Method for Bonding of Chips on Wafers Specification The invention relates to a method as claimed in
According to one aspect of the invention, there is provided a method for producing of chip
stacks from several individual chips with a silicon carrier carrying chips, wherein the individual chips
are stacked on a base wafer, and electrically conductive connections existing between vertically
adjacent chips of the individual chips and the base wafer, with the following steps in the indicated
sequence: a) fixing of the base wafer on a carrier, b) placement of at least one layer of individual chips
in defined positions on the base wafer and c) heat treatment of the individual chips on the base wafer
fixed to the carrier for bonding the individual chips on the base wafer and potting the individual chips in

claim I.

a mass and setting the mass for gfgé&#‘(’)?}{)ft e base wafer, d) detaching the carrier and e)

separating the chip stacks. A

Fundamentally different methods are possible for producing 3D ICs, specifically the very

time-consuming Staslkineodd Relivid wak ehipsOn hdiMiduglchips, also called "Chip-to-Chip" (C2C)
methods, or stacking of wafers on wafers, also called "Wafer to Wafer" (W2W) methods. Finally, the
so-called "Chip to Wafer (C2W)" method is also discussed. A reasonable terhnical implementation has

not been surressfittordate tdwedesmajositdrhiicalfrablenss phisifvdentiema aiesriaateehnically

feasible C2W method for producing 3D ICs.

chip stacks from several individual chips with a silicon carrier carrying chips, wherein the
individual chips are stacked on a base wafer, and electrically c;onductive connections existing
between vertically adjacent chips of the individual chiﬁ:vs and thé base wafer, with the
following steps in the indicated sequence: a) fixing of the base wafer on a carrier, b)
placement of at least one layer of individual chips in defined positions on the base wafer and
c) heat treatment of the individual chips on the baée wafer fixed to the carrier for bonding the
individual chips on the base wafer and potting the individual chips in a mass and setting the
mass for stébilizatio_n of the base wafer, d) detaching the carrier and e) separating the chip

stacks.

As a result of the miniaturization pressure which is prevailing in the semiconductor
industry, methods are néeded with ‘which so-called “3D Integrated Chips" (3D IC) can be produced.
3D ICs consist of cﬁip stacks in which several chips are stacked vertically on top of one another and
there are connf:cﬁons through the silicon fo the vertically adjacent chips. The connections are called

"Through Silicon Vias" (TSV).

PR PR h WS ure which is prevailing in the

semiconductor industry, methods are needed with which so-called "3D Integrated Chips" (3D IC) can
be produced. 3D ICs consist of chip stacks in which several chips are stacked vertically on top of one
another and there are connections through th
are called "Through Silicon Vias" (TSV). These ¢
performance at lower costs. Moreover, in this way new types and forms of chips can be produred.

gj:%? o the vertically adjacent chips, The connections
' gf‘{tﬁ‘B‘é promise high packing density and higher



Due to low throughput, C2C methods cause higher production costs and therefore may hardly be used
in mass production. W2W methods require that the two wafers have the same size and that the
chips on the two wafers have the same size. The problem here is that the silicon utilization especially
for higher chip stacks is below average (so-called yield). The attainable yield of functioning chips is

- lower than in C2C or C2W methods. Technical problems in the implementation of a C2W method
for producing chips stacks or 3D ICs are the handling of the wafers, especially with the chips stacked
on them, and the most varied requirements, especially temperatures, for the stacking process and for
the connectors (interfaces) of the chips for mounting on circuit boards or fundamentally the
higher-order packing unit. Handling of the base wafer therefore acquires great importance because
fracture of the bage wafer shortly before separation of a plurality of chip stacks on the wafer would
lead to scrapping Sf thGEEA IS EF ddernsivc ity aan Highgrfetiertase wrfeswishsa plurality of chip
stacks fixe%gloer&g,grd.t reon becomes more difficult, the thinner and/or greater the area of the base
wafer. The base water 1& th WATSHRSH W o el chips apcdbsterekuek tnRirel @R alattiotkn:  The object
of the inventian | ' method for producing chip. stacks (3D ICs) as free of scrap as possible
with a thro%%%ﬁ% é\% %ugggﬁ%g%?ﬁ%"srsu ing s BB bR e AmAtpPaseting sircking ofaim 1.

Advantagegus-deyeiapments:ofihe invention are given in the dependent claims. All combinations of at
least two of the featurgs giveril in the %géé?ﬁ?jg%ﬁ ia’(%’?ét%'l OREERO S S RRgEine efithin the

frameworkﬁfﬂ?@o@&@féﬁ@@}sgbﬂléavmt&)@ﬁ%p%g% e idea of fixing the base wafer at least during
the stacking of chips on the base wafer and during t ﬂénaet ?é%t#l‘éaﬂ?bﬁpﬁfé’“ﬁﬂ?ﬁg fGP‘BdPlding, fixing

the wafer OhatecaCH6NOELORARCIRY dlstasRe. 9HIRErable technical implementation has not been

successiul to date due to major technical problems. This invention relates 1o a technically feasible

C2W method for producing 3D ICs.
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By fixing the base wafer on the carrier it is possible with a surprising advantage for the throughput of
the C2W method to separate the process steps of stacking or placing the chips in defined.positions on
the base wafer and the process step(s) of heat treatment or bonding of the chips on the base wafer
While heat treatment or the bonding step, depending on the material used, can take a very long time,
the positioning or stacking and placement of the chips on the base wafer is a process step which can
proceed very promptly, for example with several thousand chips per hour. In this way, the throughput
can be increased by there being several heat treatment chambers/bonding stations and/or several

base wafers withistackethehigpheingpacessesis Rdreatbaripeniehamberiqpding station. Heat

treatment chambers can be hot plates, continuous furnaces or the like. One especially advantageous
process barilpeeimplememtegtalittrionodified wafer bonding chambers which make it possible to apply
pressure to the chips during the heat treatment process. Compared to other methods, the
possibility of belfitjabkihmistagkicipdlof Wifferdes dize thethiserethod iba Spedighypadeantageous.

By using a carrier which is not only loosely joined to the base wafer, stresses and cambers of the base
wafer caW B efiafetne sot i arbiem herejakalihy mlisan wWitirrsips papsiirdly foy tishasshier

corresponding, essentially to the size of the base wafer, especially by its not deviating more than 10
mm fronTBESSRSIK pgage (so-called yield). The attainable yield of functioning chips is lower than in

C2C or C2W methods.

‘Technica] problems in the implementation of a C2ZW method for producing chips stacks or
3D ICs are the handling of the wafers, especially with the chips stacked on them, and the most
varied requirements, especially temperatures, for the stacking process and for the connectors
(interfaces) of the chips for mounting on circuit boards or fundamentally the higher-order packing
unit.

Handling of the base wafer therefore acquires great importance because fracture of the base
wafer shortly before separation of a plurality of chip stacks on the wafer would lead to scrapping of
thousands of expensive chips. Handling of the base wafer with a plurality of chip stacks
fixed/bonded thereon becomes more difficult, the thinner and/or greater the area of the base wafer.
The base wafer is the wafer on which the chips are stacked in the C2W method.

The object of the invention is to devise a method for producing chip stacks (3D ICs) as free
of scrap as possible with a throughput as high as possible.

This object is achieved with the features of claim 1. Advantageous developments of the
invention are given in the dependent claims. All combinations of at least two of the features given
in the specification, in the claims and/or the drawings lie within the framework of the invention.

The invention is based on the idea of fixing the base wafer at least during the stacking of



Especially preferred fixing means are a negative pressure or vacuum, electrostatic means, mechanical
clamping and/or cements, preferably heat-resistant cements being used in order to ensure secure
fixing of the base wafer on the carrier even at high temperatures in heat treatment. Combinations of
different fixing means or effects, depending on the type of connection to be established or the height of
the chip stack or due to other factors, can lead to further improved handling. In one preferred
embodiment of the invention, alignment of the vertically adjacent chips takes place directly in the
placement of the chips in defined positions, contacts of the chips to be placed being aligned and

bonded wihthe wouRSRARING antad ALieHAdSTIVIAG layerafehing.CRERARACtS fLils pase wafer.

The chip yield in this method can be advantageously improved in that during placement of the chips it

is watchegrthabebinseaigepiased enlean functioning chips of the underlying layer. Even more
preferably the function of all chips which are functionally joined to the chip to be placed is checked and

a chip is placedBgrilyingithethadunctian okatthpsyaicibBreith haduiationrty gined ¢ the chip In
the heat treatment or bonding step electrically conductive connections are produced between the
wafer anthupiezepripofhicO2¥a sbbed iplsepediohitwedsetwepnofieqiinged pdhips, thbteript is advantageous if
heating takes place in a suitable atmosphere which is preferably free of oxygen, so that oxidation of
the metafle@adpostivnacadie tasoieler apdha reefes gnsEef beatduaiapatiop)ardings bt shidrogen

atmosphere or another inert atmosphere, for example argon, for many applications not only an inert,

but also STERFREG ArFoXBHE RED ERIISERE aRPADE SRy derradingiaihe arialar e @Bhieved for
example by forming gas or formic acid vapor.. Formi as can be formed ixing 112 with N2,
especialli/a%ee%v‘\’/ee%rlg Egg/glﬁ?z é})e§§%1W%ﬂ§%%W$ﬂ§%%ﬂf$W?P‘ﬁgpﬁw%gfv"epﬁfﬁ 35D be replaced
by other | t ps.can be handled better.and do not slide,after they are placed, it
is advan agg%§l?§e ?(?%ﬁ%g%?t %@ﬁ@pﬁ%ﬁ%’fn E?étyég%gﬁaf%%e érﬂél%ﬁ/’e\ifva?t@%‘ﬁsagrgg%ﬁ% %%‘%‘gﬁr{t which

vaporizes during, i {pllowing-Bending.aepiliaraty sl ihe:fins.cARAE.xRAY @ molecular
connection which advantageously forms spontaneously at room temperature, for example between the
Si surfaceganierR/BURRGCS M6 DhaHaces base wafers with stacked chips being processed in a heat
treatment chamber/bonding station. Heat treatment chambers can be hot plates, continuous furnaces
‘or the like. One especially advantageous process can be implemented with modified wafer bonding
chambers which make it possible to apply pressure to the chips during the heat treatment process.
Compared to other methods, the possibility of being able to stack chips of different size in
this method is especially advantageous.
By using a carrier which is not only loosely joined to the base wafer, stresses and cambers
of the base wafer can be equalized or counteracted.
Handling is still further simplified by the carrier corresponding essentially to the size of the
base wafer, especially by its not deviating more than 10 mm from the latter in radius.
Especially preferred fixing means are a negative pressure or vacuum, electrostatic means,

mechanical clamping and/or cements, preferably heat-resistant cements being used in order to

ensure secure fixing of the base wafer on the carrier even at high temperatures in heat treatment.



The base wafer in one special configuration of the invention, especially by back grinding, has a
thickness of less than 200 pm, especially less than 100 pm, preferably less than 50 pm, still more N
preferably less than 20 pm. Especially many chips can be accommodated on a base wafer with a
diameter of at least 200 mm, especially at least 300 mm, preferably at least 450 mm. In one
special embodiment of the invention it is possible only by this invention to apply solder bumps or C4
bumps after step B or C for connecting each chip stack to a board or fundamentally the next
higher-order packing unit. The solder bumps consist of a metal alloy with a low melting point and

are generalbHBRRIEaNRRS s ehiesicbiRatackada.phetsieewsalielesiionis Gopponents.  In

particular, when using a base wafer with electrically conductive connections which penetrate the base

wafer (TeMslidhisiaduageimianetine ships o shiprsiacksafiesStenih & ifp@dnass which is
characterized especially by high thermal and/or mechanical stability, especially a mass of organic

and/or cévaudlisgmaterial. An embodiment is especially preferred in which at least in part epoxy resin is
contained in the mass or the mass is formed entirely from epoxy resin. The epoxy resin-containing
mass can be fidepremtérceteinbodemsadidiednvbuitimelgrofaite itherdiomlly adjiineonsiaslvantageous
embodiment of the invention the mass is pressurized after potting, especially by relief to atmospheric

pressure'&fte PRaFISE S i trpstmigist o6 chirs s efingd pesisionsreopsrafcrbibydhing dsuum.  The

base wafer can he agvantageously taken from the carrier after potting by the action of the preferabl
duropl asﬁ@ﬁ%%@{l aﬂgned algd bondg:i with the corresponding contacts cE)f the u%df:)xfiying layer of chips orp y

contacts of the base wafer.

The chip yield in this method can be advantageously improved in that during placement of
the chips it is watched that chips are placed only on functioning chips of the underlying layer. Even
mere preferably the function of all chips which are functionally joined to the chip to be placed is
checked and a chip is placed only with the function of all chips which are to be functionally joined
to the chip.

In the heat treatment or bonding step electrically conductive connections are produced
between the wafer and the chip which has been placed on it or betwesn the placed chips. Here it is
advantageous if heating takes place in a suitable atmosphere which is preferably free of oxygen, so
that oxidation of the metal contact surfaces is avoided. In particular this can be achieved by the use
of a nifrogen atmosphere or another inert atmosphere, for example argon, for many applications not
only an inert, but also a reducing atmosphere being especially advantageous. This property can be
achieved for example by forming gas or formic acid vapor. Forming gas can be formed by mixing
H2 with N2, especially between 2% H2 to 98% H2 and 15% H2 to 85% N2. In this mixture N2 can
also be replaced by other inert gases.

So that the chips can be handled better and do not slide after they are placed, it is



In one preferred embodiment of the invention the mass is worked such that the mass after potting or
during potting is brought into the basic form corresponding to the base wafer-and/or the mass is
removed as far as the uppermost layer of the individual chip, especially is ground off This additionally
facilitates further handling of the body consisting of the base wafer, the potted chips and the mass, and
especially known constructions for handling can be used. By removing the mass a cooling body can be
advantageously applied to the uppermost layer by a precise planar surface being formed. One
especially preferred embodiment of the invention consists in that the base wafer and/or the canier

consist otgliseiiMelslareR carfienindiaiting 2 waleiull oA bedanded i g known

constructions and has the additional advantage that the coefticient of thermal expansion of the carrier,

to the extegicihedasayrdeswlcassaisonsishal siieany inddentical ve QRS Adyaniages, features

and details of the invention will become apparent from the following description of preferred exemplary
embodimentseetieh whiioly diertsguingsforms EghtRchiBNOWEhE SHGte abrewRitfonimplgmentation of

the method as claimed in the invention, Figures 2a to 2m show a schematic of a method sequence
as claime@idivitho s S0 saoeord Gl aufiesstsembodiment, Figure 3a shows a schematic of a chip
stack produced as claimed in the invention, Figure 3b shows a schematic of a chip stack as claimed in
the invention with'&Bierapienipone speriiy gpalionaiomolishoin wnive mpditallf byethgdhdaguence as
claimed in the invention according to a second embodiment,
as a thickness of less than 200 pm, especially less than 100 um, preferably less than 50 pm, still
more preferably less than 20 pm.
Especially many chips can be accommodated on a base wafer with a diameter of at least 200
min, especially at least 300 mm, preferably at least 450 mm.
In one special embodiment of the invention it is possible only by this invention to apply
solder bumps or C4 bumps after step B or C for connecting each chip stack to a board or
fundamentally the next higher-order packing unit.
The solder bumps consist of a metal alloy with a low melting point and are generally used to
connect the chips/chip stacks to other elecirical/electronic components.
In particular, when using a base wafer with electrically conductive connections which
penetrate the base wafer (TSVs) it is advantageous to pot the chips or chip stacks after stepBorC
in a mass which is characterized especially by high thermal! and/or mechanical stability, especially a
mass of organic and/or ceramic material. An embodiment is especially preferred in which at least in
part epoxy resin is contained in the mass or the mass is formed entirely from epoxy resin. The
- epoxy resin-containing mass can be fiber-reinforced in one special embodiment of the invention.

In one advantageous embodiment of the invention the mass is pressurized after potting,

especially by relief to atmospheric pressure after carrying out the potting below atmospheric



Figure 5a shows a schematic of a chip produced as claimed in the invention and Figure 5b shows a
schematic of a chip stack produced as claimed in the invention with several chips. In the figures
the same components and parts with the same function are identified with the same reference
numbers. Figure | shows the schematic structure of a unit for carrying out the method as claimed
in the invention, in the region A plarzment of the chip layers on the base wafer taking place as shown
in Figure 2e or Figure 4f, after the base wafer at station BA has been mounted, or in some other way,
for example premounted, on the carrier, and at the tape removal station B.2 a back grinding tape
which is present feraaRRieus:Back grinding process has been removed. The carrier with the base
wafer is handled by way of a robot B.3 with a robot arm. On the handling module B there is a
cassette stationBedbitematehiah taatetiabnecassanh Betheduathedfsrempyed ok dalivesed again.
After placement of the chip in the chip placement system A the carrier with the base wafer and the
chips whitt prdesthigkdeeboplastierasse wafer and which are optionally fixed by way of a cement is routed
to the bonding station C for heat treatment or bonding of the chips on the base wafer. During heat
treatment or dufihepbavséirediebedimdsaselivatsencion e providawikthsetlipent Tearpesafiay station C
can also consist of several bonding units, since bonding, depending on the requirement profile, can
take conSaERAREdRRE Ié%%%hgp%mﬁ%a Wﬁlé@@%ﬁéﬁﬁﬁpﬂ@éﬁ%@e@ﬂ%ﬂféﬁﬁ%t%eps of the

chip stack bonded on ase wafer, Suci‘\é’%l,% exam le the separation of the c%gestacks ina

dicing modiie &g he ?igo a‘?ﬁhﬁw tf?ﬁl@\%} %%8’?&8:&@?%%%3@%% By can be
located in Q&ﬁ 53%0 051%8 dll%gnr&}odul qusl efore in F'lg%r%]eebl abo e ha%glkr%% module B so
e ro

that handfng of the ¢ Ip stack by way oft AT IS b passi ¥ one pre rre jodiment of the

invention AP IRt 6AA AR AR KABHILIRE RO TAGHR, 28,8 PEU BRIRARPADIR.Start can also

continue to be safely handled even after bonding with the base wafer.
a cooling body can be advantageously applied fo the uppermost layer by a precise planar surface

being formed.

One especially preferred embodiment of the invention consists in that the base wafer and/or
the carrier consist of silicon, therefore the carrier is likewise a wafer. It can be handled with the
known constructions and has the additional advantage that the coefficient of thermal expansion of
the carrier, to the extent the base wafer and carrier consist of silicon, is identical,

Other advantages, features and details of the invention will become apparent from the
following description of preferred exemplary embodiments and using the drawings.

Figure 1 shows the structure of a unit for implementation of the method as claimed in the
invention,

Figures 2a to 2m show a schematic of a method sequence as claimed in the invention
according to a first embodiment,

Figure 3a shows a schematic of a chip stack produced as ciaimed.in the invention,

Figure 3b shows a schematic of a chip stack as claimed in the invention with several chips,



Figure 2a shows the silicon base wafer 1 whose front 2 is provided with chips 3 which are incorporated
flush into the surface 2 by preceding treatment steps. The base wafer 1 is connected to.the carrier
5, here likewise a silicon wafer, by way of connecting means 4 in order to be able to be back-ground
from the back 6 of the base wafer 1 as shown in Figure 2b. “As shown in Figure 2c, in the region of
each chip 3 electrical connections 7 which extend from the back 6 of the base wafer 1 to the
respective chip 3 are produced from the back 6 of the base wafer 1. Electrically conductive
laminae 8 are applied to the electrically conductive connections 7 on the back 6 of the base wafer 1 for
electrical contaGigmnakiiagoofi idivid sal-ahipsAsepdiigi tedelcdnssnasial enpadimeats of the invention
the chips can also make contact directly with the electrically conductive connections 7, or other
electricalprwotidp tliveetimidrgpripeiimtsrcan be produced. The individual chips 9 are formed from one chip
3 at a time and one holding device which holds the chip 3 and which consists of silicon. As shown
in Figure 2e thebigds/ fasadehpsigmids tiaichipreiiecd osaleiapplietiamthatieteatrdically conductive
laminae 8, and steps 2c to 2e can optionally be repeated several times in order to stack a plurality of
individual chips8e87s ehehafbirehqeatcrip samch pedyred asslaagd dnte Enanételace with or
without a heat treatment step or bonding step between the individual placement steps. Placement of
the indiviéelfgfaéﬁfﬂ%s‘g on the base wafer 1 takes place at the chip placement station A. In the
process step as shown.in Eigure 2f, the individual chips 9 or optignally several layers.of individual
chips 9 can be %no%ﬁ\%,gllﬁeg %gas’saglif? s antgfxe}nﬁﬁ%wryg é%%%ﬁ?%%%%’g%‘?é@%ﬁﬁy@d *Ki ¥ bonding of
the chips,and setting. of fhe mass 11 the carrier 5 can be removed since the mass 11 sufficiently
stabilizes the thin and large-area base wafer I. The carrier 5 can be automatically detached by

loosening the cenngctiggmeRnsi-HgRAIRGSIeR s shoun R Figue akespanging.eg,heat).

Furthermore it can be advantageous to carry out the detachment step separately in a downstream

process stefinanddihendeiaghisrenpiemen g oitliaied: itaerdBermally; GRemigall.ofa%the action of
an external energy source (for example UV light, infrared light, laser, or microwave).
in Figure 2e or Figure 4f, after the base wafer at station B.1 has been mounted, or in some other
way, for example premounted, on the carrier, and at the tape removal station B.2 a back grinding
tape which is present from a previous back grinding process has been removed.
The carrier with the base wafer is handled by way of a robot B.3 with a robot arm.
On the handling module B there is a cassette station B.4 from which material necessary for
the method is removed or delivered again.
Afier placement of the chip in the chip placement system A the carrier with the base wafer
and the chips which are stacked on the base wafer and which are optionally fixed by wayof a
cement is routed to the bonding station C for heat treatment or bonding of the chips on the base
wafer. During heat treatment or during bonding the next base wafer can be provided with chips.
The bonding station C can also consist of several bonding units, since bonding, depending on the

requirement profile, can take considerable time, especially compared to placement of the chips.

Other treatment steps of the chip stack bonded on the base wafer, such as for example the



The base wafer 1 has been turned in the process step as shown in Figure 2h so that the front 2 is now
-pointing up In another process step as shown in Figure 2i, again electrically conductive laminae 8
are applied to the chips 3 which now lie at the top in order to apply solder bumps 12 as shown in
Figure 2k. The solder bumps 12 are used for later connection of the chips (3D ICs) to boards or the
next higher-order packing unit/chip layer. A series of versions is possible as the material for the
connection between the chips 3. Fundamentally it is possible to distinguish between metallic
compounds, organic compounds, inorganic compounds, and hybrid compounds. In the domain of

metallic cQ Qgﬁi ns, metal_diffusion.connectigns, eutectic compounds which form during bonding,
and eutecti%s Whl?c §%eecr%%fr%ca V) r?r%lscénrﬁ '88‘%1% %8ﬁ%tlrs‘1gmgﬁ(ﬂ“rgﬁgﬁ{&%(?Hb?ﬁ‘éfgﬁ%‘bfgemelting of the
alloy, areypssiblex Hielatears olsn A aalder.BI.AA SN A4 20plisd fo theyualer in the form
of balls and which enable production of connections eégsentla y witho appLiylng pressure. Conductive

polymersmgeraisapRsibindiing Hoig B Q6858 RIRMIASSRAUMNEISWE2L HNBNASS WAfRr with the

chip stacks and solder bumps 12 is deposited on a dicing frame 13 in ‘ordér to then separate the chip

stacks frarwsible. anoibefsasrehombbdldsguBdh(eiai0he carid W QXBP|BSIRY dReuehip stacks
produced according to the above described method are shown in Figure 3a and Figure 3b, in Figure

3a only amdduieidiateshipoOvisaline bbiprsmbunatetio rothienehiphs ofihehatel watesrt: while in the chip
stack as shown in Figure 3b four individual chips 9 have been mounted on the base wafer 1.

Figure 42Perdnsvdth disdwaraia.which has been cemented to a back grinding tape 14 and which is
already provided with chips 3 and electrically conductive laminae 8, especially on the front 2 of the

base wafer 1. P&y distorstibesilicop baseHalmlinimydrena shepssd widehins & Weick agtound from

the back 6 and in Iﬂ'%ur 4c it is turned so that the back 6 of the base wafer 1 points down.
Incorporated Yhush mto the surface 2 by preceding treatment steps.

The base wafer 1 is connected to the carrier 5, here likewise a silicon wafer, by way of
connecting means 4 in order to be able to be back-ground from the back 6 of the base wafer | as
shown in Figure 2b.

As shown in Figure 2¢, in the region of each chip 3 electrical connections 7 which extend
from the back 6 of the base wafer 1 to the respective chip 3 are produced from the back 6 of the
base wafer 1.

Hlectrically conductive laminae 8 are applied to the electrically conductive connections 7 on
the back 6 of the base wafer 1 for electrical contact-making of individual chips (see Figure 2d). In
special embodiments of the invention the chips can also make contact directly with the electrically
conductive connections 7, or other electrically conductive linking points can be produced. The
individual chips 9 are formed from one chip 3 at a time and one holding device which holds the
chip 3 and which consists of silicon.

As shown in Figure 2e the individual chips 9 with their chip side 10 are applied to the

clectrically conductive laminae 8, and steps 2¢ to 2e can optionally be repeated several times in



In the process step as shown in Figure 4d the base wafer | with its back 6 is fixed on a carrier 5 and
then the back grinding tape 14 is detached from the front 2 of the base wafer | (see Figure 4e). In
the subsequent process step as shown in Figure 4f, individual chips 9 are placed on corresponding
electrically conductive laminae 8 on the chips 3 of the base wafer 1 and optionally fixed in the chip
placement station A as shown in Figure 1. After the chip starlcs have been placed and optionally
fixed, the base wafer 1 with the chip stnelcs is applied to the dicing frame 13 in order to separate the
individual chip stacks from one another (see Figures 4g, 4h and 4i). The base wafer | can

preferablysalsaadiednr e saiienbia e AdASLR(E AR Siiehio prgyent fracture of the

base wafer 1 and damage to the chips. Figures 5a and 5b show examples of finished chip stacks

which in eenigact de thie: hige SIREKS S Re i SHE3a: 3RY FHEAMPSSORIREIFGHO a board (not

shown) or to contacts of the final chip housing (also called a "lead frame) by way of line terminals 15
which aréndondied wab¢mahtestepipliRdman ol tettidhtyheo ohiips tve Mabre kv generally dtheform of wires.
Reference number list
the chip placement station A,
In the process step as shown in Figure 2f, the individual chips 9 or optionally several layers
of individual chips 9 can be potted in a mass 11, in this exemplary embodiment epoxy resin.
After bonding of the chips and setting of the mass 11 the carrier 5 can be removed since the
mass 11 sufficiently stabilizes the thin and large-area base wafer 1. The carrier 5 can be
automatically detached by loosening the connecting means in the potting step as shown in Figure 2f
{depending on heat). Furthermore it can be advantageous to cairy out the detachment step
separately in a downstream process step, and the detachment step can be initiated either thermally,
chemically or by the action of an external energy source (for example UV light, infrared light, laser,
or microwave),
The base wafer 1 has been turned in the process step as shown in Figure 2h so that the front
2 is_now pointing up.
In another process step as shown in Figure 2j, again electrically conductive laminae 8§ are
applied to the chips 3 which now lie at the top in order to apply solder bumps 12 as shown in Figure
2k. The solder bumps 12 are used for later connection of the chips (3D ICs) to boards or the next
higher-order packing unit/chip layer.
A series of versions is possible as the material for the connection between the chips 3.

Fundamentally it is possible to distinguish between metallic compounds, organic compounds,

inorganic compounds, and hybrid compounds. In the domain of metallic connections, metal



Achip placement station handling module B.1transfer station B.2tape removal station B 3robot with
robot arm B.4cassette station bonding station base wafer 2front -

diffusion connections, eutectic compounds which form during bonding, and eutectics which were
already present before bonding and during bonding enable melting of the alloy, are possible. The
latter are also the solder bumps 12 which are applied to the wafer in the form of balls and which
enable production of connections essentially without applying pressure. Conductive polymers are
also possible.

In the process step as shown in Figure 21, the base wafer with the chip stacks and soider
bumps 12 is deposited on a dicing frame 13 in order to then separate the chip stacks from one
another as shown in Figure 2m (dicing).

Two examples for the chip stacks produced according to the above described method are
shown in Figure 3a and Figure 3b, in Figure 3a only an individual chip 9 having been mounted on
the chip 3 of the base wafer 1, while in the chip stack as shown in Figure 3b four individual chips 9
have been mounted on the base wafer 1.

Figure 4a shows a base wafer 1 which has been cemented to 2 back grinding tape 14 and
which is already provided with chips 3 and electrically conductive laminae 8, especially on the front
2 of the base wafer 1.

In the process step as shown in Figure 4b, the base wafer 1 is back-ground from the back 6

-and in Figure 4c it is turned so that the back 6 of the base wafer 1 points down.

In the process step as shown in Figure 44 the base wafer 1 with its back 6 is fixed on a
carrier 5 and then the back grinding tape 14 is detached from the front 2 of the base wafer 1 (see
Figure 4e).

In the subsequent process step as shown in Figure 4f, individual chips 9 are placed on

corresponding electrically conductive laminac 8 on the chips 3 of the base wafer 1 and optionally
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3chips 4connecting means 5carrier 6back 7electrically conductive connection 8electrically conductive
laminae 9individual chlps 10chip side 11mass ~

fixed in the chip placement station A as shown in Figure 1.

After the chip stacks have been placed and optionally fixed, the base wafer 1 with the chip
stacks is applied to the dicing frame 13 in order to separate the individual chip stacks from one
another (see Figures 4g, 4h and 4i).

The base wafer 1 can preferably also be applied with the carrier 5 to the dicing frame 13 in
order to prevent fracture of the base wafer 1 and damage to the chips.

Figures 5a and 5b show examples of finished chip stacks which in conirast to the chip
stacks shown in Figure 3a and 3b can be connected to a board (not shown) or to contacts of the final
chip housing (also c.alled a "lead frame") by way of line terminals 15 which are connected to the

chips 3 in an elecirically conductive manner, generally in the form of wires.

11



12solder bumps 13dicing frame 14back grinding tape 15line set Claims 1. Method for producing
of chip stacks from several individual chips with a silicon carrier carrying chips, wherein the individual.
‘chips are stacked on a base wafer, and electrically conductive connections existing between vertically
adjacent chips of the individual chips and the base wafer, with the following steps in the indicated
sequence: a) fixing of the base wafer on a carrier,

Reference number Hist
A chip placement station
B handling module
B.l  transfer station
B2  tape removal station
B.3  robot with robot arm
B4  cassette station

C bonding station

1 base wafer

2 iront

3 chips

4 - comnecting means

5 carrier

6 back

7 electrically conductive connection
8 electrically conductive laminae

9 individual chips
10 chip side

1t mass

12 solder bumps

13 dicing frame
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b) placement of at least one layer of individual chips in defined positions on the base wafer and c)
heat treatment of the individual chips on the base wafer fixed to the carrier for bonding the individual
chips on the base wafer and potting the individual chips in a mass and setting the mass for
stabilization of the base wafer, d) detaching the carrier and €) separating the chip stacks. 2.
Method as claimed in claim 1, wherein step b) and c) are carried out in difference devices. 3.
Method as claimed in one of the preceding claims, wherein the carrier consists at least partially of
silicon and corresponds essentially to the size of the base wafer, especially does not deviate more
than 10 mn in Eﬁg%?in% jally 5 mm, preferably 2 mm, more preferably 1 mm, from it. 4,
Method as claimed in one of the preceding claims, wherein fixing means are used for fixing, especially
a vacuumselectigsiatic means, mechanical clamping and/or cements, preferably heat-resistant
cements. 5. Method as claimed in one of the preceding claims, wherein the chips are aligned and
bonded during placement in defined positions with contacts of the corresponding contacts of the
underlying layer of chips or of the base wafer. 6. Method as claimed in one of the preceding claims,
wherein chips are placed

13



during placement only on functioning chips of the underlying layer. 7. Method as claimed in one
of the preceding claims, wherein heat treatment takes place in an atmosphere free of oxygen,
especially in an inert atmosphere, preferably in a reducing atmosphere, even more preferably in an
atmosphere of forming gas or formic acid. 8. Method as claimed in one of the preceding claims,
wherein the chips after placement are cemented, pieli@sably with an organic cement, or by molecular
connection. 9. Method as claimed in one of the preceding claims, wherein the base wafer has a
thickness of less than 200 pm, especially less than 100 pm, preferably less than 50 pm, still more
- preferably less thah Ygthed for pradugingiebahin LrRaksdEPI spie st iRdrbebaiswala siFsrein the
base wafer basier diaAnteEibal ersbR0BammavaERe clally atdeastidDonebpsefaedblyAideast 450 mm.
11. Method gs ?Iai' ed iQdon&of thenprc%cc?]cslliggi %}gir%sé%%vhe%r%inﬁt!hgl ing(ijviac(i;u%t céyégssc%rtcgip stacks after
step b) or cfgfeﬂﬁg teGn d MasS tharadtenizéd egpemaﬁy by%lé:h ermal and/or mecrhanical and/or
chemical stétsitify s dlopsvandrine felienvpiopuitiethedopeviatystdnsriaiiie inticsird sewmiensbly epoxy
resin, or of geramig,matefide base lrarethadasiglaimed in claim 11, wherein the mass is pressurized
after pottinge, especially by relief to atmospheric pressure after carryinfg out the potting below

ned posit

atmospheri )press@?é’,eﬁ}@?épilﬁf/lﬁ@%\t 988&%? of individual chips in defl ions on the base
wafer and
c) heat treatment of the individual chips on the base wafer fixed to the carrier for

bonding the individual chips on the base wafer and potting the individual chips in a mass
and setting the mass for stabilization of the base wafer,

d) detaching the carrier and

e) separating the chip stacks.

2. Method as claimed in claim 1, wherein step b) and c) are carried out in

difference devices.

3. Method as claimed in one of the preceding claims, wherein the carrier consists
at least partially of silicon and corresponds essentially {o the size of the base wafer,
especially does not deviate more than 10 mm in radius, especiaily 5 mm, preferably 2 mm;

more preferably 1 mm, from it.

4. Method as claimed in one of the preceding claims, wherein fixing means are
used for fixing, especially a vacuum, electrostatic means, mechanical clamping and/or

cements, preferably heaf-resistant cements.
5. Method as claimed in one of the preceding claims, wherein the chips are
aligned and bonded during placement in defined positions with contacts of the

corresponding contacts of the underlying layer of chips or of the base wafer.

6. Method as claimed in one of the preceding c¢laims, wherein chips are placed

during
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13. Method as claimed in one of claim 11 or 12, wherein the mass is poured in liquid form at room
temperature or at a higher temperature. 14. Method as claimed in one of claims 12 or 13, wherein
the base wafer is removed from the carrier after potting. 15. Method as claimed in one or more of
claims 12 to 14, wherein the base wafer with the mass and the individual chips potted in the mass after
potting or dgtavgpettinglisdor durglivirity tHedsadithioumdedyfiegpayrting to the base wafer and/or the
mass is removed as far as the uppermost layer of the individual chips, especially is ground off.

16. Method as claimed in one of the preceding claims, wherein after step b) or c), especially after

potting, solder bunfp&5ieCaARie FrE ShAe tHHEPEseH g T8RS Y08 BPero 'aABIREF chip stack.
17. Method akslgimediinoranebshecpadees tfdpolgins cegieialy thabasetwaispneier the carrier
consist of silican : d_as claimed in t ding claim herein at least two
layers of in |\§?%?J@Plghllrﬁ)]§8§r\gﬁé%gﬂig%%t%éﬁwﬁg%éségé\jvpa%ge B%Péfa%‘?x/lgtgﬁ'ﬁdg{ a?,g&é%r%ré ]II;I one of claims 1
to 10, wherd@f¥igansdireRipei®r chip stacks after step b) or c) are hot stamped with a mass,
especially a thermoplastic material. 20. Method as claimed in one of the preceding claims,

wherein the base a@r ith the individual chips, stacked on it is fixed on a dicing framg before the
base wafer is se p;%a %}%g rﬁ%ﬁéalgé? dp one cgﬁhe preceding claims, wherein ’ilhe g’nps after
placement are cemented, preferably with an organic cement, or by molecular

connection.

9. Method as claimed in one of the preceding claims, wherein the base wafer
has a thickness of less than 200 um, especially less than 100 um, preferably less

than 50 pm, still more preferably less than 20 um.

10. Method as claimed in one of the preceding claims, wherein the base
wafer has a diameter of at least 200 mm, especially at least 300 mm, preferably at

least 450 mm.

11. Method as claimed in one of the preceding claims, wherein the individual
chips or chip stacks after step b} or ¢) are potted in a mass characterized especially
by high thermal and/or mechanical and/or chemical stability and/or water-repellent
properties, especially of organic material, preferably epoxy resin, or of ceramic

material.
12. Method as claimed in claim 11, wherein the mass is pressurized after
potting, especially by relief to atmospheric pressure after carrying out the potting

below atmospheric pressure, preferably in a vacuum.

13. Method as claimed in one of claim 11 or 12, wherein the mass is poured

in liguid form at room temperature or at a higher temperature,

14. Method as claimed in one of claims 12 or 13, wherein the base wafer is
removed from the carrier after potting.

15



15. Method as claimed in one or more of claims 12 to 14, wherein the base
wafer with the mass and the individual chips potted in the mass after potting or during
potting is brought into the basic form corresponding to the base wafer and/or the
mass is removed as far as the uppermost layer of the individual chips, especially is
ground off,

16. Method as claimed in one of the preceding claims, wherein after step b) or
c), especially after potting, solder bumps are applied for connection of each chip

stack to a board or another chip stack.

17. Method as claimed in one of the preceding claims, wherein the base

wafer and/or the carrier consist of silicon.

18. Method as claimed in one of the preceding claims, wherein at least two

layers of individual chips are applied to the base wafer.

19. Method as claimed in one of claims 1 to 10, wherein the individual chips
or chip stacks after step b) or c) are hot stamped with a mass, especially a

thermoplastic material,
20. Method as claimed in one of the preceding claims, wherein the base

wafer with the individual chips stacked on it is fixed on a dicing frame before the base

wafer is separated from the carrier.
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