1 PROCESS FOR THE COLLECTI VE FABRI CATI ON OF M CROSTRUCTURES CONSI STI NG OF
SUPERPCSED ELEMENTS The invention relates in general to the collective
fabrication of superposed bonded m crostructures and applies in particul ar
to the fabrication of integrated electironic circuits, and by extension to 5
m cromachi ned structures fabricated using collective processes simlar to
those enployed in the fabrication of integrated electronic circuits. These

m cromachi ned structures are known by the nane MEMS when they incorporate
el ectrical and nechani cal functions (for exanple pressure mcrosensors,
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el ectrical arMIGmOSCI'ﬂU(ﬁ'FUR‘ESJCOMSIWNG‘GFSSIDPER@GQEBYEI).EMENWKe t he
i nvention nore clearly understood, and nmerely by way of exanple, the

application to the fabrication of an electronic inage sensor wll be
described nore precisely. An electronic imge sensor is typically intended
for exanple to formthe core of a di gital canera. It converts 15 an inage
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on the 30 sensor itse er optica t ranspar ent
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its fabricghsdt wilhive idéscribed more precisely. An electronic image sensor is
typically intended for example to form the core of a digital camera. It converts

15 an image projected on its sensitive surface into electrical signals.
Conventionally, the image sensor is a monolithic electronic
integrated circuit formed on a silicon substrate. Formed on the surface of this
substrate are, on the one hand, a matrix of photodetectors and, on the other
hand, peripheral electronic circuits called "drivers". The drivers are used to
20 drive the matrix and extract and process the signals which are output by the
matrix and which represent, in electronic form, the image projected on the

matrix by an objective.

The monolithic integrated circuit is therefore intended to be
combined, in the camera, with a projection optic (a lens or several
25 superposed lenses) that projects the image to be detected on the
photosensitive surface of the matrix. This projection optic may form part of
the sensor, that is to say it may be integrated with the sensor placed in front
of the upper surface thereof, or it may be separate and form part of the
camera. However, even if it is separate, it may be useful to provide, on the
30 sensor itself, another optical element, such as a transparent protective wafer
or optical filter, mounted directly on the sensor during its fabrication. This is
the case not only for photography in the visible range, but it is also for



the case not only for photography in the visible range, but it is also for 2
exanple the case in the field of X-ray inmaging, in which it may be desirable
to nount, on the sensor, during fabrigation of the latter, a wafer of
scintillator material, and optically a fiber optic wafer between the
scintillator and the matrix of photodetectors. 5 Thus, exanples may be
given in which it is useful to conbine, with an integrated circuit having
el ectronic functions, a nmechanical or optical structure that does not
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30 subst rataﬁué@fa%élvﬁ'@ thaﬁ eFH% which the circuit features defining the

el ectronic ncti ons Of sensor atre formed by successi ve deposition
Conventlonally, the fabrication of an integrated Circuit is carried out

collectively starting from a silicon wafer. A multiplicity of identical individual
integrated circuits, arranged in an array of rows and columns, is formed on

20 this wafer by successive operations, namely deposition of layers,
photolithography of these layers and chemical etching or ion etching. Next,
the wafer is diced into individual “chips”, each corresponding to a single
integrated circuit. Each chip is subsequently mounted in an individual
package.

25 When a transparent glass plate has to be attached to the front
face of the integrated circuit, before the latter is mounted in its individual
package, this plate is firstly cut to the desired dimensions (slightly smaller
than those of the chip itself) and is then bonded to the upper face of the chip.
In what follows, the term “upper face” or “front face” of the chip or of the

30 substrate refers to the face on which the circuit features defining the
electronic functions of the image sensor are formed by successive deposition
and etching operations. Among these features, there are contact pads for
electrical connection with the outside of the sensor, for controlling the sensor
and for receiving the signals representing the image. These pads are located

35 on the periphery of the chip and must remain accessible so as to be able to



and etching operations. Anong these features, there are contact pads for

el ectrical connection with the outside,of the sensor, for controlling the
sensor and for receiving the signals 9epresent|ng t he i mge. These pads are
| ocated 35 on the periphery of the chip and nust remain accessible so as to
be able to 3 be soldered to connection pins on the package. This is why the
transparent glass plate is cut to smaller dinmensions than the surface of
the chip - the pads on the periphery of the chip nust not be covered by the
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thls trench, in contact with the cut portion of the pads. This metal deposited in
20 the trench is up to the upper face of the plate, so as to form new pads, which
are accessible. This technique is complicated - it uses process steps that are
not conventional in microelectronics and establishing contacts inside the
trench is not easy.
Another technique consists in arranging for the contact pads to be
25 located on the rear face of the chip, while still being connected, through the
thickness of the semiconductor wafer, to the circuits formed on the front face
of the chip. This technique has been used in particular for image sensors
having a thinned semiconductor substrate. However, passing contacts from
the front face of the substrate (the face of which all the elements of the
30 integrated circuit are produced) to the rear face is difficult and requires, on
the one hand, deep etching and, on the other hand, deposition and etching
treatments on both sides of the substrate, which is not desirable.
In the particular field of micromachined electromechanical
sensors, for example for accelerometers, various bonding techniques have
35 been also proposed for bonding two silicon wafers, such as for example in



the front face of the substrate (the face of which all the elenents of the
30 integrated circuit are produced) to,the rear face is difficult and
requires, on the one hand, deep etchlﬁg and, on the other hand, deposition
and etching treatnments on both sides of the substrate, which is not
desirable. In the particular field of m cromachi ned el ectronmechani cal
sensors, for exanple for accel eroneters, various bonding techni ques have 35
been al so proposed for bonding two silicon wafers, such as for exanple in 4
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passing through the zones with no adhesion, so that, after the first elements
have been diced, surface portions (those lying between the parallel dicing
20 lines) not covered by a second element remain.

More precisely, the invention provides a process for the collective
fabrication of structures consisting of two superposed elements that are
bonded together, starting from two plates, one of which includes an array of
first elements to which second elements belonging to the second plate have

25 to be bonded, the first plate including electronic circuitry elements protected
by an insulating protective layer, the process comprising the following
operations:

- the lower face of the second plate is bonded to the upper face of
the first plate, over the major portion of their respective surfaces, but not

30 bonding the zones called “dicing paths” that are formed by etching
indentations in the insulating protective layer on the first plate; and

- the plates are diced into individual structures consisting of two
superposed elements, comprising a lower plate element and an upper plate
element, the dicing operations comprising at least dicing of an element of the

35 second plate via its topside along a first dicing line passing along a dicing



by an insulating protective |layer, the process conprising the follow ng
operations: - the lower face of the sécond plate is bonded to the upper face
of the first plate, over the major portion of their respective surfaces,

but not 30 bonding the zones called "dicing paths" that are formed by
etching indentations in the insulating protective layer on the first plate;
and - the plates are diced into individual structures consisting of two
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(MOEMB) . The el endihes fiest plade selementplmay be integrated electronic circuits
having any electronic function. The structure consisting of two superposed
20 elements is a purely electronic or optoelectronic structure or a
micromachined structure having both mechanical and electronic functions
(MEMS) or optical functions (MOEMS). The elements of the second plate
may be optical elements to be combined with the elements of the first plate,
namely either simple transparent protective wafers or wafers having more
25 sophisticated functions (filtering, color filter mosaics, lenses, arrays of
microlenses, fiber optic wafers, scintillator structures with or without a fiber
wafer for X-ray imaging, etc.).
In the fabrication of an image sensor or image display comprising
an integrated circuit chip covered with an individual optical structure, it will be
30 understood that the first element is the sensor or display chip, the first plate is
a semiconductor wafer, on which an array of identical chips arranged in rows
and columns is formed, the second plate may be a simple transparent plate,
not necessarily including etched features, or else the second plate may, as
will be seen later, include etched individual features arranged with the same
35 row and column periodicity as the chips of the semiconductor wafer.



may be optical elenents to be conbined with the elenents of the first plate,
namely either sinple transparent prote@tive wafers or wafers having nore 25
sophi sticated functions (filtering, color filter nosaics, |enses, arrays of
m crol enses, fiber optic wafers, scintillator structures with or without a
fiber wafer for X-ray imaging, etc.). In the fabrication of an inmage sensor
or image display conprising an integrated circuit chip covered with an
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The dicing of the first plate takes place in principle, for each dicing
20 path, along a single fine dicing line passing through the dicing path between
two rows of chips. The width of the dicing line, that is to say the width of the
saw blade if it is a saw that performs the dicing, is small, typically about 30 to
50 microns in width.
However, there are several possibilities as regards the second
25 plate:
- dicing along a single fine dicing line passing through the
dicing path between two rows of chips, this line being parallel to (but
not superposed with) the dicing line of the first plate;
- or dicing along two parallel fine dicing lines passing
30 through the dicing path between two rows of chips, these lines being
parallel to the dicing line of the first chip but at least one of them not
being superposed with the latter; in this second case, that portion lying
between the two dicing lines of the second plate is scrap, which is
removed and does not form part of the final structure consisting of two
35 superposed elements;



20 path, along a single fine dicing |line passing through the dicing path
between two rows of chips. The width 6f the dicing line, that is to say the
width of the saw blade if it is a saw that perforns the dicing, is small,
typically about 30 to 50 mcrons in width. However, there are several
possibilities as regards the second 25 plate: - dicing along a single fine
dicing line passing through the dicing path between two rows of chips, this
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line, not superguywttionipad.the first plate dicing line. Here again, after
dicing,sthe first plate element includes a part not covered by the second

plate el'enent that_ is bonded to it. This exposed part contains at |east one
external connect i @thgsdgatures afibe inventionewillbbecarae jappaientoan ieadingecone

apparent ofhef fdwIy deiSildd!dedetiporehRkh Wit SRFE IRtk Ot Vasbeideld
reference to the appended drawngs in which: - figure 1 shows a silicon

waf er seendmﬂg*‘alﬁb‘yﬁ'c n two contact 15 pad-configurations for the
i ndi vi dual chips onfighe 1afteins a Silicbn ®aferssusis frbReabble ¢onwoadaitadtn cr oss

sect| on1’5 SSS&‘ cgmigaljrgﬁgﬁs for the individual chips on the wafer;
- figure 2 shows the silicon wafer in cross section, seen enlarged;
- figure 3 shows the superposed assembly of the wafer and a
transparent glass plate bonded by molecular adhesion;
- figure 4 shows the upper and lower dicing lines of the
20 superposed assembly;
- figure 5 shows the individual superposed structures that resuit
from the dicing;
- figure 6 shows the mounting of a structure on a package with an
electrical connection between the structure and the package;
25 - figure 7 shows a dicing of the upper plate with a wide kerf that
overlaps the contact pads;
- figure 8 shows the individual superposed structures that result
therefrom;
- figure 9 shows the superposed assembly of a semiconductor
30 wafer and a protective plate, with the corresponding dicing lines, in the case
of an electronic chip having contact pads on the two opposed sides of the
chips;
- figure 10 shows the individual structures resulting from dicing the
assembly in figure 7,
35 - figure 11 shows a cross section with a wide kerf;



- figure 3 shows the superposed assenbly of the wafer and a transparent

gl ass plate bonded by nol ecul ar adhesi®n; - figure 4 shows the upper and
| ower dicing lines of the 20 superposed assenbly; - figure 5 shows the
i ndi vi dual superposed structures that result fromthe dicing; - figure 6

shows the nounting of a structure on a package with an electrical
connection between the structure and the package; 25 - figure 7 shows a

di cing of the upper t h v t ntact pads;
O oore 8 choa. cniBueE T2 Siole s dcBlled ol VG PG Bkl b
therefromlndemﬁaggﬁ%mt@ﬁmr@ftﬂl@tesaﬂmposed assenbly of a semi conductor 30

waf er and a protect f,g@ephgtgmm tthe LR ggtéizﬂgp?ﬁag%ﬁé){hggdéﬂn%asHy| n the

case of an electrontc chip having cont two opposed’ si des of
the chi pghdentatigns Ba!'OQStWQv%eRﬂhéeWeﬂﬁil vidual structures resulting from
di cing ghe assenbly in figure 7; 35 - flgure 11 shows a cross section with

a wde kerf; ure 12 sh the two tes wWi.th dicj path defi ned
by indent at | ons jrh&ﬂﬁ’%éﬁ@rw'ﬁvgﬁ Qes%ﬁ'hf'd P’T a&tﬁ"ewlf rede €pl at es

Wi th ?I Ci r@ammlbswghwh iseah image ryéasbafom{eﬁi tha ai sigcc{n/\@h@eﬁ\}@ré@MhSa 5 The
n n n
whi oh i o dirsRalEntCEREE pIAFE, (o 5SS platteaing B FobBel patSTan tneicifE™

t r anspar enacogisaibde gbaas to tdﬂemgébsqual agbanéetonisnbetweencthe ahip paddhen t he

chip 3gcess gllatae?fstﬁﬁ%%ns& aij'H iﬁvghﬁ&ﬁ ' ve?olﬁr}f'oqth'rrﬂfé% %%&8? trcn[]faécm p and

t he 10 outSi hée T nven owever, 1S no dtothis
parti cul arexamplepl e. The process starts vm th a sem conductor wafer (in

g(r)incginf! e a Si gl e Iptseeds StdrnsC Wtha' Semicdmdlbict wafed fiRPbrirtciiigda LY

single-crystal silicon wafer) on which are fabricated, by conventional
deposition and photoetching processes, an array of identical chips, in rows

15 and columns, each corresponding to a respective image sensor. The suffix n
is assigned to a chip of row n of the array, the suffix n-1 is assigned to an
adjacent chip on one side and the suffix n+1 to an adjacent chip on the other
side. Each chip P, has an active zone ZA, comprising a matrix of
photosensitive elements and associated electronic drivers. Placed on the

20 periphery of this active zone and to the outside of the latter are conducting
contact pads PL, that will subsequently be connected, after the wafer has
been diced into individual chips and during encapsulation of the chip in a
protective package, to terminals on the package. The connection between
the contact pads and the external terminals is generally made by gold or

25 aluminum wires bonded on one side to the contact pads and on the other
side to the package.

The distinction, made here between active zone and zone
containing contact pads, does not of course mean that there is no active
element outside the active zone. This distinction is made only for

30 distinguishing a zone containing external connection pads from a zone that
does not contain them, the zone that does contain the pads being located on
the periphery of the zone that does not.

The contact pads may be placed along one or several sides of the
chip. In figure 1A, the pads are placed only along two adjacent sides of the

35 chip, but not on two opposed sides. In figure 1B, the pads are placed at least



deposition and phot oetchi ng processes, an array of identical chips, in rows
15 and col ums, each corresponding to % respective i mage sensor. The suffix
n is assigned to a chip of rown of the array, the suffix n-1 is assigned
to an adjacent chip on one side and the suffix n+l to an adjacent chip on
the other side. Each chip P, has an active zone ZAn conprising a matrix of
photosensitive el enents and associated electronic drivers. Placed on the 20
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these layers. To simplify the respresentation, the circuits of each active zone
are shown schematically in figure 2 by a respective rectangle 50.

20 After the sensors have been fabricated, an operation called
“planarization” may be carried out on the surface of the wafer. This is
because the operations of depositing and etching the various, conducting,
insulating or semiconductor layers have created a relief on the wafer (not
visible in figure 2), and this relief is preferably eliminated as far as possible,

25 so as to end up with a wafer surface that is as planar as possible over the
major portion of its surface. In practice, the planarization operation essentially
consists in covering the wafer with a protective layer 30 (in general made of
silica) a few microns in thickness, which fills the recesses of the relief, and
then this layer is uniformly etched so as to leave only a desired thickness

30 thereof, this being chosen so as to provide sufficient protection of the sensor
from attack by the external environment. Planarization is not obligatory, but in
general an insulating layer such as 30 is used on the surface of the wafer
and in what follows this layer will be called “planarization layer”.

Conventionally, before or after the planarization operation,

35 apertures are made in the layer 30 so as to bare at least the center of the



chips are denoted by Pn_1, Pn, P'"+1 and the active zone of the chip Pnis
denoted by ZAn. A contact pad PLn, |yi10g outside the active zone, has been
shown schematically. The details of the features of the active zone have not
of course been shown. These features may contain hundreds of thousands of 15
circuit elenments, produced essentially by conventional operations of
depositing insulating, sem conductor and conducting |ayers on the front face
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20 zones of adjacent chips. The active zones are covered with a planar
protective layer. The dicing paths overlap the pads and are stripped by locally
removing the planarization layer 30 so as to bare the pads. The planes of the
subsequent dicing will pass through the dicing paths, between the pads of
one chip and the active zones of an adjacent chip.

25 Figure 3 shows the next step of the fabrication. To protect the chip
or to provide another optical function, the wafer is covered with a plate that
corresponds to this protective function or this optical function. In this
example, this is simply a transparent glass plate 40 of uniform thickness, but
it will be understood that the plate may be prepared with a pattern of

30 functions (for example optical functions) corresponding to the pattern of chips
prepared on the semiconductor surface. The thickness of the plate is for
example of the order of 1 mm.

The lower surface of the glass plate 40 and the upper surface of
the wafer 10 are extremely planar and can be bonded directly to each other

35 by molecular adhesion. Bonding by molecular adhesion is advantageous in



The dotted lines in figure 2 represent dicing lines LDS, LDn+l, LDn+2 al ong
which the wafer is diced so as to be ditvided up into individual chips. 10
The thickness of the kerfs is considered to be negligible in figure 2. In
practice, they are about 30 to 50 microns in width. The cutting |ines LID,
pass through the dicing paths ZD,, between the pads PLn of a chip P" and
the active zone of the adjacent chip PLn-1. These dicing |lines should be
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prepared on t sem conduct or, surfac | ckness of the plate is for
exanpl e oan%SQBﬂ@rarb‘fcqserﬁ% bargdh ¢§Rﬁﬁa°§9?¢%ce of the glass plate 40 and

the upper surface Fq urd W'JSW@MF th@ d@cﬁl@g q?ﬂe"seﬁﬂtﬁe PheiRyd afdckae thesbonded
dlrectl to each ar adhe cul ar

adhesi d gbtamnf@gé%age Sicg 56 1 ca6ASHIH 2PB8 ADe (bR EIGRAT T on of
bogdi ng maéleéacfy me\cr)wirt]lotlftéc(ia I ubDgs, dﬂlﬁerlog/gr csémnctmdulctcngfvaﬁeue{arldnatditsmglllmengt pat hs
above 2000 Hadhats SeebBELTheEE Bugs o8 LETF 30 dolwath, FICnET ELT {hece
surfaces, lateratiheffsel snexwithdiespedrtoi thetdiber The dicing line LD, of the wafer
10 passes, as was mentioned, between the active zone ZA,.1 of the chip Pq.4
20 and the pads PL, of the chip P,. The dicing line LH, of the upper plate 40
passes between the pad PL, and the active zone ZA, of the same chip P..
The spacing between the lines is greater than the width of a contact pad.
The dicing along the dicing line LH, is performed via the upper
face of the upper plate while the dicing along the line LD, is performed via
25 the lower face of the lower plate.
Figure 5 shows superposed structures of a chip (lower plate
element) and a glass plate (upper plate element) that result from this double
dicing operation. The transparent wafer covers essentially the entire upper
surface of the chip and strongly adheres to this entire surface, except in the
30 part corresponding to the dicing part. The pads PL, are completely
accessible, being covered neither by the glass plate 40 nor by the
planarization layer 30.
On that side of the chip not having the pads PL (right-hand side of
the chip in figure 5), the glass plate extends beyond the chip.



5 dicing paths ZD owng to the fact that, since they are indented relative
to the surface of the planarization M2er 30, they are not in contact with
the plate. At this stage, it should be noted that it is also possible to
provi de indentations in the glass plate rather than in the silicon wafer,
In the sane zones, which are the dicing paths, and obtain the sanme result,
nanmely no adhesion in the 1o zones. However, this then requires the dicing
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e et o TRDLE 1 SR Pre ! SEIEIAY LS ool R0 6REF Blar@! @' ot On 20
mod|f|ed The wide dicing strlp BHn ofpthe upper pIate includes, on one side,
an edge that is formed by the same dicing line LH, as in the case of figure 4
20 and is laterally offset relative to the line LD, and, on the other side, an edge
LH', which may or may not be offset relative to the line LD,. In this case, the
dicing strip BH, between the dicing lines LH, and LH', overlaps the contact
pads, which must remain uncovered by the upper plate element. The
advantage of this solution is that, after dicing, that side of the component not
25 having visible pads does not include a portion of the second plate
overhanging above the first plate. However, it should be noted that it may
sometimes be preferable to have an overhang if it is desired also to take a
contact on the lower face of the upper plate (beneath the overhang).
Figure 8 shows the resulting component after dicing when the line
30 LH',is superposed with the line LD,
Figure 9 shows a superposed wafer and plate in the case in which
the chip includes pads on its two opposed sides, as shown in figure 1b. The
pads are denoted by PL1, on the left-hand side of the chip P, and by PL2, on
the right-hand side. In this case, the dicing path ZD, between the chip P, and
35 the chip P,.1, which again extends in the entire space separating the active



viaits |lower face to the base (in general on a conducting surface provided
on the base), and conducting wires 643are conventionally w re-bonded
between 5 the pads PL" on the chip and correspondi ng pad 64 provided on the
base, the latter pads being in principle connected to pins for external
connection of the conponent thus produced. In the exanple shown in figures
4 to 6, the dicing lines are considered to be obtained by a saw (or anot her
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adheres to the wafer but in the dicing paths there is no adhesion between the

20 plate and the wafer.

When the wafer has been diced along the dicing paths, in principle
firstly via the top and then via the bottom, the double top dicing generates
scrap, which is that part of the plate lying between the two dicing lines LH1
and LH2 of the same dicing path.

25 Figure 10 shows the two-element structures after the dicing
operation. The glass plate that covers each chip does not cover the contact
pads, either on one side or on the other, and it does not extend beyond the
chip either on the right or on the left. The scrap or residue R, consisting of
the glass plate portion lying between the dicing lines LH2,41 and LH1, is

30 removed after dicing during a cleaning operation. The glass scrap does not
adhere to the semiconductor wafer since it comes entirely from the zone lying
between the two dicing lines, which themselves lie entirely within the
nonadherent dicing path.

If the chip has pads on only three sides (the case in figure 1b), it

35 will be understood that the dicing will be performed as in figure 4 for the



13 zone of the first chip fromthe active zone of the second chip, extends
both above pads PL2n-1 of the chip Pri4l and above pads PL1n of the adjacent
chip Pn_i The dicing line LDn of the wafer between the chips Pn and Pn_1 5
passes through the dicing path ZDn between the pad PL2n_1 of the chip Pn_1
and the pad PL1 n of the chip Pn. To define the dicing of the upper plate
40, there are this tinme two separate parallel dicing lines, a line LHln and

a line LH \Y; r h bet
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oper ati on, e |zation |ayer 30 throughout the

di ci ng pat%#a}/e#ﬁl?)é%rl‘é Q{%ﬁbr@a@& gﬂh?%ﬁ% ‘ation in %/he surfacegof t he
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di ci ng gener art of the | at e bet ween t he
two dici ngaﬂ‘cfﬂnés hI?F-I!? toaﬁﬁi/ ‘I’.‘?’é’ %Fj'ct"l‘ﬂe ta’ﬁeg asepiate  Saijge AI%LQ Palfh shows
the two-el @awng §témwmscamparrea e figu 419a s@@@rﬁdiﬁl lifdof theaglasy! at e t hat

R L I e
the left. Superposegpwith tlnesilamgallrlfmLDmthee&bymjlrmhatmglmegbw:hapgat e por; i on
diring 2 of eani ng 'bpis SHIPNES FRES rubuS SEpLEEd sidbs, 36" ST Aolfe o' ©' "0
sem conducand ivfigene 130 ritis also @@nslgleam dir:eltlye fupper plate mithea Ivgxdagerfb@t ween the
two di i NGilel ARfhneth € MeHIWHTER! HiGie! 7€ 1IRNhid Ra¥eMihételd! BE having two
neighboring fine dicing lines LH1, and LH2,.4, only a single wide kerf is used,
one edge of which is formed by the line LH1, and another edge is formed by
20 the line LH2,.,. Figure 11 shows the dicing initiation that results from sawing
with a wide kerf. The dicing removes the material on top of the pads PL2.1
and PL1, simultaneously. The component resulting from this dicing is the
same as in figure 10.
In general, the dicing is performed with a laser or with a saw. It is
25 preferably linear over the entire wafer, the dicing paths being longitudinal
bands between rows and columns of individual chips. The dicing may firstly
be performed via the top or firstly via the bottom. In practice, the procedure
may be as follows: The first dicing is made via the upper face of the
transparent plate 40, over a depth that corresponds to the thickness of the
30 plate 40 or slightly less. The dicing is continued via the lower face of the
semiconductor wafer, over a depth that corresponds to a thickness equal to
or slightly less than the thickness of the wafer 10. If an uncut thickness part
remains on the plate or on the wafer, the separation is completed by breaking
the plate and wafer along the dicing lines, so as to form individual chips.



nonadherent dicing path. If the chip has pads on only three sides (the case
in figure 1b), it 35 will be understdbd that the dicing will be perforned
as in figure 4 for the 14 colum dicing paths and as in figure 9 for the
row cutting paths. On three sides, the glass plate does not project beyond
the chip so as to |l eave the pads accessible, while on the fourth side it
may project therefrom If the chip has pads on four sides, the dicing wll

be performed as innfth@4sRgdi r.t wag do?.\éfdéréd @hmlhélmsfet éﬁa\%ﬁ@fimie% the
| ass ect beyond the chip
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formed by the Ti nddlittn e aPaFBIeFICkte B Afkdt iy NSBSTSHEY 1 fake ron 1
Ei g]yr eTﬁé @ihg}tﬁattthe |ld$eri asﬁae\mubegﬂomrlagdwe theas:curta%efdfqge&g‘{pzsgiewmg gL\ivl de
sie;rul- t aneo‘ﬂgilng Iﬂﬁﬁggﬁ& ﬁeﬂ't1 '¥ﬁ| ‘??rﬁg??ftbgﬁ?'ﬁﬂ'i i‘% ES?P@V: gvfgﬁe'f t ‘?‘T\rre asnl n
figure 10. bdndlr@rsepexformdnbbyimlergllamdjmsim riteiel pm'eflelnabaleltaspemwde inithés a saw.
L ong: ¢ di Pt (3R gehRBhe R4 alin it 22 BFExable, el R & 10T, g
may first|icrers p‘edepihbrebove she dicingpaths. Thestapsh of gut maybtbefefme be)
practice. idisieHosedunst #iBYe DR b fAd a¥e: thgh%uftingSttoQLCﬂe%hl'r? fRee via the
pper face transparent plate 40, over a at corfespgonds to
t he t hi ckneesicgpdugtar wafer. This is particularly useful when dicing with a wide ker?
is used, as in figures 7 and 11.
20 It is also possible to combine shallow indentations, for the purpose
of preventing adhesion in the dicing paths and deeper indepentations in the
plate 40, for the purpose of preventing the upper surface of the wafer 10 from
being damaged by the cutting tool. The deeper indentations 80 are therefore
localized at the dicing lines of the glass plate 40. Figure 13 shows an
25 example of the configuration in a glass plate with indentations having two
depths in the dicing paths. If there are two dicing lines in the plate 40 in the
same dicing path, there are two deep indentations. The depth may be several
tens of microns.
The indentations are made by photolithographic etching or by
30 mechnical machining or laser machining, depending on the desired depth.
When the upper plate is placed on the lower plater, the plates are aligned so
that the indentations are correctly located relative to the dicing paths.
Alignment is particularly simple if the upper plate is transparent.
The invention has thus been described in greater detail in the case
35 of the protection of an image sensor by a transparent glass plate. The



30 plate 40 or slightly less. The dici gg is continued via the |ower face of
the sem conductor wafer, over a deptﬂ that corresponds to a thickness equal
to or slightly less than the thickness of the wafer 10. If an uncut

t hi ckness part remains on the plate or on the wafer, the separation is
conpl eted by breaking the plate and wafer along the dicing lines, so as to
formindividual chips. 15 In the foregoing, it was considered that the
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dicing paths. If there are two dicing lines in the plate 40 in the sane
dicing path, there are two deep indentations. The depth nay be several



tens of microns. The indentations are nmade by photolithographic etching or
by 30 nechnical machining or |aser nmd@hining, depending on the desired
depth. Wien the upper plate is placed on the |lower plater, the plates are
aligned so that the indentations are correctly |located relative to the
dicing paths. Alignnent is particularly sinple if the upper plate is
transparent. The invention has thus been described in greater detail in the
case 35 of the protection of an i nGiAIMEsor by a transparent glass plate.
The 16 invention is also applicable to all kinds of other structures
consisting of two superposed eIenents The upper pl ate 40 could be a plate
of the sane nater % as _the

I
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bel ongi ng elememé, theaticidg wparatianeveonprising labledstidicing:of an slerseml efttbei ncl udi ng
el ectroni cg&ddngUbibley (48) SA% Ttk Soptiak &id ks a s BicingStHeA Y LH1,) passing
15 along a dicing path (ZD,), and dicing of an element of the first plate (10),
located beneath the element of the second plate, via the underside along a
second dicing line (LD,) passing along the same dicing path but not
superposed with the first dicing line, so that a portion of the lower plate
element, lying between the two dicing lines, is not covered by the upper plate
20 element.

2. The process as claimed in claim 1, characterized in that the

dicing operations comprise dicing the second plate via its upper side along a

third dicing line (LH2,.1) passing through the same dicing path (ZD,) but not

25 superposed with the first and second dicing lines, the portion lying between

the first and third dicing lines constituting scrap (R.) not forming part of the
two-element superposed structures that result from dicing the plates.

3. The process as claimed in claim 1, characterized in that the

30 dicing of the second plate is performed with a kerf width larger than the dicing

width of the first plate, one edge of the wider kerf constituting the dicing line

of the second plate, which is not superposed with the dicing line of the first
plate.



protective |ayer, the process conprising the foll ow ng operations: - the

| oner face of the second plate (40) is bonded to the upper face of the
first plate (10), over the major portiygn of their respective surfaces, but
not bondi ng the zones called "dicing paths" (ZDn) that are fornmed by 10
etching indentations in the insulating protective |layer on the first plate;
and - the plates are diced into individual structures consisting of two
superposed el enents, conprising a | ower plate el enent and an upper plate

el enent, the dicing operations conprising at |east dicing of an el enent of
the second plate (40) via its topside along a first dicing line (LH,,;
LHLn) passing 15 &l difg prodess ag claimed(izong, ofalaimsi‘btm@ claraotegizedimt of the
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plate, ongfpdpmef the wider kerf constituting the dicing line of the

second plate, which is not superposed with the dicing line of the first
plate. 18 4. The process as clainmed in one of clainms 1 to 3, characterized

Igrthgtn E) ]bet Ihower & The s&&a&gtassaamdlgﬁgbaéedf QhéCpréceamgo ol?élﬁhst hle t
| overe ate el enen
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el ect r oni dower platé elehggnted on the chip, this contact being |ocated on the
upper face of the |ower plate element. 5. The process as clained in one of
claims 1 to 4, characterized in

7. The process as claimed in one of the preceding claims,

characterized in that the upper plate is a transparent plate, especially a glass
20 orfused silica plate.

8. The process as claimed in one of the preceding claims,
characterized in that the upper plate includes an array of individual optical
elements, each optical element corresponding to a respective integrated

25  circuit chip formed in the lower plate.

9. The process as claimed in claim 8, characterized in that the
lower plate element is an image sensor or image display, and the upper plate
element is an optical structure associated with this sensor.

30

10. The process as claimed in claim 9, characterized in that the
structure consisting of two superposed elements is a radiological image
sensor, the upper plate element including a fiber wafer and/or a scintillator
structure that converts X-rays into a light image which can be detected by the

35 image sensor.



that the bonding of the wafers to each other is direct bonding, especially
1o nol ecul ar adhesi on between the pl gpar upper face of the first plate and
the planar |ower face of the second plate, the indentations preventing

| ocal adhesion. 6. The process as clainmed in one of the preceding clains,
15 characterized in that the upper plate elenent is an elenent for
protecting the |ower plate elenent. 7. The process as clainmed in one of the
preceding clains, characterized in that the upper plate is a transparent
plate, espeC|aIIy a glass 20 or fused silica plate. 8. The process as
clainmed in one ofth hgh@r@'@@asmgas:lmmd inc ravea of ethiez peededinghadlainise upper
plate | nidrufigsteAlod i Watothel Sftietlt4aboRt [SoseRPElnRsité c2!

bf w%
el enent correspondi ng a respective inte CIrCUIt chip forned in

the | owerdlf ratqrzomgchnnﬁé séw&r% Qiéh%|h4\EM§dor MQEM.Snﬁyse vzeWaPa“@n&erd in that

the lsowesle@tréi€ e oS landSmebhanTéalarkRdrssptical fungaggs. di spl ay, and the upper
plate element is an optical structure associated with this sensor. 30 10.

The process as clained in claim9, characterized in that the structure
consisting of two superposed elenents is a radiol ogical imge sensor, the
upper plate elenment including a fiber wafer and/or a scintillator structure
that converts X-rays into a light inmage which can be detected by the 35

i mge sensor. 19 11. The process as clainmed in one of the preceding clains,
characterized in that the structures consisting of two superposed el enents
are m cromachi ned structures of the MEMS or MOEMS type which conbine 5

el ectronic functions and nmechani cal and/or optical functions.



