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silicon chip which is at the heart of the integrated circuit as well as
el ectrical interconnection between predeterm ned | ocations on the silicon

chip and ext aggasRiectrical term nals. At present PCTITLO800071
princi pal technol ogi es are enpl oyed for packagi ng sem conductors: wre
bondi ng, tape automatic bondjyigeiaTeB)cIRoT! bivicehi p. Wre bonding
enpl oys heat and ultrasonic energy to weld gold bonding wres between bond
pads on the chip and contacts on the package. Tape autonatic
bondi ng (TAB) enploys a copper foil tape instead of bonding wire. The
copper foil tape is configured for each specific die and package conbi na-

tion and includes a pattern of copper traces suited thereto. The individual
| eads may be connected individu- ally or as a group to the various bond

pads on the chip. A chips e i d eircuit dies which
have sol der bunps fornmed on f gﬁ%f?#ﬁe _nd?ﬁgﬁgg gf thus allow ng the die
to be "flipped" circuithsi dereient inyedtientrglatgsidiced mefhadsupaitat e,

Wre bonds are nob+[gaubf grcHift iGN ndegalted Saviags ideviaekagadseaci ng may
be reali zed. ) . ]
integrated circuit devices produced thereby and more

particularly to an optronic integrally packaged die.

BACKGROUND OF THE INVENTION

An essential step in the manufacture of all
integrated circuit devices is known as ‘"packaging" and
involves mechanical and environmental protection of a
silicon chip which is at the heart of the integrated
circuit as well as electrical interconnection between
predetermined locations on the silicon chip and external
electrical terminals. ' | _

At present three principal technologies are
employed for packaging semiconductors: wire bonding, tape
automatic bonding (TAB) and £lip chip.

Wire bonding employs heat and ultrasonic energy
to weld gold bonding wires between bond pads on the chip
and contacts on the package. '

Tape automatic bonding (TAB) employs a copper
foil tape instead of bonding wire. The copper foil tape
is configured for each specific die and package combina-
tion and includes a pattern of copper traces suited
thereto. The individual leads may be connected individu-
ally or as a group to the various bond pads on the chip.

Flip chips are integrated circuit dies which
have soldeir bumps formed on top of the bonding pads, thus
allowing the die to be "flipped" circuit side down and
directly soldered to a substrate. Wire bonds are not
required and considerable savings in package spacing may
be realized.



2 The above-described technologies each have certain
limtations. Both wire bonding and TAB bonding are prone to bad bond

formati on and_ s 8Ject the die to relatively high tenperatures and

mechani cal d?8§§ $%s. Both wire bond and TAB technol ogi es XCELPEN Enati c
from a package size viewpoint, producing integrated circuit devices having
a die-to-package area ratio ranging from about 10%to 60% The '
flip-chip does not provide packaging gZut rather only interconnection. The
i nt erconnection encoun- ters problens of uniformty in the solder bunps as

wel | as in thermal expang MLsyg L hg, ' bOLtS e u f avail abl e
substrates to silicon _or%nb%?grkg%%d;h %e‘a@\%ﬁ?.ﬁéé.%l %%(‘%lans?%r‘{%
char act er i $EFtaiRj nlimitatdongosBoth wiyg hgpding and TAB  bonding

are prone to bad bond formation and subject the die to
relatively high temperatures and mechanical pressures.
Both wire bond and TAB technologies are problematic from
a package size viewpoint,'producing integrated circuit
devices having a die-to-package area ratio ranging from
about 10% to 60%.

The flip-chip does not provide packaging but
rather only interconnection. The interconnection encoun-
ters problems of uniformity in the solder bumps as well
as in thermal expansion mismatching, which limits the use
of available substrates to silicon or materials which
have thermal expansion characteristics similar to those
of silicon.

Optronic packages for semiconductors are known.
Conventional optronic packages used for imaging employ a
ceramic housing onto which is sealingly mounted a trans-
parent window. Optronic packages used for Ilow level
imaging, light emission and radiation detection, includ-
ing light detection, employ a clear plastic enclosure.

Described in applicant's published PCT Applica-
tion WO 95/19645 are methods and apparatus for producing
integrated circuit devices, including, inter alia, inte-
grally packaged dies having a radiation transparent
protective layer. '



. Optroni ¢ packages for sem conductors are known. Conventional optronic
- packages used for imaging enploy a ceram c housing onto which is sealingly

~rmounted a trangsa nt w ndow. Optronic packages used f eve
i magi ng, |i gh{w%?ﬁ?'g’éﬁon and radi ation detection, includ- .i ngO‘I[(T‘T(f]#%’?y)‘m41

detection, enploy a clear plastic enclosure. Described in
applicant's published PCT Applica- tion WO 95/19645 are net hods and
apparatus for producing integrated circgit devices, including, inter alia,
inte- grally packaged dies having a radiation transparent protective |ayer.

3 SUMVARY Gy NYENTRiN  rnvENTTON

The present invention seeks to provide optronic
integrated circuit devices which are extremely compact as
well as apparatus and techniques for the production
thereof. _

There is thus provided in accordance with a
preferred embodiment of the present invention an inte-
grally packaged optronic integrated circuit device
including:

an integrated circuit die containing at least
one of a radiation emitter and radiation receiver and
having top and bottom surfaces formed of electrically
insulative and mechanically protective material, at least
one of the surfaces being transparent to radiation, and
electrically insulative edge surfaces having pads.

Preferably, the device .also includes at least
one spectral filter associated with a radiation transpar-
ent protective surface thereof.

Additionally in accordance with a preferred
embodiment of the present invention, the device includes
a semiconductor substrate which is sufficiently thin as
to enable to device to be responsive to back illumina-
tion.

Preferably, the device also includes at 1least
one color filter associated with a radiation transparent
protective surface thereof.

Further in accordance with a preferred embodi-
ment of the present invention, lenses may be integrally
formed on a transparent protective surface of the device.

Additionally in accordance with a preferred
embodiment of the present invention, light coupling bumps
may be integrally formed on a transparent protective

- surface of the device. ' _

Further in accordance with a preferred embodi-

ment of the present invention a waveguide and other



The present invention seeks to provide optronic integrated circyit deyices
which are extrenely conpact as well as apparatus and techniques for the

production thereof . There is thus provided in accordance with a
preferred enSBaY#8M of the present invention an inte- graPCJILY3AITAged
optronic integrated circuit device including: an integrated

circuit die containing at |east one of a radiation emtter and radiation
receiver and having top and bottom supfaces formed of electrically
i nsul ati ve and mechanically protective material, at Ieast one of the

surfaces bei ansparent  to radiati and Iectrlc I nsul ati ve edge
surf aces hgﬁgﬁ {) ponents qﬁ%@?&ﬁﬁb? IMEH o Hevac Barfetudes at
| east one pp@t@¢tqu|suméncasgﬁc¢naeﬂtmmqeh a radlatlon transpar- ent

protective surface tAgRRie9bnally 1n a@é@h:ﬁhﬁ@é'vbi/tﬂ n aaciﬂ:(eﬁ@?f with a
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enbodi nme of i nventio
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to be respoawpi ke t dntegkally ufidrmed tonona transparé?rtef erabegtivée device

al so incl uggsrite Ictethe device.

Further in accordance with a preferred = embodi-
ment of the present invention a polarizer may be formed
on a transparent protective surface of the device.

There is also provided in accordance with a
preferred embodiment of the present invention an inte-
grally packaged optronic integrated circuit device
including:

an integrated circuit die containing at least
one of a radiation emitter and radiation receiver and
having top and bottom surfaces formed of electrically
insulative and mechanically protective material, at least
one of the surfaces being transparent to radiation, the
integrally packaged optronic integrated circuit device
being characterized in that its longest dimension does
not exceed the longest dimension of the die by more than
20%. Preferably the integrally packaged optronic inte~
grated circuit device is characterized in that its 1long-
est dimension does not exceed the longest dimension of
the die by more than 10%. More preferably the integrally
packaged optronic integrated circuit device is charac-
terized in that its longest dimension does not exceed the
longest dimension of the die by more than 5%.

There is also provided in accordance with a
preferred embodiment of the present invention a method
for producing an integrally packaged optronic integrated
circuit device comprising the steps of: _

forming ‘electrical circuits onto a
semiconductor wafer; B _

forming at least one transparent mechanical
protective layer onto said semiconductor wafer over said



one color-filter associated with a radiation transparent protective surface
t hereof. Further in accordance with a preferred enbodi- nent of
the present | gxsodaof2d, | enses may be:integrally formed on a tcansgpapent
protective surface of the device. Additionally in accordance with
a preferred enbodi mrent of the present invention, |[ight coupling bunps may
be integrally formed on a transparent protective surface of the device.
Further in accordance with a preferred &nbodi- ment of the present

i nventi on a wavegui de and ot her 4
optical comonsytrs dalt edkabiysf orned on a transparent
forming solderable contacts onto said

semiconductor wafer; and .
thereafter, dicing said wafer into individual

packaged dies.



protective surface of the device. Additionally in accardance with
a preferred enbodi nent of the present .invention, an optical grating may
be integrally f on a transparent protective surface of the device.
Further in a%?ggégﬁge with a preferred enbodi - nent of the BGTALE/00N

i nvention a polarizer may be fornmed on a transparent protective surface of

t he devi ce. There is also provided in accordance with a preferred
enbodi nent of the present invention arg inte- grally packaged optronic
integrated circuit device including: an integrated circuit die

contai ning at |east ongqfp ?"ﬂﬁ&?&wﬁﬁn’%ﬁﬂq@%“& di ation receiver and
orned” of  electri
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i ntegral | ywpdeRaged optronic inte- grated circuit device is characterized
in that its |ong- estigd.menai oandlors 41 respeetitvéectdwnadsiw dagnsi on of
the die by,ppreyt &Q"é’imp{’jlif%é’égéfét%@i%f Ng11 ALEMLA dns PREkaggd optronic
integrated CI'rcuit "devi C& rs char ac-

integrally packaged optronic integrated circuit device

constructed and operative in accordance with a preferred

embodiment of the present invention;
Fig. 1C is a bottom view simplified pictorial
illustration of an integrally packaged optronic integrat-

ed circuit device of the type shown in Figs. 1A and 1B,

constructed and operative'in accordance with another

preferred embodiment of the present invention; :
Fig. 2 is a simplified pictorial illustration

of the attachment of a transparent protective packaging

layer to a wafer containing a plurality of integrated

circuit dies; -

Fig. 3 is a simplified pictorial illustration
.of showing the individual dies on the wafer as seen
through the transparent protective packaging layer
attached thereto; - _

Figs. 4A, 4B, 4C and 4D are sectional illustra-
tions of various stages in the manufacture of integrally
packaged optronic integrated circuit devices in accord-
ance with a preferred embodiment of the present inven-
tion;

Fig. 5 is a partially cut away detailed picto-
rial illustration of an integrally packaged optronic
integrated circuit device produced from the wafer of Fig.
4D;

Figs. 6, 7A, 7B, 8A and 8B are sectional illus-
trations of various stages in the manufacture of the
integrally packaged optronic integrated circuit device
shown in Figs. 1A, 1B, 1C & 5; ' " '



terized in that-its | ongest dinension does not exceed the |ongest dinension

of the die by nore than 5%
with a preferngdogippdi ment of the present invention a met hodydQfodlbddsil

an integrally packaged optronic integrated circuit device conprising the

steps of: form ng el ectrical circuits onto a

sem conduct or wafer; formng at |east one transparent
mechani cal protective |ayer onto said sem conductor wafer over said
5 electrical circuits; form ng sol derable contacts onto
sai d

Figs. 9, 10A and 10B together provide a simpli-
fied block diagram illustration of apparatus for carrying
out the method of the present invention;

Figs. 11A, 11B, 11C, 11D and 11E are simplified
pictorial illustrations of five alternative embodiments
of an integrated circuit device constructed and operative
in accordance with yet another preferred embodiment of
the present invention and including spectral filters
and/or anti-reflective coatings;

Figs. 12A, 12B and 12C are simplified pictorial
illustrations of three alternative embodiments of an
integrally packaged optronic integrated circuit device
which is designed for back illumination;

Figs. 13A, 13B and 13C are simplified pictorial
illustrations of three alternmative embodiments of an
integrally packaged optronic integrated circuit device
constructed and operative in accordance with still anoth-
er preferred embodiment of the present invention wherein
color array filters are integrated with the integrally
packaged optronic integrated circuit device;

Figs. 14A, 14B, 14C and 14D are simplified
pictorial illustrations of four alternative embodiments
of an integrally packaged optronic integrated circuit
device constructed and operative in accordance with
another preferred embodiment of the present invention
having lenses integrally formed on a transparent protec-
tive surface thereof;

Pigs. 15A and 15B are simplified pictorial
illustrations of two alternative embodiments of an inte-
grally packaged optronic integrated circuit device con-
structed and operative in accordance with another pre-
ferred embodiment of the present invention having 1light
coupling bumps integrally formed on a transparent protec-
tive surface thereof;

Figs. 16A and 16B are simplified pictorial
illustrations of two alternative embodiments of an inte-

There is also provided in accordance

ci ng
h



sem conduct or wafer; and thereafter, dicing said wafer .into

I ndi vi dual packaged di es. , 6

BRI EF DESCRI\B IQ%&C): THE DRAW NGS + The present invention wll
under st ood and appreci ated nore fully fromthe fol l owi ng d&CAMHEFOHL-
scription, taken in conjunction with the drawi ngs in which: Fi gs.

1A and 1B are respective top view and bottomview sinplified pictori al
illustrations of an integrally packaggd optronic integrated circuit device
constructed and operative in accordance with a preferred

grally packaged optronic integrated dircuit device con-
structed and operative in accordance with yet another
preferred embodiment of the present invention having a
waveguide and other optical components integrally formed
on a transparent protective surface thereof;

Figs. 17A and 17B are simplified pictorial
illustrations of two alternative embodiments of an inte-
grally packaged optronic integrated circuit device con-
structed and operative in accordance with still another
preferred embodiment of the present invention wherein a
polarizer is integrated with the integrally packaged
optronic integrated circuit device; :

Figs. 18A and 18B are simplified pictorial

- illustrations of two alternative embodiments of an inte-
grally packaged optronic integrated circuit device con-
structed and operative in accordance with still another
preferred embodiment of the present invention wherein an
-optical grating is integrated with the integrally pack-
aged optronic integrated circuit device.

FPigs. 19A and 19B are simplified pictorial

“illustrations of two alternative embodiments of an inte-
grally packaged optronic integrated circuit device con-.
‘structed and operative in accordance with yet another
preferred embodiment of the present invention wherein the
package is formed with a desired geometrical
configuration; '

Figs. 20A and 20B are simplified pictorial
illustrations of two alternative embodiments of an inte-
grally packaged optronic integrated circuit device con-
structed and operative in accordance with yet another
preferred embodiment of the present invention wherein
edges of the package are coated with an opaque coating;

Fig. 21 is a simplified pictorial illustration
of an integrally packaged optronic integrated circuit
device constructed and operative in accordance with still
another preferred embodiment of the present invention and



enbodi nent of t.he present invention; Fig. 1Cis a bottom view
sinplified pictorial illustration of an integrally packaged optronic
integrat- ed g 6;99 Hbdzg devi ce of the type shown in Fi gs. 1A an@cifies/00071
constructed and operative in accordance with another preferred enbodi nent

of the present invention; Fig. 2is asinplified pictori al

illustration of the attachrrent of a transparent protective packagi ng | ayer
to a wafer containing a plurality of inBegrated circuit dies; Fi g.
3is asinmplified pictorial illustration of show ng the individual dies on

the wafer aspge fﬁbtg}{ thg-_lagohag cbhPyPpedieidn; @ndt ective packaging |ayer
attached thereto;

S. e ‘Eﬂﬂ | ustra-
tions of various st agerlq nzghgs %%Aﬁjfrfeg%o %ril:?’glrggl Iﬁf{':)%éc ezaddopt ronic
i ntegrated cofcuat clieviiows pathernremploied witith &rBFiBFérr ent of
t he present hﬁ“é& itd | P the type shéing. i Figauartially cut away det ailed
picto- rial ustration of an integrally packaged optronic integrated
circuit device produced fromthe wafer of Fig. 4D, Figs. 6, 7A
7B, 8A and 8B are sectional illus- trations of various stages in the
manuf acture of the



I ntegrally packaged optronic integrated circuit device shown in Figs. 1A
1B, 1C & 5; o 7 Figs. 9,
10A and 10B provide a sinpli- fied block diagramillustration of
appar at us fobbgg}r"&ﬁ ng out the method of the present i nventBGHLIY 00071

Figs. 11A, 11B, 11C, 11D and 11E are sinplified pictorial illustrations of
five alternative enbodinents of an integrated circuit device constructed
and operative in accordance with yet angther preferred enbodi mrent of the
present invention and including spectral filters and/or anti-reflective

coatings; peTASED bEBcrISPIEH b FrE¥sRrED Blbbh fitisS L O 1 &

Reference is now made to Figs. 1A - 22, which
illustrate the production of integrated circuit devices
in accordance with a preferred embodiment of the present
invention.

Figs. 1A and 1B together illustrate a preferred
embodiment of integrated circuit device constructed and
operative in accordance with a preferred embodiment of
the present invention. The integrated circuit device
includes a relatively thin and compact, environmentally
protected and mechanically strengthened integrated cir-~
cuit package 10 having a multiplicity of electrical
contacts 12 plated along the edge surfaces 14 thereof.

In accordance with a preferred embodiment of
the invention, contacts 12 extend over edge surfaces onto
the planar surfaces 16 of the. package. This contact
arrangement permits both flat surface mounting and edge
mounting of package 10 onto a circuit board. It is noted
that the integrated circuit package 10 may include one or
more of the following elements (not shown): an integrally
formed dichroic filter, color filter, antireflective
coating, polarizer, optical grating, integrated wave
guide and optical coupling bumps.

Fig. 1C illustrates an alternative embodiment
of the present invention wherein solderable bumps 17 are
provided at the ends of each contact 12. Preferably, the
solderable bumps 17 are arranged in a predetermined
array.

In accordance with a preferred embodiment of
the present invention, and as illustrated in Fig. 2 and
Fig. 4A, a complete silicon wafer 20 having a plurality
of finished dies 22 formed thereon by conventional tech-
niques, is bonded at its active surface 24 to a radiation
transparent protective insulating cover plate 26 via a
layer 28 of epoxy. The insulating cover plate 26 typical-



Il lustraticons of three alternative enbodi nents of an integrally packaged
-optronic integrated circuit device which_ is designed for back illum nation;

Figs. 13A, 13Ry@94les3C are sinplified pictorial illustrations
alternative eﬁ%o%?#&%ts of an integrally packaged optronic irﬁ%%?%@é@%

~circuit device constructed and operative in accordance with still anoth- er
preferred enbodi nent of the present invention wherein color array filters
~are integrated with the integrally packayged optronic integrated circuit
devi ce; Figs. 14A, 14B, 14C and 14D are sinplified pictoria

i |1 ustrationgyolohgisabt _eg?wgg Y enaireedi QEB%ﬁiPé &N dryf hak! yspagkaged

optronic inteQrated,ciycuil,_device constructed and operative in accordance
with anothera%ﬂ?fEPFéﬁékﬁﬂxﬁﬁQRﬁﬂgqﬁpgtﬁEsB£%E%¥ﬁ ?qRé;ﬁﬁqﬁn havi ng | enses
integrally formed on aThe aeovyer @latpr d6emaytbe ccslofat ort lidntedl; in

erbodi mont o SFUSE | EocoPore o EReBLLaL LI R et vty Ui “ovi co
con- struct e&igﬁa’oéjﬁerﬁ’fi?ﬁq%‘ﬁégﬁf:ggﬁ&e?#?ﬁf Jrt hﬁ f%;g\_edf 8Pr et

enbodi nent ofleast pnessutfacw &fl ithe bavengplatht2&oupl ing bunps integrally
formed on a transparenpral e IgveisHihecedtitfeOlor the prefbfiE: 10A

and 16B are sinplified pictoria
invention that cover plate 26 and epoxy layer 28 are

preferably transparent to radiation in a spectral region
useful for optronic applications.

It is appreciated that certain steps in the
- conventional fabrication of silicon wafer 20 may be
eliminated when the wafer is used in accordance with the
present invention. These steps include the provision' of
via openings above pads, wafer back grinding and wafer
back metal coating. _

The complete silicon wafer 20 may be formed
with an integral color filter array by conventional
lithography techniques at any suitable location therein.
Prior to the bonding step of Fig. 4A, a filter may be
formed and configured by conventional techniques over the
cover plate 26, such that the filter plane lies between
cover plate 26 and the epoxy layer 28.

Following the bonding step described hereina-
bove, the silicon wafer is preferably ground down to a
decreased thickness, typically 100 microns, as shown in
Fig. 4B. This reduction in wafer thickness is enabled by
the additional mechanical strength provided by the bond-
ing thereof of the insulating cover plate 26.

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 30 are thus produced, which extend
entirely through the thickness of the silicon substrate,
typically 100 microns. The etched wafer is shown in Fig.



illustrations of two alternative enbodi nents of an inte- . .

8 grally packaged optronic integrated circuit device con- structed and

operative in_accordance with yet another preferred enbodi nent of the

present i nveWO%¥R04vi ng a wavegui de and ot her optical conmfTanL07

integrally formed on a transparent protective surface thereof;

Figs. 17A and 17B are sinplified pictorial illustrations of two alternative

enbodi ments of an inte- grally packageg,optronic integrated circuit device

con- structed and operative in accordance with still another preferred

enbodi nent ? the present invention wherein a polarizer is integrated with
o _

the integr ‘Y packaged
The aforementioned etching typically takes

place in conventional silicon etching solution, such as a
combination of 2.5% hydrofluoric acid, 50% nitric acid,
10% acetic acid and 37.5% water, so as to etch the sili-
con down to the field oxide layer, as shown in Fig. 4cC.

The result of the silicon etching is a plurali-
ty of separated dies 40, each of which includes silicon
of thickness about 100 microns.

As seen in Fig. 4D, following the silicon
etching, a second insulating packaging layer 42 is bonded
over the dies 40 on the side thereof opposite to insulat-
ing packaging layer 26. A layer 44 of epoxy lies between
the dies 40 and the layer 42 and epoxy also fills the
interstices between dies 40. In certain applications,

" such as the embodiment of Figs. 12A - 12C, the packaging
layer 42 and the epoxy layer 44 are both transparent.

The sandwich of the etched wafer 20  and the
first and second insulating packaging layers 26 and 42 is
then partially cut along lines 50, lying along the inter-

-stices between adjacent dies 40 to define notches along
the outlines of a plurality of pre-packaged integrated
circuits. It is a particular feature of the invention
that 1lines 50 are selected such that the edges of the
dies along the notches are distanced from the outer
extent of the silicon 40 by at least a distance d, as
shown in Figs. 4D and 5, to which reference is now addi-
tionally made.

It is a particular feature of the present
invention that partial cutting of the sandwich of Fig. 4D
along lines 50 exposes edges of a multiplicity of pads 34
on the wafer 20, which pad edges, when so exposed, define
contact surfaces 51 on dies 40.

Referring now particularly to Fig. 5, at least
one insulating layer, including the field oxide layer, is
shown at reference numeral 32 and metal pads are shown



optronic kntegrated circuit device; Figs. 18A and 18B are

csinplified pictorial

illustrations of two alternative enbodi nents of an

~inte- grally Ragkafsgsd optronic integrated circuit device con-p@iniLysdesst and

operative in accordance with stil

. present invention wherein an optical grating is integrated wth the
integrally pack- aged optronic integrated circuit device.
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present invefR oﬂBV\h‘@?’e‘i’th lé'gﬁég’rﬁget#‘ér{ﬁ&ﬁeepﬁ ST GaPe MR ERCHI S paque

coat i ng;

integral |y pagxaghdemiiid iy

of integrattl icirgustnpevices in candraance| withaai pref
b2t AL b LESENE Citlderi@¥nGe constructed

operative in accordance,mﬁgﬁ:siill ahot her, preferred enbodi rent of
1llust r a

present invention and Fid-

6 rates at reference numeral 54,
preferred cross sectional configuration of a notch pro-
duced by partially cutting as described hereinabove in
connection with Fig. 5. Vertical lines 56 indicate the
intersection of the notch 54 with the pads 34, defining
exposed sectional pad surfaces 51. Vertical 1lines 58
indicate the location of a subsequent final cut which
separates the dies into individual integrated circuits at
a later stage. B

Figs. 7A and 7B illustrate the formation of
metal contacts 12 along the inclined edges 14 and part of
the top surface 16. These contacts, which may be formed
by any suitable metal deposition technique, are seen ¢to
extend inside notch 54, thus establishing electrical
contact with surfaces 51 of pads 34. Fig. 7A shows a
configuration corresponding to that of Figs.'lA and 1B
without solderable bumps, while PFig. 7B shows the
provision of solderable bumps 17 on contacts 12, as
illustrated in Fig. 1C.

It is a particular feature of the present
invention that metal contacts are formed onto the dies in
electrical contact with surfaces 51 of pads 34 without
first separating the dies into individual chips.

Figs. 8A and 8B illustrate subsequent dicing of
the individual dies on the wafer, subsequent to metal
contact formation thereon, into individual pre-packaged
integrated circuit devices. Fig. BA shows a configura-
tion corresponding to that of Figs. 1A and 1B without
solderable bumps, while Fig. 8B shows the 'provision of

an
and
t he



9 having an octagonal configuration; and Fig. 22 is asinplified

~pictorial illustration of a cutting pattern enployed to produce integrated
circuits of the t&ge shown in Fig. 21.
WO 99/40624 PCT/IL99/00071
14

solderable bumps 17 on contacts 12, as illustrated in
Fig. 1c.

Reference is now made to Figs. 9, 10A and 10B,

which together illustrate apparatus for producing inte-~
grated circuit devices in accordance with a preferred
embodiment of the present invention. A conventional wafer
fabrication facility 180 provides complete wafers 20.
Individual wafers 20 are bonded on their active surfaces
to protective layers, such as glass layers 26, using
epoxy 28, by bonding apparatus 182, preferably having
facilities for rotation of the wafer 20, the layer 26 and
the epoxy 28 so as to obtain even distribution of the
epoxy. .
The bonded wafer (Fig. 3) is thinned at its
non-active surface as by grinding apparatus 184, such as
Model 32BTGW using 12.5A abrasive, which is commercially
available from Speedfam Machines Co. Ltd. of England.
: The wafer is then etched at its non-active
surface, preferably by'photolithography, such as by
using conventional spin-coated photoresist, which is
commercially available from Hoechst, under <the brand
designation AZ 4562.

The photoresist is preferably mask exposed by a
suitable UV exposure system 185, such as a Karl Suss
Model KSMA6, through a lithography mask 186 to define
etched channels 30.

The photoresist is then developed in a develop-
ment bath (not shown), baked and then etched in a silicon
etch solution 190 located in a temperature controlled
bath 188. Commercially available equipmeht for this
purpose include a Chemkleen bath and an WHRV circulator
both of which are manufactured by Wafab Inc. of the
U.S.A.. A suitable conventional silicon etching solution
is Isoform Silicon etch, which is commercially available
from Micro-Image Technology Ltd. of England. The wafer is
conventionally rinsed after etching. The resulting_etched



10 - DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

Reference is now made to Figs. 1A - 22, which illustrate the production of
i nt egrated ci nggbdeeaVi ces in accordance with a preferred enbmeimeanboonl the
present invention. Figs. 1A and 1B together illustrate a

preferred enbodi nent of integrated circuit device constructed and operative
I n accordance with a preferred enbodi nent of the present invention. The
integrated circuit device includes a rel¥ively thin and conpact,
environnmental |y protected and nechanically strengthened integrated cir-

cuit packagewggegaygngh@wﬁniﬂ|gﬂg cuty of electrical contacts 12 plated
al ong the edge surfac 14 t ere | n accorgﬁpce ﬁﬁ a%
PrEEy

preferred enbodi nent 3 |on t%%nt%ﬁﬁ%?ﬂﬁ?%n< d of
sur f aces ont etchéngl at\ep wfhmwplacgd bYie ¢ kelgpsmarigtehiogt act
arrangenent pernits bOtl‘ib“éﬁclﬁdfwﬁiérnﬂynﬁbﬁ&@% eddh% MABALLPEiPEé package

ﬁgyor;glﬁdglrc ! goggg%héé ﬂf%teéf ve aneérfilnt %ﬁ%% cg&gg;;tgackage 10

192, whlch may be essentially the same as apparatus 182,

to produce a doubly bonded wafer sandwich as shown in

Fig. 4D.

Notching apparatus 194 partially cuts the

bonded wafer sandwich of Fig. 4D to a configuration shown

in Fig. S. , .
The notched wafer is then subjected to anti-
corrosion treatment in a bath 196, containing a chromat-~
ing solution 198, such as described in any of the follow-
ing U.S. Patents: 2,507,956; 2,851,385 and 2,796,370, the
disclosure of which is hereby incorporated by reference.

Conductive layer deposition apparatus 200,
which operates by vacuum deposition techniques, such as a
Model 903M sputtering machine manufactured by Material
Research Corporation of the U.S.A., is employed to pro-
duce a conductive 1ayer on one or more surfaces of each
die of the wafer as shown in Fig. 7.

Configuration of contact strips, as shown in
Fig. 7, is carried out preferably by using conventicnal
electro-deposited photoresist, which is commercially
available from DuPont under the brand name Primecoat or
from Shipley, under the brand name Eagle. The photoresist
is applied to the wafers in a photoresist bath assembly
202 which is commercially available from DuPont or Ship-
ley. '

The photoresist is preferably light configured
by a UV exposure system 204, which may be identical to
system 185, using a mask 205 to define suitable etching
patterns. The photoresist is then developed in a develop-
ment bath 206, and then etched in a metal etch solution
208 located in an etching bath 210, thus providing a



nore of the follow ng el enents (not shown): an integrally formed dichroic
filter, color filter, antireflective coating, polarizer, optical grating,

i nt egrated jde and optical coupling bunps. Fig. 1C
iIIustratesmg%ﬁgﬁﬁggnative enbodi nent of the present invenﬂﬁE&“%H@V@in
sol derabl e bunps 17 are provided at the ends of each contact 12. '
Preferably, the sol derable bunps 17 are arranged in a predeterm ned array.
In accordance with a preferred enbodi nd6t of the present invention, and as
illustrated in Fig. 2 and Fig. 4A, a conplete silicon wafer 20 having a
plurality otohdntsded dbnFigdZatoneshdlhiscehaby shom et | @idds.t €gl- ni ques,
I s bonded at .yt spactive surface 24 to a radiation transparent protective
i nsul ating cover plate 26 via a_|ayer 28 of epoxy. The insul ating cover
plate 26 typical - The exposed conductive strips shown in Fig. 7

are then plated, preferably by electroless plating appa-

ratus 212, which is commercially available from Okuno of

Japan.

. The wafer is then diced into individual pre-
.packaged integrated circuit devices. Preferably the
dicing blade 214 should be a diamond resinoid blade of
thickness 4 - 12 mils. The resulting dies appear as
illustrated generally in Figs. 1A and 1B.
Fig. 10A shows apparatus for producing an
. integrated circuit configuration corresponding to that of
Figs. 1A and 1B without solderable bumps, while Fig. 10B
shows apparatus <for producing an integrated circuit
configuration corresponding to that of Fig. 1C having
- solderable bumps. The embodiment of Fig. 10B is identical
to that of Fig. 10A, apart from the additional provision
of Dbump forming apparatus 213 downstream of the
. electroless plating apparatus 212.
Reference is now made to Figs. 11A ~ 11E, which
-illustrate five alternmative preferred embodiments of
integrated circuit device constructed and operative in.
- accordance with another preferred embodiment of the
present invention and includes a relatively thin and
compact, environmentally protected and mechanically
- strengthened integrated circuit package 310 having a
multiplicity of electrical contacts 312 plated along the
edge surfaces 314 thereof. |
Fig. 11A shows a dichroic filter and/or anti-
reflective coating 315 formed on an outer facing surface
316 of a transparent protective layer 317. Fig. 11B
illustrates a coating 318, which may be identical to |
' coating 315, which is formed on an inner facing surface
319 of transparent protective layer 317. Fig. 11C shows
both coatings 315 and 318 on respective surfaces 316 and



11 |y conprises glass, quartz, sapphire or any other suit- able radiation
transparent insulative substrate. The cover plate 26 may be

col ored or tiRy§6ydokesOrder to operate as a spectral filter. Ald©ofbasdore! Y.
a dichroic or colored spectral filter nmay be fornmed on at | east one surface

of the cover plate 26. It is a particular feature of the present
I nvention that cover plate 26 and epoxy |ayer 28 are preferably transparent
to radiation in a spectral region usefulR7for optronic applications.

It is appreciated that certain steps in the conventional fabrication of
silicon waf e31920 oy leambpareat edordtasctilve wahgeri s3used ioptaedicdance

~with the pre | tiQn. st i pLeVi Si Q f.\a
openi ngs abo‘?fgﬁﬁpogi(f%?ﬁ@m grg bggﬁﬁgcrli ndi f]d éﬁgr%@%mé?gr égc}(éne%%%cg\é]ati ng.
The conpl et eSWpshENe wdRer ofochRVeHelanstltdigkngsan | BYREFRII® 0110 filter

array by conwistdmmnal surifhegr apbyfacshimmepadennpretediedlre 11@aid on
t herei n. Pri£g7bto the bonding step of Fig. 4A, a filter may be forned
e

and confi gur y conventional techniques over the,
Fig. 11D shows an absorption filter 323 formed

on outer facing surface 316 of transparent protective
layer 317. Fig. 11E shows an absorption filter 323,
having formed thereon an anti-reflective coating 324,
formed on outer facing surface 316 of transparent protec-
tive layer 317.

Reference is now made to Figs. 12A - 12C, which
illustrate three alternative preferred embodiments of
integrated circuit device which include a relatively thin
and compact, environmentally protected and mechanically
strengthened integrated circuit package 330 having a
multiplicity of electrical contacts 332 plated along the
edge surfaces 334 thereof.

In contrast to the embodiments of Figs. 11A -
11E, the integrated circuit devices of Figs. 1234 - 12C
are designed for back illumination and therefore employ a
thinned silicon substrate 336, typically having a thick-
ness of 12 - 15 microns.

Whereas in the embodiment of Figs. 11A - 11E,
the optronic components are formed on a surface 320 which
faces a transparent protective layer 317, in the
embodiment of Figs. 12A -~ 12B, the components may be
formed on a surface 340 of substrate 336, which surface
340 faces away from the corresponding transparent
protective 1layer 337. The extreme thickness of the sub-
strate 336 in the embodiments of Figs. 12A - 12C enables
the optronic components on surface 340 to be exposed to
light impinging via transparent protective layer 337 by
back exposure. _

It is appreciated that silicon is transparent
to certain radiation spectra, such as IR radiation. When



cover plate 26, such that the filter plane |ies between cover plate 26 and
t he epoxy | ayer 28. Fol | ow ng the bondi ng step descri bed hereina-
bove, the silicon wafer is preferably ground down to a decreased thickness,
typically 1009%493hs, as shown in Fig. 4B. This reducti on RGI/HRH0pT7I

t hi ckness is enabled by the additional nechanical strength provided by the
bond- ing thereof of the insulating cover plate 26. Fol | ow ng the
reduction in thickness of the wafer, wihigch is optional, the wafer is

et ched, using a photolithography process, along its back surface al ong

d ' dige.dd WA lsndiyid di.es. . E d
Channe! < 3004 o rrassainVe AEvEERAS FrdiBelt e Bcllifbne 1 820h ckness

of the siliEd8Ssubkd® ate 12CyBRR JPe ycomstrfcEeansvitiheuet ehedhinned i s shown

in Fig. silicon substrate. .

Fig. 12A shows a dichroic filter and/or anti-
reflective coating 345 formed on an outer facing surface
346 of the transparent protective layer 337. Fig. 12B
illustrates a coating 348, which may be identical to
coating 345, which is formed on an inner facing surface

- 349 of transparent protective layer 337. Fig. 12C shows
both coatings 345 and 348 on respective surfaces 346 and
349 of transparent protective layer 337.

The modifications shown in Figs. 11D and 11E
may also be embodied in the configuration of Figs. 124 -
12C. .

Reference is now made to Figs. 13A, 13B and
13C, which illustrate three alternative preferred embod-
iments of integrated circuit device constructed and

. operative in accordance with another preferred embodiment
of the present invention and includes a relatively thin
and compact, environmentally protected and mechanically
strengthened integrated circuit package 350 having a
maltiplicity of electrical contacts 352 plated along the
edge surfaces 354 thereof. _ _

Fig. 13A shows a color filter, such as an RGB
or masking filter, 355 formed on an outer facing surface
356 of a transparent protective layer 357. Fig. 13B
illustrates a filter 358, which may be identical to-
filter 355, which is formed on an outer facing surface
359 of a silicon substrate 362. Fig. 13C shows both
filters 355 and 358 on respective surfaces 356 and 359.

It is appreciated that filter 356 may
alternatively be located on an inner facing surface of
transparent protective layer 357.

Reference is now made to Figs. 14A, 14B, 14C
and 14D, which illustrate four alternative embodiments of
an integrally packaged. optronic integrated circuit device



12 4C.
conventi onal

The aforenentioned etching typically takes place in

silicon etching solution, such as a conbination of 2.5%

hydr of | uori c %4;,40{;9% nitric acid, 10% acetic acid and 37. 5%cwai®i00730 as

to etch the sili- con down to the field oxide |ayer,
The result of the silicon etching is a plurali- ty of separated dies 40,

each of which includes silicon of thicknﬁ s about 100 m crons.

seen in Fig.

4D, followi ng the silicon etching, a second insulating

as shown in Fig. 4C

As

packagi ng |l ayer 42 is bonded over the dies 40 on the side thereof opposite

“to insul at- icongkriciachgndapperative imaacardagrecyéil apekhepfam t he

di es 40 and tpgriay empbdineatepexyhél peddnt dnveatiohehavisgs hwmisseen dies

40. In certai

n i [ uc SIQ e i gS. g,'apf - 12C,
packaging_Iay%?ééé%iﬁx?t;#§§gﬁgxygF2§e§£%% are%%btﬁE??éﬁg%géen rrace
The sandwi ch Biiexert et ched wafer 20 and the first and second insulating
packagi ng | ayers 26 ancri? embotiifiénPadt imild.y 12at mayobg ideesiddl o ng

B £33, R ol e i s kel o

al ong the int
the outlines

distinguished ~ therefrom in that it has a transparent
protective layer 370 which is formed with an array of
microlenses 372 on an outer facing surface 374 thereof.

The embodiment of Fig. 14B may be identical to
that of Fig. 12A without the coating and is further
distinguished therefrom in that it has a transparent
protective layer 380 which is formed with an array of
microlenses 382 on an outer facing surface 384 thereof.

In the illustrated embodiment of Figs. 14A and
14B, the microlenses 372 and 382 respectively are formed
of the same material as than of transparent protective
layers 370 and 380 respectively. Alternatively,
microlenses 372 and 382 may be formed of a material
different from that of respective transparent protective
layers 370 and 380.

The embodiment of Fig. 14C corresponds to that
of Fig. 14A. However in the embodiment of Fig. 14C, an
array of microlenses 385 is formed on an inner facing
surface of transparent protective layer 370. In the
illustrated embodiment of Fig. 14C, the microlenses 385
are formed of a different material than of transparent
protective layer 370. Alternatively, microlenses 385 may
be formed of the same material as that of transparent
protective layer 370.

The embodiment of Fig. 14D corresponds to that
of Fig. 14B. However in the embodiment of Fig. 14D,
similarly to the embodiment of Fig. 14C, an array of
microlenses 387 is formed on an inner facing surface of
transparent protective layer 380. In the illustrated
embodiment of Fig. 14D, the microlenses 387 are formed of

t he



circuits. It is a particular feature of the invention that |ines 50 are

sel ected such that the edges of the dies along the notches are distanced
fromthe out nt of the silicon 40 by at |least a distance d, as shown
in Figs. 4D grr?as%@&fo which reference i s now addi- tional | yPeRag29/00071

It is a particular feature of the present invention that partial cutting of
the sandwi ch of Fig. 4D along |lines 50 exposes edges of a multiplicity of
pads 34 on the wafer 20, which pad edges, when so exposed, define contact
surfaces 51 on dies 40. Referring now particularly to Fig. 5, at

| east one iQsahfféfﬁhﬁiﬁé%érihﬁctﬂgﬁrﬁﬁtﬂﬁ%ﬂ%ﬂ%&@nexbggtééﬁfﬁe layeiown at
reference n%g%r.azlkl’gezﬁiian&ve t)ﬁ' mgggglgr{seess 3%7 may be formed of the

same material as that of transparent protective layer

380.

In the embodiments of Figs. 14C and 14D, the
index of refraction of the microlenses 385 and 387
respectively must exceed that of an epoxy layer 388
underlying them.

Reference is now made to Figs. 15A and 158,

- which are simplified pictorial illustrations of two
alternative embodiments of an integrally packaged optron-
ic integrated circuit device constructed and operative in
accordance with another preferred embodiment of the
present invention having light coupling bumps integrally
formed on a transparent protective surface thereof.

The embodiment of Fig. 15A may be identical to
that of Fig. 11A without the coating and 1is further
distinguished therefrom in that it has a light coupling
bump 390 formed on a transparent protective layer 392. A

-waveguidé 394 is shown optically coupled to the
transparent protective layer 392 via bump 390. Preferably
the bump 390 is formed of a transparent organic material
which is somewhat compliant such that mechanical pressure
produces a slight deformation thereof and enables an
evanescent 1light wave to pass through an interface
defined therewith. _ _

The embodiment of Fig. 15B may be identical to
that of Fig. 12A without the coating and is further
distinguished therefrom in that it has a light coupling
bump 396 formed on a transparent protective layer 3%8. A
waveguide 399 is shown optically coupled to the
transparent protective layer 398 via bump 396.

Reference is now made to Figs. 16A and 16B
which are simplified pictorial illustrations of two
alternative embodiments of an integrally packaged optron-
ic integrated circuit device constructed and operative in



13 at reference nuneral 34. An over-netal insulating |layer is shown at
"reference nuneral 36. The color filter plane is shown at reference nuneral
38. ' Rebossase i s now made to Figs. 6, 7A, 7B, 8A andpSPirowbdosh
~illustrate further steps in the manufacture of integrated circuit devices
I n accordance with a pre- ferred enbodi nrent of the present invention.

Fig. 6 illustrates at reference nuneral 54, a preferred cross sectional
configuration of a notch pro- duced by p&itially cutting as described
her ei nabove in connection with Fig. 5. Vertical lines 56 indicate the

intersecti on atcdiuanuet clwikh yethandichemagre¥érrddf enbodireposetl g i onal

. pad surfaces q&&% ti aquent
final cut V\hi@#separ é.,?xgzlsen{t?].aﬁdh%gnﬁ: Ny i‘/ﬁguaﬁﬁlant g}g he ?@i%}uu ts at a

| ater stage. componentsrigtegyal %ﬁﬁdf"FB“‘-’rq 1% @ XenFREreR rramr%ef&l%t al

~contacts 12 a&urmaddutﬂemebfned edges 14 and part of the top surface 16.

Q Iggﬁﬁigagfagﬁz sgghCPo exte |%§?@t i¥%$ 5}'%@ﬁh§ estg% %?Eﬁ.tg ectrlcal

~contact with BRa%adEs Fidof &ﬁs“’%ﬁm Fher £oskdne aaEanJr%ur
COFrespondingdiétidqﬁlshbdFlgheréframmiﬂithat it has a wave gulde 400

and possibly other optical elements (not shown) formed on

a transparent protective layer 402, as by conventional

integrated optics techniques. This arrangement enables

optical communication between an optronic component

formed on a silicon substrate 404 via the transparent

protective layer 402 and the wave guide 400.

The embodiment of Fig. 16B may be identical to
that of Fig. 12A without the coating and is further
distinguished therefrom in that it has a wave guide 410
and possibly other optical elements (not shown) formed on
a - transparent protective layer 412, as by conventional
integrated optics techniques. This arrangement enables
optical communication between an optronic component
formed on a silicon substrate 414 via the transparent
protective layer 412 and the wave guide 410.

Reference is now made to Figs. 17A and 17B,
which are simplified pictorial illustrations of two
alternative embodiments of an integrally packaged optron-
ic integrated circuit device constructed and operative in
accordance with still another preferred embodiment of the
present invention wherein a polarizer is integrated with
the integrally packaged optronic integrated circuit
device.

The embodiment of Fig. 17A may be identical to
that of Fig. 11A without the coating and is further
distinguished therefrom in that it has a polarizer 420
which is on an outer facing surface 422 of a transparent
protective layer 424.

The embodiment of Fig. 17B may be identical to



W thout solderable bunps, while Fig. 7B shows the provision of

sol derable bunps 17 on contacts 12, as illustrated in Fig. 1C.

It is a particular feature of the present invention that netal
contacts are"PSPHE onto the dies in electrical contact WRCAIEWOPEes 51
of pads 34 wthout first separating the dies into individual chips.

Figs. 8A and 8B illustrate subsequent dicing of the individual dies on the
waf er, subsequent to nmetal contact forgmtion thereon, into individual
pre-packaged integrated circuit devices. Fig. 8A shows a configura- tion

corresponaidia 0okhaps gl HAPwitholR’eh I WaIeEg" Al VT S
distinguished therefrom in that it has a polarizer 430
which is on an outer facing surface 432 of a transparent
protective layer 434.

- Reference is now made to Figs. 18A and 18B,
which are simplified pictorial illustrations of two
alternative embodiments of an integrally packaged optron-
ic integrated circuit device constructed and operative in
accordance with still another preferred embodiment of the
present invention wherein an optical grating is integrat-
ed with the integrally packaged optronic integrated
circuit device.

The embodiment of Fig. 18A may be identical to

- that of Fig. 11A without the coating and is further
distinguished therefrom in that it has a transparent
protective layer 440 which is formed with an optical
grating 442 on an outer facing surface 444 thereof.

The embodiment of Fig. 18B may be identical to
that of Fig. 12A without the coating and is further
distinguished therefrom in that it has a transparent
protective layer 450 which is formed with an optical
grating 452 on an outer facing surface 454 thereof.

Reference is now made to Figs. 19A and 19B
which may be generally similar in all relevant respects
to respective Figs. 11A and 12A respectively. The embodi-
ment of Figs. 19A and 19B is characterized in that a
transparent protective layer 460 is provided with a
particular edge configuration, preferably to enable it to
be located in an aperture. In Figs. 19A and 19B, the
transparent protective layer 460 is shown with a periph-
eral edge defining a step 462. It is appreciated that any
other suitable configuration may also be provided for
the transparent protective layer 460.

Reference is now made to Figs. 20A and 20B,
which are simplified pictorial illustrations of two
alternative embodiments of an integrally packaged optron-



‘sol derabl e bumps 17 on contacts 12, as illustrated in Fig. 1C.
:Reference is now nade to Figs. 9, 10A and 10B, which together illustrate

“apparatus for o] H&d'ng inte- grated circuit devices in aCCQE?M@oﬁ%th
a preferred enbodi nent-of the present invention. A conventional water

fabrication facility 180 provi des conpl ete wafers 20. |ndividual wafers 20
-are bonded on their active surfaces to protective |ayers, such as gl ass
.layers 26, using epoxy 28, by bonding @paratus 182, preferably having
.facilities for rotation of the wafer 20, the layer 26 and the epoxy 28 so

f ?E to g;ﬁ ali ntﬁc_‘!eihﬁgg&td’ﬂegubﬁ.%ui@:deﬁi& Qifw@t-ructgd and 35éﬁ@ﬂféiqq1t waf i‘g .
: I g. IS lnnegd at 1 1S on-gctive surta as r,ndl n parat us )
Suchas) wdel Sa0RsRS R0 VRR tadthe p e Re ¥ninRne Y 4F D o o
- from Speedf anphesenthagnvestipndvhereimggdgas of the packige axg egoatied hen
etched at it syiEW- a iopagaer tegeingpreferably by photolithography, such

Evail abl o1 1om roechst 1 BREPERERE, of ARG T By A e Gkespoid B0 © 1l
phot or esi st i that edferRilg.y 198sWhexetn cthe \tmansparebtepvtespivmiriaysrst em
185, such as ggkargayUe provided with an opaque coating 464 at its

' peripheral edge which may cover step 462 and may also

cover the edge of the outer facing surface adjacent
thereto. _ _
The embodiment of Fig. 20B may correspond
generally to that of Fig. 11A wherein a transparent
protective layer 470 may be provided with an opaque .
coating 472 at its peripheral edge which may also cover
the edge of the outer facing surface adjacent thereto.

Reference is now made to Pig. 21, which is a
simplified pictorial illustration of an integrally pack-.
aged optronic integrated circuit device constructed and
operative in accordance with still another preferred
embodiment of the present invention and having an octago-
nal configuration. This configuration is preferred for
compact applications, such as endoscopes which a high
density of focal plane sensors and electronics is
required.

Fig. 22 is a simplified pictorial illustration
of a cutting pattern employed to produce integrated
circuits of the +type shown in Fig. '21. The cutting
pattern of Fig. 22, which is shown overlaid on a wafer
480, comprises six consecutive cuts for each die.

It will be appreciated by persons skilled in
the art that the present invention is not limited to 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 modifications and
variations thereof as would occur to a person of skill in



Model KSMAG6, through a lithography nmask 186 to define etched channels
30. The photoresist is then devel oped in a devel op- nent bath (not
shown), baked and then etched in a silicon etch solution 19 g n a
t enper at ure cYAOY#M6Ied bath 188. Commercially available ‘equipnent for
this purpose include a Chenkl een bath and an WHRV circul ator both of which
are manufactured by Wafab Inc. of the U S A . A suitable conventional
silicon etching solution is IsoformSilizpn etch, which is comercially
avai l able from M cro-I1mage Technol ogy Ltd. of England. The wafer is

conventional ly rinsed a{,&grrgﬁmgng;hghgof@@ﬂﬁd NgpRiciligdation and

15 3 I 3
which are not in the prior art.



. surfaces of each die o

wafer is shown in Fig. 4C Alternatively, the foregoing wet
chem cal etching step may be replaced by dry plasma etching. The
et ched waf er o ®moeead on the non-active side to another protpairLssmodbayer
42 by bondi ng apparatus 192, which nay be essentially the sane as apparatus
182, to produce a doubly bonded wafer sandwi ch as shown in Fig. 4D.
hbtchlng apparatus 194 partially cuts t he bonded wafer sandw ch of
Fig. 4D to a configuration shown in Fig.2595. The notched wafer is
then subjected to anti- corrosion treatnment in a bath 196, containing a
chromat- ing solution 198, such asCdbsarIlddin any of the follow ing U S.
Patents: 2,507,956; 2,851, 385 and 2, 796, 370, the disclosure of which is

her eby |ncorgorated by ref erence. Conductivye | ayer dep03|t|on

appar at us 0, which @Eer&P§§95?1¥%dﬁﬂﬂﬁﬂﬁﬁbsPPlGHn%ﬁchn} at&deh as a
Model 903M spimdwit ripvimehineludimgact ured by Materi al Research Cor por at.i on

~of the US A, is enply EnEQg é@eddé’ﬁﬁcxﬁtc‘&'i‘éu%h\éﬁlhfﬂﬁra@n QUYsLor nmore

er as own 1 n

Confi gur at i oPR®f %ntaaElad%FFF-Bg emitien, ahd r’r’aﬁl’-égl?n i Eeeei Vo5 d ARG
preferably byawigng topnvanti bottomr| sant farede fosinedd ofhoébectatidallywhi ch i s

CormerCiaIIyinsulative and mechanically protective material, at least
one of the surfaces being transparent to radiation, and
electrically insulative edge surfaces having pads.

2. An integrally packaged optronic integrated
circuit device according to claim 1 and also including at
least one spectral filter associated with a radlatlon
transparent protective surface thereof

3. An integrally packaged optronic integrated
circuit device according to claim 1 or claim 2 and
including a semiconductor substrate which is sufficiently
thin as to enable the device to be responsive to back
illumination.

4. An integrally packaged optronic integrated
circuit device according to any of the preceding claims
and also including color array filters.

5. An  integrally packaged optronic integrated
circuit device according to any of the preceding claims
and also having lenses integrally formed on a transpar-
ent protective surface thereof.
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avai l abl e from DuPont under the brand name Primecoat or from Shipley, under
the brand nanme Eagle. The photoresist is applied to the wafers in a

phot oresi st bath assenbly 202 which is commercially avail abl e from DuPont
or Ship- | eWO9/40628  The photoresist is preferably |ightPGMPYYIHed by a
UV exposure system 204, which may be identical to system 185, using a nmask
205 to define suitable etching patterns. The photoresist is then devel oped
in a devel op- nment bath 206, and then e ghed in a nmetal etch solution 208

| ocated in an etching bath 210, thus providing a

16 conductor configuratio uch as that shown in Figs. 1A
6. 9 An Engegral Y package optronf% integrated

circuit device according to any of the preceding claims
and also including 1light coupling bumps . formed on a
transparent protective surface thereof.

7. An integrally packaged optronic integrated
circuit device according to any of the preceding claims
and also including a waveguide and other optical compo-~
nents integrally formed on a transparent protective
surface thereof.

8. An integrally packaged optronic - integrated
circuit device according'to any of the preceding clains
‘and also including an optical grating formed onto a
transparent protective surface thereof.

9. An integrally packaged optronic integrated
" ecircuit device according to -any of the preceding claims
‘and also including a polarizer integrated therewith.

10. an integrally packaged optronic ihtegrated
circuit device including:

an integrated circuit die containing at least
one of a radiation emitter and radiation receiver and
having top and bottom surfaces formed of electrically
insulative and mechanically protective material, at least
one of the surfaces being transparent to radiation, said
integrally packaged optronic integrated circuit device
being characterized in that its lcngest dimension does
not exceed the longest dimension of the die by more than
20%.

11. An integrally packaged optronic integrated
circuit device according to claim 10 and being character-
ized in that its longest dimension does not exceed the

L L



and 1B. . . The exposed conductive strips shown in Fig. 7 are then
pl ated, preferably by electroless plating appa- ratus 212, which is
comercially g}(ﬂ'g}a@,e from kuno of Japan. The walpgirai®obdren
diced into in ivigual pre- packaged integrated circuit devices.
Preferably the dicing blade 214 should be a dianond resinoid bl ade of
thickness 4 - 12 mls. The resulting dies appear as illustrated generally
in Figs. 1A and 1B. Fig. 10A sh®s apparatus for producing an
integrated circuit configuration corresponding to that of Figs. 1A and 1B
wi t hout sol depabkestbdimensidn lof Ehg. di8Boymewe dpyar at0&s f or produci ng an
Integrated circuit configuration corresponding to that of Fig. 1C having
sol derabl e bunps. The enbodi ment of Fig. 10B is identical to that of Fig.
10A, apart fromthe additional provision of bunp formng apparatus 213
downstream af2. the ehectimiesxslilyat pagkagedr aiptrdiizz integrat&df erence
s now made 19,59 adtfbe deklordthleClol Lhush 26 Sadd Waidll ehaRhbverpr of er i ed

enbodi nents 0 egr circuit devi¢e copstructed and operatiyve in
accor dance wiiggdandihEhatidi®longestg4raRatondqeR Nates EXECPHv e Pon and

i ncludes a r aloagiexe! dihdnsiombic eeadie bpruorertsn S4.y protected and
mechani cal |y

13, An integrally packaged optronic integrated
circuit device according to claim 5 and wherein said
lenses are formed of the same material as that of the
transparent protective surface.

14. An integrally packaged optronic integrated
circuit device according to claim 5 and wherein said
lenses are not formed of the same material as that of the
transparent protective surface.

15. An integrally packaged optronic integrated
circuit device according to any of claims 5, 13 and 14
and wherein said lenses are formed on an outer facing
surface of the transparent protective surface.

16. An integrally packaged optronic integrated
circuit device according to any of claims 5, 13 and 14
and wherein said lenses are formed on an inner facing
surface of the transparent protective surface.

17. An integrally packaged optronic integrated
circuit device according to any of the preceding claims
and wherein said circuit device is formed with an
octagonal shape.

LT



strengthened integrated circuit package 310 having a nultip
contacts 312 plated along the edge surfaces 314 thereof.

el ectri cal

Fig. 11A shows a dichroic filter and/or anti- reflective coatin

on an outer VA& 4%surface 316 of a transparent protect PEERIRIMN
Fig. 11B illustrates a coating 318, which nmay be identi cal
which is fornmed on an inner facing surface 319 of

icity of

315 forned
317.

to coating 315,
transparent protective

| ayer 317. Fig. 11C shows both coatings 315 and 318 on respective surfaces
17 319 of transparent
| ayer 317. Optronic conponents are forned on a surface 320 of

316 and
protective
a silicon

1s8. A method for producing an integrally packaged
optronic integrated circuit device comprising the steps
of: '

fofming electrical circuits onto a
semiconductor wafer;
' forming at least one transparent mechanical
protective layer onto said semiconductor wafer over said
electrical circuits;

forming solderable contacts onto said
semiconductor wafer; and '

thereafter, dicing said wafer into individual
packaged dies.

19. Apparatus according to any of the preceding
claims, substantially as shown and described hereinabove.

20. Apparatus according to any of the preceding
‘claims, substantially as illustrated in any of the
drawings. ' '

21. A method, substantially as shown and described
hereinabove.

22. A method, substantially as illustrated in any

of the drawings.
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substrate 322 of conventional thickness, typically 100 mcrons. Surface 320
- faces transparent protective |ayer 317. Fig. 11D shows an

- absorption filtep %%g formed on outer facing surface 316 ofpcrhi@psdar ent

. protective |ayer ? . Fig. 11E shows an absorption filter 323, having

- formed thereon an anti-reflective ﬁgﬂiing 324, fornmed on outer facing

- surface 316 of transparent protec- e |l ayer 317. Reference is
now nmade to Figs. 12A - 12C, which illustrate three alternative preferred
enbodi nents of Mitegrated circuit device which include a relatively thin
and conpact, enviro ntally protected and nechanically strengthened

- integrated circuit packa 330 having a nultiplicity of el ectggal tacts
- 332 plated along the edgg%E ‘ S In Egﬁ?faggﬁto

" the enbodi nents of Figs. 11A 2 cuit devices of Figs.
12A - 12C are designed
silicon substrat e 236, 9
Whereas in thelenbodi nent of Figs. 11A - 11E, the optronic conpore
formed on a s e~320 which faces a transparent proteci+ve
~in the enbod =

FIG. 1B



formed on a surface 340 of substrate 336, which surface 340 faces away
fromthe corresponding transparent protective |ayer 337. The extrene

t hi ckness of the sub- strate 336 in the enbodi nents of Fiq&zn% o1 12C
enabl es t heWOMHMR¢ ¢ conmponents on surface 340 to be exposeg‘ 0 |1ght

| npi ngi ng via transparent protective |ayer 337 by back exposure. :
It is appreciated that silicon iQ/QBansparent to certain radiation spectra,
such as IR radiation. Wen 18 an IR
responsi ve device is provided, the enbodi nent of Figs. 12A - 12C can be
constructed wthout a thinned silicon substrate.




- Fig. 12A shows .a dichroic filter and/or anti- reflective coating 345 forned
- on an outer facing surface 346 of the transparent protective |ayer 337.
- Fig. 12B ill ugigalaeesa coating 348, which may be identical t@®cranooer 345,
~which is formed on an inner facing surface 349 of transparent protective
| ayer 337. Fig. 12C shows both coag 235 345 and 348 on respective surfaces
. 346 and 349 of transparent prot é | ayer 337. The
" nodi fications shown in Figs. 11D and 11E nmay al so be enbodied in the
~configuration of Figs. 12A - 12C Ref erence is now nmade to Figs.
- 13A, 13B and 13C, which illustrate three alternative preferred enbod-
. iments of integrated circuit device constructed and operative in accordance
wi th anot her preferred enbodi nent of thf’@%es nt i nvention and includes a
relatively thin and conpact, environnental protected and nechanical ly
strengthened integrated circuit package 350 having a multiplicity of
el ectrical contacts 352 pl 3542 her eof .
Fig. 13A shows a color fil an RGB or maskin ilter, 355
protective | ayer

formed on an outer facing spurface of atr par en
~357. Fig. 13B illustrates filt 3--WhiL’may be identical to filter
. 355, which is forned on an pu i-hg BCET~,
. ’,/ i 4/\
,', et 2 ‘g
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359 of a silicon substrate 362. Fig. 13C shows both fi-lters 355 and 358 on

respective surfaces 356 and 359. It is appreci ated that
filter 356 %I ternatively be located on an inner facing surface of
t ranspar ent pr otective |layer 357. Ref erence i s nowW¢HBE9R087IF| gs.

14A, 14B, 14C and 14D, which illustrate four alternative enbodi nents of an
I nt egral I y packaged optronic int egﬁdﬂéd circuit device

19 constructed and operative in accordance with another pre- ferred

enbodi nent of the present invention having |lenses integrally formed on a
transparent prot ective surface thereof. The enbodi nent of Fig. 14A

may be identica0 \\ FIG.4A

—_ 28
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. The enbodi ment

- that of Fig. 11A without the coating and is further distinguished therefrom
inthat it has a transparent protective |layer 370 which is formed with an
~array of m crg}oegtgﬁﬁg‘, 372 on an outer facing surface 374 ther eetarLosn0071

o] Ig. 14B may be identical to that of Fig. 12A without the
" coating and is further distinguis&g? therefrom in that it has a
transparent protective |ayer 380 ¢h is formed with an array of
- mcrol enses 382 on an outer facing surface 384 thereof. In the
illustrated enbodi nent of Figs. 14A and 14B, the m crol enses 372 and 382
respectively are fornmed of the sane matern~al as than of transparent

protective |layers 370 and 380 respectiwly. Al ternatively,
m crol enses 372 and 382 nay be fornmed of a matemN\al different fromthat of
respective transparent protective layers 370 and 389_ - The

enbodi mrent of Fig. l4& corresponds to that of Fig. 14A However in the
enbodi nent of Fig. 14C, anarway of mcrolenses 385 is foNged on an inner
- facing surface of transparent jpxotective |ayer 370. In the rNustrated
~enbodi nent of Fig. 14C, the mjcry] enses 385 are fornmed of a di fierent
material than of transpskent p gedi ve layer 370. Alternatively,

m crol enses 385 may be forned re_mat eri al as tagt o038 { r ansfgar ent
protective |ayer 0.

44

39 44 42



The enbodi nent of Fig. 14D corresponds to that of Fig. 14B. However in the
enbodi nent of Fig. 14D, simlarly to the enbodi nent of Fig. 14C, an array
of mcrol ens $%| s forned on an inner facing surface of transparent
protective | gs)e b In the illustrated enbodi ment of Fi g. POT4D99/Q08H

m crol enses 387 are forned of 20 a
different material than of transp#y/ept protective |layer 380. Alternatively,
m crol enses 387 may be fornmed of the same material as that of transparent
protective |ayer 380. In the enbddi nents of Figs. 14C and 14D,
the index of refraction of the nmidrol enses B85 8fd 387

N = 26

34 | | 34
) AR 40
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respectively nmust exceed that of an epoxy |ayer 388 underlying them
Reference is now nade to Figs. 15A and 15B, which are sinplified pictorial
i lTustrations yafodsgpeal t ernative enbodi ments of an integrall ycraciaged
optron- ic integrated circuit device constructed and operative in
accordance with another preferred enbodi nrent of the present invention
having |ight coupling bunps integrafsy forned on a transparent protective
surface thereof. The enbodi nent of Fig. 15A may be identical to
that of Fig. 11A without the coating and is further distinguished therefrom
inthat it has a |light coupling bunp 390 forned on a transparent protective
| ayer 392. A waveguide 394 is shown optically coupled to the
transparent protective |ayer 392 via bunp 390. Preferably the bunp 390 is
formed of a transparent organic material which is sonewhat conpliant such

t hat mechani cal pressure produces a slight deformation thereof and enabl es
an evanescent |ight wave to pass through an interface defined therewth.
The enbodi nent of Fig. 15B may be identical to that of Fig. 12A without the
coating and is further distinguished ther§¢ron1in_that it has a |ight
coupling bunp 396 fornmed on a tranddarentyyprotective |ayer 398. A wavegui de
399 is shown ofdtrcally coupled ;ﬁo e




transparent protective layer 398 via bunp 396. Ref erence i s snow

made to Figs. 16A and 16B which are sinplified pictorial illustrations of
two alternative enbodi ments of an integrally packaged optran-. .G integrated
circuit devWO@Ye?&t ruct ed and operative in Petmsiobr!

21 accordance with yet another preferred enbodi ment of the present .
I nvention having a wavegui de and ot %?z3opt I cal conponents integrally forned
e

on a transparent protective rface reof & The_enbodi nent of
Fig. 16A be identical/No that of Fig. "Nﬁa ' coating and
s further\dis gui s terefromin that it 2 e 400 and
possi bl oth oRtic ments—ret=shown) f orng
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a transparent protective |ayer 402, as by conventional

techni ques. This arrangenent enabl es opti cal

~protective layer 74 and t he wave gui de 400.
Fig. 16B may be identical to that of Fig.

further distinguished therefromin

~ possibly other optical elenents (not 8)2¥wn) forned on a 2
ional integrated optf cg
communi cati on

protective |ayer 412, as by convent
ar r angenent enables optical

- 17A and 178/ whi {2\
394

70 (R \

W.'AV'.‘.'A'A g.

integrated witR

devi ce.

Fig. 11A mﬁthOjf

it has a polari/z
<+

o
o~

er 420N

P.S.

communi cati on
optronic COQRORS Jformed on a silicon substrate 404 via therhispeear ent

i ntegrated optics

bet ween an

The enbodi nent of
12A without the coating and is

that it has a wave gui,de 410 and

Fig. 17A
further

betv@bn

di

210

206

Rt r

par ent

techni ques. This

oni c

is
circuit
to that of

Fﬁérefron1in t hat

ELECTROLESS
PLATING
APPARATUS

208

RS-
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which is on an outer facing surface 422 of a transparent protective l.ayer
424. The enbodi nent of Fig. 17B may be identical to

22 that of Fig. 12A without the coating and is further distinguished
therefrom i wod@es24t has a pol ari zer 430 which is on an oRGLFH g
surface 432 of a transparent protective |ayer 434. Ref erence is
now made to Figs. 18A and 18B, which are sinplified pictorial illustrations
of two alternative enbodi nents of anlgi/zﬁegrally packaggd ,optron- ic
integrated circuit device constructe d opergtive i cordance with
still another preferred enbodi nent of the =
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present invention wherein an optical grating is integrat- ed with the

I ntegrally packaged optronic integrated circuit device. The
enbodi ment of b9euckS My be identical to that of Fig. 11A w

coating and is ?u?ther di stingui shed therefromin that it ha!bgﬂﬁggﬁgggrent
protective |ayer 440 which is forned1q?&§ an optical grating 442 on an
outer facing surface 444 thereof. The enbodi nent of Fig. 18B may
be identical to that of Fig. 12A wt th oating and is further

di st i ngui shed therefroghhn that it h .trgnapgkent protective | ayer 450
which is formed with a ptical grating 452 3 an outer facing surface 454
t her eof . Ref er en IS now made to 'B%. 19A 3iréd 1983w@ich may be

| s Ly Bl G a_and 12A

general ly sing#fr n_all rdlovant reognoctslio rosn odtivg Eid QS -l 1A —
respectivel y.YThe qggédiv' nt. of Z Fi g5~ ang B.ig ¢ ey red in
that a transp&r‘E’l/t DI otér(?/é/l _y/r 60 I%J‘m[lﬁf‘ \NI/f/h %rﬁfgt%?/ljar edge

f . | 7 S ————— L I . /;; : I
sui tabl e confi gur at | YR e R st R ataRE prgtect i ve
| ayer 460. '//i,/;:\i\‘&\\-\\\\\\\ﬂ\\- ‘\‘.\\
3147 (22222
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which are sinplified pictorial illustrations of two alternative .enbodi.nents
of an integrally packaged optron- 23
iC integratego )&ﬁﬂjt devi ce constructed and operative in accordance with
yet another prererted embodi ment of the present invention WEEPP¥ges of
t he package are coated with an opaque coati ng. The enbodi nent of
Fig. 20A may correspond to that of2/39. 19A wherein the transparent
protective |ayer 460 may be provided with an opaque coating 464 at its

peri pheral edge which nmay cover step 462 and may al so cover the edge of the
outer facing surface adjacent thereto.

FIG. 11D
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The enbodi nent -of Fig. 20B may correspond generally to that of Fig. 11A
- wherein a transparent protective |layer 470 may be provided with an opaque
. coating 472 alygdmoger | pheral edge which may al so cover the edgaL®miotzhe

outer facing surface adjacent thereto. Ref erence is now nade to
Fig. 21, which is a sinplified pic{yrazl illustration of an integrally
pack- aged optronic integrated circdit device constructed and operative in
accordance with still another preferred enbodi ment of the present invention

and having an ogtago- nal configuration. This configuration is preferred

for conpact appﬁ? ations, such as cop S:Mi ch a hig ensity of
focal plane sensdxs 36d, elHd rﬂ?g iqs required. g4g Fig. 22 is

a si rT'pl i fied pl Clatipleil Lot atitan—at—a ottt aa o —aatt o e odiaal o rersl
produce i nt eds. dyy(r ' i iy
22 ]

pattern of Fig. i € s héuh—over Hald—on—a—w 4.9 oF es six
consecutl Ve CUt S e P R D e 500
been particul ar iy BN T \\\\w\\\\/ oba of the
present inventi ///9"'\\% \ﬁ‘\\ﬁ\\it?\?\\%\\\\&f\\\\\\\x\\b\\\\k&\\\\‘/// of the
~various features desc \\\\\\\\\\\\\\\\‘v\x\\\\\\\\ik\n\‘-\\}k/\,\& and
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variations thereof as would occur to a person of skill in
24 the art upon reading the foregoi ng speci i fication and which are not I n

the prior ar
P &o 99/40624 PCT/IL99/00071

14/23
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25 : CLAI MS 1. An integrally packaged
‘optronic |ntegrated circuit device including: an integrated
-circuit die cowodbmerg at | east one of a radiation emtter angctfgomborPn
recei ver and having top and bottom surfaces forned of electrically

I nsul ati ve and mechanical ly protectiﬁ§ﬁﬁpterial, at | east one of the
surfaces being transparent to radiat d/ and electrically insulative edge
~surfaces having pads. 2. An integrally packaged optronic
integrated circuit device according to claim1 and al so including at |east
one spectral filter associated with a radi ation transparent protective
surface thereof. 3. An integrally packaged optronic integrated

FIG. 14A
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circuit device according to claiml or claim2 and including a
sem conduct or substrate which is sufficiently thin as to enable the deV| ce

to be responﬁ;ve t o back illum nation. 4. An |ntegralgéwgackaged
opt roni ¢ P4 circuit device according to any of th&PGHfik

clainms and al so including color array filters. 5. An |ntegrally
packaged optronic I nt egrat ed ciqﬂzsit devi ce according to any of the

preceding clains and al so having | enses integrally formed on a transpar-
ent protective surface thereof.

FIG. 14C
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26 6. ’ An- integrally packaged optronic integrated circuit device
according to any of the preceding clains and al so incl udi ng Iight coupling
bunps fornmed ogodehgeafsparent protective surface thereof. L9900
integrally packaged optronic integrated circuit device accorgl ng to any
of the preceding clains and al so including a wavegui de and ot her opti cal
conpo- nents integrally formed on a t#@Jsparent protective surface thereof.

8. An integrally packaged optronic integrated circuit device
according to any of the preceding clains and al so including an opti cal
grating formed onto a transparent er@tive‘grAface thereof. 9. An
I ntegrally packaged optronic integrat¥d ci devi ce according to any

of the preceding clains and al so including a polarizer isrétdregrat ed

t herewi t h. 390 .
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10. An integrally packaged optronic integrated circuit device

I ncl udi ng: an integrated circuit die containing at | east one of a
radi ation enfyhlos ﬁrd radi ati on receiver and having top and bottom surfaces
formed of electrlca ly insulative and nechanical |y protect PFTHE087 5] at

| east one of the surfaces being transparent to radiation, said |ntegrally
packaged optronic integrated ci rclBA23devi ce bei ng characterlzed in that its
| ongest di mensi on does not exceed the |ongest dinension of the die by nore
t han 20% 11. An integrally packaged optronic integrated circuit
devi ce according to claim10 and | chpragter- ized in that its | ongest
di nensi on does not exceed the lF’@' hfl A

FIG. 16B
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27 longest dinension of the die by nore than 10% 12. An
‘integrally packaged optronic integrated circuit device according to

claim 10 and bwongagsbar acter- ized in that its |ongest dlnensp@ﬂngg&@ﬁun
exceed the |ongest dinension of the die by nmore than 5% An
‘integrally packaged optronic nteggzéfd circuit device accord ing to claim
5 and wherein said |l enses are forne the sane material as that of the
transparent protective surface. 14. An integrally packaged
optronic integrated circuit device accordin%726 claim5 and wherein said
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| enses are not formed of the same material as that of the transparent
protective surface. 15. An integrally packaged optronic

i nt egrated Cﬁﬁﬁﬁh&ngeVice according to any of clainms 5, 13 and 14 and
wherein said lenses are formed on an outer facing surface OfCHRE9/00071
transparent protective surface. 16. An integrally packaged
optronic integrated circuit devicEQéEhording to any of clains 5, 13 and 14
and wherein said |l enses are formed on an inner facing surface of the
transparent protective surface. 17. An integrally packaged
optronic integrated circuit device according to any of the preceding
clainms and wherein said circuit device is formed with an octagonal shape.
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| 28 18. . A method for producing an integrally packaged optronic
I ntegrated circuit device conprising the steps of:

el ectri cal W 597ddk1aS
. at |east one transparent mnechani cal

onto a seni conduct or waf

sem conduct or wafer over said 6|6Ct5LZZﬂ circuits;

sol der abl e contacts
thereafter, dicing sai

onto sai d conduct or waf
d wafer into individual

FIG. 19A

protective | ayer onto said

form ng
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packaged dies. 19. Apparatus according to any of the preceding
clains, substantially as shown and descri bed herei nabove. 20.
Apparat us  ageddotbddg to any of the preceding clains, substantially as

illustrated in any of ‘the draw ngs. 21. A net hod, subB¢HELYHOTY as
shown and descri bed herei nabove. 22. A net hod, substantially as
illustrated in any of the draw ngg2/23
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