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ComponentFailur es
After commissioning,Severalfailuresoccurredunderanomaloustriggerconditions.

Two typesof failures.

DVDD Jumper- lossof z informationfrom detector

DOIM - lossof all informationfrom themodule

Anomaloustriggerconditions

“TortureTests”:teststo exploredead-timeathigh rate.

high occupancy modein SVX3 chips

Both triggerconditionscausethesystemto beread-outata �x edrate
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DVDD Jumpers

Layersof SVX aredouble-sidedw/ bondsconnectingz to

�

hybrids

Bondssupplypowerandmovedatafrom z channelsduringreadout.

Bondsarein a planeorthogonalto themagnetic�eld in CDF.
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DOIMs
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Laserdiodepackagethatmovesdatafrom detectorto VME cratesin parallel(9-bit bus).

Powerconnectionwire-bondsarein a planeparallelto magnetic�eld.

Verticalcomponentshoweverareperpendicularto magnetic�eld.
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The CDF Detector
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DOIM and Jumper Curr ents

DVDD Jumpershave

�
�

up to 150mA

�

�� � occurswhenreadoutshiftsfrom

�

to z chips

DOIMs have

�
�

of no morethan
40-50mA(top trace)

Currentswingscomefrom switchingbe-
tweenlaserdiodeanddummyloads
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Bond Speci�cations

�

�

� � in length

�

��

� � in diameter

Composition:99%Al 1%Si

Differentpro�les for DOIM,

�

and
z-sidebonds

Not encapsulated
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Resonance
Resonanceenhancesfatiguedueto Lorentzforces

Visually scannedfor resonancein bondsin a 1.4Ttestmagnet

Resonancesobservedwith driving currentsof 10mA- 150mA.
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Characteristic Frequency

Initial calculationsfor 2mmSiAl bondpredicted15kHz

Many bondstestedw/ 40mAsinusoidaldriving current(pushandpull)

Fundamentalfrequency in agreementwith calculations

1stharmonicwasalsoobserved

Typically 1kHzresonantwidth
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Mor eRealisticCurr ents
Bondsdrivenwith a morerealisticcurrentpulse(100mA,

� �

�

�

) exhibit moreresonances.

Resonantfrequency

�

canbeexcitedwith pulsesat

�

,

�

�

�

,

�

�

�

, etc

Width of resonanceis between1 and200Hz.

Differentlyshapedbondsimply differentfrequencies.
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Foot Fatigue

Onthetime-scaleof minutes,a resonatingbondwill fail

At 10kHzthis is about

��

�

�

� �

�

cycles.

Breakageoccursat thebond's foot

Breakageis dueto stressfracturethatformsduringvibration
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Fatiguevs. Pulling

Failuredueto fatiguelooksverydifferentfrom apulledbond

Similar to a failuremechanismdescribedin apaperby RaymondT. FitzsimmonsandC. E.
Miller (IEEETransactiononComponents,HybridsandManufacturingTechnology, Vol. 14,
No. 4, December1991)

FatigueFailure Pull Failure
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FastVideoAnalysis

A camerawith a40500Hzshutterratewasusedto recordthemotionof bonds.

Singleframeshave beendigitizedanda quantitative analysisperformed
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Excitation and Damping

Bondswereexcitedw/ a limited numberof

� �

�

�

,

��

�

�

currentpulses

Theamplitudewasmeasuredasa functionof thenumberof pulses

Thedampingratiowasalsomeasuredfrom thedecayof thefreeoscillationsto beroughly

��� � �

FreeOscillation

�

�

�

�	
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Mitigation

3-4currentpulsesat thebond'scharacteristicfrequency areenoughto excitemotion.

Effortshavebeenmadeto reduceLorentzforces.

Reducecurrentswingsby changingSVX3 chipsettings

Reducedurationby loweringnoiseoccupancy

Minimize time at resonance;triggerinhibit on resonancesdetecteddirectlywith FFT.

Banned“TortureTests”
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Encapsulation

Thefoot of thebondwasencapsulatedw/ Sylgard186SiliconElastomer

Encapsulantthicknessis no morethan

� �

� �

Amplitudeof resonantvibrationswasreducedby morethananorderof magnitude

Unableto breakencapsulatedbondsevenwhendriving for severalhourswith largecurrents
( �

� � �

�

�

)
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Conclusion
Lastfall theCDFexperimentfaceda crisisdueto internalunrecoverable
failureson thesilicondetector

Thesourceof theproblemhasbeenunderstoodto beasimplephysics
mechanism

Theunderstandingof thisproblemshouldbeappliedto theconstructionof
futuresilicon detectors

Countermeasureshave beenstudiedandappliedto theCDFexperiment.
Sincetheimplementation,no otherfailureshave occurred

Resonancecannotbeavoidedbut theaccumulatedstressandfatigueon
bondshasbeenminimizedby

Reducingthestrengthof theLorentzforce

Reducingthetimespentat resonance

An encapsulationmethodfor futureapplicationshasbeensuccessfully
testedona smallnumberof samples
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