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nts and strategies has evolved in the packaging industry to

Field Ohd@de Ihirgitiomt er connect densities. Nearly all have been
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one goal - reduced size. Wth few exceptions, reduced size al so

s intq |l ower cost. Thus in state of the art 15 packaaiﬁng
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the x-y dinension of the package. The issue of package 20 thickness has
been addr assedngy techni ques for thinning the wafers from which the chips
| ated. The thinning operation is performed on fully processed
ntiqg tq waf er, processed side down, on a tenporary carrier
&ggéﬂégiiéslggéiLhﬂﬁgﬁihding t he backside of the wafer. A variety

ng techni ques have been proposed and 25 used, ranging from sinple

| abr agl O i8SJebtrshils indistAPhASitMBved by consistently achieving
ever shrinking size of devices and ever greater levels of device integration,
resulting in higher interconnect densities. A steady succession of
interconnect developments and strategies has evolved in the packaging
industry to meet the demand of these high interconnect densities. Nearly
all have been aimed at one goal - reduce_d size. With few exceptions,
reduced size also translates into lower cost. Thus in state of the art
packaging, dual-in-line packages have been largely replaced by surface
mount packages, and newer developments, such as chip-on-chip (COC)and
multichip modules (MCM), are meeting the high density interconnect
demand. These and similar developments are directed toward reducing the
package area, i.e. the x-y dimension of the package. The issue of package
thickness has been addressed by techniques for thinning the wafers from
which the chips are singulated. The thinning operation is performed on
fully processed wafers by mounting the wafer, processed side down, on a
temporary carrier such as an adhesive tape and grinding the backside of
the wafer. A variety of grinding techniques have been proposed and
used, ranging from simple mechanical abrasion using, e.g., an abrasive
grinding wheel, to chemical etching and polishing techniques, and
combinations of these, e.g. chemical mechanical polishing (CMP). In a

typical wafer thinning process,



grinding wheel, to chem cal etching and polishing techni ques, and 07 APR 2004
conbi nati ons of these, e.g. chem cal nechanical polishing (CVWP). In a

typi cal wafer thinning process, 0 2 APR 2094 2 a 200 mm di anet er wafer of
conpleted ICs may be reduced froman initial thickness of 26 to 30 mls to

a final thickness of only 12 mls beforeit is renounted and diced. The

I ndi vidual 1C chips, or die, are then packaged, which may involve assenbly
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one, usually larger, chip. The term substrate refers in this context to a
support element, either active or passive, and the term chip typically refers
to a fully processed, i.e. finished, semiconductor IC device. In the

15 preferred case, all of the elements in the tile are semiconductor, typically

silicon. The substrate may also be ceramic.

In the assembly operation, the singulated die are handled through a
die mounting and bonding tool, and additional interconnections made as
needed. To withstand this additional processing without fracture, a die

20 thickness of 10 mils or greater is generally adequate. However, a die
thickness of less than 8 mils, which would otherwise be desirable for many

applications, is prohibited by the exposure to handling after thinning.

The limitation on thickness of the die applies also to a support wafer
or substrate. This limitation, 10 mils or greater, is generally accepted in
25 the industry as a norm, and tiles of less than 20 mils have not been
attainable. This constraint rules out the use of stacked chips or tiles in
several important applications, such as so-called smart cards, i.e. credit

cards with imbedded chips.

A technique for reducing the height of IC package tiles would be a




The limtation on thickness of the die applies also to a support WafermgrR 04
substrate. This l[imtation, 10 mls or greater, is generally accepted in 25
the industry as a norm and tiles of less than 20 m|s have not been
attainable. This constraint rules out the use of stacked chips or tiles in
several inportant applications, such as3so-called smart cards, i.e. credit
cards with inbedded chips. A technique for reducing the height of IC
package tpllestanial ddbenc Q theAfiRp H4agdirgieshanldgl. advance in the chip
packagi ng technol ogy. Statenent O The Invention W have devel oped a

manuf act uri ng process for producing |IC package tiles with dramatically
reduced 't Btatemeent Offibedayertietent in 5 this process is the application of
the thinning step to a finished 1C chip already flip-chip bonded to the
substrate wafe nce, no, addi tional, handling of .unpount ed ips is
ecessary, | he WATELE ARV ] R pelE PBeRo PRERHN R 166755 s,
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Description O Dra Fig. 1 is a schematicg, view of a ical IC
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i nvention A Erevati o View o on of
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thi nni ng step; an
chip can reduce the overail height of the package in some cases by half,
10 thus producing twice the device functionality for a given package area and

height.

Brief Description Of The Drawing

Fig. 1 is a schematic view of a typical |C package tile;

Fig. 2 is a view of a wafer layout showing three element tiles

15 mounted for the chip thinning operation according to the invention;
Fig. 3 is an elevation view of a portion of the wafer of Fig. Z;

Fig. 4 is a view of the portion of the wafer of Fig. 3 after the chip

thinning step; and

Figs. 5 and 6 illustrate two embodiments of IC package tiles that can

20 be processed according to the invention.

Detailed Description

With reference to Fig. 1, silicon substrate 11 is shown with devices
12 on the surface thereof. The devices may be active semiconductor

devices, such as transistors, or may be resistors or capacitors, or may be a

25 mixture of these, If the devices include active semiconductor devices a
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Figs. 5 and 6 illustrate two enbodi nents of |IC package tiles that can 20

be processed according to the invention. Detail ed Description Wth
reference to Fig. 1, silicon substrate 11 is shown with devices 12 on the
surface thereof. The devices nmay be active sem conductor devices, such as
transistors, or may be resistors or caphcitors, or may be a 25 m xture of
these. |If the devices include active sem conductor devices a 0 2 APR 2004 4
passi vat i pgssivatinmgod8ng sk s popglviinids, coess shelteviresi cAssiligornsi | i con
chip 15 is flip-chip bonded to substrate_ 11 as shown. The silico hip 15
2l's6 has aeuau bgss f-shin Rendsd §0 BHBS1581S T o SBBHAY nghe FIICARGCP! 1Xon chi p

15 is atta t.he Pg r t BM 5
18 and sof’ ﬁﬁ 'BS%ilsébﬁ'Ilé%?Fﬁ‘iﬂSﬁﬁ ﬁmggncec}s%gﬂ%fvg iﬂrﬁ' %@%gﬁgthoéJ waf er
froma wah %fls ATRAHHRCIIIIRY siitSst2de- 1 BRisiAd Bndénbsingd e eablliteomiBpyckagi ng,
the wafer may be thinned to 1 2-20 mls to reduce the package size. After

t hi nnisng, 18hand safder biusnmliboeds .o i ndi vi dual die and the die are bonded to
a substrate for 10 final assenbly. Accordingly, with reference to Fig. 1,

a typical tilewth ubs rate 11 and ch 15vm |ned
z- di mensi on ( h&NgHSYa fh‘P esg P ssefﬁ'c% Y Ws*eur fh?We S andoff which is
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hei ght wo e 1nthe range 26-45 mls. Devi ces | i ke the one shown in
Fig. 1 ar aeﬁamﬁ@ntmnem@wanremmmdtmagpaw@ﬁ sited Atiepshitoing, $héi con
substrate wafer. A typical wafer is shown in Fj 2. The |I|co waf er 21
has a | ar gesfuitbdicegfineninsiyenal Ag and f'é%dzez?’eea‘gﬂd%‘i’ T %’-ﬁj%ﬁ € 'BEcone,

aft en d' C'ﬁrr]]%! agsngBIsyt. rﬁ%:gofsoli'%\y?%i% référence to Fig. 1, a typical tile with

substrate 11 and chip 15 will have a combined z-dimension (height) of two
times 12-20 mils, plus the standoff which is typically 2-5 mils, Thus in
the technology described here the overall tile height would be in the range

26-45 mils.

15 Devices like the one shown in Fig. 1 are manufactured by bump
bonding singulated chips to a silicon substrate wafer. A typical wafer is
shown in Fig. 2. The silicon wafer 21 has a large number of chip bonding
sites 22, each of which will become, after dicing, a substrate such as 11 in
Fig. 1. Silicon chips 23 are flip-chip bonded to the chip bonding sites on

20 the substrate wafer. Fig. 2 shows two chips attached to each site. The
number may be larger, or, as in Fig. 1, a single chip may be used per site.
In some cases, some of the sites may be defective and therefore left
vacant. As indicated earlier, the substrate wafer may be a bare silicon

wafer, or may contain passive or active devices as shown in Fig. 1.

25 An elevation view of a portion of the wafer of Fig. 2 is shown in Fig.
3. The cutaway portion of wafer 21 is shown with two chip bonding sites
22. The chies are shown at 23, bump bonded to the substrate using

solder bumps 31. The dicing saw streets are shown at 32. The chips 23

may have the thickness of the original wafer. Alternatively, the chips may




Fig. 1 . Silicon chips 23 are flip-chip bonded to the chip bonding siQZzs“PBr?‘]”"
20 the substrate wafer. Fig. 2 shows two chips attached to each site. The
nunber may be larger, or, as in Fig. 1, a single chip may be used per site.
In sonme cases, sone of the sites may be defective and therefore |eft

vacant. As indicated earlier, the subst¥ate wafer nay be a bare silicon
wafer, or may contain passive or active devices as shown in Fig. 1 . 25 An

el evat i onpgitewnedd & P hiader efvel, he. Wyf ehinofnd-the fdly pratesesd iwafeirgto 3. The
cutaway portion of wafer 21 is shown with two chip bondin sig%se 22. The
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5 be thinpgd chlp tRiNRGEsnd 8YRler réfléw dberbhbRNbigbehgefditing theos@ssed
wafer, to reduce the Chip thickness to 12-20 mls. The substrate wafer may
al ready bee fromside 0o the vorfpar abiehichitbk hesksigestafi esehige as¢ t he process.

After the chip mounting and sol der refl ow operation, but before dicing the
waf er, 5 ENBOSeGrif W8IMETor TPiRSIRATS FEPTERENRIHY ?h% %’a ir%lglge 'qlﬁe chi ps
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the invemJerion, RBe Ohifs caabeb@idiidiedeloov hel ons1@.gvi 2-8 milsg. TI#s8 il s.
This reduces the overall packa%%. height, in the case described, by 4-18
mls, or 1€ducesOtheooyeratlnackeae Meightt ietpeasmPpscibeth Hadkbgentt 4'he pri or
art. The usge_ of rotectiyve filler.prior to th lNNRI_Ng . ation may be
desi r'dbl e? h%’(f‘qo% égﬁt'eaééfg“pﬁh&f%wﬁa'.‘y |Pqucé<%8§26f[@1et é@ﬁ%@l function of
an appropriate filler material to provide protection against abrading and
dicing debris, dysd 8P at Brok R fiMYFiciado GHer @ngitiRgt epdrBtioasagyidley during

desirable, and in some cases preferred. This is due to the dual function of

an appropriate filler material to provide protection against abrading and

dicing debris, and also to impart physical strength to the assembly during

15 the mechanical thinning and dicing operations. Appropriate filler materials

are described and claimed in U.S. Patent No. 5,516,728, issued May 14,

1996 to Degani et al., which patent is incorporated herein by reference for

these teachings. In general, the filler materials are essentially water

insoluble materials that can be solvent removed by polar organic solvents

20 such as methanol, ethanol, or propanol. Preferred filler materials are

rosins, or contain rosins. Rosin materials typically contain one or more

resin acidls) or derivativized resin acid{s) such as benzoic anhydride, 2-

hexadecanone, and 2,2'-biphenol. The rosin material may be applied as a

coating over the wafer and meited at a temperature of e.g. >1 20 °C to fill

25 the void spaces.

Figs. 5 and 6 present schematic representations of alternative tile
arrangements that may be used to advantage with the invention. Fig. 5

represents the embodiment where a single level of chips are flip-chip

bonded to the wafer. The wafer 51 may be passive, i.e. bare of devices,
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15 the nechanical thinning and dicing operations. Appropriate filler
materials are described and clained in U S. Patent No. 5,516, 728, issued
May 14, 1 996 to Degani et al., which patent is incorporated herein by
reference for these teachings. In general, the filler materials are
essentially water insoluble materials &hat can be sol vent renoved by pol ar
organi ¢ solvents 20 such as nethanol, ethanol, or propanol. Preferred
filler magemay Sodtath ac0sé BeMicundanbadavices; asd/oRaEvicasateth abs typical ly
contain one or nore resin acid(s) or derivativized resin acid(%? such as
benzoi c aiEBiEIPIHeCaPBCitREN RIEC aHBheubERaterd b MY BIshRIE. CerA® ¢ 0% Wa¥at eri al

may be applied as a..coating over % er - -tenperature of
e.g. > 12¢° €Y pyith %'Sttﬁ_%'\}:@%acé gsc\é%{:. ﬁl‘gé;g'ng?éahesgégéfgl esﬁt schemati ¢
repr esent gl 0en @b 1) ERiphed 'ié/?lli__p_ﬁ—bhi% mdfuhdegerentls tbhalbsiye B usied to
advantage with the i'nvention. Fig. 5 represents the enbodi nent where a

si ngl & | esdbdeobuatpgpsS3are flip-chip bonded to the wafer. The wafer 51 may
be passive, i.e. bare of devices, 0 2 APR 2004 6 or may contain active
sem conduct or devi ces, and/or. devi ces such as  resistors, ca itors, etc.
The substrate M“M‘E/f%%”%%{:@ereearﬁ E,Fe Sronawh that i’@? ;’rﬁee W'Pﬁ%ﬁgsnlest ors,
capaci t or b\l Ridne Pihig 4 BPARREAIRRA RN iBowerBR i
flip-chi pg%ﬁﬁﬁe%@??%éwyﬂog'\s{ﬁ rse?&aéj@ Sllgusi ng 5 sol dler |burrps 53. Wth
r ef er encetifeOtHitigheds. 8ubsiretd 61 Shpporishidl cigst beermitinwicehibhedydtheaccor di ng
to the invention, thereby allowing a drastic reduction in overall tile
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After t
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and the backside of the substrate 61 is thinned. An additional step of
partially singulating the substrate wafer by scribing or sawing the active
side of the substrate wafer to a depth approximately equal to the final
water thickness may be desirable. In this way the tiles can be thinned and

15 singutated in the same operation. Thus this ultra-thin tile is produced using
two iterations of the process represented by Figs. 2 and 3. This package
can be produced, using the process of the invention, with a height well
below 20 mils, even below 10 mils. If the components are thinned to 2
mils, with a 2 mil standoff between them, the overall tile thickness is 6

20 mils. Such small profile tiles are suitable for incorporation in credit cards,

or for other applications demanding slim profiles.

The thinning step of the invention may be performed by any of
several known technigues, such as mechanical grinding or laser ablation.
Apparatus for silicon wafer thinning is widely used and commercially

25 available. For example, a suitable laminator/delaminator for mounting
wafers is the NEL system available from Nitto Denso. Grinder mode! GNX-
200 Grind-X available from Okamoto can be used for the thinning

operations described here.

It will be recognized that an advantage of the invention is that the
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and t he backside of the substrate 61 is thinned. An additional step of

partially singulating the substrate wafer by scribing or sawing the active
side of the substrate wafer to a depth approxi mately equal to the final

waf er thickness may be desirable. In this way the tiles can be thinned and
15 singulated in the sane operation. Thus this ultra-thin tile is produced
using two iterations of the process represented by Figs. 2 and 3. This
package \gaferbefankcesps kahng il proseessd ofithdia amy grithing, awell.h a hei ght
well below 20 mls, even below 10 mls. If the conponents are thinned to 2
mls, withhis rretaims tlse avafef in pepReshstaedurinaeh Bding ang rUqE Geness is 6
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i
such as nmechani cg% grinding or | aser ablation. Apparatus for sili con waf er
t hi nnd ng rhsumtetbbhipds eidh @irdfisonhiainaigktap, ZEeaNaiieIra$)ItbmnEdrfr@5(athﬁ e,

sui tabl e | am nator/del am nat or for _mounting wafer syst em
avai | abl erpduatimntthickess of 25-BRdBHS fyddpr @wpg%of%ﬁ%% XTQIE Vaffébi e from

Ckarmoto can BeruSeh (0L chiie SLOBLA Opehalians wifse upsthdigre, 1t will be
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vaf ers of;fcfiate féhhﬁﬁdm\?@ el whiet iprsoenssed ko bigs, eamtﬁﬁ ohipeg at all.
This retains the wafer in a robust state duri n handl i ng and reduces the

likeli hoom‘edlhpfcrfaptruoente.@ torem@waferyubm@t& hT RISEGOSESPINHEY HeP ised, one

at the wafer |evel befor unt i flna f.the 5
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production thickness of 25-35 mils by, for exanple, 25-67% This |eaves
least 25%.

The solder bump arrangement showvn in the figures has an array of
bonding sites around the perimeter or edge of the chip. Other
arrangements are equally adapted to the invention. For example, state of

15 the art chips commonly are interconnected using area arrays, defined as
having interconnection sites in the area of the chip removed from the edge,
e.g. at least one pitch tength interior of any edge interconnection site.
This invention is applicable to chips of any configuration which can be flip-

chip bonded.

20 The chips in the assembly of the invention are completely processed
chips that are flip-chip mounted so that the backside of the chip is
presented at the final stage of processing for the essential thinning
operation. The essence of flip-chip mounting is the attachment of

completely processed semiconductor

25 IC substrates “upside down” on the interconnection substrate, i.e. a
silicon wafer or ceramic substrate. The attachment means is typically

solder, in the form of balls, pads, or bumps (generically referred to herein

as bumps). Solder bumps may be applied to the semiconductor chip, or to




the wafer and the chips singulated fromthe wafer with a thickness 02 APR 2004
adequate for handling. The wafer is singulated into chips, and the chips

are flip-chip nounted on the wafer substrate. The second thinning step is

10 then perfornmed in which the thickness of the chips is reduced further by
at | east 25% The sol der bunp arrangenmeght shown in the figures has an array
of bonding sites around the perineter or edge of the chip. O her

ar r angenetisirdecetéatiby adaptzed, ¢otd beth.nirenhé bnndifg opxatione thet at e of 15

the art chips commonly are interconnected usi ng area, arrays, éiefi ned as
havi ng i n@blpcléﬂé@@d ghcentass with tthe sypslats apeah ‘*’rre'ﬁ'g&@& Bm t he edge,

e.g. at Q ch | th i ter tion site.
This i nveFﬂ tP‘ﬁ %ﬁ‘% i %%%FE(EPB tE% 5‘9%? Qéﬁéﬂégﬁg%ﬁ%l&ﬁcﬁ%ﬁﬁ%h can be
flip- chi 8098:?@9% |s2rQecE%§aF\hter'i the énhe% RSN Yheoboldee is BeREEHON are

conpl etely procéssed chips that are flip-chip nounted so that the backside
of the chinettable pyegent@deat the final stage of processing for the
essential thinning operation. The essence of flip-chip nounting is the
attachnent of _conp Ietel{qrgrocessed seni condu ubs& tes "upside

down" on the i nNErBEHHLBIETEANRGBAY BFEe™ ypic VOQWC?E% W@ r ceranic
subst rgﬁ eBIrIm?s %tn'daﬁ\’pl il S;TBQ{} tésslsdﬂﬂh(ﬁ"’?urlny V\ﬁﬁlledlpeﬁhnidhetshl%rf orm of balls,

pads, unps” (‘gene referred to herein as bunps). Sol der bunps nmay
be appl i edolderinpedipsitiycenduetiaunthbpe beenttaed iRiSARRIIZ00AVS artte

I nt erconnection substrate, or to both. In the bonding operation, the chip

i s pl acedatoepiedt dat alminurds sabst desiiabimmatpdalsis ﬂgﬂef s GROSEEHEPEY ref | ow

the slol derhgggac?tﬁéeaﬁlhtﬁeh%dﬁg{re 1s(¥otarb%l\,§%bssélﬁé”‘rta%|e ﬁ% als&'c?éiﬁ'?ggft)ﬂlthe
aluminum contact pads, and apply the solder bump or pad to the coating.
The metal coating is typically referred to as Under B ump Metallization

(UBM}.

The metal or metals used in UBM technology must adhere well to

15 aluminum, be wettable by typical tin solder formulations, and be highly
conductive. A metallization meeting these requirements is a composite of
chromium and copper. Chromium is deposited first',: fo adhere to the
aluminum, and copper is applied over the chromium to provide a solder
wettable surface. Chromium is known to adhere well to a variety of

20 materials, organic as well as inorganic. However, solder alloys dissolve
copper and de-wet from chromium. Therefore, a thin layer of copper
directly on chromium will dissolve into the molten solder and then the
solder will de-wet from the chromium layer. To insure interface integrity
between the solder and the UBM, a composite or co-deposited layer of

25 chromium and copper is typically used between the chromium and copper

layers.

As used herein, the term bonding site is intended to refer to sites

where IC chips are ball or bump bonded to the substrate. The bonding

sites generally are provided with under bump metallization. These sites are




bonding, it is necessary that the sites to which the solder is bonded]?tAP§ 2004
wettabl e by the solder. The netal interconnection pattern typically used

for integrated circuits and flip-chip substrates is alum num Wile

techni ques for soldering directly to al um num have been tried it is well
known and accepted that alumnumis nét a desirable material to sol der.
Consequently 10 the practice in the industry is to apply a sol derable netal
coati ng opreipaeed ahurothuimecsuitsacate peafer saddheppiips that aiE MOLUNkeHB or pad to
the coating. The netal coating is typically referred to as Under Bunp

Met al | i zatheosubgtuBR)wWafdfe nmetal or netals used in UBM technol ogy must

adhere well to 15 alum num be wettable by typical tin solder

formul ati ons, d,he highly. j : i i |eBedd B9 these
requi renents i i‘ﬂs l@%&%@?é'lgﬁggﬁ%%%ﬁﬁﬁgn co%:oyé%é%wﬁ? gﬁi umis deposited

first, to,ARNR Ridifg bberd,aldudipumthaedecdppker tiksagpd dewerover the chrom um
to provide a solder wettable surface. Chromiumis known to adhere well to
a var et ycompddents.sFheaterm origter winrg RepTd gefernir §E@ dRYer, sol der

al | oys di ssol ve copper apd, de-wet. from chrom , ipn | ayer
of copper Po@idsedpf 938??95?1%% E’Ffﬁe\ﬂr'ldlar&?‘é%”@faecéjr}%n@tcé-gpﬁéﬁ%o St?ear?%s%)%er and
then the itald ci’(‘ﬁ"nte QA {rB& . CIHO HilE hd RYersolder basirer balt er f ace
i ntegri tyOEﬁdéfsarég\#I% Lnetggco dercftgnggtrhe UBM a con\gosi te or co-deposited

| ayer of BBnEBH OB Witeabdndapper thesbdarpi cakbltgrnesbeheo wedntemeedaieoni um and
copper layers. As used herein, the termbonding site is intended to refer

to sites simenpantarcenng sStEAL! or bunp bonded to the substrate. The
bonding sites generally are provided with under bunp netallization. These

Si tesloar e0Z ‘%‘ﬂg r%gg’f'rial of the chips and the preferred material for the substrate
according to the invention is semiconductor. Most typically this will be
silicon. An advantage of using silicon substrates for supporting silicon
chips is that the thermo-mechanical properties of the substrate and chip
match. Another advantage is that the metallization technology for forming

15 fine patterns of runners on the substrate is well known and is used in
making the IC chip itself. However, the invention is also applicable to
other semiconductor materials, notably 11I-V semiconductor materials such

as GaAs and InP used in lightwave devices.

Various additional modifications of this invention will occur to those
20 skilled in the art. All deviations from the specific teachings of this
specification that basically rely on the principles and their equivalents

through which the art has been advanced are properly considered within

the scope of the invention as described and claimed.




9 prepared on both the substrate wafer and the chips that are mounted baAPR 200
the substrate wafer. The | C package tile described here is typically

assenbled on a printed wiring board, usually with several other tiles and

ot her 5 conponents. The termprinted wiring board refers to standard epoxy
boards, for exanple FR4, ball grid arrdy interconnect substrates, and any

ot her suitable interconnect substrate. The tile may be sol der bunp or ball
bonded, dlalmhs:e bonded, to the board, or alternatively to an internediate
silicon interconnect substrate. 10 The material of the chips and the

preferred material for the substra according to the.i.ny i S

seni condulct ér Mavb8e fPf/;5‘?‘%ﬂi{flaWLtrH]95hﬁ/ldﬂ”cﬁeoacéﬁagreéc?r?.m&{ﬁs'%Sﬁ%tsgg%é of using
silicon Sl*bst rates for supporting silicon chips is that the

t her no- mechani cal properties of the substrate and chip nmatch. Another
advantage is that the nmetallization technology for formng 15 fine patterns
of runners on g heisehis rfunting selebskooeseardonduasedhimonnaki ng the 1C
chip itself. However, the invention is also applicable t ot her

sem conduct or sutsgratal §§idn‘iﬁfal§losﬁdpp10f\ﬁr§@t'ﬁat‘:’d“rﬁjﬁEta&ﬂ'Vﬁast'g? & esych  as

GaAs and I nP used. in |ightwave devi i j i‘m j difications of
this inventi onSW'Iclongb‘E?Hr %%V'Wﬁ)%e &%%t%{?wce%é?ﬁgﬁ%% Grt. Al deviations
fromthe specifiGsi@aehpooss aftet b AREGhibiraauhORgtdmaL basical ly rely on
the principles andcli ﬁe?'rg equi val ent s thrgugh whi ch the art has been

advanced are properly considered within the scope of the invention as
descri bed and &l ghimeicg Me2b ARRIZO0H saig Graicesductor chip.

2. The method of claim 1 wherein the said substrate is silicon.

10 3. The method of claim 2 wherein the semiconductor chip comprises

silicon.

4. The method of claim 1 wherein the semiconductor chip is mounted by

the step of solder bump bonding the semiconductor chip to the substrate.

5. The method of claim 1 wherein said substrate is a silicon wafer
15 comprising a piurality of chip bonding sites and the method is further
characterized in that at least one semiconductor chip is flip-chip bonded to

said plurality of chip bonding sites.

6. The method of claim 5 wherein active or passive devices are supported

by the substrate.
20 7. The method of claim 5 wherein the substrate contains IC devices.

8. The method of claim 5 including the additional step of applying a filler

over the substrate prior to step b.

9. A method for manufacturing |C device packages comprising the steps

of:
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1 . Amethod for manufacturing I C device packages conprising the steps
a. flip-chip nmounting at | east one sem conductor chip on a 5 substrate,
sai d sem conductor chip having an active side where semn conductor devices
are |located and a backside, with said backside exposed after said
flip-chip nmounting and, b. thinning thél backsi de of said seni conduct or
chip. 2. The nmethod of claiml1l wherein the said substrate is silicon. 10 3_
The nethod of @l aroviginghemdinalithef sbir bondingtHiescon p LHFPIAIES¥AE | i con. 4.
The nethod of claim1 wherel n the sem conductor chip is nounted by the

tep of sol der_byy th ] t . 5. Th
et hod of ¢l aitn IDRLPRARE eliernapore o e har e s B si ng-
a plurality ofpGiuing Rl adissd Rk ARMCIAICHTBE Radindobmbldien ifiyragieri zed

in that at |east ong seniconductor chip is flip-chip bonded to said
plurality of cahrquitsotibregnsites. 6. The nethod of claim5 wherein active or
passi ve devices are supported by the substrate. 20 7. The nethod of claim
5 wherein the substrate contains | C devices. 8 The nethod of claim5

i ncl udi ng the (éd@ﬂ"ﬁnlBﬁaﬂa'gtséﬁ”%‘?“%PS/FH@)Saaf"'idl | er over the substrate
prior to step b. 9. A rret hod for manufacturing I C device packages

compri Sing. ey St ipodlcia QuBsER AMMG: I pooieoy ol Aoplial Tty of chip

bonding sites 0on a 37 aresia I p bondi'ng a plurality of
sem conduct or chi ps to said. chip
10. The method of claim 9 wherein said semiconductor is silicon.

11. A method for manufacturing IC device packages comprising the steps

of:
10 a. thinning a fully processed semiconductor wafer,

b. dicing said fully processed semiconductor wafer to produce a

plurality of chips,
c. providing a plurality of chip bonding sites on a substrate,
d. flip-chip bonding said chips to said chip bonding sites,
15 e. thinning said chips, and
f. dicing said substrate to produce a plurality of tiles.

12. The method of claim 11 wherein both the semiconductor of the said

chips and the substrate are silicon.

13. The method of claim 12 including the additional step of thinning the

20 substrate.

14. The method of claim 11 including the additional step of applying a

filler over the substrate prior to step e.




bondi ng sites, said sem conductor chips having conpleted integrated 07 APR 2604
circuits thereon, 5 c¢. thinning said sem conductor chips, and d. dicing

said substrate wafer to produce a plurality of tiles. 10. The nethod of
claim9 wherein said sem conductor is silicon. 1 1 . A nethod for

manuf acturing |1 C devi ce packages conprising the steps of: 10 a. thinning a
fully processed sem conductor wafer, b. dicing said fully processed

seni conduld.o”A mtbpdifor prantifeetuingplQ gayiceypastkaghs FEMRIISingG 308 $LeRF a
plurality of chip bonding sites on a substrate, d. flip-chip bonding said
chips to said chip bonding sites, 15 e. thinning said chips, and f. dicing
said substrate to produce a plurality of tiles. 12. The nethod of claim 1l

wher ein both the SaRifPAIUS) ProisskheerdtdnabiRy watkritbecgubsttnate are
silicon. 1 3. The nmethod of" claim 12 including the additional step of

t hi nni ng the 2Gicknest radtemid WafeTbhe atdehsid2bflocl ai m 11 i ncl udi ng the
additional step of applying a filler over the substrate prior to step e. 0O

2. APR 2004 12 1 5. A nethod for manufacturing |IC device pa&k&ges
conpri si ng t he-sOEHR0 §RId Bl BFosERHed seRiteRe Bbé‘ééﬂt%@l’ﬁ’ \Wridfict or waf er
to reduce the Ij:CK i f - Q P o WA [ Yoy sai d
fully pr ocessé)clusgé'% C%g?}s%arﬁ{:gﬁ&uv\(g \év?:hﬁ)s'%%égg%gtﬁga{dﬁ& Cﬁlp@ héihﬁé%g\

active side where semiconductor devices are located, and a

backside,

c. providing a plurality of chip bonding sites on & semiconductor
10 wafer substrate, said chip bonding sites comprising under bump

metallization,

d. flip-chip bonding said semiconductor chips to said chip bonding
sites using solder bump bonds to bond the active side of said
semiconductor chips to said chip bonding sites leaving the backside

15 of said semiconductor chips exposed,

e. mounting the semiconductor wafer substrate in a grinding
apparatus with the backside of said semiconductor chips exposed

for grinding,

f. grinding the backside of said semiconductor chips to reduce the

20 thickness of said semiconductor chips by at least 25%, and

g. dicing said semiconductor wafer substrate to produce a plurality

of tiles.

16. The method of claim 15 wherein both the semiconductor chips and

the semiconductor wafer substrate comprise silicon.

25 17. The method of claim 15 including the additional step of thinning the




plurality of sem conductor chips, said sem conductor chips having an 07 APR 200
active side where sem conductor devices are |ocated, and a backside, c.
providing a plurality of chip bonding sites on a sem conductor 10 wafer
substrate, said chip bonding sites conprising under bunp netallization, d.
flip-chip bonding said sem conductor chips to said chip bonding sites

usi ng sol der bunp bonds to bond the active side of said sem conductor

chi ps to sahitoslauptdrondfgrsudistese) eavi ng t he backsi de 15 of said

sem conductor chi ps exposed, e. nounting the sem conductor wafer substrate
in a grindin apparatus with the backside of said sem c_onducgor cgi ps
exposed 18r QBM mathgd of clgim A& wherele asdersl uo §flicon; ehieg @ e 8R8dECor chi ps
to reduce, t he 28. thi ckness of said sem conductor chips by at |east 25%
and g. di & R 0%5 '(?Q% '0878\fet or wafer substrate to produce a plurality of
tiles. 16. The nethod of claim 15 wherein both the sem conductor chips and
the seni cpgdupht ©metaba of HIBET NBtie cRAMMG k56 asidlticren stéd ol pphiieg @et hod of
claim15 including the additional step of thinning the 0 2 APR 2004 13

sem cohnduiterowaftbe sudsstatatpeior 18.5tgpd. net hod of claim 15 wherein at | east
two silicon chips are bonded to each chip bonding site. 19. The nethod of
claim15 including the additional step of applying a 5 filler over the
substrate prior to step f.






