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After commissioningSereralfailuresoccurredunderanomalougriggerconditions.

Two typesof failures.
DVDD Jumper lossof z informationfrom detector
DOIM - lossof all informationfrom themodule

Anomalousdriggerconditions
“TortureTests”: teststo exploredead-timeat high rate.
high occupang modein SVX3 chips

Both triggerconditionscausehe systento beread-outata x edrate

Removal of the 12 KHz limit for 1A
Imiplementation of counter-measures
Implementation of the 12 KTz limit for L1A
End of commissioning

Silicon is integrated by default

End of installation and plugging
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Layersof SVX aredouble-sidedv/ bondsconnectingzto  hybrids
Bondssupplypower andmove datafrom z channelsiuringreadout.

Bondsarein a planeorthogonako themagneticeld in CDFE

WIREBONDS

FLEX CABLE —

CONTROL/POWER/DATA JUMPERS —
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DOIMs

DenseOptical InterfaceModule
W Laserdiodepackagehatmovesdatafrom detectorto VME cratesin parallel(9-bit bus).
™ Pawer connectiorwire-bondsarein a planeparallelto magneticeld.

W Verticalcomponenthiowever areperpendiculato magneticeld.
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DOIM and Jumper Curr ents

™ DVDD Jumperhave  upto 150mA

[l occurswhenreadousshiftsfrom
to z chips

™ DOIMshare  of nomorethan
40-50mA(toptrace)

™ Currentswingscomefrom switchingbe-
tweenlaserdiodeanddummyloads
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Specl cations

in length
in diameter
position:99% Al 1% Si

rentpro les for DOIM, and
lebonds

encapsulated



tz Forces

Force

Magnetic Fi



nance

onancenhancesatiguedueto Lorentzforces
ally scannedor resonancén bondsin a 1.4T testmagnet

onancesbseredwith driving currentsof 20mA - 150mA.



Initial calculationdor 2mm SiAl bondpredictedl5kHz

Many bondstestedw/ 40mA sinusoidaldriving current(pushandpull)
Fundamentalrequeng in agreementvith calculations
1stharmonicwasalsoobsened

Typically 1kHz resonantvidth
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Bondsdrivenwith a morerealisticcurrentpulse(100mA, ) exhibit moreresonances.
Resonanfrequeny canbeexcitedwith pulsesat |, : etc
Width of resonanceés betweenl and200Hz.

Differently shapedondsimply differentfrequencies.

Resonant Frequencies w/ Pulse
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atigue

etime-scaleof minutes,aresonatingondwill fail
OkHzthisis about cycles.
\kageoccursatthebond's foot

1kageas dueto stresdracturethatformsduringvibration



Fatigue vs. Pulling

W Failuredueto fatiguelooksvery differentfrom a pulledbond

™ Similarto afailure mechanisndescribedn apaperby RaymondT. FitzsimmonsandC. E.
Miller (IEEE Transactioron ComponentsHybridsandManufacturingTechnologyVol. 14,
No. 4, Decembe991)

FatigueFailure Pull Failure
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ideo Analysis

merawith a40500Hzshutteratewasusedto recordthe motionof bonds.

leframeshave beendigitizedanda quantitatve analysisperformed



Bondswereexcitedw/ alimited numberof : currentpulses

Theamplitudewasmeasure@sa functionof the numberof pulses

Thedampingratio wasalsomeasuredrom the decayof thefree oscillationsto beroughly

40 kicks: Amp vs Frame

FreeOsclillation

A+B

c?/ ndf 26.98 /70
offset 0.03918 + 0.01843
amplitude 3.586 + 0.1283
damping  -0.007632 + 0.000423

phase -0.5621 + 0.06057
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Mitigation

W 3-4currentpulsesatthebond's characteristidfrequeny areenoughto excite motion.

W Efforts have beenmadeto reducelorentzforces.
™ Reducecurrentswingsby changingSVX3 chip settings
® Reduceadurationby loweringnoiseoccupang

= Minimize time atresonancetriggerinhibit on resonancedetectedlirectly with FFT.

™ Banned‘TortureTests”
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Encapsulation

™ Thefoot of thebondwasencapsulated/ Sylgard 186 Silicon Elastomer
™ Encapsulanthicknesss no morethan
= Amplitude of resonantibrationswasreducedoy morethananorderof magnitude

= Unableto breakencapsulatedondsevenwhendriving for severalhourswith large currents

( )
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Lastfall the CDF experimentfaceda crisisdueto internalunrecwerable
failuresonthesilicon detector

The sourceof the problemhasbeenunderstoodo be a simplephysics
mechanism

Theunderstandingf this problemshouldbe appliedto the constructiorof
futuresilicon detectors

Countemeasure$iave beenstudiedandappliedto the CDF experiment.
Sincetheimplementationno otherfailureshave occurred

Resonanceannotbe avoidedbut theaccumulatedtressandfatigueon
bondshasbeenminimizedby

Reducingthe strengthof the Lorentzforce

Reducingthetime spentatresonance

An encapsulatiomethodfor future applicationshasbeensuccessfully
testedon a smallnumberof samples
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