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WAFER - " - The field of the invention is th of the fabrication

re-built wafers which conprise chips eﬂcapsulated in a rejulmwmmmmmmﬁnlps
usual |y having been previously tested. 5The nost w despre sed
for producing a re-built wafer consists first of all_in cuttingishe wafers
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Moreover, the support designed to receive the tested chips is

15  prepared: it is an adhesive rigid support.

The various types of tested chips, which have connection pads on
a face called the active face or front face, are then picked out and positioned
with the front face on the adhesive support by means for example of a “pick-
and-place” machine for forming patterns of chips usually similar to one

20 another. A chip pattern is a group of different chips designed to form an
electronic element. '

Then the chips are moulded in a polymer resin of the epoxy type
which is then polymerized in order to render them fixed together.
The adhesive support is then removed.

25 A step of redistributing the pads of the chips on tracks intended for
the future interconnection of the chips is then carried out by forming, on the
front face of the chip, a redistribution layer or RDL usually itself comprising a
stack of layers; in a known manner, the tracks of this RDL layer which are
made of TiW/Cu or of TiPd/Au for example, are formed on a dielectric layer

30 deposited in the place of the adhesive support, by dipping or by centrifuging.

It is possible to summarize these various steps with the following
diagram:
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2 1 Cutting the wafer to obtain individual chips 2 Preparing the adhesive
rigid support 3 Transferring the cut chips to the adhesive rigid support 4
Moul ding the chips in the resin and polfyneri zing 55 Renoving the adhesive
support 6 Redistributing the layers on the re-built wafer (RDL).

The wafer thus re-built which contains no defective chips can then be cut
into the patterns to obtain plastic m cropackages; it can also be io
stacked onto other re-built wafers and electrically connected to these

waf ers accordi ng 't & Cudting thee Watesrio wbtdio ddividbiel chipsk t hen being cut to

obt ai n t hree-di nensgi : - d lfﬁg)@ es. .The encapsul ation of the
chips during step p@%ﬁ%’#'ﬁ’i%@%@’k‘%’q‘g‘% Qg"dg? epositing the resin (by pouring
or by noul di ng cal Bddansfermnaheiud shinsip theeghegivarigid supeeiéssary over the
chi ps bonded to thg \élngrigthe ThiOhtthe ReSINGRId pdtyiietikinghe i nter-chip
spaces, - a step ojﬁgolérrerlﬁl na the resin in order to harden it and thus
forma Jubstrate tRACTVIPYheadhasMaSHPRRHI e i n which the chips are fixed,
t he adhesi ve subst 6®Relistribotilgptheglagblscon thdee-beilttavafer (ROB). wel | - known
drawback is the novenent of the chips during the depositing of the resin
and/or during its %ol ynmerization with the result that the pads of the chips
wi Il no | onger coi hbedeafar thystneebuilt xdrieh epntains ne diefrative whipncammihen ( RDL
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chi ps &h tﬁ@cggq‘ggqtq,@tgqmscpqll,t wafers and electrically connected to these wafers

according to various known methods, the stack then being cut to obtain
three-dimensional or 3D electronic modules.

The encapsulation of the chips during step 4 comprises:
- a step of depositing the resin (by pouring or by moulding called in

15 compression), around and if necessary over the chips bonded to the
adhesive support in order to fill the inter-chip spaces, '

- a step of polymerizing the resin in order to harden it and thus form a
substrate that is rigid and handleable in which the chips are fixed, the
adhesive substrate then being able to be removed.

20 A well-known drawback is the movement of the chips during the
depositing of the resin and/or during its polymerization with the result that the
pads of the chips will no longer coincide with the tracks of the redistribution
layer (RDL layer) during step 6. The micro-movements of the chips relative to
the predicted poéition are due to:

25 A).the inaccuracy of positioning of the chips on the adhesive support,
which is of the order of 5 um with recent “pick-and-place” equipment
operating at high speed,

B) the reversible but very high expansion of the adhesive support in the
region of 100 ppm/°C,
30 C) the irreversible removal of the resin during polymerization of the order
of 1000 ppm/°C,
D) the irreversible expansion of the resin after polymerization by
approximately 16 to 17 ppm/°C.
The result of this is micro-movements that are more or less
35 isotropic and predictable, typically ranging between a few um and a few tens



which is of the order of 5 'AMw th recent "pick-and-place" equi pnent
operating at high speed, B) the reversiple but very high expansion of the
adhesi ve support in the region of 100 aprﬂC 30C) the irreversible renoval
of the resin during polynerization of the order of 1000 ppmiC, D) the
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| ayer s RDPTQ FdaY®lat of noul ding the resin, which nmakes it
possible to renove causes B, C and D for the m)verrents of the chi ps

More precisely, the subjec f the inventi.on t hod f f ab t|nga
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resin is polymerized.

15 ~ The proposed solution is based on carrying out the step of forming
the redistribution layers (RDL layer) before that of moulding the resin, which
makes it possible to remove causes B, C and D for the movements of the
chips.

More precisely, the subject of the invention is a method for fabricating a

20 re-built wafer which comprises chips having connection pads, this

method comprising the following steps of:
-  fabricating a first wafer of chips,
characterized in that it also comprises the following steps:
- production on this wafer of a stack of at least one layer of

25 redistribution of the pads of the chips on conductive tracks
designed for the interconnection of the chips, this stack being
designated the main RDL layer,

- cutting this first wafer in order to obtain individual chips each
furnished with their RDL layer,

30 - transferring the individual chips with their RDL layer to a
sufficiently rigid support to remain flat during the following
steps, which support is furnished with an adhesive layer, with
the RDL layer on the adhesive layer,

- depositing a resin in order to encapsulate the chips,

35 - polymerizing the resin,



-fabricating a first wafer of chips, characterized in that it also
conprises the follow ng steps: production on this wafer of a stack of at

| east one layer of 25 redistribution of? t he pads of the chips on conductive
tracks designed for the interconnection of the chips, this stack being
designated the main RDL |ayer, cutting this first wafer in order to obtain
I ndi vi dual chips each, furnished with their RDL | ayer, 30transferring the

i ndi vidual chips with their RDL layer to a sufficiently rigid support to
remain flat during theemolingvwhedgigid epsporthi ch support is furnished with an

adhesi ve layer, wth N . Sj I , ol g a
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resin and the mni RDlaye| e bbEmered fesilaat. théhintnirRDhaskingkrs ret
possi ble to keep the ipl S E¥ the position in which they have been pl aced
during and after thei PYbYPtfi'ng in the resin. .

This method makes it possibie to keep the chips in the position in

which they have been placed during and after their moulding in the resin.

10 Naturally, the RDL layer that is formed in two steps (main RDL +
mini RDL) is not the same as that of the method described in the preamble,
but it performs the same function.

It also comprises a step of testing and/or of burning-in of the chips
before they are transferred to the rigid support.

15 ' According to one feature of the invention, the apertures in the
adhesive layer are made before transferring the chips to the rigid support.

According to a variant, the apertures in the adhesive layer are
made after the step of removing the support.

20 Other features and advantages of the invention will appear on
reading the following detailed description, made as a non-limiting example
and with reference to the appended drawings in which:

Figure 1 represents schematically, seen in section, a wafer
comprising chips with their RDL layer and feady to be cut,

25 Figure 2 represents schematically, seen in section, a support with
its adhesive layer,

Figure 3 represents schematically, seen in section, a re-built wafer
after transfer of the chips,
Figure 4a represents schematically, seen in section, a re-built

30  wafer after moulding of the chips in the resin and polymerization of this resin,
Figure 4b representing this polished wafer,

Figure 5 represents schematically, seen in section, a re-built and
polymerized wafer, after removal of the support,



10 Naturally, the RDL layer that is formed in tw steps (main RDL + m ni
RDL) is not' the sane as that of the metshod described in the preanble, but
it perforns the sane function. It also conprises a step of
testing and/or of burning-in of the chips before they are transferred to
the rigid support. 15According to one feature of the invention, the
apertures in the adhesive |layer are made before transferring the chips to
the rigid support. According to a variant, the apertures in the adhesive
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in section, a re- bElgufreWarteprew‘ntﬁchérﬁaﬁéaw wariolsehapedof conductors
Figure 4a represen waf er

S sche |\ gnyl n secti
after moul di ng of Fﬁoéncorﬂep g"l'rﬁattoh%‘er Xtn i §A%S ?f'ﬁmq"?%?f%ﬂf' ‘f’atFﬁ resin,
Fi gure 4b thepsamerefergncdinsimiuirs sReteren¢enumber 100 desigiiajes hé re-bpitesent s

schemat i calyaYer RERIY thd v%‘?@h‘s%‘?epé"oﬁ?s@ﬂnkéu d polymerized wafer, after

renmoval of the support ure represents schematically,
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O T RS ApE R b Erh bk RS et W nd i TR oo o ©
the method according to the invention can be summarized in the following
diagram:
15 1 redistribution of the layers (main RDL) on the original wafer (or
first wafer) then cutting of the wafer to obtain individual chips
2 preparation of a rigid support with its adhesive layer
3 transfer of the cut chips with their main RDL to this support and
its adhesive layer ' _ '
20 _ 4 moulding of the chips and polymerization of the resin
5 removal of the support
6 possible etching of the apertures in the adhesive layer
7 redistribution of a single interconnecting layer (mini RDL).

25 As can be seen, the redistribution of the conductors on the pads of
the chips (that is to say the production of the main RDL layer) is carried out at
the very beginning on the basic wafers (or first wafers) therefore with the

~usual precision obtained during the fabrication of the latter. Since the chips
are not in the resin but form an integral part of the silicon wafer, there is

30 absolutely no drift of the latter and causes B, C and D of movements do not
exist at this stage. This makes it possible to transfer almost totally the
complexity of the RDL to the silicon wafer (or first wafer) instead of doing it
on the re-built wafer.

This operation of producing the main RDL layer is perfectly

35 controlled and can be carried out by the chip fabricator while in the previous



Figure 8 represents schematically various shapes of conductors.

Fromone figure to the next, the sane §I enents are indicated by the sane
ref erence nunbers. Reference nunber designates the re-built wafer
during the various steps of its fabr| cation. 10 The net hod
according to the invention is based on the production of a main RDL | ayer
before the chips are noulded in the resin. The steps of the nethod
according to the invention can be summarized in the follow ng di agram 151
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carried ousulbsedusatieho ptdcktheaatiilt Waifére and intercorireast thism Vvia the sides,
as already described in previous patents. If it is not envisaged to stack these
15  chips as in the case of a two-dimensional (2D) electronic module, the routing
does not require tracing all the conductors to the periphery: it is one
possibility amongst others.
These conductors 12 conventionally take the form of tracks of
virtually constant width over the whole length of the track. The width of these
20 conductors connecting each pad of the chip with the edges of the latter or
with other interconnecting pads can be very narrow, for example from 1 to
10 um, since the main RDL is made on the uncut wafer. An example of such
a wafer is shown in Figure 1. After production of the main RDL 14, the wafers
are conventionally cut along cutting paths 13. This step therefore culminates
25  in chips 1 with their main RDL layer 14 which will preferably have been tested
by means of spike cards like all chips.

For the step of preparing the support, a material is chosen that

makes it possible to obtain a sufficiehtly rigid supporf 20 to remain flat when

30 the re-built wafer is polymerized. A material is chosen that has substantially
the same coefficient of expansion as the moulding resin and that is easy to
eliminate. A metallic material such as copper which can easily be eliminated

by being chemically dissolved meets these specifications: it is quite
appropriate since it has a coefficient of expansion of 17 ppm/°C identical to

35 that of the resin. It is also possible to use a Kovar alloy which has a



method it was carried out afterwards and therefore by another fabri cat or
who does not necessarily have the sane_| evel of equi pnent.

Finally, causes B, C and Dwll di sappgar since the chips wll be bonded
onto a very thin layer of adhesive itself placed on a rigid support 5having
substantially the same expansion as the resin that will be used. The
various steps will. now be described in greater detail. The step
of producing the main RDL layer 14 is a conventional operation. The nunber
of netal | i coéffigient of exparssiory pf 6db|7Appmoar évéro silicomwhidiohes angefficlemendi ng
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Figure 2 shows an example on such a support 20 with its adhesive

layer 21.

The step of transferring to this adhesive support cut chips with

30 their RDL is a conventional operation the result of which is illustrated in

Figure 3. These chips are preferably transferred after having been tested

and/or burned-in. As indicated in the preamble, various types of chips can be
transferred in order to produce patterns.



The adhesive 21 is then placed in a thin layer by conventional centrifuging
for exanple, with a thickness of 2 to 10 jim It is an irreversible- O
bondi ng adhesi ve as opposed to the adhé&sives of the "bondi ng skin" type

whi ch nmake it possible to stick and then unstick the chips w thout damagi ng
them The adhesive used is for exanple of the epoxy type. This deposit can
" be carried out by syringe or by inkjet or by screen printing or by stencil,
or by any other neans known to those skilled in the art. Consideration is
then 15gi ven to 2 §'heLsatepcnfsmould|ng the resinTB@ (depositadoforoéxampleobpsensi ti ve

dh h 0
gef g?lavgofré e po %:j I za %f eﬂQQﬁ%’nera'?;é;: 5\50 (fa%\)ég't'ﬁn% Bg{a%mﬁg(for
exanpl e af Peeferably, g|tﬁg)peaahuaée oétrﬁns@on lpd dlne adbaswerm shmd@ beshigher t

pseudo- sol kwhragk gawenzai.bﬁrtehméﬂaee %tﬂqhéqfsismelrgpm 30 §o' ﬁ&@ﬁﬁd by

| aser etch ertures bt ai ned 1
desi red® pl i&ﬁ?s'ts propePtles gfaho‘?q‘ﬁ@ esqcf‘d%ﬂ"? adncﬂosgﬁr‘a‘iﬂf@ﬁ the Ralymerizatin
phot osensi of thee mbuldirsg c@m)m ted in the sane manner over an i dent i cal

hi ck d d h h :
hi s stage. the aptrelrdvasiERah s, of dehdied ey hds, BRI T ng

or by pl asicatipohdetgrmiFieguiby thes mtgmatic epdamphenbranm(mﬂ‘atlwgpecsncﬁo with

its adhesi HepRe19f o] [ h port
cut chips vy\rnﬁ][éﬁémgg] ﬁe I"%-tﬁ@rRDL 'S Ig a%@?ﬂeﬁ%ﬁa? (gé)eg_gtgl\glﬁ%?hg@ \egs?u of

whi ch ¢ i stags isashawn i Figyie ¢tas It ishertionally pelighed jn rderater he thiansder r ed
after havi uatlm@nebeﬁ‘dc@d)fanél/cﬁrpsb(tﬂznegltd Bay fife faediwitHRA pads) RealRirND! e,

various ty es of chip ferred |n order to produce patterns. 8
The step of° ABRFYi @ Si‘ﬂg’nr'ggleﬁu@o‘ﬂf)depo& ted for exanple by a pouring
met hod) and of polynerization are also conventional operations. Preferably,

h f h
Che ot of Kooty el TS o SO i P g
pr oper 15 es byfcheatieallyglissalvingtor by abirasiposAtteomodidingighe tie-bpdt wakari 108 i on of

the noul di pgp 'éﬁ'ébﬁr handleable antfl By cHQhNéB?r(Hlé@éH/ﬂgaof A% %Pgér |frtﬁr§3' ned

Phe. pr o) sTAICTRMASHREN FNess aauer kMG PRI BBIGaRaraIon Nelogat (M vt er
100 at t hi shickness of the copper support ranges between 75 and 500 um.
After dissolving, all that remains is the adhesive 21 as can be seen
20 in Figure 5. '

This adhesive 21 optionally has apertures 22 made by photo-
etching during the step of preparing the support with adhesive. When the
apertures 22 in the adhesive have not been made during preparation of the
support with adhesive, since the adhesive 21 used cannot, for example, be

25  photo-etched, they can be made at this stage, according to 2 approaches:

- Plasma etching with oxygen so as to “burn” the adhesive 21 in
line with the aperture 22 defined by a mask. This technique is used for
industrially etching high-definition printed circuits.

- Laser-etching by means of a YAG or excimer laser. This method

30 is already used for the fabrication of printed circuits.

The etching of these apertures 22 makes it possible to cause
some or all of the conductors 12 connecting the pads 10 of the individual chip
with interconnection contacts to reappear; the operation called “mini RDL”
can then take place.

35 The wafer 100 obtained after this step is shown in Figure 6.



10 stage is shown in Figure 4a. It is optionally polished in order to be
thinned, until the rear face of the chips (that is to say the face w thout
pads) is allowed to appear (as shown i Figure 4b). The step of renoving
the rigid support is for exanple carried out 15 by chem cally dissolving
or by abrasion. After noulding, the re-built wafer 100 is perfectly

handl eabl e and the chem cal dissolving of the copper (if this material has
been chosen) is a well known and rapid operation. Note that the thickness

of the copper support ranges bet ween 75 and 500 pm Af ter
dissolving, all- r e n 2 Fi gure
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ori gi nas i ngross making it possible to establish contact between the first track 12 and
the second track 23.even when the other portions are offset as illustrated in
the left figure of Figure 8; the figures in the centre and on the right show the
conductors 12 and 23 not offset relative to one another.

This difference in width between the tracks of the main RDL and

30 those of the mini RDL allow a large covering tolerance of these tracks.

In order to produce 3D (three-dimensional) modules, these re-built
wafers 100 are stacked and after stacking the conductors 23 are connected
vertically by means of known methods.

The re-built wafer 100 can also be cut to obtain two-dimensional

35  micro-packages. '



20 fromthe nmain RDL produced on the wafer. The shape of the conductors

al so nakes it possible to conpensate fﬁﬁ t hese positioning variations:
Figure 8 shows shapes appropriate to this type of correction on the X and Y
axes, these directions being considered in the plane of the wafer. These
involve for exanple a T shape or a Latin cross shape, the cross bar of the
T or of the 25 cross making it possible to establish contact between the
first track 12 and the second track 23.even when the other portions are
offset as illustrated in the left figure of Figure 8; the figures in the
centre and on the right show the conductors 12 and 23 not offset relative
to one another. This difference in width between the tracks of the main RDL
and 30 those of the mni RDL allow a | arge covering tol erance of these

tracks. In order to produdelAIMS$t hr ee- di nensi onal ) nodul es, these
re-buil% wafers 100 are stacked and after stacking the conductors 23 are
"~ connected vertically by nmeans of known net hods. The
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(100) whi ch conpti)sda@vitig pnnectibmy pads ctihecthisnmpttusl (&dprising s theet hod

conprising the f A s of: 10-fabricating a first wafer of chips
I qulﬁtae?%%?.

(1), characterized in it also conprises the follow ng steps:

product 1®n on t hi s waf &brigatiag s firskwateraf chingsl)one 1 ayer of redistribution
of the pads (10) cRérdchfizediinshatt 886 Beeiprisesithaiowing stelsi gned for the

|t erconnect | on Of e el on' dh Syt SEARE b1 o BB AR EAre IRV RE 1S
furni shed with their RBdistaipatiof 1of)the pads (10) of the chips on conductive
tracks (12) designed for the interconnection of the chips, this
15 stack being designated the main RDL layer (14),
- cutting this wafer in order to obtain individual chips (1) each
furnished with their RDL layer (14),
- transferring the individual chips with their RDL layer (14) to a
sufficiently rigid support (20) to remain flat during the

20 : following steps, which support is furnished with an adhesive
layer (21), with the RDL layer (14) on the adhesive layer
(21),

- depositing a resin (30) in order to encapsulate the chips (1),
- polymerizing the resin,
25 - removing the rigid support (20),

- depositing a single redistribution layer called a mini RDL (24)
in order to connect the conductive tracks of the main RDL
layer (14) up to interconnection contacts, through apertures
(22) made in the adhesive layer (21), the wafer comprising

30 the polymerized resin, the chips with their RDL layer and the
mini RDL being the re-built wafer (100).

2. Method for fabricating a re-built wafer (100) according to the

preceding claim, characterized in that it also comprises-a step of

35 testing and/or of burning-in of the chips (1) before they are
transferred to the rigid support (20).



transferring the individual chips with their RDL |ayer (14) to a
sufficicently rigid support (20) to renqln flat during the 20 foll ow ng
steps, which support is furnished with dn adhesi ve layer (21), with the RDL
| ayer (14) on the adhesive layer (21), depositing a resin (30) in order to
encapsul ate the chips (1), polynerizing the resin, 25renoving the rigid
support (20), depositing a single redistribution |ayer called a mni RDL
(24) in order to connect the conductive tracks of the main RDL |ayer (14)
up to interconnection contacts, through apertures (22) nade in the adhesive
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to the rigid supf9SUPPeIt = 11  Method of fabrl cating a re-built wafer
(100) according to either one of the preceding clains characterized in
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removi ng the support fabricati ng e-built wafer (100)
accordi to any one of the preceding clains, charact erized in that the

conductors (23) Methde omfébrldﬁﬂhg(a?ﬂé bamewtafert(heoégab@fngatdf afly chdlgf i n

Met hod of f ab Lt d f
The.pr ecedi ng ol YIS RocERiaidR gy ZbarAcieyfi et HiR ES1Pinan) PolE i o in-

an irreversi bl e bimdRDY (B4} arel inlthe form of a T or a Latin cross.

15 6. Method of fabricating a re-built wafer (100) according to any one of
the preceding claims, characterized in that the adhesive layer (21) is
in an irreversible bonding material.



