\pith
a ground pattern around all signal pins. The saftvalso predicted the output bandwidth to be 1GR% with a
desirability of this outcome at only 63%. Then éhxg@eriment was run using the selected solutiorabbes and the
results were shown iRigure 5. From the graph, it can be seen that the inseltiss of -1dB = 15.2GHz. This
frequency was within 12% of the predicted valua 6225GHz. Since the model cautioned that the aleiity was
only 63%, the actual result has to be used wittopgr safety margin. The second experimental Ism @roved the
model was valid (with proper precautionary measures
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Figure 5: Maximum bandwidth and maximum length criteria represented in frequency versus insertion loss graph

Conclusion

This modeling technique can be extended with mupativariables as well as output variables. Thehotkallows
one to choose which input variables will have digaint influence on the output variables. This nemsignificant
variables need not be tightly controlled. Thid wiake a significant difference in manufacturingdahe yield can
be improved to a higher sigma level — Design Foniacturability. The model serves as a baselifexeace and
starting point for any spring probe design. BwbBshing relationships between critical springlggarameters
and their influence on signal integrity, the designle of new spring probes is reduced to coineidb a test
process. Caution has to be exercised when ustngtdel with its boundary conditions and one musteustand
the desirability of outcome. For example, spriimglpngth has to be between 1mm and 4mm and spimg
diameter has to be between 0.25mm and 0.35mm.oBwg ghrough this statistical modeling, we idemifithat
‘keeping it short’ in addition to ‘keeping it skighare must have spring pin features for optimifredjuency
characteristics in semiconductor test applicatifusure work will include more spring pin variabi&sch as
plating, tip geometry, spring force as input fastand include mechanical life of spring probe ididn to
electrical requirements as output factor. Thid arnlable both mechanically and electrically optiizolution for
semiconductor test applications.
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