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SILICON-BASED ELEMENTARY PARTICLE TRACKING SYSTEM:
MATERIALS SCIENCE AND MECHANICAL ENGINEERING DESI(;N

W, 0, Miller, M. T. Gamble, T. C. Thompson, and J. A, 1{anion

1,os Alamos National Laboratory

I os Alan-m, New Mexico 87545

ABSTRACT’

Research and cicvclopnwnt ofthe r.wchanical, c-ding, id stn]ctural design mpcc[s otii silicon dctect(x-tmcd

clmrmrary p;miclc tr-wkirrg system hwi km Pofomwd. Achieving st.ringcnt system precision, st:~hility, :in(l

mass requirenwnts nccmsit;itc(i [he usv (~tgraphitc fii-w-rcintm-wd (;y{ll~iit~-~stc’r (t’- l{) resins. %1~~’hiini<iil[rst
results L)! h etttc[s d“ hu{ww, ionizing ridi:)tion, ml a cwrnbination ot h)th (m the tll~~hii[]i~.iilpr~pmles t~t’
these matcri:ils arc pmscntu!, iiS wcil :1sprogress on dCVClopiilg comprcssi(m m(d(iing (d’ ;Ifl I]ltrlllighlwcighi

graphitr c’(mlpositc ring stmhturc :Irl(l ‘1’V llologrii[ltly-l) ii.W(J” n(minvilsivc l! Vill(liltioll.

1. lN’I’Ro i)[l(”’i’loN”



I:igu.m 1. Internal view of Silicon Army with Space I:rimw (cuttiway).



Table 1. MechanicalProperti= Teg Resuk for P-75S1954-3 Laminates Normalized 10
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4. MATERIALS BULK PROPERTIES ENHANCEMENT

Exacting precision tracking design goals required maximizing key composite milt~riids bulk properties used

for suppm-ing the delictite silicon modules. Compression molded cooling rings provide rne~sh:micalsupport
for [he silicon detectors as well M providing a thermally conductive path for removing heat dissip;ited fmm

the electronic modules. The hitter requires minimizing the thermal gradient transverse to the cooling ring wM.
Consequently, the elastic modulus and thermal conductivity properties iichievablc with comprmsion molding
were a primary concern . An experimental program wa.. undertaken to enhance the transverse thmnml
conductivity ($) of the C-E resimbased compression moldings. Test samples were produced using alumil:um

nitride (AIN) particles, diamond particles, imddiscontinuous. mndomiy-criented gmphite tibms scpwately m-l
in particle/fiber combinmions. The therm-d conductivities of these substances are 0.2 W/m(’C. 1M W/m”C,
1HW/m”C, 280 W/m°C, and 2(M) W/m°C for the C-E resin, P75 fiber longitudinal, P75 fiber triinwmsc, AIN,
and diimmnd particles. mpective]y. Specimens were cut from 3.2 mm compression mokied disks id [heir

~hemxd conductivi[ies determined using hwr flash diffusivity. A maximum additive VOILIIWfrwion of 27’1
Wiis tested iln(.1comptti with published d;ita for resin thcrrnal ccmductivi[y cnhiincc[ncnl.”’l’hcw dii[il

suggested [Imt il signiflciinl increase in conductivity would n.nt he realized ilt such IL)* xkli[ive volunw
fmct ions,



.5 For this case, the predicted [herrnalellipsoidal particles oriented normal co the direction of heat flow
conductivity is similar in magnitude to Chamis model at fiber volume t%acnons less than 40%, For both higher
tlbervolurne fractions and mndoml y oriente d fibers, Shengs mcdel predicts considerable thermal conductivity

enhancement.

The Lewis-Nielsen rnodel%canbe used tocharamrim theelasric modLdusas a function of fiherAR and volume
fraction as was done for+ enhancement because both iue bulk material propernes M previously indicated.
Using that model, it is possible to pruiict the elastic tensile mcxlulus to resin mcdulus ratio for the composite
as a function of fib AR and volume fraction for longitudinal fiber orientation. At a fhr AR of I(N), the
modulus ratio for 6070 fiber volume fraction is 82. I I, which approaches a continuous unidirectional fiber
mim-ix. For AR = I(MM), the modulus mtio is %3.6. For the C-E resin, a tensile moduls of 3.7 Cl% was

established. Hence, the predicmd compxite modulus for the long fiber of 0.1 m would be 309.3 GP,I per
Nielsen. This ugttes with the test value of321.3 GPa to approximately ‘l?k.This exercise demonstrmed rhat
fiber reinforcement AR ~list be greater than I(X)(o itpproach the stiffness of a continuous film conqmiw.
This represmrs a facrorof Iogrei]terlength fortotid shear stress tmnsferthart yielded by theoreticid predictions.

I,onger fiber reinfomemcnt htis iInegntivc influence on ccmling ring fabricability as previously sta[cd, but is
overnddcn by ~~hilnkd performance concerns.

Attilimnen[ of high cooling ring stiffrwss. indic;ltirlg it Iitrge compsitc tlil~ti~ modulm. I{c, mim(lil[~s ii high

tlhcrv~dumc friction. I;(wan AR O( I(M). il 6(}Y fiber volunw frwxion products ii twtor of 1.7 g~iit~r st ilfncss
ovcr40f A.The improvement in srift”nessis :dso ilpp;wtnt :It lower fihcr ARs. Mwt cooling ring spcuimcns were
fiihri~iit~(! using !lhtr ARs on the tmicr of 10 tn 40, with mndorn oritmtiition. ‘Ile lJulk properties of sm’h ii

Lwmplcx nui[rix Lwnhc prcdiuwd, howmwr. I;igurc 5 dmonstmtcs 2-1) id 3-1) predictions nnd test tim tijr
‘1“llcw (ii][il;IITp](}t[c(l iii ii n(>[ninill AR of lo, commpondin~< [(>ii fihcr lenglh 01”I (X) }UN.pd-dished models.

Acid digestion ICS!Sindic;mxl lhc Iltwr wdunw fmctioli [o lx iipp)~iillilttly 45%, u(msidcrnhly IWIIJW[hc g{xil
(d’607. II is ditllcult [()cstim:ltc the cK[cnt to which the comp~sitc iip~)roii~h~s ii highly tllrcc~lill~cl~si(~ll:il

m;itnx, A review (d”Nru scgnwnt ptlt)[(}l~licr(~gnlphs suggcs[s thii[ f(w ~s(~tllprcssi(~n-nlt~l(lcli ~xmqxmcnts, !hc

~-[mqx)sitc is [tlm~-tlilll~llsi{~llill, hut not h(]tl~ogcll(ms. At :IIJ AR (J} I(M). the ~liisti~ IINMIIIIUS I];ls ;~(Iclini[c
Ix)sitivc shqx. l;xtmp4dwing [tw IINNIUIUS~Awliltitm [[)AR cqu;ll [() I(M)(M) results in il V;IIULS01”I IX( il?i tiw
Itlc2 I)C”;ls(’.‘I”hisVilltll’ is L-I(M’ to Ihc ‘)x ( il)ii llll!ilSUR’d (Ml01 cs(miiIlmwi titwrlxwp)ns, lww rl”si]ll\ Intliiiltc’

lhc Niclsm m(rnlclIi)r cimliu Ill(ululus {-;II1pnwidc :1fCilS(Mlilt’dC:l[lll~OXilllilli (lfl Ii)r(-lmlp)siw Iu;lh pn q~wim
i)vcr:1 rwl~c (J1’(lis~”t)lllillijollstt~t (mtin!l(us t’ihcr rril]li)lvcmrn[.
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5. NONINVASIVE EVALUATION BY TV HOLOGRAPHY”

Long term dimensional stability and dynamic behavior of the STS will be evaluated absolutely noninvw+ively
with submicron accumcy using TV, Orelec-optic, hologmphy. Similar to classical in[erfemmetry, in which
an object beam and refemce beam interact forming fringe patterns. TV holography will k used to produce
holographic finges containing information about STS shape changes. These will& gathemxl by a television
carnea instead of film, input into a computer, and computationidl y interfered with a baseline state of the STS

to determine the magnitude of env-ironmenta.lly-induced static or dynamic deformations. This extension of
classical holograph y allows three dimensional. diffu.sely reflecting, nonplanar surface motions to be quitnt.ified
in nearreal-time. Figure 7 demonstrates a static themnal stress gradient whose source was the heat from a hum,an
hand placed neara silicon detectorrnodule, defomning the 24-cm-lcmg assembly by approximtitely 0.6 pm. The
dynamic capability of TV holography i~demonstrated by Figure 8 in which fringes describing the fundtamen~d

naturnl vibration frequencies of bending and torsion of a silicon module are shown. The fundtimen:id bending
mode of 94.16 Hz and torsional mode of 1I3 Hz were acoustically excited and nxmded. Ilc chamcmristic
contours of the fringe patterns express the mode shape while the magnitudes of the vibratory displac-emenrs
can lx determined from the fringe density.

6. CONCLLK1ONS”

Several conclusions :rc clear from [he s’[’S”nutcrials science and mechamcid design informiition prtwwted
herein. The use of C-E-biIscd compositr m:ueri:ds for :Ipplicwions requiring dirnensionid stiihili[y in [he

pre.wmx of a combiniition of icmizing radinti(m il~ii humnc is fcnsihlc, Lhsric iind il]~li~s[i~ mtxmhmic;d

properties were found to he ilffe~td negligibly by 10 Mrnds of dose in ii Imtiine-tlllcd c.i~nl]istcr.l’hc (’-11 ;ilso

dcmonstrmed minim:d ih~)rp[hn of liquid blltilw. itpp~~XlmiHc]y XX% by wcigh[. Stmin mc:lsurcnwnts ilrc
underw:iy tt]quiln[ify [hc cwftlchmt of hl]t:lIlccxl)ii[~si(ln, which iscxpcmxi U)he IN)mm [him [hill (llll]~)is[lm

~Xpii, lsion, milking it ii~~~[l[iihl~w iin S-l”Sdesign [ni]t~rii~l.

Suct”cssw iihcomprcssion molding 4H)-~11-w;lll-l hicikncssc(x~ling ring mu wgnwlltscolllp~,w~(l [d.(i) v/{). ~X)-

}UI1 king, P75 Iihcrs ml 40 v/tJ, ‘J5L1-,1(’-l;. nviin is uncouriiging. Milxilll[lrl] ~xxdin~ ring mcc.tl:mit’;d Nml
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themal properties will be attained, however. with high fheTvolume fmctions of long filxrs, ARs near 1(X)and
lengths of approximately 1000pm, used in the molding compound. This fact was gleaned 170rnpublished data
and extensive resin $ enhancement attempts using monolithic metal additives in conjunction with high
modulus graphite films. Charge deposih~ and cm cycle optimiaion must be accomplished to enable
production of dense, high quality components using long P75 fibers.

Static and dynamic TV hologmphy tests of silicon rrmchdes experiencing bending and torsion were very
successful. l%c capability to quantify STS shape changes co the submicron level will provide useful

information regarding the system’s long term dirrwnsiona.1stability.

REFERENCES

1, Miller. W. O., Gamble, M. T., “Superconducting Super Collider Silicon Tracking Subsystcm Research iud
Ilvcloprncnl” LA-12029, Los Alamos National Laboratory, Los Alamos, NM, 19%).

2. S~ciid Issue on Acoustic Microscopy, IEEE Trans. Sonics and Ultrasonics, SU-32, no. 2, 1985.

3, Krumwcidc, G. C., Btand, R.A., “Atlacking Dimensional Itt-llity Problems in Graphite/I@xy Strwurcs,”

Composites, Pmcccdings oft.he Eighth Intcmat.ional Confcm on Composi!c Malcrials (lCCM/!l), Hrmolulu, July

IS-19* IWI.

4, Thompson, T. C’. and Miller, W, 0.. “ Dcvclopmcnt of Uluwhin, Dimcnsimudl y S[iM~ Composi[cs (or Lhc

Supmxmtucting Sup Collikr (SS0 Ekmcrwq PMMC DC[CLWNX,’.Advanced Compsiws ‘1).3,Inlemuti(mid

Confcmncc on AdvanccL! Comp~siws, Wollongong, Australia.

5. Ch;~is, (“, C,, “Simplilid (’omposilc Micromchnics F~uiuion$ for tlygr~l, Thcrrnal, iud Mcchanicd f%~r-

tics,” SAMPE Qwwtrrlva ,\pri I, IWM.

h Springer, (i. S. :uld ‘1’sili, S, W., ‘“lhxrnal Conductivilics ot Unidirectional Materials,” [liip 2, Enrirtvvnmtd

Effects on ( ‘tmq)(wc Mmrhls, cd. (;. !lpringcr. IS13NOH’?762-.W-7.

7, l-lurland, 11,, Shii![uck, D., iind l%nin, J., ‘WIIIC ‘HWITI:II (“mductivily of Eli~~[(~m~r(’omp~silcs t’or t {lw.[nq~tN~tog-
fIIphy ,“ .jt}l~r~d itf/fplli~j?lg Tc(”/lru.Iif),~~, 1~: 257 ?.h~, 11)#()

H. Nicl.sw 1,. l{,, Mrf}limifwl I’n ywtics ($ /’fdym’rY (Jnd( ‘fwpmilrs. V()]. ?, Mil~~l Dckkcr, IIIc., I ‘J7,1.


