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The present invention seeks to provide improved packaged integrated circuits

and methods for producing same,

There is thus provided in accordance with a preferred embodiment of the
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JO The present invention seeks to provide inproved packaged integrated
circuits and nethods for producing sane. There is thus provided in

accor dancegmaisin@a preferred enbodi nent of the 2 WO 02/ 51%ka/eeildiasH1/ 01183
present invention a packaged integrated circuit including an integrated
circuit substrate lying in a substrate plane and having el ectrical
circuitry formed thereon, a package enclosing the integrated circuit
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substrate and defining first and second planar surfaces generally parallel to the substrate
plane and a plurality of electrical contacts, each connected to the electrical circuitry at

20 least some of the plurality of electrical contacts extending onto the first planar surface
and at least some of the plurality of electrical contacts extending onto the second planar
surface and at least one additional electrical circuit element mounted onto and supported
by the second planar surface and electrically coupled to at least one of the plurality of
electrical contacts extending therealong.

25 Further in accordance with a preferred embodiment of the present invention the
additional electrical circuit element includes an electrical component selected from the
group consisting of: passive electrical elements, light generating elements, heat
generating elements, light detecting elements, integrated circuits, hybrid circuits,
environmental sensors, radiation sensors, micromechanical sensors, mechanical

30  actuators and force sensors.

Additionally in accordance with a preferred embodiment of the present

invention the package includes at least one portion which is at least partially transparent

3



group consisting of passive electrical elenents, |ight generating el enents,
heat generating elenents, |ight detecting elenents, integrated circuits,
hybri d ci nggit/81217 envi ronnment al sensors, radi ati on sensorspciicyi@igghani ca
sensors, nechanical 30 actuators and force sensors. Additionally in
accordance with a preferred enbodi nent of the present invention the
package includes at |east one portion which is at |least partially
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chip scal e packages. Additionally in accordance wth a preferred enbodi nent
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with yet another preferred enbodi nent of he present invention a nethod
for produci ng Padheageercoriaaes witbd repietrad embedimedt pftbe present invention the

plurality of individual chip packages are chip scale packages.
Additionally in accordance with a preferred embodiment of the present
invention the package includes at least one portion which is at least partially transparent
20  to visible radiation. Alternatively the package includes at least one portion which is at
least partially transparent to infra~red radiation. .
There is also provided in accordance with yet another preferred embodiment of
the present invention a method for producing packaged integrated circuit assemblies.
The method includes producing, on a wafer scale, an integrated circuit substrate lying in
25  a substrate plane and having electrical circuitry formed thereon, providing wafer scale
packaging enclosing the integrated circuit substrate and defining first and second planar
surfaces generally parallel to the substrate plane, forming on the wafer scale packaging
a plurality of electrical contacts, each connected to the electrical circuitry, at least some
of the plurality of electrical contacts extending onto the first planar surface and at least
30  some of the plurality of electrical contacts extending onto the second planar surface,
separating the integrated circuit substrate in the wafer scale packaging into a plurality of

individual chip packages and mounting onto the at second planar surface of at least one
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The net hod includes producing, on a wafer scale, an integrated circuit
substrate lying in 25 a substrate plane and having electrical circuitry
formed t hayeomsi2py ovi di ng waf er scal e packagi ng encl osi ngpthgLd1wggr at ed
circuit substrate and defining first and second planar surfaces generally
parallel to the substrate plane, formng on the wafer scal e packaging a
plurality of electrical contacts, each connected to the electrical
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invention the additional electrical circui enent i1 ncludes an el ectrical
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el ement sy, 4 n i.n ] nts, heat. generating el enents, |.ight
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formed tdHehepreseprinvandiong neihed fos paddcingarkbaged gntegrated siinayit tisemibhieegr at ed
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packagi ngsubstrate plane and having electrical circuitry formed thereon, providing wafer scale
packaging enclosing the integrated circuit substrate and defining first and second planar
20 surfaces generally parallel to the substrate plane, forming on the wafer scale packaging
a plurality of electrical contacts, each connected to the electrical circuitry, at least some
of the plurality of electrical contacts extending onto the first planar surface and at least
some of the plurality of electrical contacts extending onto the second planar surface,
mounting onto the at second planar surface of the wafer scale packaging, at least one
25 additional electrical circuit element, the at least one additional electrical circuit element
being supported by the second planar surface and electrically coupled to at least one of
the plurality of electrical contacts extending therealong and separating the integrated
circuit substrate in the wafer scale packaging into a plurality of individual chip
packages.
30 Further in accordance with a preferred embodiment of the present invention the
additional electrical circuit element includes an electrical component selected from the

group consisting of: passive electrical elements, light generating elements, heat
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a plurality of electrical contacts, each connected to the electrical
circuitry, at least sone of the plurality of electrical contacts extending
onto the Hig@isiplzanar surface and at | east sonme of the plpgmaiLiy1ef

el ectrical contacts extending onto the second planar surface, nounting
onto the at second planar surface of the wafer scal e packagi ng, at |east
one 25 additional electrical circuit element, the at | east one additional
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sinplified illustrations of a first series of stages in the
packaged integrated circuit assemblies constructed and operative in accordance with a
preferred embodiment of the present invention;

Figs. 3A and 3B are simplified illustrations of a first series of stages in the

production of chip-scale packaged integrated circuits in accordance with a preferred
20 embodiment of the present invention;

Figs. 3C, 3D, 3E and 3F, are simplified sectional illustrations of a first series of
stages in the production of chip-scale packaged integrated circuits in accordance with a
preferred embodiment of the present invention;

Fig. 4A is a simplified pictorial illustration of an in-production packaged wafer

25  following the stage illustrated in Fig. 3F and following a first grooving stage;

Fig. 4B is a simplified ﬁictorial illustration of an in-production packaged wafer
following the stages illustrated in Figs. 3F and 4A and following a second grooving
stage;

Figs. 5A, 5B, 5C, 5D and 5E are simplified sectional illustrations taken along

30  lines VI - VI in Fig. 4A of a second series of stages in the production of chip-scale
packaged integrated circuits in accordance with a preferred embodiment of the present

invention;



production of chip-scal e packaged integrated circuits in accordance with a
preferred 20 enbodi nent of the present invention; Figs. 3C, 3D, 3E and 3F,
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a preferred enbDEHMENEDIDESORIPPICES ©F PREMEN EOEMBEDMAERPr PESCRI PTI ON OF
PREFERRED EVMBQODI MENTS 10 Reference is now nade to Fig. 1, which is a

si mpPi fi ed pi ReSeieage isInpwsmadst tiodfig.of, vehichclhiapinsplified metotialgHustiativegf at ed

circuit 1 o operative in accordance with.a preferre

erbodi met %%a‘%’ﬁ%"%‘%ar%gg‘ﬁ%g?'f‘tﬁ@&hffwaﬁ?nﬁwaf%dlan (RGEAvE  2oEPriinie é?Ylabel
embodi memtfeatdi binbediaieat & kel preftay i BRemAMSt FigCt £UiRNEOPS kel D
accordance with a preferred enbodi ment of the present invention and

i ncl ude<SMPAIENERTiof digereted Firgniy device sppsimcted end Ppeateninackyrdancstveith ed and

rechan calred 6 Ang ehet BRCYRIEH LOLSBURSY nEl IS 1l 08
5 compact, environmentally protected and mechanically strengthened packaged integrated
circuit 10, having a multiplicity of electrical contacts plated along edge surfaces and
planar surfaces thereof.
In contrast with prior art devices, such as those described in applicant's
published PCT application WO 95/19645, the packaged integrated circuit shown in Fig.
201 is characterized in that it has electrical contacts 12 extending along a first planar
surface 14 thereof and also has electrical contacts 16 extending along an oppositely -
facing second planar surface 18 thereof This arrangement enables the packaged
integrated circuit to be conveniently mounted in a stacked arrangement.
As seen in Fig. 1, the packaged integrated circuit 10 includes a plurality of
25 generally planar edge surfaces which extend non-perpendicularly with respect to planar
surfaces 14 and 18. These edge surfaces include first and second edge surfaces 20 and
22, each of which intersects the plane of a silicon substrate 24 on which is formed an

integrated circuit 26 and extends from a location slightly beyond that plane to planar

surface 14.
30 There are also provided third and fourth edge surfaces 30 and 32, each of
which intersects the plane of silicon substrate 24 and extends from a location slightly

beyond that plane to planar surface 18. There are also provided fifth and sixth edge
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pl anar surfaces thereof. In contrast with prior art devices, such as those
described in applicant's published PCT application WO 95/19645, the
packaged wategnztred circuit shown in Fig. 20 1 is charactrrizedoiss t hat it
has el ectrical contacts 12 extending along a first planar surface 14

t hereof and also has electrical contacts 16 extending al ong an oppositely
facing second planar surface 18 thereof This arrangenent enables the
packagedsurfasdselr atdet?, akitlouiof whirhlieteteonent ghant v sitivet absirlte@4SEacke]
arrangengnt . seen in Fi t he packaged integrated circuit 10 includes

1g. 1
a pl ur al 98§ SuF awzé‘ogaéﬁe‘}?am?%mﬁﬁa%éﬁsp iye oograf auEacsaOcande3d apyextends
non- per el ar ] r.agp AN : : se edge
sur f acegﬁgﬁg?ﬂldtg 41%/nra\é\%ﬁrl§aﬁgq§égg%8%%d%&e sura%lgijgés\t@%?%r\{%h%g? e@%g whi ch
i nt er secusfatdseSOpdrare, atitler sf Whobnntewestsithd plagd obsilivdr aibsiratef2dr Bech ah

integrated circuit_ 26 d. extends froma location slightly beyond that
e%‘g’F ANEPoes Ui HIFTSests arFRSPENF Ong| éuiigeﬁ?i%@dt e SHEndSour ¢ h

pl anée to
edge surth@egsm3@ pahdr 2faceagh of which intersects the plane of silicon
substrate 24 and extends froma location slightly beyond that plane to
pl anar surfacdt E®eeTHet eortras 42 sxtepd elving eespkctitehedradudaoes R0ende?2 ahdWO

02/51217 PCT/1L01/Q1l1 surfaces 40 and 42, neither of ich intersects
the pl anoé]t%ﬁ){aélﬁ P %egﬁ%%$%énfj?°tlﬁ%@@ﬁ°8?a°f &d‘éee@ﬁf» Pgé’éé\énﬁg Xirgdng

| nt er seqtsin aillRRRGBLAHE 28 R phYE iRGEST 301006, 3erihd: 8XItERHS6 ddigiqef rom to
pl anar surface 14. There are additionally provided seventh and ei ghth edge

sur flece !B rapect e edgsisutfaces 30 andideani ontr glentrsutthe 1 @mlarein dedtrican

substr at 4, ch _of d urfacgs 50. and i ntersects a _respective one
of "sur  aoBetoRE e o Y A R Pl BB A S P R 1 s
seen that contREdndelisahenaddodrigs. 1228 e hhd/ eCedaRhSHE biaGTied Picdbdal22 and
onto planar surface 14 and are in electrical contact with edges of pads 60

ext endi ABustrafigRs of threestramplss of packaged infeerdied piramieasserablisiconsimictedadngo seen
that cory Fatti%ejrfa%hgagg% glvghg' ?&&réaegxﬁ&g ilng fgfdtggﬁfeéé%tqges 30 and 32 and

onto pl anar surtace e Irn electrica V\Yetnﬁog'dges of pads 62
ext éddi ng frorhigi 2Acitinstsasdsss ratleagdd integtabel pirarie 70 axeef mouleld ememee i s now

made to Figs. Z{A nd 2C, which are sinplified pictorial illustrations
of thr eéﬂ%}géér?ﬁr aee é? tgsféRégaealur%% Ather elericigrk dadesnbiGhess d¥pgRkadct ed and
circuits 78 and 74. It is seen that, for example, integrated circuit 74 electrically engages
a pair of contacts 76 formed on planar surface 72, while integrated circuit 78 electrically
engages six contacts 76 formed on planar surface 72.
20 Fig. 2B illustrates a packaged integrated circuit 80 having mounted onto a
planar surface 82 thereof, a plurality of other electrical devices, such as four integrated
circuits 84. It is seen that, for example, integrated circuits 84 each electrically engage a
pair of contacts 86 formed on planar surface 82.
Fig. 2C illustrates a pair of packaged integrated circuits 90 and 92 mounted in a
25  stacked arrangement, wherein contacts 94 of integrated circuit 92 are in electrical
contact with corresponding contacts 96 of integrated circuit 90. It is appreciated that
stacks having more than two integrated circuits of this type may be provided and that
the integrated circuits need not be stacked in registration with each other, thus providing
branched stacks.
30 Reference is now made to Figs. 3A, 3B, 3C, 3D, 3E and 3F, which are
simplified pictorial and sectional illustrations of a first series of stages in the production

of chip-scale packaged integrated circuits in accordance with a preferred embodiment of
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operative in accordance wth a preferred enbodi nent of the present
invention. 15 Fig. 2A illustrates a packaged integrated circuit 70 having
nount ed owiogn21219! anar surface 72 thereof, a plurality of petingbhyehgstri cal
devices, such as integrated circuits 78 and 74. It is seen that, for
exanple, integrated circuit 74 electrically engages a pair of contacts 76
formed on planar surface 72, while integrated circuit 78 electrically
engages thé ¥reeitidfeh8o {6 forned on planar surface 72. 20 Fig. 2B illustrates
a packaged integrated circuit 80 having nmounted onto a planar surface 82
t hereof, a pl dnactergansfe wither prefeectrdndaidirdenti afethe pseseht asedtul ahdtaegr at ed
cjrcuits 84 each

circuits lt. 18 S at , for exanple, inteqgrate ,

el ectri ég$§%9ateéjnﬁlalglgs':f£’p%$| And e Cﬁ%ﬁf’%{% HHCHP, 161 v asar PeAlitneé 2.
Fig. 2Cfidisheatdiad 5 forpadd thefeoRdGKAAOEhHIRARERERTiECesCHY Giided P Gtsandy92
nmounted in a 25 stacked arrangenent, wherein contacts 94 of i1ntegrated

circdit 9¥aek &2 fp &l rselertivainsuleting sever wilath 186rviespleyti 1§ obertcagt $he6 of

i nt egr at; j.£.CUi | - eciated that stacks having nore than two
i nt egr atlg léci!nrgc%l%\{eg%gﬁtet 2|6s§ytp %gg'n%%r/npﬁléesprg ¥ B %n GARARLE Ot HY Pﬁ’teégr at ed
ci r cui t sunade imsolatibe ssbstake Gid 13 A BRIESAtEAIHe QRitM hidnBReRaclRhs of S

provi di gﬁﬁebranched stacks., 30 Reference is now made to Figs. 3A, 3B, 3C

3D, 3E 380 apghvakeral2d, Fig AP illpsteatesgne fionl placement sad Fig34) shomisube r at i ons

of a finghdser f st in the production of chip-scale packaged
i ntegrate cFr”l(l:%??cglolrl%l lggggafcgg'nce with a preferred enbodi nent of 8 WO

02/ 890217 PCT/ Mk81b0& B3 e IDbangyr BsEpique BY GRisp@Rnt bAmag 6OCERAGEMIdtd &
preferred epbodi nent of the present invention, and as illustrated in Figs.

3A, 3B dNQTECIRCRTHSI AePesiral EUAT wilfeanatively, mdishrejc ar pplared] spegirabfiltef i ni shed
0 & oA M RIS A PYnC ANNERL BRRLVESIRINANCS. 13 RN Al ver 56 uf

5 surface 124 to a protective insu over plate 126 via a |layer 128 of
epoxy. The i dsul Fipremated it qettainestdiR6int yipi waldntioaainfibiisaiongbsEconuart z,
sapphire aqr ot her .. suitable insul ative substrate. Fig. 3A illustrates
the ini oradf mﬁl&y ﬁrﬁlﬁwaéﬁaﬁ”(he&ffﬂe &5 IS pised & aoweréaTge Weittethe P2esenti g 3B
sect onal 1 1St rar on Aorpae a0asonbr v BN bie AR Mg b8 < par ent
or nmay WBEngpEenésvas batlnmethl coating.
The complete silicon wafer 120 may be formed with an integral color filter
array by conventional lithography techniques at any suitable location therein. Prior to
the bonding step of Figs. 3A, 3B & 3C, a filter may be formed and configured by
20 conventional techniques over the cover plate 126, such that the filter plane lies between
cover plate 126 and the epoxy layer 128.
Following the bonding step described hereinabove, the silicon wafer 120 is
preferably ground down to a decreased thickness, typically 100 microns, as shown in
Fig. 3D. This reduction in wafer thickness is enabled by the additional mechanical
25 strength provided by the bonding thereof of the insulating cover plate 126.
Following the reduction in thickness of the wafer, which is optional, the wafer
is etched, using a photolithography process, along its back surface along predetermined
dice lines which separate the individual dies. Etched channels 130 are thus produced,
which extend entirely through the thickness of the silicon substrate, typically 100
30 microns thick. The etched wafer is shown in Fig. 3E.

The aforementioned etching typically takes place in conventional silicon

etching solution, such as a combination of 2.5% hydrofluoric acid, 50% nitric acid, 10%
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in order to operate as a spectral filter. Alternatively, a dichroic or
col ored spectral filter may be forned on at |east one surface of the cover

pl ate 126wd ¢2/s1817appreci ated that certain steps in the compeanibhpnass
fabrication of silicon wafer 120 nay be elim nated when the wafer is used

in accordance with the present 15 invention. These steps include the
provi si on of via openings above pads, wafer back grinding and wafer back

metal cQadtidghid Iﬁtﬁ:?@%){v@fe? S A4 ©ocalk %ﬁlc%ﬁcqo%ytot%ﬁe E’gfd ec(1: V\frzll?gl‘ gg

i ntegral col or | ter array by conventiona i thograp gues at any
sui t abl @hd>\matF1gnaEher ein. Prior to the bonding step of Fi gs. 3A 3B & 3C,

a filter nd..configured by 20.conventio t echni over
the cover pI at ﬁe%u@ﬁ silfpen ettglé‘% it§ f‘é’ urg) lté(n‘g" Slep%rétege‘L%éArp cg 8 pl ate
126 and vithen aramws érmroflcﬁi%knéielor%drqobHﬁcr’aﬁpdl ng step descri bed

her ei nabove, the silicon wafer 120 is preferably ground down to a

decreased t hi dérsegsin Elgpﬂ%é@lﬂwlﬁgﬂh@ﬁlb@mchlag asteowwt insulatffiggpackdgingrhi s
tional mechanji.cal 25

reducti vafe | ed t.he. add]

st rengt(rg er gl\f'r dedbcbndlgti nar ng ’]ﬁ r%loith ormli3 rhere éﬁpﬁ?ﬁltﬁg c’&?‘afm?ﬁ ate 126.
Fol | owi rpgcl{alg&xgrleymdtZBOA [ayert lidcksps sy Obs béieewiiRdiesMuCihdi tBe QRE o8I, the
wafer is etched, using.a hotolltho%raphy process, along its back surface

al ong prBHEPRNNire@lls @iedréter&tlﬁ%%dﬁrﬁrﬂeé y%ﬁab@mh&prhﬁwmm% di%e¥n Et ched

i oknect ol TRECH{E RO LHRGHne MVef DLERRT IngGokSbuof Bhals il e

et ched wahgrardns is Inlmm:lwmnFBgectﬁEwa'Fblﬁmdﬁ ofueheR! thenasibRt eRidband YPitkal | y
t akes pl a},ce ci) %gggnti onal silicon etching sol ut i on, such as a
conbi natMEReoVaye hydrof l uoric acid, 50%nitric aci d, 10% 9 WD 02/51217

PCT LLOL/ 1183y, aghiien A8 flo ANl i 35Sk 89 A% W0 ShER PRy RiAL oom dovn

to the field oxi ayer own I n e resu &ilicon
et chi ng packaging| layabllaﬁ afd ‘s@pasr ﬁtmdp&ﬂhlﬂsj &&Oalo@@thhes)fwo Whinghalong tdes
silicon.of thi ﬁﬁness of abo seen in Fi 3F, follow ng

the si | FEERISSATHED @J@@@dﬁ nggls‘)ﬁék&]@fl&@he Putliags %41 lpglionded
oversther greeﬁackﬁgadqm %hﬁecﬁbr@@aﬁshﬁﬁ?ﬂ&%eﬁﬁﬂaﬁ%fn%? 150 fen&'fgfgegi &9h t (‘E gi ng

| ayer 126. A | ayer epoxy lies between the di%es and t ayer 142
edges of the dies along the notches are distanced from the outer extent of the silicon 140
by at least a distance d, as shown in Fig. 3F.

It is noted that partial cutting of the sandwich of Fig. 3F along lines 150
exposes edges of a multiplicity of pads on the silicon wafer 120, which pad edges, when
20 so exposed, define contact surfaces on dies 140. These contact surfaces are in electrical
contact with the contacté, such as contacts 12 or 16 shown in Fig. 1 and are designated
in Fig. 1 by reference numerals 60 or 62 respectively.
It is a particular feature of the present invention that notches are formed in the
sandwich of Fig. 3F in a grid pattern, wherein notches in a first direction are formed
25 inwardly from a first planar surface of the sandwich and cut through the plane of the
active surface of silicon substrate 120 and notches in a second direction, orthogonal to
the first direction are formed inwardly from a second planar surface of the sandwich,
parallel to the first planar surface and opposite thereto, and also cut through the plane of
the active surface of silicon substrate 120.
30 Fig. 4A illustrates notching of the sandwich of Fig. 3F, producing notches 180
which extend typically inwardly from substrate 142 and engaging a plane 160 of the

active surface of silicon substrate 120. Fig. 4B illustrates notching of the sandwich of
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and epoxy also fills the interstices defined by etched channels 130 between
dies 140. In certain applications, the packaging | ayer 142 and the epoxy

| ayer l1l44ware/seoit7h 10 transparent in the rel evant spectralporavebansts, such
as, the visible waveband or the infrared waveband. The sandw ch of the
etched wafer 120 and the first and second insul ating packaging |ayers 126
and 142 is then partially cut along lines 150, lying along the interstices
bet ween Faglj &% gnbdutiies ndtditest1d 1 defindey frotncduesirat ane. Tt heseon tid: fesncthe

plurality. 15 of e- packaged integrated circuits, It is noted that |ines

150 are léél‘gc@%‘d‘% G’(’Sf?ng RetPendigulagdy g gotshes kD af Bigsatdify 4Brandibelchtd are

di st anceg:dh.0msdé hei Péjl}:ﬁiss ﬁﬁ(&ggrﬂtrplgje idoe silicon 140 by at |east a distance
[ [t 1 '

d, as shown in Fig. 3F oted that partial cutting of the sandw ch of
Fi g. 3F al ong RéferescelBhovexrpds es Fegbgéa, 6B, &Nl ®pEE oitiiyh afe gagdified t he

silicon fer 0, whi ad edges n _.20 so exposed, define contact
s:Jr:‘ ceseYiPna] é@s‘}i[%tﬁnls %I‘@E égé‘%g‘?‘ﬁﬁy %\@remfd%sﬂ“%ﬁ i‘gesewétw iehie. 6Brﬂfgict with
the contagbsnd SHH 08StaEQTh AR Srokidei®in JEer3NoWTe E&klcf%%ymgelg?ﬁgds @ig& dggi gnat ed

in Fig. I by reference nunerals 60 or 62 respectiv |5art|cul ar
f eat ur e ag¢ordpcepyidse prefarredentbiodimanty af theqireseesingemionor ned in the sandwi ch

f Fig. 3F i i d pattern, wher.ei tches. i first directi
Pormed 25 | midsa 5y F St Ehehip EPRERE REARL AR o e oo Birdta oo
t hrough idre cpladipehaf intilg ATkhy/giesund ase pids 5127 &GHNIFHORWaRlE tHetébrand

notches in a second direction, orthogonal to the first direction are
forrdd ithealeasyiof (Biss oA aadAB) pl keamaining strectufal etemengmsheivahin FigadBl | el to

the fir L ARAL, ite theretq, and al so cut through the
pl ane ofs(ltre it%ﬁelacdt%{ehggglﬁ? geg%elg‘%p@ﬁ?rg%ﬁng%é& ate 120. 30 Fig. 4A

I Il ustrates ndtighiBghooss thduentaasdsd ¢iusehtedii@FigdBA. pr oduci ng not ches 180
whi ch extend "tgypi cally inwardly from substrate 142 and engagi ngiTa BI ane 160
of the activd&ur® dbstBiessy Presesieds Grnse sagteonab gonfigugatioppof kinedelr 488s

not chi n S i 0 402/ 51217, PCT/ 1L01/01183..F..g. 4A,
pr oduci grj&jnuc?%?ﬁj sﬁi}g%ﬂf E‘\l/\tgﬁ%lla% dfe%rlﬁoe g uBEE P& &e1 FecOnnpctio ?ggnh%hél ‘t he

not dhes VetBdal dihedi g indBatxhe derpertipanditbathetch Y80 evithah€ bas 18O definifzgs. 4A &
4B and t hat aoth. not c&;es 180 a%d 1}31Vpa,ss t hrough plane 160. Reference is
now mad&XPeeEsgeionshpadsyrtages 625gig BEVigHicehlingsel % iagicpieithe) location of a

subsequent final cut which separates the dies into individual integrated circuits at a later
stage.
Fig. 5D illustrates the formation of metal contacts 16 (Fig. 1) along the edges

20 30 and 32 and part of the surface 18 (Fig. 1). These contacts, which may be formed by
any suitable metal deposition technique, are seen to extend inside notch 180, thus
establishing electrical contact with surfaces 62 of pads 172.

It is noted that metal contacts are formed onto the dies in electrical contact with
surfaces 62 of pads 172 without first separating the dies into individual chips.

25 Fig. SE illustrates subsequent dicing of the individual dies on the wafer, along
the lines 184, subsequent to metal contact formation thereon, into individual pre-
packaged integrated circuit devices.

Reference is now made to Figs. 6A, 6B, 6C, 6D and 6E, which are simplified
sectional illustrations taken along lines V - V in Fig. 4B of the second series of stages in

30  the production of chip-scale packaged integrated circuits in accordance with a preferred
embodiment of the present invention.

Fig. 6A is a sectional illustration of the sandwich of Fig. 3F, which illustrates
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5 sectional illustrations taken along lines V- Vin Fig. 4A and lines VI -
VI in Fig. 4B of a second series of stages in the production of chip-scale
packaged iwoegset®ed circuits in accordance with a preferredremiodissent of
the present invention. Fig. 5A is a sectional illustration of the sandw ch
of Fig. 3F, which illustrates nore clearly than in Fig. 3F, the dies 140
and pads 172 extending outwardly thereof in 10 the plane 160 (Figs. 4A and

4B) . Themoemadaniyrijars i Figt BiF,athe dlesrmetsd gRqads 272 Exigndidoutnedly edrpdoff i ed by
t he sanme referenc n&rrerals in Fig. 5A. Fig. 5B.shows the notches 180
i |l ustrafée P nﬁulgo 18 AAPndsAB) | i %@F?l%}i%@eraewwaértpéae éllf%@n%él@PBonal

confi gurghitRNe@dnd@p Rl ¢ 184 rglthgﬁilﬁ&egfrpc)ﬁirgﬁ& nltyfff#{%ﬁ '“Migz grl bed

her ei nabove in connectl on wth Fi 1 ca nes | cate the
i nt er sectiérgrfiedfoytthe sato¢ cifere 8 marmehralls reFigada. 172, defi ning exposed sect i onal

pad surfaces (Fig. 1 Vertical |ines 4 indicate the location of a
subsequent fi (rsfjg {%?h%%@ﬁ ﬁle‘bustt’??éecé‘i“géglﬁo i ndi vi dual integrated
circuits at a fiat ¢ i118t@0es aFhferelP d i50 t al
contacts 16 (Fllg. 1) al ongstaﬂ)e eerggs YMZSBS%% @ﬁaﬁ; EQ %tg&pg?t %é‘ta{ hg‘?surface

18 (Fig. prQ§UGe¢HBsear¢1@HY aottsg whideteried hbeifabove dn lnynneangfn swiht Bigl etBret al
deposi ti en to extend. insi

establis ?rﬁaa ne‘ecs,'??l‘r<t|§ clggw&)enﬁ’ﬁdf“eﬁeftﬁonsEuﬁhﬁc%‘gq%éggfw%alsolzf%hgﬁmf’% not ed

that met@bogdieatdrtl i sh@i0¥ed0 OPi0 13, Neerild £ $inkd 2@ ﬁfatcrate%é I&ARbR6E W T h
surfaces 62 of pads 172 without first separating the dies into individual

chi pd. 2mbssagentsmal putykhickh seppraiemibe dise mnto didividyalafitegtated aindiriss dusalatedi es on
the wafeg, . .along the lines 184, subsequent to netal contact formation
t her eon, 1%t 0 i ndi vi dual pre- packaged integrated circuit devices.

Reference is riiy 6Mmdiust@tdsitys forBAtioB Bf nfal c6RaaBd 2GEig. théhgaﬁeee@gegpl i fied
sectional illustrations taken al o@q lines V- Vin Fi of the second
18.

series of? dxgednd part ghthersariasenbudiie on- Bhesemvptagtsawblcgm rined Byr at ed
Circuits bn%ﬁtﬁﬁlgr% £ Qiepbdif @t&:rhﬁfcqﬁ red se% ext n%t L in 1d§a1}1§clpggigﬁ;[ulgi 9. 3F

i nvention i's a sectlona ’I ustra
whi dbfy i IdstmbhsMgslectm:al\A@n&Zt &itﬁlsirfﬂﬁa'babﬂﬁddélzﬂ% nore clearly than in Fig.
3F, the dies ]It41% nao[[]e% that mgtafjgon%Jc%s eﬁ—é%&&%‘d %%tootlﬂg \évﬁars ?rll glegtrrllcal contact with
surfaces 60 of pads 272 without first separating the dies into individual chips.
Fig. 6E illustrates subsequent dicing of the individual dies on the wafer,
subsequent to metal contact formation thereon, into individual pre-packaged integrated
20 circuit devices.
Reference is now made to Figs. 7A and 7B, which together illustrate apparatus
and methodologies for producing integrated circuit devices in accordance with a
preferred embodiment of the present invention. A conventional wafer fabrication
facility 380 provides complete wafers 120 (Fig. 3A). Individual wafers 120 are bonded
25  on their active surfaces to protective layers, such as glass layers 126 (Fig. 3A), using
epoxy 128 (Fig. 3C), by bonding apparatus 382, preferably having facilities for rotation
of the wafer 120, the layer 126 and the epoxy 128 so as to obtain even distribution of
the epoxy.
The bonded wafer 121 (Fig. 3C) is thinned (Fig. 3D) at its non-active surface
30 as by grinding apparatus 384, such as Model 32BTGW using 12.5A abrasive, which is
commercially available from Speedfam Machines Co. Ltd. of England.

The wafer 121 is then etched at its non-active surface, preferably by
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in the plane 160 (Figs. 4A and 4B) in directions perpendicular to the
directions along which extend pads 172. The remai ning structural elenents
shown in Rvgo2/81are identified by the same reference nunecaiikiionisdi g. 6A.
5 Fig. 6B shows the notches 181 illustrated in Fig. 4B. Fig, 6Cillustrates
a preferred cross sectional configuration of a notch 181 produced by
partially cutting as described hereinabove in connection wth Fig. 4B.

Ver ti cal Photaéthoggphy,nelichate by hesingteensetivhan sgifi-cobied nsoebredis] whith ipads
272, defining. . 0S sectignal, pad ,surfaces 60 (Fig. 1). Vertical |ines
284 i ndi ¢a g%fﬂﬁi(y]loac}' ﬁ%ilﬁ 08?ﬁae%gélﬂg%réaﬁgfﬁﬂgfiFSr‘\&fFaU@HtA@\ﬁ?% separates the
di es into indi Theypdtordd r J i I I

illustrates the fgr mat i %ﬁgolﬁté%gatby ﬁ%%%gpcc%d ?&a%&?tél?le%@%%%%sgﬁgsrye&e%jges 20
and 22 aA®-pach asfa Kne Swws Medel KSNIBi6g thrayeh T Hielesramiyt matls 386wo clefin@y be

formed b i .ret.al deposition technique, are seen to extend
i nsi de ngttcgﬁd]%}ﬁ‘?é]% ﬁ%&%?@st ablishing electrical contact with surfaces 60

of pads 272. | Thé phevotestt ishiben MRVEbp&PR 2QbFel it oM thRMhBw i@ alhfs in
with surfaces 60 of pads 272 without first separating

el ectrical , contact v o . '
the di es®itht “ieﬁélie@i“bléaslm@ﬁi% Sqgon 338 jochigd tir attemperabseguenilleditming  of

t he i ndi yi L : subsequent t.o tal .,contact, formation
ther eon, "1t T d ot auar o Shmsm P AR P arece VB LG RN fonchadh AL,
Ref er encen VEHR®Wimatieort tkriof svhidthaendantBactivell &F Wagstier of iHeuskrat @

appa{ tus . aﬁpd met hodol ogi es for producing integrated circuit devices in
accor'dan¥Bae FOBVEnHeRA of HeRn ciefdes riettionf ist AsofpimesSilicon natetnt vbich 2§

convent i r j i Qp: i L 380 proyid onplete wafers 120
(P g, el e Pile #ink gy g ToknaR0aR TR O EndioE Frcmilff fces 1o
pr ot ect | vevealyewrly rissaiefes eghings Thaysnsing 2hédivgfer I howtSinGg, FPOXY 128
(Fig. 30, by ndi n‘%lap%%at us 382, preferably having facilities for
rotation of tHAECTRATSYY: $oploregring Hebehemieal siehitentep pyyyberreplages bisdtyo obt ai n
even di s lﬁglhygécgi@gpf t he epoxy. The bonded wafer 121 (Fig. 3C) is thinned
(Fig. 3D§) at its non-active surface 30 as by grinding apparatus 384, such
as Model 32BTANweiheg wafesh bdndadionehe whi-attivesside mmmmitiérairbyectieiayabl e from

ﬁgﬁ?gi?m\%ﬂaﬁéﬁh ?&gdzrégcgp&alg%ngsr %%f 97&/":?8431' %@9 'be-lt;gs%ntla [yetrhels%r%lelass zfpggrgtues'\%%g? '93 at 1ts
produce a doubly bonded wafer sandwich 393 as shown in Fig. 3F.
Notching apparatus 394 initially partially cuts the bonded wafer sandwich 393
of Fig. 3F inwardly from layer 142 to a configuration shown in Fig. 4A including
20 notches 180 (Fig. 4A).
Notching apparatus 394 thereafter partially cuts the bonded wafer sandwich
393 of Fig. 3F inwardly from layer 126 to a configuration shown in Fig. 4B including
notches 180 and 181 (Fig. 4B) and cuts the bonded wafer sandwich 393 of Fig. 3F
inwardly from layer 142 a configuration shown in Fig. 4B including notches 180 and
25 181 (Fig. 4B), extending mutually non-collinear and normally mutually perpendicular to
each other.
The notched wafer 393 is then subjected to anti-corrosion treatment in a bath
396, containing a chromating solution 398, such as described in any of the following
U.S. Patents: 2,507,956; 2,851,385 and 2,796,370, the disclosure of which is hereby
30 incorporated by reference.
Conductive layer deposition apparatus 400, which operates by vacuum

deposition techniques, such as a Model 903M sputtering machine manufactured by

13



12 WO 02/51217 PCT/ 1L01/ 01183 photolithography, such as by using
conventional spin-coated photoresist, which is comercially available from
Hoechst, widersiithe brand desi gnati on AZ 4562. The phot or esicatrLbBomgef er abl y
mask exposed by a suitable UV exposure system 385, such as a Karl Suss
Model KSMAG6, through a lithography nask 386 to define 5 etched channels
130 (Fig. 3E). The photoresist is then developed in a devel opnent bath (not

shown) , ~Makethl Rasehréheprpot&dE @f e 1@ S5A | iCORbIST&N k dina
tenperature control | ed ggth 390. Conmerci al I%}/ a\(;z) dgb%ge%%gl?%l{réén?gfor this

pur pose Iitallrden suctkeasidleeR andt 18 aﬁGaCfadleWWeowafe:ruhsaslmwrbm Rigofl o ch are

manuf act yy, e bI e.cgonventi onal
silicon g‘t Eg%l ng Qs[\gq ga?le%)ﬂ&lzéz g&?oo ea% (fﬁé)gﬁl ?‘ﬁﬂ”}g iormerci ally

avail able fr orrCMlﬁgLoaﬂldmagE cdeedinediggy2 ahd. 160is ﬁ@%@ﬂdﬁl T'['elsv\@afrﬁéd bt
ri nsed after etchln The resulting etcﬁe wafer 1s shown in

t
E?SV EI Sr%f I 4vi Wakng, conysatignsf é@éﬁfﬂ@e%ﬁtﬂeé mljlﬁi%%lst eviinh mgcmmprcmiw be
repl acedaRYlaBlicYfrom! BSPB,:SHG0! B bhrd T eeﬁﬁlggg%g%g%r% s %’dgglgg{] él%eng 392,

non-active side to another protective
whi ch nmayrabé ressemiaglal IThet preotsrasis asam:pmarat e 3'8férs i a plﬁ(ﬁdlté@l@t aaghoubl y

bonded waf er dwi ch 393 as shown 3F.. Notchi ng apparatus 394
initially pa P@aﬁ{q WGk, f5g Cmﬂ% Hé}ﬂal%éreefgo@mw%w Sodey.of Fig. 3F inwardly

fromlayer 142Tho ﬁotggygn 99/\&1 4 n 0,Rpt ches
180 (Fig. 4A). PChI ng Sa:c;)kg[farréﬁaetk%’2y gg d UFé gogr %‘(?%ﬂé#ﬂ}e %ﬁ%e%n 3 ge)? bonded

waf el0 saWhIthlhay :Egadcmoﬁl tn s@Eem BRAr dklylgfmmsﬂn; I4@\5efnd1% toodéfineOfififabler at i on

shown in Fl udl n not ches 18 (Fl . 4B) and cuts the
bonded wa%l ﬁ god?sqzllsgthe%ﬁev me*ghm ey BPrFPPIBiﬁ@Fh 4072 apd then

conf i guraﬁhédnxnsil@ﬁﬂﬂallé‘ich's&ut16’tB4®8"%dd€Edn91 ﬁp%ﬁﬂlﬂ ﬁ{)4?@d£h8558130§{ ug J- 4B),

extendi ng nutual |y non-collinear and nor nal 'y perp ar to
each ot r@mduqtﬁécm”wm@nmﬂeats tBgFhpwntihEig. slubj ected to anti - cor rosi on

L8 TEn | AL 0% PG 2 ST ATRLRS, S 0 380 Sugh o
2, 796, 3freferdidy Gly Ssld¢d@lyse phktinappdratus {h@,r ®Mh is commercially available from
Okuno of Japan.
The wafer is then diced into individual pre-packaged integrated circuit devices.
Preferably the dicing blade 414 is a diamond resinoid blade of thickness 4 - 12 mils.
The resulting dies appear as illustrated generally in Fig. 1.
20 It will be appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather the
scope of the present invention includes both combinations and subcombinations of the
various features described hereinabove as well as variations and modifications which

would occur to persons skilled in the art upon reading the specification and which are

25  notin the prior art.
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30 incorporated by reference. Conductive | ayer deposition apparatus 400,
whi ch operates by vacuum deposition techniques, such as a Mddel 903M
sputteri ngg@ahrine manuf actured by 13 WO 02/51217 PCT/ 1LG@H11idBd1sivat eri al
Research Corporation of the U S. A, is enployed to produce a conductive

| ayer initially on surfaces 30, 32 and 18 of each die of the wafer as
shown in Fig. 1 and thereafter on surfaces 20, 22 and 14 of each die of
the wafer as shown in Fig. 1. Con{gur@aiien of contact strips 12 and 16 as
shown in Fig. 1, is carried out 5 pref erably by using conventional

el ectro-deposited photoresist, which is coomercially avail able from DuPont

under t br and n C or. from Shi pl ey, under the brand nane
Eagl e. ;hhe phdAtB? %ff‘%%%’r%tsiﬂr%t R E 8wt ers in a photoresist bath

assenbly 402 whiigRotaSed SRR itdlrhtk I?ﬁg'lﬁaabiu%stfrﬁt@rplﬂépﬁﬂthanTng%b&}IEM The
photoresist is pref’erably light configured by a UV exposure system 404, 10

whi cR mefjrepidry faened dareonp syst em 385, usi ng masks 405 and 406 to define

sui tabl e etchln atterns. The hotor si.st.is.then dev ed.in a

devel opnent bt %&)fgg,e IHES PR R BEEES Cﬁcﬁtnsélpéqratgta@ﬁ @%Onﬁ}gl BFt 488 1 ocat ed
in an etsetyndglbat burfddls séhvaslyseuididhi@suRaRQULLRSE 260Nf i guration such as
that shown in Fig. 1. The exposed conductive strips 12 and 16 shown in Fig.

1 are then pl dtierality gf elﬁéqr@ﬁla@rya%gf eé¢he@cvrrr@|:r@§sto;fmlt ¢In@rlaqépap@z¢rusat412
whi ch
ich i Ssa@%h% laln aq\{@ds ?&t@of L0 g#g;&g g ect]rﬁgﬁcc%nt%pts ev%g%d?ng g}stgf erably

diced into I VI pre- Circui evi

t he 18i cisaig ﬁfmdﬂaﬁhiélsulrﬁaca aﬂldaammdstr mnm@ifdsatd aliealfy bhietdetess céntacth2 ml's.
The resultl di es pear illustrated generally in Fig. 1. 20 It will be
appr eci &g ‘g‘ﬂ §,‘3°§R‘ii Pfaé he art that the present invention is

not limted by V\/nat has been parti cularly shown and descri bed herei nabove.
Rat her the scope of the present invention includes both conbinations and
subconbitat i orspafkagdieintagaated usciiteatomles; Wedadm beet Waerelnabhbyrkage el | as
variations.and nodjfications which would occur to persons skilled in the
art uporf PPk S peci fi cati on and which are 25 not in the prior art.
14 15

3. A packaged integrated circuit according to claim 1 and wherein said package

includes at least one portion which is at least partially transparent to visible radiation.

4. A packaged integrated circuit according to claim 1 and wherein said package

20 includes at least one portion which is at least partially transparent to infra-red radiation.

5. A packaged integrated circuit according to claim 2 and wheréin said package

includes at least one portion which is at least partially transparent to visible radiation.

25 6. A packaged integrated circuit according to claim 2 and wherein said package

includes at least one portion which is at least partially transparent to infra-red radiation.

7. A packaged integrated circuit assembly comprising;
a packaged integrated circuit including an integrated circuit substrate lying in a
30  substrate plane and having electrical circuitry formed thereon, a package enclosing said
integrated circuit substrate and defining first and second planar surfaces generally

parallel to said substrate plane and a plurality of electrical contacts, each connected to

15



WO 02/51217 PCT/1LOL/ 01183 CLAIMS 1. A packaged integrated circuit
conprising: an integrated circuit substrate lying in a substrate plane and

having elaetgsgaly 5 circuitry formed thereon; a package egra®@sisgssai d
integrated circuit substrate and defining first and second planar surfaces
generally parallel to said substrate plane; and a plurality of electrical
contacts, each connected to said electrical circuitry at said substrate

pl ane, asait ekstricaboicuifry saiichsphdmh@br baid Hurgli§Csir di6@kcQAUBhBeS i ng
onto 10 said, first planar surface and f?{l Ietggt sorrelcof saicfeﬁfetj{rdg{éﬁty of

el ect ri caMOcHitt Hest glanas sustrgr ragd itlerst aprie 96 soid cplwiatityaof slectiageconfactsA

packaged.iBtLQ¥ Gl it |ng.to claiml and wherein said package
is a ch?p-sca“f gﬁtgg? asé(gc%hdlpéﬁ%?%k?%gtingged integrated circuit according to

claim1 and wharleishoseaddiparkalgericalnglouit snitht Heaskd OAR BALpRAdpch is at
| east, partiall % transparent to visible radiation. 4. A packaged integrated
circult SAESFONAIATET SYAise andaglertiprdlyesaupiedite asdedshgne obeaifl piiraliiysofat | east

one portiefrivhlicehiabs cdenl; jally transparent to infra-red radiation.
5. A packaggd icnt ggraet ea I@??}t&eur?%&géécor ding to claim2 and wherein said

package includes at |east one portion which is at |east partially
transpargnt to vi si bl g.radi ation.. 25 6. A packaged integrated circuit

according to cf dPHABed ICHRAEARINUE 25§ MbaE ResGETINg rosladed aad whesein sgde
portion whieeh bife addifiQAs teldaidal didciit LGNSR isb O a} S Lajion. 7.
A packaged i ntegrat éél Ci recui tl.aassgnligl >1/ coﬁoﬁgﬁlﬁéfagn%%@%gggﬁgp%r at ed

ci rcll t seirstdditag e groupgraasistng iofc passive udiedtried] eclbmibmg, lightagen3ft@gbst r at e

pl ane an i ectrical circuyl forned thereon, a package encl osing
sai d in‘?%@%’@% aﬁ#?ngﬁ%t’tncse&eﬁg?’}tﬁt @%gﬁﬁe%@gi SRGS R atsacicaty fybphanar

sur f acescigmitereabirynm@aiialeh@rs, tridig@dsen S8 thdtn dh 8 ea13a8s %&%&%i&fy of
el ectrical contacts, each connected to 15 WO 02/51217 PCI/ 1L 83 said

el ect ri c3AVaeHE ad {97 #Nseréast some of said plurality of electrical contacts
extending onto said first planar surface and at |east sone of said
plurality of electrical contacts

15 9. A packaged integrated circuit according to claim 7 and wherein said package is

a chip-scale package.

10. A packaged integrated circuit according to claim 7 and wherein said package

includes at least one portion which is at least partially transparent to visible radiation.

I A packaged integrated circuit according to claim 7 and wherein said package

includes at least one portion which is at least partially transparent to infra-red radiation.

12. A packaged integrated circuit according to claim 9 and wherein said package

25 includes at least one portion which is at least partially transparent to visible radiation.

13. A packaged integrated circuit according to claim 9 and wherein said package

includes at least one portion which is at least partially transparent to infra-red radiation.

30 14, A method for producing packaged integrated circuits comprising:

producing, on a wafer scale, an integrated circuit substrate lying in a substrate

plane and having electrical circuitry formed thereon;
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extendi ng onto said second planar surface; and at | east one additi onal
electrical circuit elenment nounted onto and supported by 5 said second

pl anar suwigaai1and el ectrically coupled to at | east one ofpcgaiLdyphsg al ity
of electrical contacts extending therealong. 8. A packaged integrated
circuit assenbly according to claim7 and wherein said at |east one
additional electrical circuit elenent conprises an electrical conponent 10

sel ected from b/eidHONRrE 93¢ ShdkAgineTenPReR %Qid%n%g{#édc cuft!sEDERSand 1 Gt
gener atl&% el enents,” heat generating el ements, li1ght detecting el enents,
1

i nt egr at @dinéng Bist e sehgit pldnarciurfaoést geperatly pratieltotal sstesnsts slane; adi at i on
sensors, n‘icroorch%ni cal.,sensors me%hani cal fctu tors %nd force sensors.
15 9. A packagedﬂ%t%b?aég Wi 1°21R PackegiBg di Hyraty : elpq d0H2GePE N sai d
package édhne@ed hb PsafC alebtrRal kRGEiry 18- sofd RAGHAGLHah AL ﬁgfe%tegin?é bEWhid
according tg claim7 and wherein Said package 1Includes at |east one

por t iPon WiHTE pielgetripa gontagisraxinding entasaig drssranap swifskbhd at kditabinen. 20

11. A pagka ' d circuit according to claim.7 and wherejn said
package in%leﬂa}ea@%g%q%ecg%%ﬁS%ta%%r?ﬁ% = P&Faldsseﬁcfndl rianar SYERGE; 4
transparent t osepiatifg b£d iftaghiatddi ituit shBstrafe RAGKEOSR: ldMEHIREEHS Gith GUI
accor di nFaH%HSFVCi!J@i m 9 and wherein said package 25 includes at |east one

portion ngividuahahip PaFaEal. |y transparent to visible radiation. 13.
A packaged integrated circuit according to claim9 and wherein said package
i ncludes at | east one portion which is at |east partially transparent to

i nf rl@-r elds. r adi Atmeolnod fo8Prdtidicind paektdped iftegraet eiugisn@gcfdnsasethihnyegdat ed
circuits ﬁ:on.pri siFﬂg: .glr oduci ng,. on a wafer scale, an integrated circuit
subst r at¥N§T§iG1G UG Hdpdixtaual ¢hnp Rackages saghingeae sedkegesal circuitry
formed thereon; 16 WO 02/51217 PCT/1L01/01183 providing wafer scale
packagi ng enclosing said integrated circuit substrate and defining first
and secorid pl aharetigd fcacmlsngyendaiaol 14/ampwhdrbielsaidpasieigd isdhddsraateastpinane;

form ng on.said. wafer, scal e packaging a plurality of electrical contacts,
each cAMEdt ggm\lﬁﬁs &ApaF Bﬁ@éﬁﬂr@’é g E‘UYIFIB[P ré@‘a‘g%d substrate plane, at
| eagts sone of said 5 plurality of electrical contacts extending onto said

first planar surface and at |east sone
17 A method according to claim 14 and wherein said package includes at least one

portion which is at least partially transparent to infra-red radiation.

18. A method according to claim 15 and wherein said package includes at least one

20 portion which is at least partially transparent to visible radiation.

19. A method according to claim 15 and wherein said package includes at least one

portion which is at least partially transparent to infra-red radiation.

25 20. A method for producing packaged integrated circuit assemblies, the method
comprising:
producing, on a wafer scale, an integrated circuit substrate lying in a substrate
plane and having electrical circuitry formed thereon;
providing wafer scale packaging enclosing said integrated circuit substrate and
30  defining first and second planar surfaces generally parallel to said substrate plane;
forming on said wafer scale packaging a plurality of electrical contacts, each

connected to said electrical circuitry, at least some of said plurality of electrical contacts

17



of said plurality of electrical contacts extending onto said second pl anar
surface; and separating said integrated circuit substrate in said wafer

scal e pacWagizng2irnto a plurality of individual chip packagggsmoiéidd. A
met hod for produci ng packaged integrated circuits according to claim 14 and
wherein said plurality of individual chip packages are chip scal e packages.
16. A nethod according to claim 14 and wherein said package incl udes at

| east onextengiorg pwn sakdi firt planatsutfees inday kehalsoyhet sraaRIPALLMEy bPelébichl €
radiation. 1 A et hod according to claim14 and wherein said package

17.
i ncl udescoélfacfsee&%?_“ HieePntd a7id SesRndAIaBAr jusfege; | east partially transparent to
backage | nct udsbiaing i ufelEERgGE Sl laR RS elch AlRaliliTiaioh 52 ¢

package includes at 1east O ortiron I's™a

t r anspar@wtalityooNingivisdlue! ¢haylpadkiages; add. A met hod according to claim 15 and
wher %i n said packaglg i ncl u(ﬂes at | east one portion which is at |east
partical Iy tradSPyFEROMSa R secpupleny swriass of gisleasy ong ofrsaid gliraldty ¢f oduci ng

packagedniiolaRar atip Gaoldgelliat IASSHIddRmnal DRARLNGHL COIRLLSLRP:, prgduct ng.
on a wafer scale, an integrated circuit substrate Tying inm a sutosta?ate
pl ane arfheridditivgaletlericdl caicuit iefeoeint bying cupmttadrier eid second piahianguitedeer scal e

packagi n i said integrated.ci.rcuit substrate and 30 defjning
first an d%é%%ﬁ%“g%&ﬁalre gé%fﬂflﬁ%éémaé’ﬁéarlglﬂlf‘ifabré(r%ﬁsqﬁ%qm‘i% centpets Sylsating: e
pl ane; theesbng on said wafer scal e packaging a plurality of electrical
contacts, each connected to said electrical circuitry, at |east sone of
saidY%l urality of electrical contacts 17 WO 02/51217 PCT/1L01/ 01183

ext endi ont o i i nar_surface and ,at. | east s of said
plural i ?23 of e ﬁtﬁ?{gF%%@hg act %a(éﬁ?(gﬁ’&fegfﬁggn‘f‘f)wétaﬁﬁe@gggﬁ@oﬁiﬁﬁéﬁ’
sur f ace;claer @atd wigersiai sdidi At et dRiongUsIbct eIt Slelidns 8d kg scal e

packagi nge into a plurality of individual chip packages; and nount i ng
ont o sai®FeHiCcas ERBRYNHE sfertedkiipmahe sruponkisting ol passofe eledtdcadlelanadritt,y of

i ndi vi dugh: et ackag . one addit.iaqn | ectrical,circuit
el enent , f’sa'i’%{eg%tgr’eastgﬁ%rlllg&ta%glgﬁl%gll% m«?flgcbg}i&){c }e"@WE Meny Wesitegei ng
suppér t erclays, staibdids eicaumd, phdrummestyl f @bedrs, radiation sensors, micromechanical

sensors, mechanical actuators and force sensors.

22. A method for producing packaged integrated circuits according to claim 20 and

wherein said plurality of individual chip packages are chip scale packages.

23. A packaged integrated circuit according to claim 20 and wherein said package

includes at least one portion which is at least partially transparent to visible radiation.

24. A packaged integrated circuit according to claim 20 and wherein said package

25 includes at least one portion which is at least partially transparent to infra-red radiation.

25, A packaged integrated circuit according to claim 22 and wherein said package

includes at least one portion which is at least partially transparent to visible radiation.

30 26 A packaged integrated circuit according to claim 22 and wherein said package

includes at least one portion which is at least partially transparent to infra-red radiation.
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and electrically coupled to at | east one of said plurality of electrical
contacts extending therealong. 10 21. A nethod of form ng a packaged

i nt egr at eghocgrsGeizt assenbly according to claim 20 and wheigimogediss at

| east one additional electrical circuit element conprises an electrical
conponent selected fromthe group consisting of passive electrical

el enments, |ight generating elenents, heat generating elenents, |ight

det ecting. el emeihehod HeEioalaH; pRcIEAGEd hihrardl Aduft SLdHIch StheGRYHbANTEN!

sensors, radiation sensors, mcromechanic sensors, mslc ani cal "actuators
and for c@MPEREErs. 22. A nethod for produci ng packaged integrated circuits
according to claim 20 and erein said pluraljty of individual chip
packages are @ﬁ?%ucér&?alog ap\é{?:?égéfé‘g? a?d%fgr.a&ﬁ\ Lot PRl B BtacHbsF #E Uj t
accor di niareant haiine2Qecandl vy frirbdhdaskage includes at |east one
portion which is af least partially transparent to visible radiation. 24.

A packaged i ntPEgidingdvaier waletpagkagingiprniosing sdidintegzftednicuiheibetrate sad d

package i | east _on ortion, whi is at least partially
trans pardgﬁ?lngg{rlg%%ﬁasgé%n& p?%l%lr 5‘{%9%? gerygalyppaﬁétakgbg&} ?“lliftéﬁia QE@%F circuit
according to dbaniz22 aidwaherseild paaltdinas bagslity | P ddes] Binth@aStcne

portion whi CQQ# s at least partially transparent”to visible radiation. 30
26. A p&CREGEY Privkgientaeh! sirpwiiyiatdessbiannel sl Wity oCxletricahbertedts sai d

package «vjcAginY Al tian ich is at .east.. partiall
trans pareé{:? 81tnf?i‘dclﬁgi rg%ald rfggtsﬁrlgt%?g?ﬁggne. én%laéwh%%@%%fgiafd Iﬁg“fﬁﬁ@fﬁkﬂr I'27. A
met ROd feontapts edieailing opacisddedondplagiraedcgi rcuit assenblies, the nethod

conprising: producing, on.a wafer scale, an integrated circuit substrate
lying in a sub¥t4&fe ong aiatsgorthplang Brrtase of sad waferogplempckagingdtt her eon;
5 provi R0 onefgliRadl elepReckag] lefs| |edsi! LA ARET) Gl eul
substrate a_rcl)d ade%‘i ni ng efi rst&zg({r;%lgL glgglg{r?\t?j S%Ria%tglreg%uﬁea%{asl 1ogneahglegfrf%;ﬁ paral | el
to sai dcgowstleatest priageuppdrdriiyngidrecoad ¢lanaf arrfaseahé epagialy beupled! ural ity
of elec ritc[ cont nnected to said electrical circuitry, at

al gct , e?ch q .
| east sOME 535t S5F § iﬂ@?léffar lgg,og? cfierlcPniagts s¥shtias thereabongeard ng onto sai d
firss planar seydra6g® @Andinedordt6@elkc3CM®sRbte SR Rlariatit %aagagﬁllgqﬁgoré cal

plurality of individual chip packages.

28. A method of forming a packaged integrated circuit assembly according to
claim 27 and wherein said at least one additional electrical circuit element comprises an
20 electrical component selected from the group consisting of: passive electrical elements,
light generating elements, heat generating elements, light detecting elements, integrated
circuits, hybrid circuits, environmental sensors, radiation sensors, micromechanical

sensors, mechanical actuators and force sensors.

25 29 A method for producing packaged integrated circuits according to claim 27 and

wherein said plurality of individual chip packages are chip scale packages.

30. A packaged integrated circuit according to claim 27 and wherein said package

includes at least one portion which is at least partially transparent to visible radiation.

-

31 A packaged integrated circuit according to claim 27 and wherein said package

includes at least one portion which is at least partially transparent to infra-red radiation.
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10 contacts extending onto said second planar surface; nounting onto said
at second pl anar surface of said wafer scal e packaging, at |east one

addi ti onalygaj@gii7i cal circuit elenment, said at | east one a@difibpemaks

el ectrical <circuit elenent being supported by said second planar surface
and electrically coupled to at |east one of said plurality of electrical
contacts extending thereal ong; and 15 separating said integrated circuit
substrate in said wafer scal e packaging into a plurality of individual
chip pac&pges. 28. A nethod of formng a packaged integrated circuit

assenbl y'%accortiPAgeged eegipiss sircuhacanfding to cloin @9end [véesein spid padkdigsi onal

el ectri W TN ﬂﬂfﬁ% E . ical _.component sel ected
fromt hgﬁg?ﬁéﬁpﬁ?gﬁtﬁsﬁ I né no‘?&ggégs%\q/gasg aerg% l(ri)¥ ggﬁ%%é{eg{r:r%n‘?ss@elrﬁ F‘lttlongener ating
el enents, heat generating elenments, |ight detecting elenments, integrated
circuyits, hyb;%d @%{c%its, environnen%gl sensors, radiation sensors,

mi cr dmechani cdt PASGRED IECEraed REFHEAJCoRting i slaun 2R gnd Grheeein aid prekages 29. A
met hod fipéud; i 1 o i i | . im27 and
wherein saidsgﬁﬁggﬁng of in%?b?§ug%giﬁggag%g%ggggﬁgﬁgﬁgﬁ?%i%@%lé&packages.
30. A packaged integrated circuit according to claim27 and wherein said
package includes at |east one portion which is at |least partially
transparent to visible radiation. 30 31. A packaged integrated circuit
according to claim27 and wherein said package includes at |east one
portion which is at least partially transparent to infra-red radiation. 19
WO 02/51217 PCT/ 1L01/01183 32. A packaged integrated circuit according to
claim?29 and wherein said package includes at |east one portion which is
at least partially transparent to visible radiation. 5 33. A packaged
integrated circuit according to claim?29 and wherein said package includes
at |l east one portion which is at least partially transparent to infra-red
radi ation. 20

20



