;e3e| Py$. 6TPQX$- ~r MAY 200g CAP ATTACH SURFACE MODI FI CATI ON FOR | MPROVED
ADHESI ON Background of the Invention 1. Technical Field The present
invention relates to a structure, and associ ated net hod of formation, in
which a netal plate is surface treated to facilitate adhesive bonding to
the nmetal plate. 2. Related Art In an electronic struc&uﬁ ?ﬁ[ﬁp of an
el ectroni c assenbly (such as a chip) totan electronic carrier (such as a
chip carrier or circuit card) is typically characterized by a m smatch in

t hermal expansi on coefficient (CTE) between the el ectronic assenbly and the
el ectronic carrier. As an exanple, a silicon chip may be adhesively coupl ed
to an organic chip carrier by controlled collapse chip connection (4)

sol der balls such that a thermally-cured rigid thernoset materi al

encapsul at es GAR ACT A SERILECE MGDIFIGATIAN KGRk IVMPRONEBADHESION P to the
chip carrier. Asilicon chip has a CTE typically in the range of 2 to 3
ppm C, while an organic chip carrier has a CTE typically in the range of 17
to 18 ppniC. Wth the organic chip carrier expandi ng and contracting
thermally nore than the chip, tBeckgeahaniferd Inyergdpupl ed configuration
responds to a tenperature decrease fromthe cure tenperature (e.g., 130 O
of the rigiidlécheicalDBield mat eri al by having the organic chip carrier bend
concave domnmard in the direction away fromthe chip, thereby creating the

shape of a "fr oW present iRGentibh Relta s b Sfuctud, BfEastdBitddthdh AT t6inalBY, i@} eh a
ball grid array (BGA) on its bottom side for attaching the chip carrler to

a circuit eafeth)l plabesis 6liFaRe Gadtéd 16 FacHitAOMNORATTH BERE ?th'hB helafPLRSENtS a
deviation fromplanarity that places stresses on the 4 MAY zoos 2

sol der balls of the BGA. Such stresses may distort the shape of the BGA
sol der balls and subject the BGA solder balls to premature fatigue failure
fromther ma rayeldisng. A nmethod currently enployed to mtigate the

af orenenti oned CTE m smatch problemutilizes a netallic plate (or cap),

such as a stai nfiegsel&hesic shahg, boRdiAESthniclkcAEHIEREMARIF QRLAGL idh b Kot h the
top surface of the electronic assenb y (e.g., chip) and the top surface of

the el ectr @Rk@oGabArHE(s(cB afa chif BirRerGREKduRIchrd) i§ %1@119@@&ré’c%rﬁ9&‘§lf§ﬁnsﬁﬁ1/chbe
acconpl i shed by use of a thermallycured structural adhesive

ar r angenentin Qlfenﬁzilleﬁl.lvdﬁﬁbﬂ eskrAaaR (CEE)Batwiesh Me cRctiRlakedPite WMeseiCTE
msmatch with the el ectronic assenbly is not very different fi omthe CTE

m smat ch betMRENAS hite@@ed k iNbdh APIRITYNdRIR el RBuRda6 bh O {ﬁc% érﬁ(er >F0f
exanpl e, a stainless steel plate having a CTE of about 1

pl aced in adhesicd@oBHes ash cé/ﬂnteﬁloﬁ(@i)lsbl@élfbaﬁmu&l thaid tﬂanallﬂﬁe@h ﬁb@é&hos?etto 3
ppmi C. Wth the stainless steel plate thermally contracting ané expandi ng

nor e than thaertdefuapulesaBOCH galdaabii@ind SpRAMAlIBuled REODIG &L ME Enifegtigase fi
omthe cure tenperature (e.g., 130 C) of the structural adhesive by having

the plate hesitce0iGRNe aupma y?xchl[}' ih e retige @€ toppRviaY, whil@ B 6/38ni6 P cartiber eby
creating the shape of a in the plate. The nechani cal coupling

bet ween t hehaph @TE @pidaltyie tmxsge of 17 RABGEMPCWHLith the o BE ;Imbé}a&r &Rk
between the chip and the chip carrier, couples the thermal stresses in the

plate to thedehhtRactag theRhallyASoréthb@d Icltup, th 1@ edhbial G b 1T cohﬁgt?rh'tmnefeﬁoﬁd%
oppositely directed stresses of conparable magnitude, namely the stress

associ at ed attbinpdgusicbRaR Hdnt HEHE RS EaRRIOE], %(ﬁ’@)wf&ll@ ripfd@h BV makhigs €
oppositely directed stresses cancel) leaving the chip can-ier in a nearly

pl anar (ratfiekavidpaie 6ghMeeh; egﬂérlbghq@)ht@edomr&mtw&r&a&pﬁb dnPthe Chip,
opp05|ng stresses, the resulting configuration is like a | oaded spring that

can "pop" 'tﬂwkﬁ?cr@htﬂg@he?ﬁﬁb‘éSlfas?rB@EaFthéthmam? Sifkddne Jlﬁb'ée)m&ﬂﬁaﬂ%b@%ﬁ[‘

between the netallic plate and the electronic carrier nmust be

strong and Mﬁpc{ye(BGA) Bnits Mo R QBE for g’tfachmg thpcﬁlﬁgﬁm@tqgg%lr&ﬁt J%Qp eQ:g bet ween
a stainless steel plate and a silicon chip is not easily acconpli shed. A

current met EhQﬁerfSOJoan%H do%@atdltgge ?e‘é&ﬁfd @c@m%ﬂi HEE Plaflarity ﬁ'{ap;!)lgcse%séés% lonRlat €
and a silicon chip inclu em ca l'y cleaning organic res ron1the
plate surfaces, etching away a thin layer of stainless steel froma surf

of the plate to increase surface roughness and pronDtﬂmﬁmmﬂﬁwmmmmnadhe5|on
arid adding a | ayer of an adhesion pronoter, such as t he
etched stainless steel surface. Then, the plate is adhesi yetigs*bonded to

both the chip and the chip carrier by use of a structural epoxy adhesive.
Unfortunately, the aforenmentioned nethod of bondi ng does not
i
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reliably produce consistent results. In particular, the adhesion pronoter
| eaves gaps in its coverage of the etched stainless steel surface.
Additionally, the strength of the chem cal bond bet n si on
pronoter and the stainless steel surface dimni shes\(%"ibt M.&ﬁn@ﬂﬁis a result,
the plate may prematurely del ami nate fromthe epoxy adhesive. A nmethod is
needed for providing strong and durabl e adhesive coupling bet veen a
metallic cap and an electronic Garner. Summary of the Invention The present
invention an electronic structure, conprising: an electronic Garner; an

el ectronic assenbly coupled to the electronic carrier, a netallic plate
adhered to the electronic assenbly and having a coefficient of thernal
expansi on E) .th egs.that a CTE of the electronic assenbly; a
mneral | a%?g‘iil‘;r E}%}h&zﬁ'ef%é@h uGhestrasses rrayffistprs the shage ghthg BRissodsdsr B‘iflﬁr?ﬂ%/ gybjechyer
bonded to the m anr al |ayer; wherein the adhesion pronoter |ayer includes
an adhesi o CM@’@@‘%B{%W?@%‘H{@IE?gﬂfﬂtltegﬁ%iicﬂll%g of a silane, a
titanate, a zirconate, and an.alum nate. The present invention also

provi des a net hoaethod crigenily sgplayediogritiegnihe abromeatiened CTEomsmiish ppblegoupl i ng
an electronic carrier to an electronic assenbly; adhering to the electronic
assenbl y aviiigear metallispiate(os sa)riyclhascegddinlpss stepltrlats, plaprskinadhesivp aorgacowith CTE)

t hat exceeds a CTE of the el ectronic assenbly; formng a mneral |ayer on

t he met al | bethpheder surfage of theyelegiroaighiessmaly (peopiip)and theytenr supface dfahandlentroaic

| ayer; and forming an adhesion pronoter layer includes formng the adhesion
pronot er | a3raer (B&vichig camiendhbsidbesiys wnbttanaydelaessmplisifed bpusche aghauplly-
consisting of a titanate, a zironate, and an al um nate. ~r MAY 200 4 The
present i newid sorsturaladhasiveadbasrtaagemeat ofthiswiethiod gerends eronsipgadhediivplatzond
between a netallic plate and an el ectronic assenbly. The present invention
advant ageoidiose € B mismagghewiticiba glegroaittassgnmiplyinhdtormdeffarenrt digen thé CTRenisrattalh | i C
pl ate by the adhesion pronoter. The present invention has the added

advant age &ttwsewnthiedicnigorac sreaiin psithé electpnisshipiat. iHogetwamle, i seimeansted] plater oni ¢
assenbly. Brief Description of the Drawings FIG 1 depicts a side

cross- sect ihoviat 2 IS ebovd | frepraf' T imay pk alreed ih adhas eorodaceitiva ilicem cpipefaeinged
enbodi ment of the present invention. FIG 2 depicts FIG 1 with an added

m neral | a)ﬁ‘e"lFE_ of about 2 to 3 ppm/°C. With the stainless steel plate thermally contracting and expanding

more than the chip, the configuration responds to a temperature decrease from the cure
temperature (e.g., 130 °C) of the structural adhesive by hay'mg the plate bend concave upward in
the direction away from the chip, thereby creating the shape of a “smile” in the plate. The
mechanical coupling between the plate and the chip, in concert with the mechanical coupling
between the chip and the chip carrier, couples the thermal stresses in the plate to the chip carrier.
As aresult, the chip carrier is subject to oppositely directed stresses of comparable magnitude,
namely the stress associated with the smile and the stress associated with the frown. These
oppositely directed stresses cancel, leaving the chip carrier in a nearly planar (rather than curved)
configuration. Due to the cancellation of opposing stresses, the resulting configuration is like a
loaded spring that can “pop” if the plate should separate from the chip. Thus, the adhesion

between the metallic plate and the electronic carrier (e.g., chip) must be strong and durable.



FIG 3 depicts a sputtering deposition chanber, in accordance with the

preferredpenbodi melr[:t. FIG 4 depicts FIG 2 with an agd dw&?e@@g pr onot er
layer. FIG 5 depicts FIG 4 with the netallic plate aufe upled to
an electronic assenbly and to an electroni¥-carrier. FIG 6 depicts the

configuration of a wedge test. Detailed Description of the Invention FIG 1
illustrates a side cross-sectional view of a netallic plate 10 having a top
surface 12 and an edge surface 14. The top surface 12 and the edge surface

i nc a netallic suhstance
that i nchudes a nerirsadhRyeBoming GerRel £l Siobf Bfiectandh Slicon el 1 not
subst ance naasily@tenteplished. eA cattent msthad Ifdret‘&iﬂll&tlﬁg hghe%idﬂmd@wg%naét éethfﬁﬁ!sé‘ E?eel -

el , and copper
chrome.  The PGB SREFCELP FHEE emipelly clisabna araseicodemioomhihe plat
metal lic pl aﬁl@fa&& Eth@é@va@%tﬁirﬂh?&%)ﬁaﬂﬂ&@ sfegleﬁmla Sg%?éj Sft Bt?Y Q)lacrg?ﬁe

effectively conducting heat out of an electronic ass
that will ye“éfi‘ﬁ%é‘éﬂﬂélﬁ ﬁsyﬂnﬂdﬁﬂ@dtet&ubsdqsemmiheslort raadradﬂmlgla tayBﬂ of &n thetsfbﬂ

ss copnsistent. with
A T e T s S
el ectroni ¢ cathesively(bonded té &mln%&MIaﬁd (7S E:lngr Oarfié Wiy of '&estﬁfchﬁ%l' é}ﬁ)xy

i t | upl.ed (see FI showi ng the neta
bl ate 10 coultElEo VRBTulugl, i Breanintoneboyetivhe! adistye beodagudocs!ndthe
nmetal lic submgﬂyl“l?@r&lﬁde b(?lfﬁl&{ﬂt SdSHRS :m?arﬁéﬁ‘?are{h@%fi{xé%mn p(fr(c\sﬁaro\gér%avgf é%ﬁéggtgt €
to the force-bal ancing effectivenes
supra in t héOVR@BQPQHlem’f%h"«dsﬁé%mlﬁﬁrﬁteelteurf@estAsddmcﬁﬁﬁby,stglegtSre%tllage ;Wnd egg%atl 5
mis, a pl ot e R olan AR o SRR R STER B e afopioney wif e
mls, ap
preferred. Mgt mﬁlt,tthqb plataeszy pmmtmflygelealfifég?f)gum tga F?Ji}@o%dﬂgﬁg@lrjré t g?l |mc| sis
eneral ly accepta pen on

gubst ance and t he 4%8&}}?%%‘ #8tf‘?fé’r8wgﬁ’tgrsgﬁf‘% a’&‘gﬁ‘l‘ra@f.adhﬁsﬂ%cqg‘fé?ﬁzﬁweno
ol e ?:Iaaaetighgapt@ﬂd S?élﬁmligaﬁj;&\gds: QSSEd%ﬁeSHrgfest eb chemcally
netallic plate in e fo . . .
cleans the top surface 12 and the edge surface 14 to rePDve g;ganhctggb;hse
such as oil. The secondI step S]E)Ut%ﬁﬁmo g FEndd paﬁgrtﬁgeedgeagurface 12
surface 14 to rempve a er o
respectively. Wi IT& etﬁﬁ@‘?ﬁeg’&wemm &mﬁefgmmccftggmf/rma,: T}mngmsmge:ahgidmoﬁigr%?ﬁerof
Stai n 6ss sfha S uphic RN ERETH o PRI atihbn AP B albela Tean 1o
about 1000 Alecﬁﬂywkdsmmblmﬂddvmfg £pmﬁr$EQEnte¢fbdhbﬂlgalra aﬂibeodJ@@ﬂEb g{dtﬁgéﬁéﬂz .
sputter et Cr{‘l'leﬁ]g dﬂE g h&®2 %s%m%b?a rr%BergF lagel) bonéec? to tﬁe mietallic plate; and an
hi gh- ener gy B

adhes1on promoter layer bonded to the mineral layer; wherein the adhesion promoter

(D]

layer includes an adhesion promoter selected from the group consisting of a silane, a
titanate, a zirconate, and an aluminate.

The present invention also provides a method for forming an electronic structure,
comprising: coupling an electronic carrier to an electronic assembly; adhering to the
electronic assembly a metallic plate having a coefficient of thermal expansion (CTE) that
exceeds a CTE of the electronic assembly; forming a mineral layer on the metallic plate;
forming an adhesion promoter layer on the mineral layer; and forming an adhesion
promoter layer includes forming the adhesion promoter layer having an adhesion

promoter selected from the group consisting of a titanate, a zironate, and an aluminate.



argon.gas onto the top surface 12 and the edge surface 14 as the netallic
pl ate 10 noves through the chanber on a conveyer belt. Alternatively, the
nmetallic plate 10 may renain in a fixed position in the operating chanber
for a predetermned tinme. The | ow pressure serves to ~eﬂ,i MA¥t20@x§rbor ne
inpurities fromthe chanber. After the two precedi ng cleaning steps, the
top surface 12 and the edge surface 14 gf the netallic plate 10 are ready
for additional surface treatnment. FIG ilfustrates FIG 1 after a mneral
| ayer 20 is fornmed on the top surface 12, and on the edge surface 14, of
the netallic plate 10. The mneral |ayer 20 includes a chem cal conpound
derived froma mneral; e.g., silicon dioxide (SiOz) derived from quart z.
Such chem cal conpounds include, inter alia, silicon dioxide, silicon
nitride, and sifrhepmseasintiéntien haEhke alvarageal poviding antdonpeadhesiiedtond beteednrer
crystalline or anorphous form The mneral |ayer 20 has a bottom surface 22
that is bongigdlié platehgd br0fletidhic asemBy, ThopreichEinetgen slvafitageustg faciditatéshe
metallic plate 10. A top surface 24 of the mneral layer 20 is exposed. It

is within thgsigaRRed @fifolh QowEHSs 8Nthe MdwbRiplA by the fihedorepiomdicRETeprésantwhi ch
the mneral |ayer 20 covers the entire top surface 12, or a portion of the

top surfacendedlioNhdsNHadEPMR AL oRPbvidaista RhAlfisnt e diedping Uedt &om 24
Nonet hel ess, it is preferred that the mneral |ayer 20 cover the entire top
surface 12 asuikillssviyhe edge surface 14) as shown in FIG 2. Wth the

m neral |ayer 20 covering the entire top surface 12, the additional
coverage of the edge surface 14 prevents a high concentration of stress at
the coner 16 of the netallic plate 10 when the netallic plate 10 is

subsequent |y adhesively coupl e@,{.PpaRriBtiSLIIRED Laviids’ | €r . Any known process
may be used to formthe mneral Tayer 20 on the netallic plate 10. FIG 3

i llustrates suchy@ PLERASS sidDABRLKctihf PSS S1fic HRYIih@8cofRRGSLt N Of
m neral nol ecul es 170, such as SiQZ, on the top surface 12 of the netallic

plate 10, a h eABodReiNenedagesutara 14 - ~r MAY 200 of the netallic
pl ate 10. Fﬁﬁﬁﬁg éﬁb&s %fsinpﬁif?edvsputter deposition chanber 100 with an

enclosure 110. The; SRULEEFIGANGH 4ol MAfcdhRbBRBEyed00 illustrated in FIG 3
includes a target of quartz 140, which serves as a source of Si02

mol ecul es. I'ni tigtd w.dehibe a%F\WeHR 158008 dHa@BerGhasdRTandOit the preasdat ed t o
remove inpurities. A gas inlet 150 allows an argon {Ar) gas 160 (or other
applicabl e gaso sueh.as Oz) to pass into the sputter deposition chanmber 100.
The argon gas 160 1s ionized and accel erated by processes i nduced by

negative vol tage ;sQuf &8;-208g, SHERal RRkI RMEIEbRo@IIGRR i ons strike the
gquartz target 145§§bau an SiQz n%lecules 170 to be dislodged and ejected

fromthe quartz tg69ekepta0rians i e mieaesiike shredvaeoubRp il dlagenit2 of the
netallic plate 10. The netallic plate 10 noves through the sputtering

deposi tion chanhgey .00 .PBleardmRue¥er belt 120 in the direction 130.
Al ternatively, the conveyor belt 120 could represent a stationary platform

such that the spuies 1o d@PesIaLARoEfAGRIS ted. turned off after a
predeterm ned period of time. The sputtering deposition process should be
adjusted to deposit a mneral |ayer having a mininmum | ayer thickness of
about 50 A to ensure continuous coverage of the top surface 12, and of the
edge surface 14, of the netall ipgifb@hesckiBtion RLEBWenfidh t hi ckness of the

m neral |ayer depends on nol ecular structural properties of the pertinent

¢ h.em cal conpoundgi |Ehe ML0L5A! b R¥ENiondrlewdt @FRIRIc p&atéﬂ mﬁd’v@dg_ 4 t3Yy lrface 12
t hi ckness of up to about 2000 A protects the structural integrity of a

quartz |ayer ,comt %dg@ 'sﬁ}%cg ('i)ys’ﬁi%l t!)ﬂ 06nd 19and e QRS hiZadeaY Beet dilaCkness. beeween

about 100 A and about 1000 A is preferred for reasons of conservatism FIG

4 illustrates FLfG 230t Riudkd SALERBLuMah R iRABES AAalRid BLahouSUsHalas_a
silane, to forman adhesi on pronoter layer 30 on the mneral |ayer 20. The

| ower surface 32 of.th I : L &, dhgupper
surface 24 of°§Hé'%Pﬁgggﬂqﬂgé%%@%@%Pﬁﬁ%Q%"@é?%ﬁégkﬁi%?gﬁﬂﬁg§er 30 may be
formed with an approxi mately uni formthickness by any T~ MAY 2004
process known in the art. For exanple, the SiG -covered netallic plate 10
may be dipped in a silane solution, followed by dripping off excess
solution and drying for several mnutes at a noderate tenperature (e.qg.
drying for 15 to 20 mnutes at 80 to 100 C). The adhesi on pronoter |ayer 30
shoul d be thin enough to pronote good adhesion with a subsequently applied
structural adhesive. In particular, the thickness of the adhesion pronoter
| ayer 30 should be between 1 and about 50 nonol ayers. The adhesi on pronoter
may include, inter alia, any silane adhesion pronoter. See Pl ueddenann,
"Sil ane Coupling Agents,"” Plenum Press, 1982. For exanple, the applicable

_____ Y o N T e I T -~ -~ 1 p—




~r MAY 200 9 The presence of the mneral |ayer 20 between the netallic
plate 10 and the adhesion pronoter |ayer 30 facilitates strong chem cal
coupling of the adhesion pronoter |ayer 30 to the netallic plate 10. Wth
the related art, there is no intervening mnneral Iayer.-ﬂh

related art, an adhesion pronoter (e.g., a silane) is formed directly on a
netallic plate (e.g., a stainless steelsplate) wth a chem cal bond having
a strong ionic character between the netallic plate and the adhesion
pronoter. Such chemi cal bonding is subject to hydrolysis and is therefore
weak in the presence of noisture. Wth the mneral |ayer 20 of the present
i nvention, however, coval ent bondi ng exists between the mneral |ayer 20

and t he ad%%g?rgg&?g BBt ® WATREREL ard¥S e?golaﬁeats\%'iﬁ\?ﬁro%CQTh@?gesgch ?Pr,[%'ﬁtélslg :ﬂges ent

coval ent b s moisture resistat _ e structure o
AR e I S
assembly CHUEE relRiaER b YR R en RS PR FBLFD 0. The

ol ect 11 cal PPIDAR™E6! B AT &by Fals ob o b ALP BEPOLTSBIR 11 gi

t her noset encapsul at.i. mat erial 5 ovi des straqng nmechanj cal coupling

bet ween t hB'# ﬁ?"ﬁ 8y ttﬁﬂ%“ﬁ?@“%%‘?%w&gp%él?e %ﬁ?‘c ‘Roﬁ‘ﬁ\‘ﬁ of 4hq etallip subsigpceand; he
bottom surface 64 of. th hip carrjer 6Q fagilitates suhsequent. attachnment
of tho. modtEaEg A TS GaER (g T TR SULR BNt PRl The
metallic plate 10 is adhesiv upl ed .to.the dul e. 80 by the adhesive
Ctruct ur e’ 301 St oo bRt B SaRratens nealRmRe e e sirare

| ayer 30 to the top surface 52 of the chip 50 and to the top surface 62 of
the chip c&?lT‘F'é@Sﬁgl.‘e éﬁﬁf‘ﬁ W&Hé’é P{)‘@c w6 ‘Icisﬁﬁta%“ya"géheéwg%? ?éhféﬂeoéﬂ?“&ny
known process. An applicabl e process jncludes sing a structural epoxy
adhesi ve t G2REERAIGEGlrhRlorghalansae T Rgs oL e el sl fisesedgPii B h
silane both the top surface 52 of the " ~r MAY 200g to chip 50 and the
top surfacélBReded Mg riiqp- F&F 7 paiplegirteehplale 8¢ 3 RPIRL ChiGRyer AiHest ve
becones, after curing, the adhesive structure 40.. The effectivyeness of the
mneral | | ayBERHGr oY b g A eu] S b h 4 edhEF T HEE FEResel gTieg BUBIR an

appl i ed epoxguadh_sjve was denDn§$ re-test phase

rated by a wedge test. A
was i niti atBAUYymEnspieErey Ahldad %esé‘“ﬁ%ﬁeo\t,(\ﬁ‘? Zgiﬂéit?]f‘t@é‘&%’iné%’ls plate to
renove organi ¢ contam nants. A | ayer of -stainless steel s then renoved
fromthe pl%?gﬁﬁ&m?gﬁﬂﬁﬁ P 6@%89¥§f%ﬁﬁ%@?£%§Pﬁéwgmﬁﬁ§HW§%@Fﬁﬁn%?ﬁon gas in
a |OMFpF€SS§r§%%ab§Bt 2x10-4 psi) etch chanber. The. renoved | ayer
t hi ckness VAR BEPGEEATRISSAT®800 A and about 800 A. The precedi ng

chemi cal cleaning. and etching steps. served tq_prqvide a clean apnd bondabl e
surface on the g?ﬁ?ﬁ%@??t%F@EWyﬁPE%g@t%ﬁ&ﬁ?mgzﬁﬁgpﬁfﬁg?ﬁvép3Q%OQ%EP 5
sputter deposited on_the . clean surface of the .stainless steel plate b

usi ng argonmﬁﬁégP%téﬁg ﬁ?%ﬂ?@ﬁ&pﬂébﬁgﬁﬁﬁgﬂCgﬂﬁﬁgéfgﬁﬁif tﬂﬁWﬁﬁ%]@H@dﬁ%ate
on a conveyor belt through the ch er at c tant velocity. The thickness
of the Si oZeC[gay\éf.fa%% twmowrs&%%gﬁs’éb@w e ARl SR R CEURI R R or
bei ng cooled to about 100 C hy circulat;gg nié ogen gas, the plate was

di pped i nt o5gy Futnd Budse pyffice {4 ko rempdyeh o B Syfacgilg ARt the Aeespiiagge
3gl yci doxypropyl tri net hoxysil ane or the silane .

3- ( 2- ani noet hyFPRFIRY!I Whl%é‘@%%ﬁg? Infargnt mdtalians ogjthefhickngss ofdhs spwdebleyerand

t he adherent silane was bake-dried in_a cQaanr at 80 to.90 C for. about 15
to 20 mi nut &8t herebeependusiat Wish spulier eighingof staialess Ysebpiatse Wih &dnqypkthickagsses
treatment, will be referred to as a .;test plate.” "Control test plates"
were al so géheragesf ot waheut Aiifar Any kaurmetBedrlsppies clwhing msuibs d5cdn of
the Si Oz sputter deposition step. In the wedge test) as depicted in FIG 6,
a first testughagseutBogchiag inpdenanigserr FRAMBEH{88d 2% PS8y diractinggthig-encesy320
in a sandwi ch) using an interfacing adhesive |ayer 340 that included a
structural adhesive, resulting in a bonded configuration 350. The first
test plate 300 and second - ~ MAY 200g test plate 320 each had a

t hi ckness (t) of about 7 mls and were separated in the bonded
configuration by a gap size (g) of about 4 mls. After the epoxy adhesive
340 was cured, a wedge plate.360) having a thickness (T) of about 12 m s,
was inserted as a wedge between the first test plate 300 and the second
test plate 320 and stressed the interfacial bonding between the first test
pl ate 300 and the second test plate 320 by generating a crack opening
energy of about SO Joul es/n2. Under the stress due to the wedge pl ate 360,
t he bonded configuration 350 was aged for 24 hours at a tenperature of 70 C

- o, . B ~NNNA . . o, o e T



A "peeling" step was used to test the resulting strength of the interfacing
adhesi ve |l ayer 340 after application of the preceding stresses. In
particular, force was applied to the wedge plate 360 to nove the wedge
plate 3Q in the direction 380 toward the interfacing aghmve :i%/er 340
until the first test plate 300 and the second test plat Y ated. The
surfaces of the first test plate 300 angythe second test plate 320 were
exanm ned to determ ne the percentage (P) of the adhesive-covered area of a
given test plate (300 or 320) that becane adhesive fi ee upon separation
fromthe other test plate. The test "failed" if P exceeded 30%for at |east
one of the first test plate 300 and the second test plate 320; otherw se

the test " .ol 4.ti Wwi.th 4 identical
ampl 65, cack s Pms g P euaican® pale AR o ok iR be C rosehrpabior o

used, the I S % for_ each sanpl e, regardl ess
gf (\é\/ni ch sfri%tyh}j%é?ﬁ@g%%g%%g}o'ggﬁ?éri}vr?@t i\ggwg‘i”}caﬁaé‘l"h may Icmaglfm a V\f;lhxedgt i
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Any known process may be used to form the mineral layer 20 on the metallic plate 10.
FIG. 3 illustrates such a process, namely the process of sputter deposition of mineral molecules

170, such as SiO,, on the top surface 12 of the metallic plate 10, as well as on the edge surface 14



aluminate. 2. The structure o f claim1, wherein the mneral | ayer includes
a mneral selected fromthe group consisting of silicon dioxide, silicon
nitride, and silicon carbide. 3. The structure of claim1, wherein the

m neral |ayer has a thickness between about 50 angstrons am bﬁj@’ZOOO
angstronms. 4. The structure of claim1, wherein the rret'allll %I ti ncl udes

a netallic substance selected fromthe @group consisting of stainless steel,
al um num titanium copper, copper coated with nickel, and copper coated
with chrome. 5. The structure of claim1l, wherein the adhesi on pronoter

| ayer includes a silane selected fromthe group consisting of
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lonized and accelerated by processes induced by negative voltage source 200, such that energetic
argon ions strike the quartz target 140, causing SiO, molecules 170 to be dislodged and ejected
from the quartz target 140 and then deposited on the top surface 12 of the metallic plate 10. The
metallic plate 10 moves through the sputtering deposition chamber 100 on a conveyor belt 120 in
the direction 130. Alternatively, the conveyor belt 120 could represent a stationary platform such
that the sputtering deposition process is turned off after a predetermined period of time.

The sputtering deposition process should be adjusted to deposit a mineral layer having a
minimum layer thickness of about 50 A to ensure continuous coverage of the top surface 12, and
of the edge surface 14, of the metallic plate 10. The maximum thickness of the mineral layer
depends on molecular structural properties of the pertinent chemical compound in the mineral
layer. For example, a mineral layer thickness of up to about 2000 A protects the structural
integrity of a quartz layer containing crystalline Si0,. A quartz layer thickness between about
100 A and about 1000 A is preferred for reasons of conservatism.

FIG. 4 illustrates FIG. 2 after treatment with an adhesion promoter, such as a silane, to
form an adhesion promoter layer 30 on the mineral layer 20. The lower surface 32 of the
adhesion promoter layer 30 is bonded to the upper surface 24 of the mineral layer 20. The

adhesion promoter layer 30 may be formed with an approximately uniform thickness by any



the electronic carrier; adhering to the electronic assenbly a netallic
pl ate having a coefficient of thernmal expansion (CTE) that exceeds a CTE of
the el ectronic assenbly; forming a mneral |ayer on the netallic plate;

form ng an adhesi on pronoter |ayer on the m neral Iayg_r%fztﬁ I ng an
adhesi on pronoter |ayer includes form ng the adhesion p{' l @/er havi ng

an adhesi on pronoter selected fromthe group consisting of atitanate, a
zironate, and an alumnate. 9. The nmethod of claim8, wherein formng a

m neral |ayer includes formng the m neral |ayer having a m neral selected
fromthe group consisting of silicon dioxide, silicon nitride, and silicon
car bi de. -16 - - 4 MAY 2004 10 11. 12 13. 14. The nethod of claim8,

wher ei n f QrédeRtdwiliif@ledlt, FaY&hmpRCLYERS - | Rl | e lgByel ;;having a
t hi cknessq{oet ween about 50 angst?o’ms aﬁ% c&ﬁ%ﬂﬁgg%ﬁgﬁggﬁa rtr)fst:.dlp)fmEma

silane solution, followed by dripping off excess solution and drying for several minutes at a
moderate temperature (e.g., drying for 15 to 20 minutes at 80 to 100 °C). The adhesion promoter
layer 30 should be thin enough to promote good adhesion with a subsequently applied structural
adhesive. In particular, the thickness of the adhesion promoter layer 30 should be between 1 and
about 50 monoléyers. The adhesion promoter may include, inter alia, any silane adhesion

promoter. See Plueddemann, “Silane Coupling Agents,” Plenum Press, 1982. For example, the

applicable classes of silane adhesion promoters include:

Class Example ;
E-P-8i-(OCH,), 3-glycidoxypropyltrimethoxysilane
E-P-8i-(OC,H), 3-glycidoxypropyltriethoxysilane

A -P-Si-(OCH,), 3-(2-aminoethyl)propyltrimethoxysilane
A -P-Si-(OCH), 3-(2-aminoethyl)propyltriethoxysilane

where P stands for a propyl group, E stands for an epoxy group, and A stands for an amino
group. The choice of an E or A in the preceding silane classes impacts the conditions under
which the silane reacts when placed in contact with a structural epoxy material (see infra
discussion of FIG. 5 concerning use of a structural epoxy adhesive for bonding the metallic plate
of the present invention with an electronic assembly such as a chip). For example, the glycidoxy
group will react with a curing agent in the structural epoxy material so that an elevated
temperature may be required to drive the reaction, depending on the properties of the curing
agent. In contrast, the aminoethy! group is itself a curing agent which will react with epoxy
material at room temperature. Additional adhesion promoters which may be used for the present

invention include titanates, zirconates, and aluminates.



The met hod of claim@8, wherein forming a mneral |ayer includes sputtering
the mneral |ayer on the clean surface of the netallic plate. The nethod of
claim8, wherein the netallic plate is formed of a netallic substance

selected fromthe group consisting of stainless steel i“?gh titani um
copper, copper coated wth nickel, and copper coated wﬁt The

nmet hod of claim8, wherein forning an adhesion pronoter |ayer includes
form ng the adhesion pronoter |ayer having a silane fromthe group

consi sting of 3-glycidoxypropyltrirnethoxysilane,

3-gl yci doxypropyl triethoxysilane, 3-(2 am noethyl) propyltrinethoxysil ane,
and 3-(2-am noethyl) propyltrimethoxysilane. The nethod of claim®8, further

conpr i sing: Y Ol &rfindiih ALY/ PO Abon IEBHELLRG oL AF iiRkiAlddeC Pl ate

to the electronic ‘assenbly by inte aC|ng a Ive teria ween t he

dh |1
SI atez ' ?2 ltoR%%Ee?ﬁaﬁeﬁé’(ﬁfaclﬂ&%ts!?&geclh&ﬁfc&% p"hn %StﬁE'%L}bésmr? Blo'te’?gaytg{‘?qbt%‘?ﬁea e

e electronic carrier nt er ng adhesive nateri etween

gge 3}12?;: g{&agmgg 1 rrg\)?té‘r?lﬁeaﬁ%flﬁd &k %%mgvv&mgy gkl gg&e THRS h&?@k 9£1at§é ai m

I'nc U es providin esi've’'na
having a s esi 1.t her
conpri si ng ’ %tﬁxa@% 3 Slx{a‘?ne)rro? ?gu%?}ty {J&ggg@fayﬁs@ tg?eaﬁ rélgsls‘ve.
-17- - Mo‘t\églOQate) with a chemical bond having a strong ionic character between the metallic plate and

the adhesion promoter. Such chemical bonding is subject to hydrolysis and is therefore weak in
the presence of moisture. With the mineral layer 20 of the present invention, however, covalent
bonding exists between the mineral layer 20 and the added adhesion promoter, such as between
Si0, and silane. Such covalent bonding is moisture resistant. Thus, the structure of the present
invention is not subject to degradation in the presence of moisture.

FIG. S illustrates FIG. 4 after the metallic plate 10 is adhesively coupled to an electronic
assembly-carrier conﬁgﬁration, comprising an electronic assembly coupled to an electronic
carrier, such as the module 80. The module 80 includes a chip 50 and a chip carrier 60, wherein
the chip 50 is electrically coupled to the cﬁip carrier 60 by C4 solder balls 55. A rigid thermoset
encapsulating material 58 provides strong mechanical coupling between the chip 50 and the chip
carrier 60. A ball grid array 66 at the bottom surface 64 of the chip carrier 60 facilitates
subsequent attachment of the module 80 to a second electronic carrier such as a circuit card. The
metallic plate 10 is adhesively coupled to the module 80 by the adhesive structure 40 which
couples the top surface 34 of the adhesion promoter layer 30 to the top surface 52 of the chip 50
and to the top surface 62 of the chip carrier 60. Such adhesive coupling may be accomplished by
any known process. An applicable process includes using a structural epoxy adhesive to

accomplish the adhesive bonding, after surface treating with silane both the top surface 52 of the



17. The method of claim@8, wherein the adhesion pronoter |ayer has a

t hi ckness between 1 nonol ayer and about 50 nonol ayers. 18. The net hod of
claim8, wherein form ng an adhesi on pronoter |ayer includes formng the
adhesi on pronoter |ayer conprising a chenical conpound |n cr stalllne from
19. The nethod of claim8, wherein form ng an adhesi on'p o] Y!rz

i ncludes form ng the adhesi on pronoter llayer conprising a chenlc conpound
i n anor phous from 20. The nethod of claim8, wherein formng a m neral

| ayer conprises formng the mneral |ayer covering an edge surface of the
metallic plate and a portion of- a top surface of the netallic plate. 21.
The nmethod of claim8, mherein formng a mneral |ayer includes formng the
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contaminar s A layer of stainless steel was then removed from the plate by radio-frequency

etching, using a high-energy argon gas in a low-pressure (about 2x10™* psi) etch chamber. The.
removed layer thickness varied between about 300 A and about 800 A. The preceding chemical
cleaning and etching steps served to provide a clean and bondable surface on the stainless steel
plate. Next, a uniform layer of SiO, was sputter deposited on the clean surface of the stainless
steel plate by using argon gas in a sputtering deposition chamber while moving the plate on a
conveyor belt through the chamber at constant velocity. The thickness of the Si0, layer was
varied between about 300 A and about 600 A. After being cooled to about 100 °C by circulating
nitrogen gas, the plate was dipped into a dilute solution (i.e., less than 2%) of either the silane 3-
glycidoxypropyltrimethoxysilane or the silane 3-(2-aminoethyl)propyltrimethoxysilane. Excess
silane was dripped off and the adherent silane was bake-dried in a chamber at 80 to 90 °C for
about 15 to 20 minutes. The resultant plate, after the aforementioned pre-test treatment, will be
referred to as a “test plate.”” “Control test plates” were also generated in the same manner as
described above with omission of the SiO, sputter deposition step.
In the wedge test, as depicted in FIG. 6, a first test plate 300 was mechanically bonded to
a second test plate 320 in a sandwich, using an interfacing adhesive layer 340 that included a

structural adhesive, resulting in a bonded configuration 350. The first test plate 300 and second



-1 g- - 4 MAY 200 form ng an adhesion pronoter |ayer includes formng the
adhesi on pronoter |ayer having an adhesi on pronoter selected fromthe group
consisting of atitanate, a zironate, and an alum nate. 25. A net hod for

form ng an electronic structure, the nethod conprising m

coupling an electronic carrier to an electronic assenb’l*ym% 9 a m neral
| ayer to a netallic plate having a coefficient of thernmal expansion (CTE)

t hat exceeds a CTE of the el ectronic assenbly; bondi ng an adhesi on pronoter
| ayer to the mineral |ayer such that said bonding to the mineral layer is

noi sture resistant; and form ng an adhesion pronoter |ayer includes formng
t he adhesi an pronoter | ayer havi ng an adhesi on prom)ter sel ected fromthe
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moisture; mechamcal stress, therma cychng, and vapor pressure. The preceding stresses were
generated in three sequential steps: a baking step, a soaking step, and a heating step. In the
baking step, the bonded configuration 350 was baked at a temperature of 125 °C for 24 hours in
order to drive moisture out of the bonded configuration 350. In the soaking step, the bonded
configuration 350 was subjected to a relative humidity of 85% at a temperature of 85 °C. The
excess moisture tends to penetrate and soften the interfacing adhesive layer 340. In the heating
step, the wedge plate 360 was reinserted, so as to introduce mechanical stress at a crack opening
energy of about 3 Joules/m?, followed by three successive heating cycles. In each heating cycle,
the bonded configuration 350 was heated to an elevated temperature exceeding 200 °C,
maintained at the elevated temperature for about one minute, and cooled to ambient room
temperature after removal from the heat source. The heating cycles stressed the adhesive

bonding in the bonded configuration 350 by increasing the CTE, and decreasing the elastic
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modulus, of the adhesive. The heating cycles also vaporized excess moisture within the
interfacing adhesive layer 340, thereby creating a vapor pressure that further stressed the
interfacing adhesive layer 340.

A “peeling” step was used to test the resulting strength of the interfacing adhesive layer
340 after application of the preceding stresses. In paﬁicular, force was applied to the wedge
plate 360 to move the wedge plate 360 in the direction 380 toward the interfacing adhesive layer
340 until the first test plate 300 and the second test plate 320 separated. The surfaces of the first
test plate 300 and the second test plate 320 were examined to determine the percentage (P) of the
adhesive-covered a.rea of a given test plate (300 or 320) that became adhesive free upon
separation from the other test plate. The test “failed” if P exceeded 30% for at least one of the
first test plate 300 and the second test plate 320; otherwise the test “passed.” When the test was
performed 4 times with 4 identical samples each time, and regular test plates (i.e., SiO, layer
present) were used, the test always passed. Indeed, P was 0 % for each sample, regardless of
which silane (3-glycidoxypropyltrimethoxysilane or 3-(2-aminoethyl)propyltrimethoxysilane)
was used. In contrast, when the control test was performed 7 times with 4 identical samples each
time, using control test plates (i.e., no SiO, layer present), the test always failed when 3-
glycidoxypropyltrimethoxysilane was used and failed about 50% of the time when 3-(2-
aminoethyl)propyltrimethoxysilane was used. Thus, the preceding wedge test results
demonstrate the effectiveness of the mineral layer (e.g., Si0, layer) of the present invention for
promoting and maintaining strong adhesive bonding with a silane-treated metallic plate.

It is also noteworthy that the epoxy bond associated with the present invention was able

to withstand a tensile stress of up to about 10,000 psi in another test, namely a stud pull test. In
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Tensile stresses of increasing magnitude were apphcd in an attempt to pull the stud away from
the test plate, until the stud separated from the test plate. The test was performed for 24 test
plates, corresponding to the etch thicknesses and sputter deposit thicknesses associated with test
runs 1-6 in the preceding table and with 4 samples for each test run. The amount of tensile stress
required to effectuate the stud separation varied from 9380 psi to 11120 psi for the 24 test plates.
Of particular significance is that for all 24 test plates, the epoxy layer was fractured at the onset
of stud separation and the SiO, layer was left intact.

While preferred and particular embodiments of the present invention have been described
herein for purposes of illustration, many modifications and changes will become apparent to

those skilled in the art. Accordingly, the appended claims are intended to encompass all such

modifications and changes as fall within the true spirit and scope of this invention.
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1. An electronic structure, comprising:

an electronic carrier;

an electronic assembly coupled to the electronic carrier,

a metallic plate adhered to the electronic assembly and having a
coefficient of thermal expansion (CTE) that exceeds that a CTE of the electronic
assembly;

a mineral layer bonded to the metallic plate; and

an adhesion promoter layer bonded to the mineral layer;

wherein the adhesion promoter layer includes an adhesion promoter
selected from the group consisting of a silane, a titanate, a zirconate, and an

aluminate.

2. The structure of claim 1, wherein the mineral layer includes a mineral selected

from the group consisting of silicon dioxide, silicon nitride, and silicon carbide.

3. The structure of claim 1, wherein the mineral layer has a thickness between

about 50 angstroms and about 2000 angstroms.

4. The structure of claim 1, wherein the metallic plate includes a metallic substance
selected from the group consisting of stainless steel, aluminum, titanium, copper,

copper coated with nickel, and copper coated with chrome.

5. The structure of claim 1, wherein the adhesion promoter layer includes a silane

selected from the group consisting of 3-glycidoxypropyltrimethoxysilane, 3-
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glycidoxypropyltriethoxysilane, 3-(2-aminoethyl) propyltrimethoxysilane, and 3-
(2-aminoethyl) propyltriethoxysilane.

The structure of claim 1, further comprising:

an adhesive structure bonded to the adhesion promoter layer, wherein
the adhesive structure adhesively couples the metallic plate to the electronic
assembly, and wherein the adhesive structure adhesively couples the metallic

plate to the electronic carrier.

The structure of claim 6, wherein the adhesive structure includes a structural

epoxy adhesive.
A method for forming an electronic structure, comprising:

providing an electronic carrier and an electronic assembly coupled to

the electronic carrier;

adhering to the electronic assembly a metallic plate having a coefficient

of thermal expansion (CTE) that exceeds a CTE of the electronic assembly;
forming a mineral layer on the metallic plate;
forming an adhesion promoter layer on the mineral layer; and
forming an adhesion promoter layer includes forming the adhesion
promoter layer having an adhesion promoter selected from the group consisting
of a titanate, a zironate, and an aluminate.
The method of claim 8, wherein forming a mineral layer includes forming the

mineral layer having a mineral selected from the group consisting of silicon

dioxide, silicon nitride, and silicon carbide.
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10. The method of claim 8, wherein forming a mineral layer includes forming the
mineral layer having a thickness between about 50 angstroms and about 2000

angstroms,

11. The method of claim 8, wherein forming a mineral layer includes sputtering the

mineral layer on the clean surface of the metallic plate.

12. The method of claim 8, wherein the metallic plate is formed of a metallic
substance selected from the group consisting of stainless steel, aluminum,

titanium, copper, copper coated with nickel, and copper coated with chrome.

13. The method of claim 8, wherein forming an adhesion promoter layer includes
forming the adhesion promoter layer having a silane from the group consisting of
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane,  3-(2-
aminoethyl) propyltrimethoxysilane, and 3-(2-aminoethyl)

propyltrimethoxysilane.
14. The method of claim 8, further comprising:
providing an adhesive material;
coupling the metallic plate to the electronic assembly by interfacing
adhesive material between the adhesion promoter layer and the electronic

assembly;

coupling the metallic plate to the electronic carrier by interfacing

adhesive material between the adhesion promoter layer and the electronic carrier.

15. The method of claim 14, wherein adhesive material includes providing the

adhesive material having a structural epoxy adhesive.

16. The method of claim 8, further comprising bonding the adhesion promoter layer

to a structural adhesive.



10% U& ()-!d! 10%UqU& () -Ss10% U& ()-fls10% U& () - vvhuwxbxxA?mN ! 10 410%
U& ()-!Qy/! 1098 UNU& ()-SS*10% U& ()-S,)!10% U& ()-!d$! 109%gUgU& ()-zS! 10%

W& () - xx*yo ryyAzb@ 10! nS@0% U U ()-10% & ()-G 10 P 10 U, 10%
8! 8 881%%?/%9{) Z37L10% U8 () - Azzz{[{{{aBb@ 10! @10% (ﬁﬂﬂa\gﬂbﬁ#

17.

18.

19.

20.

21.

22.

23.

24.

The method of claim 8, wherein the adhesion promoter layer has a thickness

between 1 monolayer and about 50 monolayers.

The method of claim 8, wherein forming an adhesion promoter layer includes
forming the adhesion promoter layer comprising a chemical compound in

crystalline from.

The method of claim 8, wherein forming an adhesion promoter layer includes
forming the adhesion promoter layer comprising a chemical compound in

amorphous from.

The method of claim 8, wherein forming a mineral layer comprises forming the
mineral layer covering an edge surface of the metallic plate and a portion of a top

surface of the metallic plate.
The method of claim 8, wherein forming a mineral layer includes forming the
mineral layer having a thickness between about 100 angstroms and about 1000

angstroms.

The method of claim 8, wherein forming a mineral layer includes forming the

mineral layer having an approximately uniform thickness.
The method of claim 8, wherein forming an adhesion promoter layer includes
forming the adhesion promoter layer having an adhesion promoter comprising a

silane.

A method for forming an electronic structure, the method comprising the steps
of:

coupling an electronic carrier to an electronic assembly;

bonding a mineral layer to a metallic plate having a coefficient of

thermal expansion (CTE) that exceeds a CTE of the electronic assembly; and

convalently bonding an adhesion promoter layer to the mineral layer,
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promoter layer having an adhesion promoter selected from the group consisting

of a titanate, a zironate, and an aluminate.

25. A method for forming an electronic structure, the method comprising the steps
of:

coupling an electronic carrier to an electronic assembly;

bonding a mineral layer to a metallic plate having a coefficient of

thermal expansion (CTE) that exceeds a CTE of the electronic assembly;

bonding an adhesion promoter layer to the mineral layer such that said

bonding to the mineral layer is moisture resistant; and

forming an adhesion promoter layer includes forming the adhesion
promoter layer having an adhesion promoter selected from the group consisting

of a titanate, a zironate, and an aluminate.



